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Meeting Materials 
 
1)  General Meeting Information 

a. Provisional Meeting Agenda 
b. Team Member and Alternate List 
c. Proposed Ground Rules 
d. CONCUR Introduction 
e. CONCUR Stakeholder Assessment Report (Interviews Summary) (to be provided at 

meeting) 
 

2)  Process Overview 
a. Federal Register notice establishing the FKWTRT (75 FR 2853, January 19, 2010) 
b. Frequently Asked Questions about the False Killer Whale Take Reduction Process (to be 

provided at meeting) 
 

3)  Background Information 
a. Draft 2009 Stock Assessment Report (SAR) (or Final 2009 SAR to be provided at 

meeting if available)  
b. Forney, K.A. 2009 Serious injury determinations for cetaceans caught in Hawaii longline 

fisheries during 1994-2008.  Draft document PSRG-2009-09 presented to the Pacific 
Scientific Review Group, November 3-5, 2009, Del Mar, CA.  

c. Table of Pacific Islands Region Cetacean Mortalities and Serious Injuries and Potential 
Biological Removal Levels (PBR) 

d. Revisions to Guidelines for Assessing Marine Mammal Stocks (GAMMS II)  
e. Differentiating Serious and Non-Serious Injury of Marine Mammals: Report of the 

Serious Injury Technical Workshop, 10-13 September 2007, Seattle, Washington.  
f. 90–Day Finding on a Petition to List the Insular Population of Hawaiian False Killer 

Whales as an Endangered Species (75 FR 316, January 5, 2010) 
 
4)  Selected Scientific Literature on False Killer Whales  

a. Baird, R.W. 2009. A review of false killer whales in Hawaiian waters: biology, status, 
and risk factors. Report prepared for the U.S. Marine Mammal Commission under Order 
Number E40475499, December 23, 2009, 41 pp. 

b. Baird, R.W., A.M. Gorgone, D.J. McSweeney, D.L. Webster, D.R. Salden, M.H. Deakos, 
A.D. Ligon, G.S. Schorr, J. Barlow, and S.D. Mahaffy. 2008. False killer whale 
(Pseudorca crassidens) around the main Hawaiian Islands: Long-term site fidelity, inter-
island movements, and association patterns. Marine Mammal Science 24(3): 591-612. 

c. Madsen, P.T., I. Kerr, and R. Payne. 2004. Echolocation clicks of two free-ranging, 
oceanic delphinids with different food preferences: false killer whales (Pseudorca 
crassidens) and Risso’s dolphins (Grampus griseus). Journal of the Acoustical Society of 
America 207: 1811-1823. 



d. Yuen, M.M.L., P.E. Nachtigall, M. Breese, and A.Ya. Supin. 2005. Behavioral and 
auditory evoked potential audiograms of a false killer whale (Pseudorca crassidens). 
Journal of the Acoustical Society of America 118(4): 2688-2695. 

e. Reference list of additional false killer whale bioacoustics papers 
 
5)  Longline Fishery Information 

a. Overview/Description 
i. Swenarton, T. and S. Beverly. 2004. Documentation and classification of fishing 

gear and technology on board pelagic longline vessels:  Hawaii module. Working 
Paper for the 17th Meeting of the Standing Committee on Tuna and Billfish, 
Majuro, Marshall Islands, 9-18 August 2004, INF-FTWG-2, 17 pp. 

ii. Pooley, S. 1993. Hawaii’s Marine Fisheries: Some History, Long-term Trends, and 
Recent Developments. Marine Fisheries Review 55(2): 7-19. 

iii. Boggs, C.H. and R.Y. Ito. 1993. Hawaii’s Pelagic Fisheries. Marine Fisheries 
Review 55(2): 69-82. 

iv. Pacific Pelagic Fisheries Overview – Western Pacific Regional Fisheries 
Management Council, http://wpcouncil.org/pelagic-fisheriestoday.html 

b. Regulations 
i. Summary of Hawaii Longline Fishing Regulations – January 28, 2010 

ii. Seabird Compliance Guide – October 2009 
iii. Sea Turtle Compliance Guide – October 2009 
iv. Protected species placards for longline fishing vessels in the Pacific Islands Region 

c. Landings 
i. Pacific Islands Fisheries Science Center. 2009. The Hawaii-based Longline 

Logbook Summary Report: January–December 2008. PIFSC Data Report DR-09-
004, 15 pp. 

d. Sociocultural Assessments 
i. Allen, S. and A. Gough. 2007. Hawaii Longline Fishermen’s Experiences with the 

Observer Program. NOAA Tech. Memo. NMFS-PIFSC-8, 47 pp. 
ii. Reference list of additional sociocultural assessments 

 
6)  Observer Reports 

a. 1994-2001 Annual Reports - HI Longline 
b. 2002-2009 Annual Reports - HI Longline Deep-set 
c. 2004-2009 Annual Reports - HI Longline Shallow-set 
d. Representative Marine Mammal Biological Data Forms  
 

7)  Search for Solutions: Lessons Learned 
a. Atlantic Pelagic Longline Take Reduction Plan 

i. Atlantic Pelagic Longline Take Reduction Team’s recommended Draft Take 
Reduction Plan  

ii. Final Rule implementing the Take Reduction Plan 
b. Summary of existing measures from other Take Reduction Plans (to be provided at 

meeting) 
c. The Western Pacific Regional Fishery Management Council’s Marine Mammal Advisory 

Committee (MMAC) 

http://wpcouncil.org/pelagic-fisheriestoday.html


i. Recommendations from the MMAC 
ii. Table of possible mitigation measures developed by PIRO for the MMAC in 2007 

d. Reports from Workshops Addressing the Depredation Issue 
i. Report of the Workshop on Interactions between cetaceans and longline fisheries, 

11-15 November 2002, Apia, Samoa 
ii. Relevant abstracts and workshop summaries from the Vancouver Aquarium’s 

Symposium on Fisheries Depredation by Killer and Sperm Whales (Behavioural 
Insights, Behavioural Solutions), October 2-5, 2006, British Columbia, Canada 

iii. Report of the Workshop on the Depredation in the Tuna Longline Fisheries in the 
Indian Ocean, 9-10 July 2007, Victoria, Seychelles 

e. Acoustic Research on Depredation 
i. Mooney, T.A., A.F. Pacini, and P.E. Nachtigall. 2009.  False killer whale 

(Pseudorca crassidens) echolocation and acoustic disruption: implications for 
longline bycatch and depredation. Canadian Journal of Zoology 87: 726-733. 

ii. Thode, A., J. Straley, C.O. Tiemann, K. Folkert, and V. O’Connell. 2007. 
Observations of potential acoustic cues that attract sperm whales to longline fishing 
in the Gulf of Alaska. Journal of the Acoustical Society of America 122(2): 1265-
1277. 

iii. McPherson, G., P. Turner, C. McPherson, and D. Cato. 2003. Testing of acoustic 
tracking system for toothed whales around longline and gillnet fishing gear, and 
preliminary trials of depredation mitigation devices for longline fisheries. Project 
Report (R02/0923). Report to Eastern Tuna Management Advisory Committee, 
Southern and Western Tuna and Billfish Management Advisory Committee and 
Australian Fisheries Management Authority, 37 pp. 

f. Moreno, C.A., R. Castro, L.J. Mújica, and P. Reyes. 2008. Significant conservation 
benefits obtained from the use of a new fishing gear in the Chilean Patagonian toothfish 
fishery. CCAMLR Science 15: 79-91. 

g. Other Relevant Information 
i. TEC, Inc. 2009. Cetacean depredation in the Hawaii longline fishery: Interviews of 

longline vessel owners and captains. Report for NOAA NMFS Pacific Islands 
Regional Office, 34 pp. 

ii. Reference list of additional relevant papers on bycatch and depredation  
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William Aila
Hui Malama I Kohola
ailaw001@hawaii.rr.com
(808) 330-0376
Robin Baird
Cascadia Research Collective
RWBaird@cascadiaresearch.org
(360) 943-7325
Hannah Bernard
Hawaii Wildlife Fund
wild@aloha.net
(808) 280-8124
Steve Beverly
Secretariat of the Pacific Community
steveb@spc.int
687-262000 (office)
687-877966 (cell)
Brendan Cummings
Center for Biological Diversity
bcummings@biologicaldiversity.org
(760) 366-2232, ext. 304 

Liz Alter
Natural Resources Defense Council
lalter@nrdc.org
(212) 727-4589

Paul Dalzell
Western Pacific Fishery Management Council
Paul.Dalzell@noaa.gov
(808) 522-6042

Asuka Ishizaki
Western Pacific Fishery Management Council
Asuka.Ishizaki@noaa.gov
(808) 522-8224

Roger Dang
Pacific Fishing & Supply, Inc.
rogerdang@gmail.com
(808) 590-9921 (cell)
(808) 533-1195 (office)
Clint Funderburg
F/Vs Rachel and Golden Sable
fvrachel@hotmail.com
(541) 961-4766

Frank Crivello
F/V Laura Ann
crivello3@aol.com
(619) 200-7294

John Hall
F/V Zephyr
dex1007@sbcglobal.net
(925) 989-4701 (cell)
(925) 937-1556 (office)
Kristy Long
NMFS Office of Protected Resources
Kristy.Long@noaa.gov
(301) 713-2322
Kris Lynch
Marine Mammal Commission
klynch@mmc.gov
(301) 504-0087

David Laist
Marine Mammal Commission
dlaist@mmc.gov
(301) 504-0087

mailto:ailaw001@hawaii.rr.com
mailto:RWBaird@cascadiaresearch.org
mailto:wild@aloha.net
mailto:steveb@spc.int
mailto:bcummings@biologicaldiversity.org
mailto:lalter@nrdc.org
mailto:Paul.Dalzell@noaa.gov
mailto:Asuka.Ishizaki@noaa.gov
mailto:rogerdang@gmail.com
mailto:fvrachel@hotmail.com
mailto:crivello3@aol.com
mailto:dex1007@sbcglobal.net
mailto:Kristy.Long@noaa.gov
mailto:klynch@mmc.gov
mailto:dlaist@mmc.gov


1.b.

Team Member Alternate
Paul Nachtigall
University of Hawaii 
Marine Mammal Research Program
nachtiga@hawaii.edu
(808) 247-5297

Marlee Breese
University of Hawaii 
Marine Mammal Research Program
marlee@hawaii.edu
(808) 257-5424

David Nichols
Hawaii Department of Land and Natural Resources
David.S.Nichols@hawaii.gov
(808) 587-0437 (office)
(808) 341-5727 (cell)
Tory O'Connell
Coastal Marine Research
victoria.oconnell@gmail.com
(907) 738-4000

Jan Straley
University of Alaska Southeast
jan.straley@uas.alaska.edu
(907) 747-7779

Jerry Ray
F/V Katy Mary
bar33@3rivers.net
(808) 349-7029

John LaGrange
F/V Janthina
john.lagrange@gmail.com
(619) 871-7215 (cell)
(858) 755-7215 (office)

Andy Read
Duke University
aread@duke.edu
(252) 504-7590

David Johnston
Duke University
david.johnston@duke.edu
(252) 504-7593

Lance Smith
NMFS Pacific Islands Regional Office
Lance.Smith@noaa.gov
(808) 944-2258 

Lisa Van Atta
NMFS Pacific Islands Regional Office
Alecia.VanAtta@noaa.gov
(808) 944-2257 

Ryan Steen
Stoel Rives LLP
RPSteen@stoel.com
(206) 386-7610

Sean Martin
Hawaii Longline Association
sean@pop-hawaii.com
(808) 537-2905

Sharon Young
Humane Society of the US
syoung@hsus.org
(508) 833-0181

Vicki Cornish
Ocean Conservancy
vcornish@oceanconservancy.org
(202) 351-0452

TRT Coordinator For media inquiries:
Nancy Young Wende Goo
nancy.young@noaa.gov NMFS PIRO Media and Outreach Coordinator
Phone: (808) 944-2282 wende.goo@noaa.gov
Fax: (808) 973-2941 Phone: (808) 944-2245
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Proposed Ground Rules  1.c. 

False Killer Whale Take Reduction Team 
Kick-Off Meeting:  February 17 – 19, 2010 

Sheraton Waikiki, Honolulu, HI 
 

PROPOSED GROUND RULES 
(Prepared by CONCUR, Inc., for review, revision and confirmation at the  

February 17-19, 2010, False Killer Whale Take Reduction Team kick-off meeting.) 
 
 

The following ground rules have been informed by CONCUR’s professional experience, 
discussions with NOAA Fisheries, directives in the Marine Mammal Protection Act, and 
confidential interviews conducted with the primary Take Reduction Team (TRT) members.  
These ground rules are intended to foster and reinforce constructive interaction and deliberation 
among TRT members. They emphasize clear communication, respect for divergent views, 
creative thinking, collaborative problem solving, trust building, working towards consensus, and 
the pursuit of mutual gains.  The TRT may decide to reconsider and revise these ground rules if 
they appear not to be serving the TRT process. 

 
1. Membership:  TRT members have been invited to serve by NOAA. TRT members were selected 

based on professional expertise or experience in the areas of conservation or biology of marine 
mammal species or fishing practices which result in the incidental mortality and serious injuries 
of such species.  TRT members were also selected for their diversity of interests, geographic 
location, communication network, capability to work with diverse viewpoints, and commitment 
to developing a consensus-based Take Reduction Plan in the prescribed timeframe. Membership 
reflects a balance by interest, region, and sector. 
 
TRT members have also been recruited based upon their ability to ably represent the views of 
an important constituency.  TRT members should work to keep their constituencies informed 
of the TRT’s efforts and to reporting relevant feedback to the TRT.  In reporting back, TRT 
members will strive to integrate the views of their constituency rather than resorting to a 
"lowest common denominator" portrayal.  

 
2. Alternates:  Primary TRT members will make every effort to attend all TRT meetings.  For those 

members unable to attend a meeting due to scheduling conflicts, a designated alternate is invited 
to attend and speak on behalf of the member.  Each team member may have one alternate.  
Names of candidate alternates are to be submitted at least one month in advance of the next 
meeting for approval by NMFS.  Alternates should represent the same organization or 
constituency as the primary representative, be knowledgeable and able spokespersons, and be 
committed to work collaboratively towards a consensus agreement. (Note:  If an alternate has 
already been formally appointed by NMFS, there is no need to reconfirm approval.) 

 
A Team member who needs to send an alternate is requested to notify NMFS at least two weeks 
in advance that the approved alternate will attend for them.  Primary TRT members will work 
with their alternates to ensure that they are up to speed on TRT deliberations.  This will enable 
alternates to step in effectively and keep the project from “backsliding.” If neither the member 
nor alternate can participate, another individual is welcome to attend the meeting as an observer. 
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3. Collaboration.  Below are a series of ground rules intended to foster collaborative, effective and 
respectful Team deliberations. 

 
• Active, focused participation.  Every participant is responsible for communicating 

his/her perspectives. Everyone is encouraged to participate; no one dominates.  Only one 
person will speak at a time and only after being recognized by the facilitation team 
(CONCUR).  Everyone will help stay on track. 

 
• Respectful interaction.  Participants will respect each other’s personal integrity, values 

and legitimacy of interests. Participants will assist each other in creating an effective 
atmosphere by:  using microphones; turning off cell phones; refraining from sidebar 
conversations; and using computers for TRT-related work only. 

 
• Integration and creative thinking.  Participants will strive to be open-minded and 

integrate members’ ideas and interests.  Participants will attempt to reframe contentious 
issues and offer creative solutions in a timely fashion to enable constructive dialogue. 

 
• Adherence to ground rules.  As a set of mutual obligations, TRT members will commit 

to adhere to these ground rules once they are adopted.  TRT members are encouraged to 
help uphold and enforce these ground rules. 

 
• Negotiating in good faith.  In their formal capacity as TRT members, appointees are 

asked to negotiate in good faith at and between TRT meetings.  Nothing in these Ground 
Rules limits Team members’ abilities to take action in other fora.  However, Team 
members are asked to be mindful of how their actions elsewhere will likely impact the 
collaborative process and the Team’s collective efforts to reach consensus. 

 
4. Meeting Materials: NMFS staff and CONCUR commit to provide, to the extent practicable, all 

primary meeting materials at least two weeks ahead of time in order to give TRT members ample 
time to review the relevant information. All TRT members will have equal access to meeting 
materials.  Members are expected to review meeting materials beforehand to foster informed 
deliberations.  Members also are asked to bring their binders to each TRT meeting.  

 
5. Information Sharing:  TRT members recognize that the False Killer Whale TRT project depends 

on using the best readily available information.  TRT members commit to identify information 
needs in a timely fashion and to contribute in framing needs for additional research and analysis. 
TRT members commit to share, and not withhold, relevant information.  Likewise, NMFS will 
strive to share information to the greatest extent possible consistent with existing legal and 
regulatory constraints.  Preliminary information will be treated as such.  Analyses will be 
presented in a manner that distinguishes interpretation and inference from underlying data.    

 
6. Meeting Participation.  Meeting deliberations are focused among TRT members only.  Members 

of the public are invited to participate at set times during the meetings.  As appropriate, NMFS 
may invite comment from designated liaisons to the non-English-speaking elements of the 
longline fleet in order to foster effective outreach efforts.  Also, as needed, the convenors or 
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facilitators may ask NMFS staff and other experts in attendance to fold in relevant expertise and 
information. 

 
7. Multi-interest Work Teams and Interest Group Caucusing:  NOAA Fisheries staff and CONCUR 

expect that cross-interest group work teams may be an important way to develop constructive, 
integrative work products during and between TRT meetings.  The aim of such work teams is to 
encourage multi-interest options and work products rather than work products put forward by a 
single bloc or interest group.  It is anticipated that between-meetings work teams will meet by 
teleconference.  As appropriate, opportunities will be provided during TRT meetings for 
caucusing within and across interest groups. 

 
8. Decision-Making: The False Killer Whale Take Reduction Team (TRT) will seek to develop 

consensus recommendations where possible.  In this context, “consensus” means that the 
recommendation in question is supported by all TRT members present at the meeting; this does 
not necessarily mean that each TRT member likes everything about the recommendation, but that 
each member is willing to accept and support it. Where consensus cannot be reached in the time 
available, the range of possibilities considered by the TRT will be presented, including the views 
of both the majority and minority. 

 
In order to assist the Team in building broader consensus and help the Agency understand and 
characterize the extent of common ground, the facilitators may opt to use straw votes during the 
process to gauge the extent to which Team members support various items under discussion.  
Meeting summaries will not attribute votes to specific Team members. 
 

9. Meeting Summaries:  The facilitation team will prepare and distribute to Team members Key 
Outcomes Memoranda (KOM) following each meeting.  The KOM will endeavor to 
summarize key decisions made, issues discussed, and the next steps identified. It will not 
serve as a meeting transcript nor will it typically attribute comments or suggestions to 
specific individuals.  As well, to the extent the Team relies on straw votes, the KOM will not 
record each Team members’ vote. In general, the KOM will characterize the extent of 
consensus reached on important management options.  In such instances, the summary will 
make clear the degree of consensus across various groups and not just present a straight 
numeric tally. 

 
In the event TRT members believe the KOM significantly misrepresents particular decisions, 
issues, or next steps, they are requested to notify the project facilitators or convenors in a 
timely fashion.  The project facilitators or convenors will review the matter and use their 
professional judgment to determine if revisions are needed.   If so, they will prepare a revised 
KOM and distribute it in a timely fashion to all TRT members. 
 

10. TRT Communication Protocols:  TRT members wishing to send email correspondence or 
documents to the full TRT are asked to send these through the facilitation team or convenor.  To 
the extent TRT members email documents to their constituents to elicit feedback, Team members 
are asked to make clear that the materials are being provided to support Team deliberations and 
not targeted for general distribution. 
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Proposed Ground Rules  Prepared by CONCUR, Inc. 
FKWTRT (February 17-19, 2010, Kick-off Meeting)  1/31/10 

11. Media Contact:  Media inquiries concerning the TRT will be referred to the NMFS PIRO Public 
Affairs Officer Wende Goo.  Media representatives inquiring about the TRT process will be 
referred to approved meeting summaries.  Team members may talk to media representatives 
concerning their own views about the issues being discussed by the Team.  However: 

 
 TRT members agree not to attribute particular comments to particular individuals, nor to 

characterize others’ views; 
 TRT members agree not to portray ideas as consensus before the TRT has explicitly agreed 

on them. 
 
12. Role of Facilitation Team.  The facilitation team is non-partisan and will not act as an 

advocate for particular outcomes.  CONCUR will strive to enforce the ground rules in a 
consistent, fair and firm manner and ensure that the meeting stays on track. CONCUR will 
keep a list of those waiting to speak, but may opt to take speakers out of turn to foster 
focused discussions on a particular topic.  The facilitation team may, at its discretion, call for 
breaks to refine meeting strategies to foster effective TRT deliberations.  The facilitators may 
also recommend the use of within- and across-interests, small-group breakout sessions. 

 
In addition to drafting the Key Outcomes memoranda, the facilitation team will serve as the 
primary secretariat in assisting parties to develop the draft Take Reduction Plan.  The Take 
Reduction Plan will be subject to detailed review and approval by all TRT members. 

 
13. Public Comment:  Members of the public may provide comment at designated times on the 

meeting agenda. 



1.d. 

CONCUR, INC.   
 

FIRM OVERVIEW 
CONCUR is one of the country’s leading facilitation and mediation firms, with offices in California 
and New York.  The company’s work ranges across environmental and public policy issues, with a 
major focus on complex marine resource policy, water, land use, climate change and infrastructure 
issues.  CONCUR’s services are centered around using joint fact-finding, strategic planning, and other 
consensus-building skills to help government agencies, private organizations, and communities resolve 
complex disputes.  In its 22 years of work, the firm has completed roughly 100 projects and dozens of 
negotiation-focused training courses. 
 
CONCUR brings considerable experience working on marine resource issues and a very strong track 
record of providing effective facilitation services on issues related to avoidance and reduction of 
impacts of commercial fishing and resolution of other marine resource use conflicts.  Most recently, 
CONCUR facilitated the pre-meeting of the False Killer Whale Take Reduction Team held November 
2009 in Honolulu, Hawaii.  Additionally, CONCUR has been facilitating three National Marine 
Fisheries Service-sponsored Take Reduction Teams over the past five years:  the Harbor Porpoise, 
Atlantic Large Whale and Pelagic Longline teams.  CONCUR staff have also been actively engaged in 
an in-depth strategic planning effort with NMFS intended to strengthen the Take Reduction Program 
nationwide and have facilitated numerous NMFS-focused workshops centered on serious injury and 
mortality and other related topics. 
 
 

FACILITATOR BIOGRAPHIES 
Scott McCreary, Principal.  Scott manages the Berkeley Office of CONCUR and serves as Principal-
in-Charge for all CONCUR projects managed in that office.  He has also served Adjunct Professor at 
Vermont Law School where he taught a course on “Mediation of Water and Marine Resource 
Conflicts.”  Scott has led dozens of mediations and facilitated planning collaboratives, and convened 
and chaired numerous public workshops. His core practice emphasizes managing science-intensive 
public policy issues in a manner that bridges and integrates the views and concerns of all stakeholders.  
He has particular expertise in coastal and marine resource management.   
 
Scott heads CONCUR’s work in the facilitation of several Take Reduction Teams for the National 
Marine Fisheries Service and the California Marine Life Protection Act Initiative (MLPA Initiative).  
With Bennett Brooks, he has facilitated the work of the Atlantic Large Whale, Harbor Porpoise and the 
Pelagic Longline Take Reduction Teams.  He also served as lead facilitator in a series of assignments 
with NOAA Fisheries Office of Protected Resources, the Western Pacific Fisheries Management 
Council, and the Pacific Islands Region of NOAA Fisheries.  Additionally, he has teamed with Bennett 
Brooks on facilitation of a high stakes transportation infrastructure project in Seattle, Washington. 
 
Scott holds a Ph.D. in Urban and Regional Planning from M.I.T., a Master’s Degree in Environmental 
Planning from UC Berkeley, and a B.A. in Biology and Environmental Planning from UC Santa Cruz.  
He has held positions at the Woods Hole Oceanographic Institute (Marine Policy and Ocean 
Management Program), the MIT-Harvard Public Disputes Program, NOAA’s Sanctuary Programs 
Office, the California Coastal Commission and the California State Coastal Conservancy.  Dr. 
McCreary has published extensively on marine spatial planning, negotiation, collaborative planning, 
and joint fact-finding.  He has authored over 40 publications including "Resolving Science-Intensive 
Disputes: Reflections on the New York Bight Initiative" in the Consensus Building Handbook (1999) 
and the book Institutional Arrangements for Managing Coastal Resources and Environments (1990). 
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He co-authored the article "Science-based and stakeholder-driven marine protected area network 
planning: a successful case study from north central California," which will be published in the next 
issue of Coast and Ocean journal (2010).  He served on the Editorial Board of Coastal Management 
Journal and has published articles in the Journal of the American Planning Association, Environmental 
Impact Assessment Review, and Risk Assessment. 
 
Bennett Brooks, Senior Associate. Senior Associate Bennett Brooks heads up CONCUR’s New York 
City office. Bennett is an integral part of the CONCUR team, serving as lead staff on several of the 
firm's largest projects. He is involved in all facets of CONCUR's work, including mediation, 
facilitation, strategic planning and joint fact-finding, and he is adept at working with senior policy 
makers. Bennett's project work has included facilitating more than two-dozen collaborative dialogues 
on complex natural resource issues.  His recent fisheries work includes co-facilitating the Atlantic 
Large Whale, Harbor Porpoise and Pelagic Longline Take Reduction Teams for the National Marine 
Fisheries Service, as well as facilitating a three-day workshop on protecting marine endangered species 
in New York State waters.  He also co-designed and co-facilitated a four-day conference that brought 
together fishermen, fishery managers, researchers, environmental advocates, and others to address 
issues of seabird and marine turtle bycatch and mortality in longline fisheries.  Currently, Bennett is 
working with senior state, city and county officials in Washington State to resolve a longstanding 
dispute over replacing the at-risk Alaskan Way Viaduct, a 60-year-old stacked highway that separates 
downtown Seattle from the waterfront.  Other project work focuses on water resource conflicts, 
ecosystem restoration, public financing, and military base reuse. He has also managed and facilitated 
several high-profile independent review panels.   
 
Since joining the firm in 1998, Bennett has co-designed and taught more than 15 negotiation/mediation 
training courses. Trainings emphasize theory, skills and processes necessary to participate in and/or 
design mutual-gains bargaining initiatives. Before joining CONCUR, Bennett worked as a senior trade 
and economic development official in the Alaskan government, where he worked frequently on 
fisheries issues.  He also worked as a journalist in the New York metropolitan area and in Asia. Bennett 
earned his Master's Degree in Public Policy at Harvard’s Kennedy School of Government, where he 
specialized in housing and economic development.  Bennett has a B.A. in Political Science from Tufts 
University. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 

Insert 1.e. CONCUR Stakeholder Assessment Report 
(Interviews Summary) 



 
 
 
 
 
 
 
Background information regarding the Marine Mammal 
Protection Act, the Take Reduction Process, and other relevant 
statutes and mandates is available in the False Killer Whale 
Take Reduction Team Orientation Meeting binder.  
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561–6622 ext. 202, 
kelley.higgason@noaa.gov. 
SUPPLEMENTARY INFORMATION: The 
Sanctuary Advisory Council provides 
the Sanctuary Superintendent with 
advice on the management of the 
Sanctuary. Members provide advice to 
the Superintendent on issues affecting 
resource protection, the Sanctuary’s 
primary purpose. The Council, through 
its members, serves as liaisons to the 
community regarding Sanctuary issues 
and acts as a conduit, relaying the 
community’s interests, concerns, and 
management needs to the Sanctuary. 
The Sanctuary Advisory Council 
members represent public interest 
groups, local industry, commercial and 
recreational user groups, academia, 
conservation groups, government 
agencies, and the general public. 
Members serve either two-or three-year 
terms in order to stagger Council 
membership and allow continuity. 

Authority: 16 U.S.C. Sections 1431, et seq. 
(Federal Domestic Assistance Catalog 
Number 11.429 Marine Sanctuary Program) 

Daniel J. Basta, 
Director, Office of National Marine 
Sanctuaries, National Ocean Service, 
National Oceanic and Atmospheric 
Administration. 
[FR Doc. 2010–680 Filed 1–15–10; 8:45 am] 

BILLING CODE 3510–NK–M 

DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric 
Administration 

RIN 0648–XT76 

False Killer Whale Take Reduction 
Team Meeting 

AGENCY: National Marine Fisheries 
Service (NMFS), National Oceanic and 
Atmospheric Administration (NOAA), 
Department of Commerce. 
ACTION: Notice of establishment of a 
False Killer Whale Take Reduction 
Team and meeting; request for 
comment. 

SUMMARY: NMFS is establishing a Take 
Reduction Team (TRT) and convening a 
TRT meeting to address the incidental 
mortality and serious injury of the 
Hawaii Pelagic, Hawaii Insular, and 
Palmyra Atoll stocks of false killer 
whales (Pseudorca crassidens) in the 
Hawaii-based deep-set and shallow-set 
longline fisheries. The TRT will develop 
a Take Reduction Plan (TRP) as required 
in the Marine Mammal Protection Act 
(MMPA). NMFS will charge the TRT 
with developing a plan to reduce 
incidental mortality and serious injury 

of these stocks in the Hawaii-based 
longline fisheries to a level less than the 
Potential Biological Removal (PBR) level 
for each stock within 6 months of 
implementation of the plan and to a 
level approaching a zero mortality and 
serious injury rate within 5 years of 
implementation of the plan. 
DATES: The meeting will be held on 
February 17, 2010, from 1 p.m. to 5 
p.m., on February 18, 2010, from 8:30 
a.m. to 5 p.m., and from February 19, 
2010, from 8 a.m. to 1 p.m. Comments 
on the inclusion within the scope of the 
TRT of non-strategic marine mammal 
stocks interacting with the Category I 
Hawaii-based deep-set longline fishery 
must be received by February 18, 2010. 
ADDRESSES: The False Killer Whale TRT 
meeting will be held at the Sheraton 
Waikiki, 2255 Kalakaua Avenue, 
Honolulu, HI; Phone: (808) 922 4422, 
Fax: (808) 931 8883. 

You may submit comments, 
information, or data, identified by the 
Regulation Identifier Number [RIN 
0648–XT76], by any one of the 
following methods: (1) Electronic 
Submissions: Submit all electronic 
information via the Federal 
eRulemaking Portal at http:// 
www.regulations.gov; (2) Mail: Assistant 
Regional Administrator, Protected 
Resources Division, National Marine 
Fisheries Service, Pacific Islands 
Regional Office, 1601 Kapiolani 
Boulevard Suite 1110, Honolulu, HI 
96814. 

Instructions: All comments received 
are a part of the public record and may 
be posted to http://www.regulations.gov 
without change. All personal identifying 
information (for example, name, 
address, etc.) voluntarily submitted by 
the commenter may be publicly 
accessible. Do not submit confidential 
business information or otherwise 
sensitive or protected information. 
NMFS will accept anonymous 
comments (enter N/A in the required 
fields if you wish to remain 
anonymous). Attachments to electronic 
comments will be accepted in Microsoft 
Word, Excel, WordPerfect, or Adobe 
PDF file formats only. 
FOR FURTHER INFORMATION CONTACT: 
Nancy Young, NMFS, Pacific Islands 
Region, (808) 944–2282, 
nancy.young@noaa.gov; or Kristy Long, 
NMFS, Office of Protected Resources, 
(301) 713–2322, kristy.long@noaa.gov. 
SUPPLEMENTARY INFORMATION: Section 
118(f)(1) of the Marine Mammal 
Protection Act (MMPA) requires NMFS 
to develop and implement take 
reduction plans designed to assist in the 
recovery or prevent the depletion of 
each strategic stock that interacts with 

Category I and II fisheries. It also 
provides NMFS discretion to develop 
and implement a take reduction plan for 
any other marine mammal stocks that 
interact with a Category I fishery, which 
the agency determines, after notice and 
opportunity for public comment, has a 
high level of mortality and serious 
injury across a number of such marine 
mammal stocks. 

The MMPA defines a strategic stock 
as a marine mammal stock: (1) for which 
the level of direct human-caused 
mortality exceeds the Potential 
Biological Removal (PBR) level; (2) 
which is declining and is likely to be 
listed under the Endangered Species Act 
(ESA) in the foreseeable future; or (3) 
which is listed as threatened or 
endangered under the ESA or as a 
depleted species under the MMPA (16 
U.S.C. 1362(2)). PBR is the maximum 
number of animals, not including 
natural mortalities, that may be removed 
from a marine mammal stock while 
allowing that stock to reach or maintain 
its optimum sustainable population. 
Category I or II fisheries are fisheries 
that, respectively, have frequent or 
occasional incidental mortality and 
serious injury of marine mammals. 

As required under section 118 (f)(7) of 
the MMPA, the TRT shall develop a 
draft TRP by consensus, and shall 
submit this draft TRP to NMFS not later 
than 6 months after the date of the 
establishment of the TRT. The Secretary 
of Commerce (Secretary) shall then 
consider the TRP, and no later than 60 
days after the submission of the draft 
TRP, NMFS shall publish in the Federal 
Register the TRP and any implementing 
regulations proposed by the team for a 
public comment period not to exceed 90 
days. Within 60 days of the close of the 
comment period, NMFS shall issue a 
final TRP and any implementing 
regulations. 

Marine Mammal Stocks Included 
Within the TRT Scope 

Three false killer whale stocks 
identified in the U.S. Pacific Marine 
Mammal Stock Assessment Reports 
(SAR) (Carretta et al., 2009a) are 
included within the scope of the TRT: 

(1) False killer whale, Hawaii Pelagic 
stock. The Hawaii Pelagic stock 
includes false killer whales inhabiting 
waters outside of the February- 
September longline exclusion zone 
around the main Hawaiian Islands. The 
stock has been designated as strategic 
because the average annual mortality 
and serious injury (M&SI) of false killer 
whales incidental to the Category I 
Hawaii-based deep-set longline fishery 
(7.4 animals per year) exceeds the 
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stock’s PBR level (2.5 animals per year) 
(Carretta et al., 2009b). 

(2) False killer whale, Hawaii Insular 
stock. The Hawaii Insular stock includes 
false killer whales inhabiting waters 
within the February-September longline 
exclusion zone around the main 
Hawaiian Islands. The level of M&SI of 
this stock is not above the stock’s PBR 
level (0.8 animals per year), and the 
stock is not strategic (Carretta et al., 
2009b). The Final 2008 SAR and Draft 
2009 SAR for the Insular stock indicate 
no documented serious injuries or 
mortalities of animals incidental to 
Hawaii’s longline fisheries. However, 
the Insular stock may be subject to 
interactions with longline fisheries: 
from October to January, a small subset 
of longline fishing effort takes place 
within the current stock range of the 
Hawaii Insular stock. Baird and Gorgone 
(2005) documented a high rate of dorsal 
fin disfigurements, which were 
consistent with injuries from 
unidentified fishing line. At the present 
time, it is unknown whether these 
injuries might have been caused by 
longline gear or other hook-and-line 
gear used around the main Hawaiian 
Islands. 

There is overlap in the geographic 
ranges of the Hawaii Pelagic and Hawaii 
Insular stocks, and some serious injuries 
and mortalities that were attributed to 
the Pelagic stock may in fact have been 
from the Insular stock. Several of the 
observed false killer whale takes have 
been in sets that straddled the current 
stock boundary (i.e., the set start- and 
set end-locations were on either side of 
the boundary). The boundaries between 
the stocks will likely be revised for the 
Draft 2010 SAR, and takes may be 
reassigned from the Pelagic stock to the 
Insular stock. As a result, the Insular 
stock may also be listed as strategic in 
the Draft 2010 SAR. Additionally, a 
status review has been initiated to 
determine if listing of the insular 
population of Hawaiian false killer 
whales under the ESA is warranted (75 
FR 316, January 5, 2010). Based on the 
overlap between the Insular and Pelagic 
stocks within the range of the Hawaii- 
based longline fisheries, the potential 
for the Insular population to be listed 
under the ESA in the foreseeable future, 
and evidence that the Insular stock is 
declining (Reeves et al., 2009), the 
Hawaii Insular stock of false killer 
whales is included within the scope of 
the TRT. NMFS solicits public 
comments on whether to include the 
non-strategic Insular stock within the 
scope of the TRT. 

(3) False killer whale, Palymra Atoll 
stock. The Palmyra Atoll stock includes 
false killer whales found within the U.S. 

Exclusive Economic Zone (EEZ) of 
Palmyra Atoll. Human-caused M&SI 
levels (0.3 animals per year) do not 
exceed this stock’s PBR (6.4 animals per 
year), and this stock is not strategic 
(Carretta et al., 2009b). However, NMFS 
is including this stock in the scope of 
the TRT because there are documented 
interactions between the Category I 
deep-set longline fishery and this stock. 
NMFS estimated the take rate of false 
killer whales in longline fisheries as 
over 4–times higher within EEZ waters 
of Palmyra Atoll (3.3 per 1000 sets) 
compared to the Hawaiian Islands EEZ 
(0.7 per 1000 sets) and waters outside 
U.S. EEZs (0.8 per 1000 sets) (Forney 
and Kobayashi, 2007). 

In addition, data indicate that false 
killer whale depredation of catch and/ 
or bait is increasing in the Hawaii-based 
longline fisheries. False killer whales 
have been observed while vessels are in 
transit, indicating that they may be 
following fishing boats. This behavior is 
likely to increase interactions, and in 
fact, for the first time, there have been 
multiple takes documented per set and 
per trip during 2008 and 2009 (NMFS 
Observer Program). Based on this 
information, NMFS is concerned that 
the Palmyra Atoll stock may also have 
an increasing potential to interact with 
the longline fisheries in the near future. 
NMFS is including the Palmyra Atoll 
stock of false killer whales in the scope 
of the TRT based on the documented 
high take rates of false killer whales by 
Hawaii-based longline fisheries 
operating within the Palmyra Atoll EEZ 
as described above, as well as the 
potential for increased interactions in 
the future. NMFS solicits public 
comments on including the non- 
strategic Palmyra Atoll stock within the 
scope of the TRT. 

Marine Mammal Stocks Not Included 
Within the TRT Scope 

NMFS considered additional marine 
mammal stocks, but determined not to 
include the following within the scope 
of the TRT: 

(1) False killer whale, American 
Samoa stock. This stock is newly 
defined for the 2010 Draft SARs, and 
includes false killer whales found 
within the EEZ of American Samoa. No 
abundance estimate or PBR level is 
currently available for this stock. 
Therefore, the level of M&SI occurring 
incidental to commercial fisheries, 
particularly the American Samoa 
longline fishery, cannot be assessed 
relative to PBR. However, NMFS 
analysis suggests that the estimated rate 
of fisheries-related M&SI within the 
American Samoa EEZ (7.8 animals per 
year) exceeds the range of likely PBRs 

(0.4 7.5) (NMFS, unpublished data). 
Additional research on the abundance 
of false killer whales in American 
Samoa is needed to resolve the stock’s 
status. Because NMFS lacks population 
structure and abundance data, as well as 
relatively low observer coverage in the 
American Samoa longline fishery (as 
noted below), this stock will not be 
included in the scope of the TRT. 

(2) Other marine mammal stocks in 
the Pacific Islands Region. All but one 
of the other marine mammal stocks in 
the Pacific Islands Region that interact 
with the fisheries under the scope of the 
TRT (see below) are already at or below 
the insignificance threshold, which has 
been defined in MMPA implementing 
regulations as 10% of PBR (50 CFR 
229.2), and will not be included in the 
scope of the TRT. 

The humpback whale (Megaptera 
novaeangliae) is listed as ‘‘endangered’’ 
under the ESA, and designated as 
‘‘depleted’’ under the MMPA. As a 
result, the Central North Pacific (CNP) 
stock of humpback whale is classified as 
a strategic stock (Allen and Angliss, 
2009). Total estimated M&SI of this 
stock is below the PBR of 20.4, but 
above 10% of PBR. The Draft 2009 SAR 
indicates no M&SI of this stock from 
Hawaii-based longline fisheries (Allen 
and Angliss 2009), but one serious 
injury was reported in the Hawaii-based 
shallow-set longline fishery during 
2006, with 100% observer coverage 
(Forney 2009). NMFS previously 
conducted an analysis considering 
multiple quantitative and qualitative 
factors to identify its priorities for 
establishing TRTs. The CNP stock of 
humpback whales was considered a low 
priority, and only for its interactions 
with commercial fisheries in the Alaska 
Region. The stock’s recovery does not 
appear to have been affected by 
interactions with commercial fisheries, 
as results from the 2004–2006 Structure 
of Populations, Levels of Abundance, 
and Status of Humpbacks (SPLASH) 
project indicate stock abundance has 
increased by 5.5–6.0% per year (Allen 
and Angliss 2009). The humpback 
whale will not be included in the scope 
of the present TRT. 

Commercial Fisheries Included Within 
the TRT Scope 

The TRT will address the following 
two fisheries: 

(1) Hawaii-based deep-set longline 
fishery. The Category I Hawaii-based 
deep-set longline fishery operates both 
within and outside of the Hawaii EEZ 
(defined on the MMPA List of Fisheries 
(LOF) as the ‘‘HI deep-set (tuna target) 
longline/set line’’ and ‘‘Western Pacific 
Pelagic (Deep-set component)’’ 
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fisheries). There have been numerous 
M&SI of false killer whales documented 
in this fishery, including an estimated 
7.4 animals per year from the strategic 
Hawaii Pelagic stock of false killer 
whales, 0.3 animals per year from the 
non-strategic Palmyra Atoll stock, and 
5.4 animals per year in international 
waters, where no U.S. stocks are 
currently defined under the MMPA 
(Carretta et al., 2009b; Forney and 
Kobayashi, 2007). At minimum, this 
fishery meets the MMPA requirement 
for the development of a TRP because of 
the level of M&SI of false killer whales 
belonging to the strategic Hawaii Pelagic 
stock. 

(2) Hawaii-based shallow-set longline 
fishery. The Category II Hawaii-based 
shallow-set longline fishery operates 
both within and outside of the Hawaii 
EEZ (defined on the MMPA LOF as the 
‘‘HI shallow-set (swordfish target) 
longline/set line’’ and ‘‘Western Pacific 
Pelagic (Shallow-set component’’ 
fisheries). No documented interactions 
with false killer whales have been 
reported in the Final 2008 SAR or Draft 
2009 SAR (Carretta et al. 2009a, 2009b). 
However, there was an observed 
interaction with a false killer whale 
from the Hawaii Pelagic stock in 2008 
that was determined to be a non-serious 
injury, and another observed interaction 
that resulted in a serious injury of either 
a false killer whale or a short-finned 
pilot whale, outside of U.S. EEZs 
(Forney 2009). Another false killer 
whale interaction was documented in 
2009 just outside of the longline 
exclusion boundary (and thus likely 
from the strategic Pelagic stock), but the 
determination regarding the severity of 
the injury (i.e., serious versus not 
serious) has not yet been made. Due to 
the concern over the rapid increase in 
the number of false killer whale takes 
that are occurring in the deep-set 
longline fishery, and the shallow-set 
fishery’s recent interactions with false 
killer whales (potentially with a 
strategic stock), this fishery will be 
included in the scope of the TRT. 

Commercial Fisheries Not Included 
Within the TRT Scope 

The following fisheries were 
considered, but are not included in the 
scope of the TRT: 

(1) American Samoa longline fishery. 
This Category II fishery differs from the 
Hawaii-based longline fisheries in terms 
of gear and fishing practices, target 
species, and geographical area of 
operation. Observer coverage has been 
less than 10% since a mandatory 
observer program began in 2006. As 
stated above, there is very little 
information on the level of interactions 

with false killer whales. Two false killer 
whales were observed killed or 
seriously injured by the fishery in 2008 
(Oleson 2009), but it is unknown 
whether this level is unsustainable 
because an abundance estimate and 
calculation of PBR for the newly- 
defined American Samoa stock of false 
killer whales are not available. Because 
NMFS lacks information about the 
impact this fishery is having on the 
poorly understood American Samoa 
stock of false killer whales, and because 
the differences between this fishery and 
the two Hawaii-based longline fisheries 
would likely detract from the focus of 
the TRT, this fishery is not being 
included within the scope of the TRT. 

(2) Hawaii shortline fishery. This 
fishery was added to the 2010 LOF as 
a Category II fishery, classified by 
analogy (50 CFR 229.2, definition of 
‘‘Category II fishery’’) to the two Hawaii- 
based longline fisheries, based on the 
similarities between the gear used, areas 
fished, and target species in the three 
fisheries, and anecdotal reports of 
interactions with marine mammals off 
the north side of the island of Maui. 
These reports have not been confirmed, 
and thus the species involved and 
extent of the interactions are unknown. 
The Western Pacific Fishery 
Management Council (Council) is 
considering management of the fishery. 
Information gathered by Council staff 
indicates that the shortline fishery is 
very small, with few participants and 
low levels of landings. There is also a 
small amount of data available and no 
observer coverage. Data confidentiality 
would likely be an issue, making an 
understanding of the fishery and its 
potential impacts on false killer whale 
stocks difficult. This fishery will not be 
considered part of the scope of the TRT. 
However, if the shortline fishery is 
documented to interact with a strategic 
stock in the future, NMFS will consider 
bringing it under the scope of the TRT 
at a later time. 

List of Invited Participants 
MMPA section 118 (f)(6)(C) requires 

that members of TRTs have expertise 
regarding the conservation or biology of 
the marine mammal species that the 
TRP will address, or the fishing 
practices that result in the incidental 
mortality or serious injury of such 
species. The MMPA further specifies 
that TRTs shall, to the maximum extent 
practicable, consist of an equitable 
balance among representatives of 
resource user and non-user interests. 

NMFS has asked the following 
individuals to serve as members of the 
TRT, which is tasked with developing 
recommendations to reduce mortalities 

and serious injuries of three false killer 
whale stocks incidental to Hawaii-based 
longline fisheries: William Aila, Hui 
Malama I Kohola; Robin Baird, Cascadia 
Research Collective; Hannah Bernard, 
Hawaii Wildlife Fund; Steven Beverly, 
Secretariat of the Pacific Community; 
Brendan Cummings, Center for 
Biological Diversity; Paul Dalzell, 
Western Pacific Fishery Management 
Council; Roger Dang, Pacific Fishing & 
Supply, Inc.; Clint Funderburg, Fishing 
Vessels Rachel and Golden Sable; John 
Hall, Fishing Vessel Zephyr; Kristy 
Long, NMFS Office of Protected 
Resources; Kristine Lynch, Marine 
Mammal Commission; Paul Nachtigall, 
Hawaii Institute of Marine Biology; 
David Nichols, State of Hawaii; Victoria 
O’Connell, Coastal Marine Research; 
Jerry Ray, Fishing Vessel Katy Mary; 
Andrew Read, Duke University; Lance 
Smith, NMFS Pacific Islands Regional 
Office; Ryan Steen, Stoel Rives LLP; and 
Sharon Young, The Humane Society of 
the United States. 

Other individuals from NMFS and 
state and Federal agencies may be 
present as observers or for their 
scientific expertise. Members of TRTs 
serve without compensation, but may be 
reimbursed by NMFS, upon request, for 
allowable travel costs and expenses 
incurred in performing their duties as 
members of the team. The TRT will hold 
its first meeting from February 17–19, 
2010 in Honolulu, Hawaii (see DATES 
and ADDRESSES). 

NMFS fully intends to conduct the 
TRT process in a way that provides for 
national consistency yet accommodates 
the unique regional characteristics of 
the fishery and marine mammal stocks 
involved. Take Reduction Teams are not 
subject to the Federal Advisory 
Committee Act (5 App. U.S.C.). 

Meetings are open to the public. 

Public Comments Solicited 
Comments are solicited on the 

inclusion within the scope of the TRT 
of the non-strategic Hawaii Insular and 
Palmyra Atoll stocks of false killer 
whales. 
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ACTION: Notice. 

SUMMARY: NMFS solicits nominations 
for the Advisory Panel (AP) for Atlantic 
Highly Migratory Species (HMS) 
Southeast Data, Assessment, and 
Review (SEDAR) Workshops (this AP is 
also called the ‘‘SEDAR Pool’’). The 
SEDAR Pool is comprised of a group 
from which individuals will be selected 
to review and/or provide the data and 
analyses and advise NMFS regarding the 
scientific information, including but not 

limited to data, analyses, and models, 
used in stock assessments for sharks in 
the Atlantic Ocean, Gulf of Mexico, and 
Caribbean Sea. Nominations are being 
sought for a three-year appointment. 
Individuals with definable interests in 
the recreational and commercial fishing 
and related industries, environmental 
community, academia, and non- 
governmental organizations will be 
considered for membership on the 
SEDAR Pool. 
DATES: Nominations must be received 
on or before February 18, 2010. 

ADDRESSES: You may submit 
nominations and request the SEDAR 
Pool Statement of Organization, 
Practices, and Procedures by any of the 
following methods: 

• Email: SEDAR.pool@noaa.gov. 
• Mail: Karyl Brewster-Geisz, Highly 

Migratory Species Management 
Division, NMFS, 1315 East-West 
Highway, Silver Spring, MD 20910. 
Include on the envelope the following 
identifier: ‘‘SEDAR Pool Nomination.’’ 

• Fax: 301–713–1917. 
Additional information on SEDAR 

and the SEDAR guidelines can be found 
at http://www.sefsc.noaa.gov/sedar/. 
FOR FURTHER INFORMATION CONTACT: 
Karyl Brewster-Geisz, (301) 713–2347, 
ext. 111. 
SUPPLEMENTARY INFORMATION: 

Introduction 
Section 302(g)(2) of the Magnuson- 

Stevens Fishery Conservation and 
Management Act (Magnuson-Stevens 
Act), 16 U.S.C. 1801 et seq., states that 
each Council shall establish such 
advisory panels as are necessary or 
appropriate to assist it in carrying out its 
functions under the Act. For the 
purposes of this section, NMFS 
considers the above provisions to be 
applicable to the HMS Management 
Division. As such, NMFS is establishing 
the SEDAR Pool under this section. The 
SEDAR Pool will be a group from which 
individuals will be selected to review 
and/or provide the data and analyses 
and advise NMFS regarding the 
scientific information, including but not 
limited to data, analyses, and models, 
used in stock assessments for sharks in 
the Atlantic Ocean, Gulf of Mexico, and 
Caribbean Sea. While the SEDAR Pool is 
being created specifically for Atlantic 
sharks, it may be expanded to include 
other HMS, as needed. Under section 
302(i)(1), the Federal Advisory 
Committee Act (FACA) shall not apply 
to advisory panels established under 
section 302(g). 

The primary purpose of the 
individuals in the SEDAR Pool is to 
review and/or provide, at SEDAR 

workshops, the scientific information, 
including but not limited to data, 
analyses, and models, used in stock 
assessments that are used to advise 
NMFS, as a delegate to the Secretary of 
Commerce (Secretary), about the 
conservation and management of the 
Atlantic HMS, specifically but not 
limited to, Atlantic sharks. Individuals 
in the SEDAR Pool may be selected to 
participate in the various data, 
assessment, and review workshops 
during the SEDAR process of any HMS 
stock assessment. Individuals that 
participated in a data and/or assessment 
workshop for a particular stock 
assessment may also be asked to attend 
and/or provide information during the 
review workshop to ensure that any 
questions the reviewers may have can 
be answered quickly and accurately. To 
ensure that the peer review is unbiased, 
individuals who participate in a data 
and/or assessment workshop for a 
particular stock assessment will not be 
asked to participate in the review 
workshop. 

Members of the SEDAR Pool may 
serve as members of other APs 
concurrent with or following their 
service on the SEDAR Pool, except that 
members of the SEDAR Pool that were 
invited to participate in the data and/or 
assessment workshops for any particular 
species during a specific stock 
assessment may not participate in the 
relevant review workshop for that stock 
assessment. 

Procedures and Guidelines 

A. Participants 

The SEDAR Pool will be comprised of 
representatives of: commercial and 
recreational fisheries for Atlantic HMS, 
the environmental community active in 
the conservation and management of 
Atlantic HMS, and the academic 
community that have relevant research 
either with sharks or shark-like species 
and/or stock assessment methodologies 
for any marine fish species. Members of 
the SEDAR Pool must have 
demonstrated experience in the 
fisheries, related industries, research, 
teaching, writing, conservation, or 
management of marine organisms. The 
distribution of representation among the 
interested parties is not defined and the 
number of members in the SEDAR Pool 
is not limited. 

Additional members of the SEDAR 
Pool may also include representatives 
from each of the five Atlantic Regional 
Fishery Management Councils, each of 
the 18 constituent states, both the U.S. 
Virgin Islands and Puerto Rico, and 
each of the constituent interstate 
commissions: the Atlantic States Marine 
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Insert 2.b. Frequently Asked Questions about 
the False Killer Whale Take Reduction Process 
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Background Information 

 
 
Primary information about the false killer whales data that will be discussed at the meeting is 
provided in sections 3.a through 3.c. This includes the 2009 Draft Stock Assessment Report for 
false killer whales in the Pacific Islands Region, a report on the serious injury determinations for 
cetaceans caught in Hawaii’s longline fisheries from 1994-2008, and a table listing the level of 
serious injury and mortality and the potential biological removal level for all cetacean stocks in 
the Pacific Islands Region.  
 
For those who are interested in learning more about the process by which those numbers were 
derived, sections 3.d and 3.e. include the NOAA guidelines for developing stock assessments 
and for differentiating serious and non-serious injuries in marine mammals.  
 
Section 3.f is the Federal Register notice announcing NMFS’s 90-day finding on a petition to list 
the Insular population of Hawaiian false killer whales as an endangered species. This will not be 
a focus of the meeting, but is provided for your information. 
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FALSE KILLER WHALE (Pseudorca crassidens):  
Pacific Islands Region Stock Complex - Hawaii Insular,  

Hawaii Pelagic, and Palmyra Atoll Stocks 
 

STOCK DEFINITIONS AND GEOGRAPHIC RANGES 
 False killer whales are found worldwide 
mainly in tropical and warm-temperate waters (Stacey 
et al. 1994). In the North Pacific, this species is well 
known from southern Japan, Hawaii, and the eastern 
tropical Pacific. There are six stranding records from 
Hawaiian waters (Nitta 1991; Maldini 2005).  One on-
effort sighting of false killer whales was made during 
a 2002 shipboard survey of waters within the U.S. 
Exclusive Economic Zone (EEZ) of the Hawaiian 
Islands (Figure 1; Barlow 2006).  Smaller-scale 
surveys conducted around the main Hawaiian Islands 
(Figure 2) show that false killer whales are also 
commonly encountered in nearshore waters (Baird et 
al. 2005, Mobley et al. 2000, Mobley 2001, 2002, 
2003, 2004). This species also occurs in U.S. EEZ 
waters around Palmyra Atoll (Figure 1) and sightings 
of false killer whales have been recently confirmed 
within the Johnston Atoll EEZ (NMFS/PIR/PSD 
unpublished data) and the U.S. EEZ waters of 
American Samoa (Johnston et al., In Press). 
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 Genetic analyses of tissue samples collected 
within the Eastern North Pacific (ENP) indicate 
restricted gene flow between false killer whales 
sampled near the main Hawaiian Islands and false 
killer whales sampled in all other regions of the ENP 
(Chivers et al. 2007). Since 2003, observers of the 
Hawaii-based longline fishery have also been 

collecting tissue samples of caught cetaceans for 
genetic analysis whenever possible.  Four false killer 
whale samples, two collected outside the Hawaiian 
EEZ and two collected more than 100 nautical miles 
from the main Hawaiian Islands (See Figure 3) were 
determined to have ENP-like haplotypes.  This 
indicates The latter two samples indicate that false 
killer whales within the Hawaiian EEZ belong to 
two different genetic populations, with a boundary 
somewhere within the Hawaiian EEZ. Based on 
sighting locations and genetic analyses of tissue 
samples, Chivers et al. (2008) suggested a stock 
boundary at about 75 nmi distance from the main 
Hawaiian Islands. This corresponds roughly to the 
February-September longline exclusion area (Figure 
1), which is provisionally applied as a stock 
boundary in this report, to recognize insular and 
pelagic false killer whales as separate stocks for 
management (NMFS 2005). (Chivers et al. 2008), 
this stock assessment report applies a stock 
boundary corresponding to the 25-75 nmi longline 

Figure 1. False killer whale sighting locations during standardized 
shipboard surveys of the Hawaiian U.S. EEZ (2002, black diamond, 
Barlow 2006), the Palmyra U.S. EEZ and pelagic waters of the 
central Pacific south of the Hawaiian Islands (2005, open squares, 
Barlow and Rankin 2007).  Outer lines represent approximate 
boundary of U.S. EEZs; shaded gray area is the 25-75nmi February -
September longline exclusion zone around the main Hawaiian 
Islands, proposed as a false killer whale stock boundary.

Figure 2.  False killer whale sighting locations during 2000-2004 
boat-based surveys (+) (Baird et al. 2005) and 1993-2003 aerial 
surveys () (Mobley et al. 2000, Mobley 2001, 2002, 2003, 2004) 
around the main Hawaiian Islands.  See Appendix 2 for details on 
timing and location of survey effort.
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exclusion zone around the main Hawaiian Islands, to recognize the insular false killer whale population as a separate 
stock for management. This boundary may be revised in the future as additional information becomes available. For 
example, recent satellite telemetry studies, boat-based surveys, and photo-identification analyses of false killer 
whales around the island of Hawaii (Baird et al. 2008a,b) yielded a maximum offshore extent of about 96km (52 
nmi) for insular false killer whales.  Animals belonging to the pelagic stock of false killer whales have been 
documented 42-70km (23-38 nmi) offshore (Baird et al. 2008b,c).  These studies provide the first movement data for 
animals from both stocks, but sample sizes are small and the results are not yet sufficient for revising stock 
boundaries.  NMFS will continue to evaluate new information on stock ranges as it becomes available. 

Comparisons amongst false killer whales sampled at Palmyra Atoll and those sampled in the waters of the 
pelagic ENP, Panama and Mexico also reveal some level of restricted gene flow, although the sample size remains 
low for robust comparisons (Chivers et al. 2007). Efforts are currently underway to obtain and analyze additional 
tissue samples of false killer whales for further studies of population structure in the North Pacific Ocean.  

For the Marine Mammal Protection Act (MMPA) stock assessment reports, there are currently three Pacific 
Islands Region management stocks (Chivers et al. 2008): 1) the Hawaii Insular Stock, which includes animals 
inhabiting waters within the 25-75 nmi February-September longline exclusion zone around the main Hawaiian 
Islands, and 2) the Hawaii Pelagic Stock, which includes false killer whales inhabiting the waters of the U.S. EEZ of 
Hawaii outside of the 25-75 nmi February-September longline exclusion zone around the main Hawaiian Islands, 
and 3) the Palmyra Stock, which includes false killer whales found within the U.S. EEZ of Palmyra Atoll. Estimates 
of abundance, potential biological removal, and status determinations for these three stocks are presented separately 
below.  

 
HUMAN-CAUSED MORTALITY AND SERIOUS INJURY 
Fishery Information 

Interactions with cetaceans have been 
reported for Hawaiian pelagic fisheries, and 
false killer whales have been identified in 
fishermen's logs and NMFS observer records 
as taking catches from pelagic longlines (Nitta 
and Henderson 1993, NMFS/PIR unpublished 
data).  They have also been observed feeding 
on mahi mahi, Coryphaena hippurus, and 
yellowfin tuna, Thunnus albacares, and they 
have been reported to take large fish (up to 70 
pounds) from the trolling lines of both 
commercial and recreational fishermen 
(Shallenberger 1981). 
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There are two distinct longline 
fisheries based in Hawaii: a deep-set longline 
(DSLL) fishery that targets primarily tunas, 
and a shallow-set longline fishery (SSLL) that 
targets swordfish.  Following implementation 
of regulations to protect sea turtles and 
seabirds in the SSLL fishery in 2004, no false 
killer whales have been observed hooked or 
entangled through the end of 2007, with 100% 
observer coverage (Forney and Kobayashi, 
2007, Forney and McCracken 2008, 
McCracken and Forney 2008).  Between 1994 
and 2007, 24 false killer whales and fifteen 
unidentified cetaceans that may have been 
false killer whales (based on the observer's 
descriptions), have been documented hooked 
or entangled in the DSLL fishery.  In the most 
recent five years (2003-2007), with 20-28% 
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Figure 3. Locations of observed false killer whale takes (filled 
symbols) and possible takes of this species (open symbols) in 
the Hawaii-based longline fishery, 2002-2006.  Stars are 
locations of genetic samples from fishery-caught false killer 
whales.  Solid lines represent the U.S. EEZ; shaded gray area is 
the 75nmi February-September longline exclusion boundary around 
the main Hawaiian Islands.  Set locations in this fishery are 
summarized in Appendix 1. 

observer coverage in the DSLL fishery, 14 false killer whale mortalities and serious injuries were documented in 
18,848 observed sets (a rate of 0.74 per 1000 sets).  Estimates of overall mortality and serious injury for false killer 
whales, by EEZ, are shown in Table 1.   
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All observed false killer whale interactions with longline fisheries within the Hawaiian EEZ occurred more 
than 75nmi from the Hawaiian Islands, and the two genetic samples obtained from animals hooked or entangled in 
the longline fishery within the Hawaiian Islands EEZ were determined to be from the Pelagic Stock (S. Chivers, 
NMFS unpublished data).  Therefore, the estimated takes of false killer whales are provisionally considered to have 
come from the Hawaii Pelagic Stock.  However, from October to January, a small subset of longline fishing effort 
takes place within the current stock range of the Hawaiian Insular Stock, and Baird and Gorgone (2005) documented 
a high rate of dorsal fin disfigurements, which were consistent with injuries from unidentified fishing line.  At the 
present time, it is unknown whether these injuries might have been caused by longline gear or other hook-and-line 
gear used around the main Hawaiian Islands.  Additional research is needed to evaluate potential overlap between 
the insular false killer whale stock and line fisheries and to determine whether any of the estimated false killer whale 
takes in the longline fishery might have involved the Hawaiian Insular Stock. 
 Between 1994 and 2006, 24 false killer whales were observed hooked or entangled in the Hawaii-based 
longline fisheries, with approximately 4-34% of all effort observed (Forney and Kobayashi 2007, Forney and 
McCracken 2008).  Fifteen additional unidentified cetaceans, which may have been false killer whales based on the 
observer's descriptions, were also taken (hooked or entangled) in this fishery, but were not included in this analysis 
(Figure 3; Forney and Kobayashi 2007, Forney and McCracken 2008). During 28,542 observed sets, the average 
interaction rate of false killer whales was 0.83 false killer whales per 1,000 sets. Two of the false killer whales were 
killed, two were considered not seriously injured, and all others caught were considered seriously injured, based on 
an evaluation of the observer’s description of the interaction (Forney and Kobayashi, 2007, Forney and McCracken 
2008) and following established guidelines for assessing serious injury in marine mammals (Angliss and DeMaster 
1998).  Average 5-yr estimates of annual mortality and serious injury for 2002-2006 are 7.6 (CV = 0.43) false killer 
whales outside of U.S. EEZs, 5.7 (CV = 0.64) within the Hawaiian Islands EEZ, and 1.2 (CV = 0.67) within the 
EEZ of Palmyra Atoll (Table 1). Total estimated annual mortality and serious injury for all U.S. EEZs combined 
averaged 7.0 (CV = 0.54) between 2002 and 2006. Since 2001, the Hawaii-based longline fishery has undergone a 
series of regulatory changes, primarily to protect sea turtles (NMFS 2001).  Potential impacts of these regulatory 
changes on the rate of false killer whale interactions are unknown.   
 
Table 1. Summary of available information on incidental mortality and serious injury of false killer whales (Pacific 
Islands Stock Complex) in commercial fisheries, within and outside of selected U.S. EEZs (Forney and McCracken 
2008, McCracken and Forney 2008).  Mean annual takes are based on 2002-2006 2003-2007 data unless otherwise 
indicated. 

Observed and estimated mortality and serious injury of false killer whales, by EEZ region

Outside of U.S. EEZs Hawaiian Islands EEZ 1 Palmyra Atoll EEZ  
Fishery Name 

 
Year Data Type 

Percent 
Observer 
Coverage  

Obs.
Estimated 

(CV) 
Mean 

Annual 
Takes 
(CV) 

 
Obs.

Estimated  
(CV) 

Mean 
Annual 
Takes 
(CV) 

Obs. Estimated  
(CV) 

Mean 
Annual 
Takes 
(CV) 

Hawaii-based 
deep-set 

longline fishery 

2003 
2004 
2005 
2006 
2007 

observer 
data 

21.9% 
25.4% 
34.2% 
25.5% 
20.0% 

0 
3 
1 
1 
0 

0 (-) 
 14 (0.43) 
 3 (2.76) 
7 (1.42) 
3 (6.50) 

5.4 
(0.45) 

2 
3 
1 
1 
1 

7 (0.83) 
12 (0.46) 
3  (3.16) 
7 (1.84) 
8 (1.98) 

7.4 
(0.19) 

0 
0 
0 
0 
1 

0 
0 
0 
0 

2 (5.50) 

0.3 
(1.01) 

Hawaii-based 
shallow-set 

longline fishery 

2003 
2004 
2005 
2006 
2007 

observer 
data 

no fishing 
100% 
100% 
100% 
100% 

0 
0 
0 
0 
0 

0 0 0 0 0 0 0 0 

Hawaii-based 
longline  
fisheries2 

2002 
2003 
2004 
2005 
2006 

 
observer 

data 

24.8% 
21.9% 
25.4% 
34.2% 
25.5% 

3 
0 
3 
1 
1 

 14 (0.40) 
0 (-) 

 14 (0.43) 
 3 (2.76) 
7 (1.42) 

7.6 
(0.43) 

 

0 
2 
3 
1 
1 

0 (-) 
7 (0.83) 
12 (0.46) 
3  (3.16) 
7 (1.84) 

5.7 
(0.64) 

 

2 
0 
0 
0 
0 

 6 (0.43) 
0 (-) 
0 (-) 
0 (-) 
0 (-) 

1.2 
 (0.67) 

 

Minimum total annual takes within U.S. EEZ waters  7.0 (0.54) 7.7 (0.19) 
1All false killer whales taken by the Hawaii longline fisheries within the Hawaiian EEZ were obtained >75 nmi from the main Hawaiian Islands, 
within the stock range of the Hawaii Pelagic Stock., and genetic analyses for the two available samples indicated these animals were part of the 
Hawaii Pelagic Stock.  Furthermore the longline fishery is, for the most part, prohibited from operating within about 75 nmi of the Main 
Hawaiian Islands.  Therefore, all All Hawaiian Islands EEZ takes of false killer whales are, therefore, provisionally considered to be from the 
Hawaii Pelagic Stock; however, there is potential for overlap between insular false killer whales and the longline fishery and further study is 
needed (see text above). 
2 The Hawaii-based longline fisheries include a shallow-set fishery (with 100% observer coverage since 2004) and a deep-set fishery (with about 
20% observer coverage).  No false killer whales were observed killed or injured in the shallow-set fishery during 2002-2006.  
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HAWAII INSULAR STOCK 
POPULATION SIZE 

A recent mark-recapture study of photo-identification data obtained during 2000-2004 around the main 
Hawaiian Islands produced an estimate of 123 (CV=0.72) false killer whales (Baird et al. 2005). This updates an 
estimate of 121 (CV=0.47) made by Mobley et al. (2000) based on 1994-1998 aerial surveys. Both estimates apply 
only to Hawaii Insular Stock because surveys were conducted within 75 nmi of the main Hawaiian Islands. 
 
Minimum Population Estimate 

The minimum population estimate for the Hawaii Insular stock false killer whales is the number of distinct 
individuals identified in this population during the 2002-2004 photo-identification studies, 76 individuals (Baird et 
al. 2005).  This is similar to the log-normal 20th percentile of the mark-recapture abundance estimate, 71 false killer 
whales. 

 
Current Population Trend 

No data are available on current population trend. A recent study (Reeves et al. 2009) summarized 
information on false killer whale sightings near Hawaii between 1989 and 2007, based on various survey methods, 
and suggested that the insular stock of false killer whales may have declined during the last two decades.  However, 
because of differences in survey methods, no quantitative analysis of the sightings data and population trend has 
been made.  

 
CURRENT AND MAXIMUM NET PRODUCTIVITY RATES 

No data are available on current or maximum net productivity rate for this species in Hawaiian waters. 
 
POTENTIAL BIOLOGICAL REMOVAL 

The potential biological removal (PBR) level for the insular Hawaii false killer whale stock is calculated as 
the minimum population size (76) times one half the default maximum net growth rate for cetaceans (½ of 4%) 
times a recovery factor of 0.50 (for a stock of unknown status with no documented human-caused mortality and 
serious injury; see Wade and Angliss 1997), resulting in a PBR of 0.8 false killer whales per year. 
 
STATUS OF STOCK 

The status of false killer whales in insular Hawaiian waters (within 75 nmi) relative to OSP is unknown. , 
and A recent study (Reeves et al. 2009) suggested that this population may have declined since the late 1980s; 
however, there are insufficient data to evaluate trends in abundance quantitatively. No habitat issues are known to be 
of concern for this species, but a recent study (Ylitalo et al. 2008) documented elevated levels of polychlorinated 
biphenyls (PCBs) in three of nine insular false killer whales sampled, and biomass of some false killer whale prey 
species has declined around the main Hawaiian Islands (Reeves et al. 2009).  although a high incidence of fin 
disfigurements in this stock (Baird and Gorgone 2005) indicate that interactions with fisheries may be of concern.  
They False killer whales are not listed as “threatened” or “endangered” under the Endangered Species Act (1973), 
nor as “depleted” under the MMPA. This stock is not considered “strategic” under the 1994 amendments to the 
MMPA because there has been no documented human-caused mortality or serious injury of false killer whales 
belonging to the Hawaii Insular Stock. However, a high incidence of fin disfigurements in this stock (Baird and 
Gorgone 2005) indicates that interactions with unidentified line fisheries may be of concern, and the stock range 
includes an area where some longline fishing operations take place seasonally. 
 
HAWAII PELAGIC STOCK 
POPULATION SIZE 
 Analyses of a 2002 shipboard line-transect survey of the Hawaiian Islands EEZ (HICEAS survey) resulted 
in an abundance estimate of 236 (CV=1.13) false killer whales (Barlow 2006) outside of 75 nm of the main 
Hawaiian Islands. A recent re-analysis of the HICEAS data using improved methods and incorporating additional 
sighting information obtained on line-transect surveys south of the Hawaiian EEZ during 2005, resulted in a revised 
estimate of 484 (CV = 0.93) false killer whales within the Hawaiian Islands EEZ outside of 75 nmi of the main 
Hawaiian Islands (Barlow & Rankin 2007).  This is the best available abundance estimate for the Hawaii Pelagic 
Stock of false killer whales.  
  
Minimum Population Estimate 
 The log-normal 20th percentile of the 2002 abundance estimate for the Hawaiian Islands EEZ outside of 75 
nmi from the main Hawaiian Islands (Barlow & Rankin 2007) is 249 false killer whales.  
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Current Population Trend 
 No data are available on current population trend. 
 
CURRENT AND MAXIMUM NET PRODUCTIVITY RATES 
 No data are available on current or maximum net productivity rate for this species in Hawaiian waters. 
 
POTENTIAL BIOLOGICAL REMOVAL 
 The potential biological removal (PBR) level for the Hawaii Pelagic Stock of false killer whale is 
calculated as the minimum population size (249) times one half the default maximum net growth rate for cetaceans 
(½ of 4%) times a recovery factor of 0.45 0.50 (for a stock of unknown status with a Hawaiian Islands EEZ 
mortality and serious injury rate CV >0.60 <0.30; Wade and Angliss 1997), resulting in a PBR of 2.2 2.5 false killer 
whales per year.   
 
STATUS OF STOCK 
 The status of the Hawaii Pelagic Stock of false killer whale relative to OSP is unknown, and there are 
insufficient data to evaluate trends in abundance. No habitat issues are known to be of concern for this species stock. 
They are not listed as “threatened” or “endangered” under the Endangered Species Act (1973), nor as “depleted” 
under the MMPA.  Because the rate of mortality and serious injury to false killer whales within the Hawaiian Islands 
EEZ and outside of 75 nmi in the Hawaii-based longline fishery (5.7 7.4 animals per year) exceeds the PBR (2.2 
2.5), this stock is considered a “strategic stock” under the 1994 amendments to the MMPA. The total fishery 
mortality and serious injury for Hawaiian false killer whales cannot be considered to be insignificant and 
approaching zero, because it exceeds the PBR. Furthermore, additional injury and mortality of false killer whales is 
known to occur in U.S and international longline fishing operations in international waters, and the potential effect 
on the Hawaii Pelagic Stock is unknown. 
 
PALMYRA STOCK 
POPULATION SIZE 
 Recent line transect surveys in the U.S. EEZ waters of Palmyra Atoll produced an estimate of 1,329 (CV = 
0.65) false killer whales (Barlow & Rankin 2007).  This is the best available abundance estimate for false killer 
whales within the Palmyra Atoll EEZ.  
 
Minimum Population Estimate 
 The log-normal 20th percentile of the 2002 abundance estimate for the Palmyra Atoll EEZ (Barlow & 
Rankin 2007) is 806 false killer whales.  
 
Current Population Trend 
 No data are available on current population trend. 
 
CURRENT AND MAXIMUM NET PRODUCTIVITY RATES 
 No data are available on current or maximum net productivity rate for this species in Palmyra Atoll waters. 
 
POTENTIAL BIOLOGICAL REMOVAL 
 The potential biological removal (PBR) level for the Palmyra Atoll false killer whale stock is calculated as 
the minimum population size (806) times one half the default maximum net growth rate for cetaceans (½ of 4%) 
times a recovery factor of 0.45 0.40 (for a stock of unknown status with a mortality and serious injury rate CV >0.60 
0.80; Wade and Angliss 1997), resulting in a PBR of 7.2 6.4 false killer whales per year.  
 
STATUS OF STOCK 
 The status of false killer whales in Palmyra Atoll EEZ waters relative to OSP is unknown, and there are 
insufficient data to evaluate trends in abundance. No habitat issues are known to be of concern for this species stock.  
They are not listed as “threatened” or “endangered” under the Endangered Species Act (1973), nor as “depleted” 
under the MMPA.  The rate of mortality and serious injury to false killer whales within the Palmyra Atoll EEZ in 
the Hawaii-based longline fishery (1.2 0.3 animals per year) does not exceed the PBR (7.2 6.4) for this stock and 
thus, this stock is not considered “strategic” under the 1994 amendments to the MMPA. The total fishery mortality 
and serious injury for Palmyra Atoll false killer whales is greater less than 10% of the PBR and, therefore, cannot be 
considered to be insignificant and approaching zero. Additional injury and mortality of false killer whales is known 
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to occur in U.S and international longline fishing operations in international waters, and the potential effect on the 
Palmyra stock is unknown. 
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INTRODUCTION 

 

This document summ arizes new o bserver d ata on the m ortality and injury of  c etaceans in  

Hawaii-based pelagic lo ngline f isheries f or tun a (deep-set fishery) and swordfish (shallow-set 

fishery) during 2008, and re-evaluates all 1994-2008 cetacean serious injury determ inations in 

these two fisheries on a case-by- case basis using the new criteria developed at the 2007 Serious 

Injury Technical Workshop (Table 1 in Andersen et al. 2008; Appendix A). Current regulations 

require 100% observer coverage for the shallow-set fishery, so the reported cetacean injuries and 

mortalities for 2008 represent the total number of takes in the fishery.  Observer coverage for the 

deep-set fishery is currently required to be at least 20% annually, so the number of reported 2008 

mortalities and injuries  are a sam ple of fleet -wide bycatch.  Total by catch es timates by U.S. 

Exclusive Economic Zone and cetacean stock area are presented elsewhere (McCracken 2009).   

 

METHODS 

 

For annual reporting purposes, and to m aintain consistency with bycatch estim ation procedures 

(e.g. Forney and McCracken 2008, McCracken and Forney 2008, McCracken 2009), m arine 

mammal interactions were considered to have taken place during the cale ndar year in which the 

fishing vessel returned to port.   Electronic data on m arine mammal interactions were extracted 

from the Pacific Islan ds Region (PIR) Long line Observ er Data Sy stem (LODS) using th e 

Datatrawler interface. Copies of relevant observer forms, photos and videos that describe marine 

mammal identification characteris tics, the nature of the intera ction, details on any injuries 

sustained by the anim als, and the am ount and type  of gear left on the anim al upon release were  
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also obtained and reviewed.  In cases where th e cetacean species cou ld not be identified by the 

at-sea observer, candidate species were dete rmined based on the observer’s descriptions , 

photographs, sketches, and videos (when available).  Species co des used in this report are 

defined in Table 1; all unidentified cetacean we re assigned code ‘UC’, including PIR Observer 

program codes UC (unidentified cetacean), U W (unidentified whale), and UD (unidentified 

dolphin).  Geographic locations fo r all cetacean takes are plotted based on the reported catc h 

location, if available; otherwise the haul begin location is plotte d.    The EEZ area designations 

in Table 2 were derived by McCracken (2009), either  as the capture location (if known) or as the 

modal location of set begin, set end, haul begin, and haul end. 

 

Serious injury determinations have previously been made (Forney and Kobayashi 2007, Forney 

and McCracken 2008, McCracken and Forney 2009) using the guidelines developed in Angliss 

and DeMaster (1998) following a 1997 workshop on determining serious injuries in marine 

mammals. During 2007, new information on injuries to marine mammals was reviewed at a 

Serious Injury Technical Workshop, resulting in the development of new criteria (Table 1 in 

Andersen et al. 2008, included below as Appendix A).   Based on these new injury determination 

criteria, all 1994-2008 cetacean injuries sustained in interactions with Hawaii-based longline 

fisheries were reviewed to re-assess the severity of injury.  The new determinations were 

compared to those previously obtained using the Angliss and DeMaster (1998) criteria.   

 

RESULTS & DISCUSSION 

 

Cetacean species observed taken during 2008 

In the deep-set fishery, 12 cetaceans were reported hooked or entangled during 2008: one Risso’s 

dolphin, Grampus griseus; three false killer whales, Pseudorca crassidens; thr ee short-f inned 

pilot wha les, Globicephala macrorhynchus; and one pantropical  spotted dolphin, Stenella 

attenuata.  Four additio nal cetaceans that could not be identified to spec ies were als o recorded.  

Three of these were determ ined to have been e ither f alse killer whale s or short-f inned pilot 

whales (‘blackfish’, Table 2, Figure 1) based on the availab le id entification characteristics.   

Insufficient inform ation was available to evaluate  potential species for the fourth u nidentified 

cetacean.   
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In the shallow-set fishery, nine cetaceans were  hooked or entangled during 2008: four Risso’s  

dolphins; one false killer whale; one striped dolphin, Stenella coeruleoalba, one hum pback 

whale, Megaptera novaeangliae; one pygm y or dwarf sperm  whale, Kogia sp., and one  

unidentified cetacean that was determined to have been either a false killer whale or short-finned 

pilot whale (‘blackfish’, Table 2, Figure 2).   

 

Serious Injury Determinations, 1994-2008 

During 2008, one Risso' s dolphin and one pantropi cal spotted dolphin reported were dead upon 

gear retrieval.  The rem aining 19 anim als taken during 2008 were repor ted to be alive but 

injured, with five animals determined to be not seriously injured and 14 seriously injured (Table 

1).  A review of all previous serious injury determinations for 1994-2007 resulted in a change for 

9 of 88 injuries (10.2%).  In a ll cases the revised analysis determ ined the injury to have been 

more severe than the or iginal analysis, with f ive injuries changing from  not serious to serious, 

two injuries changing from ‘Cannot be determ ined’ (CBD) to serious (Table 1), and two injuries  

of humpback whales changing from not serious to CBD without additional inform ation.  These  

latter two c ases a re aw aiting rev iew by a tea m of  whale experts within the Ala ska Scien tific 

Review Group, and are provisionally  left unchanged as ‘not seri ous’ pending this review.  

Summaries of cetacean  m ortalities, serious injuries and non-se rious injuries during the m ost 

recent five complete years (2004-2008) are presented by species, year, and EEZ area in Table 3  

(deep-set fishery) and  Table 4 (shallow-set fish ery) to aid in  updating H awaiian cetacean sto ck 

assessment reports.   
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Table 1. List of cetacean species codes, common names, and scientific names. 
 
Code Common Name Scientific name 

BE Bryd e's whale Balaenoptera edeni 

BF 'Blackfish' = PC or GM  

DD C ommon dolphin Delphinus spp. 

GG R isso's dolphin Grampus griseus 

GM Sho rt-finned pilot whale Globicephala macrorhynchus 

MD Blainville's beaked whale Mesoplodon densirostris 

MN Hum pback whale Megaptera novaeangliae 

PC False killer whale Pseudorca crassidens 

PM Spe rm whale Physeter macrocephalus 

SA Pant ropical spotted dolphin Stenella attenuata 

SC St riped dolphin Stenella coeruleoalba 

SL Spi nner dolphin Stenella longirostris 

TT Bo ttlenose dolphin Tursiops truncatus 

UC Unidentified cetacean (includes Observer Program codes UW and UD) 

UK Pygmy or dwarf sperm whale Kogia sp. 

ZU Uni dentified beaked whale Ziphiid whale 
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Table 2.  Comparison of case-specific serious injury determinations for cetaceans taken in Hawaii-based longline fisheries, 1994-
2008, using (A) previous criteria (Angliss and DeMaster 1998) and (B) revised criteria (Table 1 in Andersen et al. 2008, Appendix A).  
Shading indicates injuries for which determinations differed. CBD=cannot be determined. Prorated injury determinations are from 
Forney and Kobayashi (2007) and Forney and McCracken (2008).  Fishery codes for 1994-2001: T = tuna targeting deep sets, S = 
swordfish targeting shallow sets, M= mixed type; for 2002-2007: DS = deep-set fishery, SS = shallow-set fishery. Hawaii (P) and 
Hawaii (I) indicate take was within the range of the Pelagic Stock or Insular Stock of false killer whales, respectively. Species codes 
are defined in Table 1. 

Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

S Outside 1995 07-Mar-95 GG GG Injured Serious Serious 10 Hooked; released with ~20m of line attached 
S Outside 1995 22-Mar-95 GG GG Injured Serious Serious 7 Hooked in mouth 
S Outside 1995 01-Apr-95 TT TT Injured Serious Serious 7 Hooked in mouth 

T Outside 1996 28-May-96 UC BF Injured CBD (prorated 
serious) 

CBD (prorated 
serious) - Swam away slowly with hook and some line 

attached 
S Outside 1996 24-Aug-96 UC ZU Injured Not Serious Not Serious 26 Hooked in fluke 
S Outside 1997 03-Dec-96 GM GM Dead Dead Dead n/a Line tangled around caudal peduncle 
S Outside 1997 26-Mar-97 GG GG Injured Serious Serious 1 or 7 Hooked in mouth / hook ingested 
S Outside 1997 14-Mar-97 GG GG Injured Serious Serious 7 Hooked in mouth 
S Outside 1997 30-Apr-97 SL SL Injured Not Serious Not Serious 26 Hooked in fluke 

M Hawaii 
(P) 1997 18-Aug-97 PC PC Injured Serious Serious 1 or 7 Hooked in mouth / hook ingested 

S Outside 1998 20-Jan-98 UC GG, TT Injured CBD (prorated 
serious) 

CBD (prorated 
serious) - Hooked 

S Hawaii 
(P) 1998 29-Apr-98 PC PC Injured Serious Serious 1 or 7 Hooked in mouth / hook ingested 

T Hawaii 1998 15-Nov-98 UC ZU Injured Not Serious Serious 10 Hooked/Tangled, broke line with gear remaining

S Outside 1999 31-Jan-99 UC BF, GG, 
TT, ZU Injured CBD (prorated 

serious) 
CBD (prorated 

serious) - No injury details available 

S Outside 1999 30-Jan-99 TT TT Injured Serious Serious 1 Hook ingested 
S Outside 1999 08-Feb-99 GG GG Injured Serious Serious 7 Hooked in mouth 
S Hawaii 1999 22-May-99 PM PM Injured Not Serious Not Serious 11 Entangled, apparently got free 
S Outside 2000 16-Dec-99 UC BF, GG Injured Serious Serious 7 Hooked in mouth 
S Outside 2000 31-Jan-00 GG GG Injured Serious Serious 1 Hook ingested 
T Outside 2000 09-May-00 UC BF Injured Serious Serious 14 Float line wrapped around tail 
S Outside 2000 16-Jul-00 GM GM Injured Serious Serious 1 or 7 Hooked in mouth / hook ingested 
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

T Outside 2000 08-Oct-00 UC BF, TT Injured CBD (prorated 
serious) 

CBD (prorated 
serious) - Hooked 

T Outside 2000 17-Oct-00 GM GM Dead Dead Dead n/a Hooked in mouth 
M Hawaii 2000 13-Nov-00 SL SL Injured Not serious Serious 7 or 8, (10) Hooked in head/beak; line cut 

S Outside 2000 15-Dec-00 DD DD Injured Not Serious Not Serious 26 Line around fluke, released with minimal line 
attached 

T Hawaii 
(P) 2001 16-Jan-01 UC BF Injured CBD (prorated 

serious) 
CBD (prorated 

serious) - Hooked 

T Outside 2001 03-Jan-01 PC PC Injured Serious Serious 7 Hooked in mouth 

S Outside 2001 12-Jan-01 GG GG Injured Serious Serious 10 Hooked, tangled dropper lines between two 
adjacent floats, crew cut line  

T Palm yra 2001 06-Feb-01 PC PC Injured Serious Serious 7?,10 PC 'on hook'; broke dropper line; hook and line 
attached when broke free 

T Hawaii 2001 01-Feb-01 MN MN Injured Not Serious Not Serious 11 Entangled in substantial line and & 2 floats; 
freed itself from gear before swimming away 

T Johnston 2001 01-Mar-01 PC PC Injured CBD (prorated 
serious) 

CBD (prorated 
serious) - Hooked 

T Palm yra 2001 22-Aug-01 GM GM Injured Not Serious Not Serious 11 Entangled, appeared to break free of line 
T Outside 2001 25-Sep-01 GM GM Injured Serious Serious 7 Hooked in mouth 

T Outside 2001 26-Oct-2001 UC BF Injured Serious Serious 14, 10 Entangled in mainline with several floats in 
sizable tangle; mainline snapped 

T Palm yra 2001 8-Oct-2001 SA SA Dead Dead Dead n/a Line wrapped around beak 

DS Palmyra 2002 15-Feb-2002 PC PC Injured Serious Serious 10 
Hooked ; released by cutting leader line; 3ft 
mono line, weight, 6" wire leader and hook 
remained attached 

DS Outside 2002 12-Feb-2002 PC PC Injured Serious Serious 7 Hooked in mouth 
DS Palm yra 2002 16-Mar-2002 PC PC Injured Serious Serious 7 Hooked in mouth 
DS Hawaii 2002 4-Apr-2002 MD MD Dead Dead Dead n/a Hooked in fluke 
DS Palmyra 2002 13-Jun-2002 UC UC Injured Not Serious Not Serious 11 Hooked; swam away with no gear attached 

DS Palm yra 2002 2-Jul-2002 UC SA, SL, 
GG, TT Injured Not serious Serious 10,14 Hooked in body/tail & entangled; broke free 

DS Outside 2002 11-Jul-2002 PC PC Injured Serious Serious 7 Hooked in mouth 
DS Outside 2002 19-Sep-2002 PC PC Injured Serious Serious 1 Hook ingested 

DS Outside 2002 12-Oct-2002 MN MN Injured Not Serious CBD (request 
AKSRG input) 10,14 30' mainline wrapped around fluke; CBD - Need 

review by AK SRG. Keep 'Not Serious' for now 
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

DS Hawaii 2003 22-Feb-2003 TT TT Dead Dead Dead n/a Entangled; mainline and branchline wrapped 
around flukes 

DS Hawaii 
(P) 2003 9-Apr-2003 UC 

SA, SL, 
GG, TT, 
BF, DD 

Injured Serious Serious 10 Hooked; released with 10m trailing line on 3m 
animal 

DS Hawaii 
(I) 2003 7-Oct-2003 PC PC Injured Serious Serious 10,14 Released with two 13-m branchlines around 

body 

DS Hawaii 
(I) 2003 3-Nov-2003 PC PC Injured Serious Serious 7 Hooked in mouth 

DS Hawaii 
(I) 2003 23-Nov-2003 UC BF Injured Serious Serious 7,10 Hooked in the mouth, released with 20ft trailing 

line 

DS Outside 2004 21-Jan-2004 PC PC Injured Serious Serious 10 Hooked in mouth or pectoral fin; released 
trailing 12m line 

DS Hawaii 
(P) 2004 13-Feb-2004 PC PC Injured Serious Serious 7,10 Hooked in mouth (hook embedded next to 

tooth); released trailing 0.5m line 

DS Outside 2004 16-Feb-2004 MN MN Injured Not Serious CBD (request 
AKSRG input) 10,14 

Entangled (probably pectorals or flukes); 
released with line and buoy attached.  /   CBD - 
Need review by AK SRG; buoy may have 
potential to wrap and create drag. Keep 'Not 
Serious' for now 

DS Outside 2004 11-Mar-2004 PC PC Injured Serious Serious 7 or 8, 10? Hooked in head/beak/mouth; released trailing 
unknown amount of line 

DS Outside 2004 29-Mar-2004 PC PC Injured Serious Serious 1,10 Hook ingested; released with 2 ft of trailing line 

DS Johnston 2004 27-Apr-2004 GM GM Injured Serious Serious 14 Entangled around body, released entangled and 
with ~4 m of trailing line 

DS Hawaii 
(P) 2004 31-Aug-2004 PC PC Dead Dead Dead n/a Hooked in jaw 

DS Hawaii 
(P) 2004 12-Sep-2004 PC PC Injured Serious Serious 7 Hooked in mouth 

SS Outside 2005 30-Jan-2005 GG GG Injured Serious Serious 1 Hook ingested 
SS Outside 2005 23-Feb-2005 BE BE Injured Not Serious Not Serious 11 Line came off whale after mainline cut 
DS Outside 2005 7-Mar-2005 GM GM Injured Serious Serious 14 Released with two wraps of mono around head 
SS Hawaii 2005 18-Apr-2005 UC UC Injured Not Serious Not Serious 11 Freed itself from gear after line cut 

DS Outside 2005 18-Aug-2005 GG GG Injured Serious Serious 7,10 Hooked in mouth, gear from snap to hook 
remained 
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

DS Hawaii 
(P) 2005 24-Sep-2005 PC PC Dead Dead Dead n/a Dead 

DS Outside 2005 17-Sep-2005 PC PC Injured Serious Serious 14,10 
Released with 10-15m of mainline and 
branchlines wrapped around flukes and trailing 
behind animal 

DS Hawaii 
(I) 2005 21-Oct-2005 UC BF Injured CBD (prorated 

serious) 
CBD (prorated 

serious) - Entangled in unknown manner; released with 
unknown gear attached 

DS Outside 2005 3-Nov-2005 MD MD Injured Not Serious Not Serious 26 Hooked in fluke, hook ripped out leaving 3-4" 
fluke injury, whale swam away slowly 

DS Hawaii 2006 27-Dec-2005 TT TT Injured Serious Serious 10 Released with >5m branchline hooked into body 
in front of pec fin 

SS Outside 2006 25-Jan-2006 GG GG Injured CBD (prorated 
serious) 

CBD (prorated 
serious) - Hooked in unknown location; released with hook 

and ~1/2ft mono branchline 

DS Hawaii 
(P) 2006 14-Jan-2006 UC BF Injured Serious Serious 8,10 Hooked in head above eye; released with 4ft line 

and hook 
SS Outside 2006 17-Jan-2006 GG GG Dead Dead Dead n/a 

DS Outside 2006 28-Jan-2006 GM GM Injured CBD (prorated 
serious) Serious 10 

Hooked in unknown location; unknown if 
entangled; released with hook and 2-3m clear 
mono line 

DS Outside 2006 19-Feb-2006 PC PC Injured Not serious Serious 10 Hooked in fluke; not entangled; released with 
hook and 25ft branchline; active animal 

SS Outside 2006 19-Feb-2006 MN MN Injured Serious Serious 3,10,14,23? 

Whale wrapped several times in mainline and 
branchline, around body and flukes; unknown if 
light sticks still on branchlines; mainline cut on 
either side of whale to release animal. Swam 
slowly at surface and never dove, heard moaning 
and breathing.  

DS Outside 2006 12-Mar-2006 UC ZU Injured Serious Serious 7,10 Hooked in mouth/head, unknown if entangled, 
released with hook and 7m branchline 

SS Outside 2006 7-Mar-2006 TT TT Injured Serious Serious 7,10 Hooked in mouth; hook and 1/2 ft line left on 
hook 

DS Hawaii 2006 3-Apr-2006 GM GM Injured Serious Serious 7,10 Hooked in mouth; released with hook and 3-4m 
of line 

DS Hawaii 
(P) 2006 26-Apr-2006 UC GG, BF Injured CBD (prorated 

serious) Serious 10 
Probably tail hooked/entangled; released with 
hook and ~1/2 branchline (=5m based on gear 
data); animal ~12ft long 
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

DS Outside 2006 6-Apr-2006 GG GG Injured Not serious Serious 10 
Hooked in anterior part of dorsal fin; released 
with hook and 18ft mono line; 80g lead swivel, 
wire leader 0.6m 

DS Hawaii 
(P) 2006 21-Apr-2006 PC PC Injured Serious Serious (7?),10 Hooked in head or front body/flipper; released 

with hook and 15m of branchline attached 

DS Outside 2006 9-May-2006 GG GG Injured Serious Serious 7,10 Hooked in mouth; released with hook and 1m of 
line attached 

DS Outside 2006 26-Jun-2006 PC PC Injured Serious Serious 7,10 
Hooked in mouth; released with hook, 0.5m wire 
leader, 45g lead weight and 20ft monofilament 
branchline; 2-5 high-pitched 'barks' heard 

DS Hawaii 
(P) 2006 24-Oct-2006 UC BF Injured Serious Serious 7 Hooked in jaw; released with hook, but no line 

still attached. 

DS Hawaii 
(I) 2006 11-Nov-2006 PC PC Injured Not Serious Not Serious 11 

Entangled around flukes; all line cut free; no 
gear remained on animal and it swam away 
vigorously 

DS Hawaii 2006 25-Nov-2006 SC SC Dead Dead Dead n/a 
SS Outside 2007 22-Feb-2007 TT TT Injured Serious Serious 7 Hooked in mouth 
SS Outside 2007 21-Feb-2007 GG GG Injured Serious Serious 7 Hooked in mouth 
SS Outside 2007 24-Mar-2007 GG GG Injured Serious Serious 7,10 Hooked in mouth, 3 ft line remained 

SS Outside 2007 26-Mar-2007 TT TT Injured Serious Serious 7,10 Hooked in mouth, 3 ft line remained; adult 
hooked, 4-ft calf nearby 

SS Outside 2007 22-Mar-2007 GG GG Injured Serious Serious 7 Hooked in mouth 
SS Hawaii 2007 29-Mar-2007 TT TT Injured Serious Serious 1 or 7,10 Hook ingested/in mouth, 6ft branchline remained

DS Outside 2007 6-May-2007 UC UC Injured Not Serious Not Serious 11 

Entangled near float, dove and caused line to get 
caught on props.  Dolphin not resighted, but float 
came to surface with all gear accounted for.  
Presumably animal freed itself? 

DS Palm yra 2007 19-Apr-2007 PC PC Injured Serious Serious 1 or 7,10 Hook ingested/in mouth, 3ft branchline remained

DS Hawaii 
(P) 2007 23-May-

2007 PC PC Injured Not Serious Not Serious 11 Hooked unknown location, straightened hook 
and was freed; observer retrieved hook 

DS Outside 2007 16-Sep-2007 PC PC Injured Not Serious Not Serious 11 Hooked in mouth, pulled free, hook and line 
retrieved. 

DS Outside 2007 15-Nov-2007 GM GM Injured Serious Serious 10 Hooked in mouth, hook, leader and 7m line 
remained 

DS Hawaii 2007 31-Oct-2007 UC UC Injured Serious Serious 10 Hook, weight, leader and ~5m branch line 
attached (somehow) when released.  
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

DS Hawaii 
(P) 2007 7-Dec-2007 PC PC Injured Serious Serious 7,10 Hooked in mouth; released with hook, leader and 

15ft line 
DS Outside 2007 24-Dec-2007 GG GG Dead Dead Dead n/a 

SS Outside 2008 29-Dec-2007 MN MN Injured Not Serious Not Serious 11 

Entangled, mainline cut; all hooks, floats, 
branchlines retrieved; unknown if all mainline 
was recovered; some animals seen surfacing 
after interaction, but unknown if animal 
entangled was among them 

SS Outside 2008 22-Jan-2008 UK UK Injured Not Serious Not Serious 9,11 Hooked pierced through lip or skin part of outer 
part of mouth; pulled out before release 

SS Outside 2008 14-Feb-2008 GG GG Injured Serious Serious 7,10 Hooked in mouth and approximately 7m of 
leader line was still attached 

SS Outside 2008 2-Mar-2008 GG GG Injured Serious Serious 7,10 
Hooked inside mouth; 18/0 offset circle hook 
and approx. 14.5 m of clear monofilament line 
with 80g wt left attached 

SS Outside 2008 15-Mar-2008 SC SC Injured Serious Serious 7,10 

18/0 Offset circle hook and ~2ft line wrapped 
tightly around beak, preventing beak from 
opening; Hook presumed inside 
mouth/swallowed.  Dolphin struggled during 
attempt to cut line; came loose and slowly swam 
down/away. Not seen again 

SS Outside 2008 28-Mar-2008 GG GG Injured Serious Serious 7,10 Hooked in mouth/jaw; released with about 10ft 
of mono leader 

DS Hawaii 
(P) 2008 13-Apr-2008 UC BF Injured Serious Serious 10 Hooked in unknown location; 0.6m wire leader, 

45g weight and 7m branchline left attached  

DS Hawaii 
(P) 2008 23-Apr-2008 PC PC Injured Serious Serious 7,10 Hooked in right side of mouth, 3m branchline, 

offset 36mm tuna hook and 45g weight left 
DS Outside 2008 5-May-2008 SA SA Dead Dead Dead n/a Entangled, dead 

DS Hawaii 
(P) 2008 3-May -2008 UC BF Injured Serious Serious 10 Hooked and entangled; released with 10m of 

branch & leader line, weight 

DS Outside 2008 14-May-
2008 UC UC Injured Serious Serious 10 

Hooked and entangled in unknown location; 
broke free; hook, leader and branchline (10.5m) 
not recovered 

DS Outside 2008 19-Jun-2008 GG GG Injured Serious Serious 7,10 
Hooked in mouth; released with 15/0 offset 
circle hook, 0.5m leader, 45g weight and ~2.5m 
branchline 
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Fishery 
Type 

EEZ 
Area 

Trip 
Arrival 

Year 

Take 
 Date 

Species 
Code 

Possible 
Species 
Codes 

Recorded 
Animal 

condition 

(A) 
Previous  

Determination 

 (B) 
Revised 

Determination 

Andersen et 
al. 2008 
Table 1 
Criteria 

Injury determination criteria / Observer 
Comments 

DS Outside 2008 20-Jun-2008 GM GM Injured Serious Serious 11,12,13 

Entangled in mainline @mouth/head; freed itself 
while struggling alongside vessel; swam away 
slowly. Based on size (~7ft), this was a 
dependent calf, therefore Serious Injury 

DS Hawaii 
(P) 2008 6-Jul-2008 PC PC Injured Serious Serious 7,10 

Hooked/entangled @ head area; 15 or 18 offset 
circle hook, 0.5m leader, 45g weight and 7m 
branchline attached when line cut 

DS Hawaii 
(P) 2008 5-Jul-2008 UC BF Injured Serious Serious 7,10 

Hooked/entangled @ head area; 15 or 18 offset 
circle hook, 0.5m leader, 45g weight and 5m 
branchline attached when animal broke free 

DS Outside 2008 25-Jun-2008 GM GM Injured Not Serious Not Serious 11 

Hooked in pectoral fin or mouth/head;  all gear 
pulled free with straightened hook.  No gear 
remained on this larger (15 ft) animal, which 
swam away strongly. 

DS Outside 2008 25-Jun-2008 GM GM Injured Not serious Not Serious 11 

Hooked in pectoral fin or mouth/head;  hook 
pulled free and no gear remained on this 7-8 ft 
animal, which swam away with larger animal 
(previous record) 

SS Hawaii 
(P) 2008 12-Jun-2008 PC PC Injured Not Serious Not Serious 26 Hooked and entangled @ fluke; <1ft line left 

attached to hook after line cut 

SS Outside 2008 20-Aug-2008 UC BF Injured Serious Serious 10 

Apparent depredation event, whale struggling 
and lots of tuna or whale blood in water.  18 
offset circle hook and 9m branchline, 80g weight 
not recovered.  Unknown how whale 
hooked/entangled.  

DS Hawaii 
(P) 2008 24-Oct-2008 PC PC Injured Serious Serious 7 

Hooked in mouth (right side), hook not visible.  
Either 15 offset circle hook or 36mm offset tuna 
hook; 0.5 wire leader, 45g weight, 6-8m 
branchline remained attached. 

SS Outside 2008 10-Nov-2008 GG GG Dead Dead Dead n/a Hooked in fluke, dead 
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Table 3.  Summary of mortalities (M), serious injuries (SI), and non-serious injuries (NSI) in the 
Hawaii-based deep-set fishery during 2004-2008. 
 

Species Year M SI NSI M SI NSI M SI NSI M SI NSI
2004
2005 1
2006 2
2007
2008 3
2004
2005 1
2006 2
2007 1
2008 1
2004 1
2005 1
2006 1 1
2007 1
2008 1 2
2004
2005 1
2006
2007
2008
2004 1
2005
2006
2007
2008
2004 1 2 3
2005 1 1
2006 1 1 2
2007 1 1 1 1
2008 3
2004
2005
2006
2007
2008 1
2004
2005
2006 1
2007
2008
2004
2005
2006 1
2007
2008
2004
2005
2006 1
2007 1 1
2008 1
2004
2005
2006 1
2007
2008

Unidentified cetacean (UC)

Unidentified beaked whale (ZU)

Bottlenose dolphin (TT)

Short-finned pilot whale (GM)

False killer whale (PC)

Humpback whale (MN)

Pantropical spotted dolphin (SA)

Striped dolphin (SC)

'Blackfish' (BF)

Risso's dolphin (GG)

Blainville's beaked whale (MD)

Hawaii EEZ Johnston EEZ Outside U.S. EEZs Palmyra EEZ
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Table 4.  Summary of mortalities (M), serious injuries (SI), and non-serious injuries (NSI) in the 
Hawaii-based shallow-set fishery during 2004-2008. 
 

Species Year M SI NSI M SI NSI M SI NSI M SI NSI
2004
2005 1
2006
2007
2008
2004
2005
2006
2007
2008 1
2004
2005 1
2006 1 1
2007 3
2008 1 3
2004
2005
2006 1
2007
2008 1
2004
2005
2006
2007
2008 1
2004
2005
2006
2007
2008 1
2004
2005
2006 1
2007 1 2
2008
2004
2005
2006
2007
2008 1

False killer whale (PC)

Striped dolphin (SC)

Bottlenose dolphin (TT)

Pygmy or dwarf sperm whale (UK)

Bryde's whale (BE)

'Blackfish' (BF)

Risso's dolphin (GG)

Humpback whale (MN)

Hawaii EEZ Johnston EEZ Outside U.S. EEZs Palmyra EEZ
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Figure 1.  Locations of observed cetacean takes in the Hawaii-based shallow-set  
longline fishery during 2008.  See Table 1 for definitions of species codes. 
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Figure 2.  Locations of observed cetacean takes in the Hawaii-based deep-set 
longline fishery during 2008.  See Table 1 for definitions of species codes. 
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APPENDIX A – Anderson et al (2008), Table 1. 
Recommended Serious Injury Criteria for Different Taxonomic Groups * 

 
SI = Serious Injury; NSI = Not Serious Injury; CBD/case specific = Potential SI, but either 1) insufficient information 
about the impact of a particular injury, or 2) additional factors must be considered on a case-by-case basis to determine 
the severity; n/a = not applicable; TBD= To Be Determined; __ = areas lacking near-complete agreement among Day 
4 participants 

 

Criterion Injury/Information Categories Large 
Cetaceans

Small 
Cetaceans Pinnipeds

 
Pre-Existing Guidance  (included in Angliss and DeMaster (1998) and/or NEFSC publications, retained with no 
changes) 

1 Ingestion of gear or hook SI SI SI 

 
Modified Criteria (some aspects retained from guidance provided in Angliss and DeMaster (1998) and/or 
NEFSC publications, with some changes or additions) 

2 

A free-swimming animal observed at a date later than 
its human interaction, exhibited a marked change in 
skin discoloration, lesions near the nares, fat loss, or 
increased cyamid loads, etc. 

SI SI SI 

3 Gear constricted on any body part, or likely to become 
constricting as the animal grows SI SI SI 

4 
Uncertain whether gear is constricting, but appendages 
near the entanglement's point of attachment are 
discolored 

SI SI SI 

5 Anchored/immobilized (not freed) SI SI SI 
6 Head trauma (including eye injuries) SI SI SI 

7 Hook in mouth (excluding case 9 below), no trailing 
gear 

CBD/case 
specific SI SI 

8 Hook confirmed in head (excluding mouth), no trailing 
gear NSI SI CBD/case 

specific 

9 Hook confirmed in lip only, no trailing gear n/a CBD/case 
specific 

CBD/case 
specific 

10 
Gear attached to free-swimming animal with potential 
to 1) wrap around pectoral fins/flippers, peduncle, or 
head; 2) be ingested; or 3) accumulate drag 

CBD/case 
specific SI SI 

11 Animal freed from gear and released without gear CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

12 Social animal separated from group or released alone CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

13 Dependent animal (e.g., calf, pup) alone post-
interaction SI SI SI 

14 Wrap(s) of gear around pectoral fin/flippers, peduncle, 
head, abdomen, or chest 

CBD/case 
specific SI SI 

 

New Criteria 

15 Deep, external cut or laceration to body CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

16 Body cavity penetration by foreign object or body 
cavity exposure SI SI SI 

17 Visible blood loss CBD/case CBD/case CBD/case 
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specific specific specific 

18 Loss or disfigurement of dorsal fin CBD/case 
specific 

CBD/case 
specific n/a 

19 Partially severed flukes (transecting midline) SI SI n/a 

20 Partially severed flukes (not transecting midline) CBD/case 
specific 

CBD/case 
specific n/a 

21 Partially severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

22 Severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific SI 

23 
Entanglement, immobilization or entrapment of a 
certain duration before being freed (TBD, species-
dependent) 

SI SI SI 

24 Body trauma not covered by cases 6, 15, and 16 above 
(e.g., broken appendages, hemorrhaging) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

25 Detectable fractures SI SI SI 

26 
Hook in appendage, without trailing gear or with 
trailing gear that does not have the potential to wrap, be 
ingested, or accumulate drag 

NSI NSI NSI 

27 Animal brought on vessel deck following 
entanglement/entrapment n/a SI CBD/case 

specific 
28 Vertebral transection SI SI SI 

29 Collision with vessel of certain minimum size (TBD, 
species-specific) SI SI CBD/case 

specific 

30 Collision with vessel traveling at a certain minimum 
speed (TBD, species-specific) SI SI CBD/case 

specific 

31 Collision with vessel below a certain size threshold 
(TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

32 Collision with vessel traveling below a certain speed 
threshold (TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

33 Dog Bites° n/a n/ a CBD/case 
specific 

* See section 8.0 for additional details on the intent and purpose of Table 1. 
° This criterion was not included by the Day 4 Participants.  The Workshop Steering Committee added this criterion 
for clarity.  About ¾ of the Day 4 participants preferred subsuming dog bites under criteria 6, 15, 16, or 24 
(depending on the injury inflicted by the dog bite).  The pinniped experts generally preferred to include dog bites in 
a separate category, because of the additional potential for inter-species disease transmission. 

 
 
 
 
 
 



Pacific Islands Region cetacean stocks, their PBR levels and mean annual mortality and serious injury (M&SI) from the most recent 
final and draft SARs, and an indication of whether the stock is below the insignificance threshold (10% of PBR). 
 

Species SAR Year PBR
Avg 

annual 
M&SI

≤10% PBR? SAR Year PBR
Avg 

annual 
M&SI

≤10% PBR?

False killer whale (HI) Hawaii Pelagic Stock 2008 2.2 5.7 N 2009 0.8 7.4 N
False killer whale (HI) Hawaii Insular Stock 2008 0.8 0 Y 2009 2.5 0 Y
False killer whale (HI) Palmyra Stock 2008 7.2 1.2 N 2009 6.4 0.3 Y
Rough-toothed dolphin Hawaii Stock 2004 132 0 Y 2010 61 0 Y
Risso's dolphin Hawaii Stock 2004 14 0 Y 2010 12 0 Y
Bottlenose dolphin Hawaii Stock 2006 16 0.8 Y 2010 18 0.4 Y
Pantropical spotted dolphin Hawaii Stock 2005 74 0 Y 2010 61 0 Y
Pantropical spotted dolphin Palmyra Stock 2005 (9.1-274) 0.8 Y 2010 (9.6-347) 0 Y
Spinner dolphin Hawaii Stock 2004 17 0 Y 2010 17 0 Y
Striped dolphin Hawaii Stock 2004 71 0 Y 2010 73 1.1 Y
Fraser's dolphin Hawaii Stock 2004 79 0 Y 2010 47 0 Y
Melon-headed whale Hawaii Stock 2004 14 0 Y 2010 14 0 Y
Pygmy killer whale Hawaii Stock 2004 3.8 0 Y 2010 5.2 0 Y
Killer whale Hawaii Stock 2004 2.5 0 Y 2010 1.8 0 Y
Short-finned pilot whale Hawaii Stock 2006 65 0 Y 2010 52 0.7 Y
Short-finned pilot whale Palmyra Stock 2006 (7.0-64) 0 Y 2010 (7.0-64) 0 Y
Short-finned pilot whale Johnston Stock 2006 (7.1-65) 0.6 Y 2010 (7.1-65) 0.5 Y
Blainville's beaked whale Hawaii Stock 2004 9.6 0.8 Y 2010 13 0 Y
Longman's beaked whale Hawaii Stock 2004 3.7 0 Y 2010 4.4 0 Y
Cuvier's beaked whale Hawaii Stock 2004 69 0 Y 2010 63 0 Y
Pygmy sperm whale Hawaii Stock 2004 41 0 Y 2010 33 0 Y
Dwarf sperm whale Hawaii Stock 2004 116 0 Y 2010 100 0 Y
Sperm whale Hawaii Stock 2004 11 0 Y 2010 7.6 0 Y
Blue whale Hawaii Stock 2004 n/a 0 Y 2010 n/a 0 Y
Fin whale Hawaii Stock 2004 0.2 0 Y 2010 0.2 0 Y
Sei whale Hawaii Stock 2004 0.1 0 Y 2010 0.1 0 Y
Bryde's whale Hawaii Stock 2004 3.7 0 Y 2010 3.3 0 Y
Minke whale Hawaii Stock 2004 n/a 0 Y 2010 n/a 0 Y
Humpback whale Central N. Pac. Stock 2008 12.9 5.0* N 2009 20.4 5.0* N
* No HI Longline takes listed in SAR, but one serious injury was reported in the shallow-set fishery during 2006 (100% observer coverage).
  Total 5-yr avg M&SI including this longline take would be 5.2/yr for the final 2008 SAR and draft 2009 SAR.

Most recent FINAL SAR
(published)

Most recent DRAFT SAR
(2009 published; 2010 in prep)
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Revisions to Guidelines for Assessing Marine Mammal Stocks (GAMMS II) 
 
 
Suggested citation: 
 
NMFS.  2005.  Revisions to Guidelines for Assessing Marine Mammal Stocks.  24 pp. 

Available at:  http://www.nmfs.noaa.gov/pr/pdfs/sars/gamms2005.pdf  
 
 
The initial guidelines (Barlow et al., 1995) and first revision of the guidelines for 
assessing marine mammal stocks (Wade and Angliss, 1998) were each published as an 
appendix to a NOAA Technical Memorandum.   In these two cases, the publications were 
reports of workshops convened to discuss guidance for preparing stock assessment 
reports.   
 
A similar workshop was convened for these revisions; however, no report was prepared 
describing the workshop.  This revision originated in a meeting of NMFS and FWS 
scientists and managers, accompanied by representatives of the three regional Scientific 
Review Groups.  The revised guidelines were subjected to review by NMFS scientists 
and managers and members of the Scientific Review Group.  The revised guidelines were 
processed through NMFS and NOAA General Counsel clearance and approved by the 
Assistant Administrator for Fisheries to be released to the public for review and comment 
(69 FR 67541, November 18, 2004).  NMFS updated the guidelines as needed in 
accordance with public comment, summarized comments received on these revised 
guidelines and responded to these summary comments.  The final revised guidelines and 
summarized comments with responses received NMFS and NOAA General Counsel 
review and clearance prior to approval by the Assistant Administrator for Fisheries for 
use and release to the public (70 FR 35397, June 20, 2005).   Accordingly, these revised 
guidelines represent a statement of NMFS policy for implementing provisions of section 
117 of the Marine Mammal Protection Act. 
 
 
 

http://www.nmfs.noaa.gov/pr/pdfs/sars/gamms2005.pdf
http://www.nmfs.noaa.gov/pr/pdfs/sars/guidelines1995.pdf
http://www.nmfs.noaa.gov/pr/pdfs/sars/gamms_report.pdf
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Guidelines for Preparing Stock Assessment Reports Pursuant 
to Section 117 of the Marine Mammal Protection Act

1.  General Guidelines

Introduction

Sec. 117 of the Marine Mammal Protection Act (MMPA) requires that the National Marine
Fisheries Service (NMFS) and the Fish and Wildlife Service (FWS) develop Stock Assessment
Reports (Reports) for all marine mammal stocks in waters under U.S. jurisdiction (U.S. waters). 
These Reports are to be based upon the best scientific information available.  Reports are not
required for stocks that have a remote likelihood of occurring regularly in U.S. waters (e.g.,
stocks for which only the margins of the range extends into U.S. waters or that enter U.S. waters
only during anomalous current or temperature shifts).
  
The MMPA requires Reports to include, among other things, information on how stocks were
identified, a calculation of Potential Biological Removal (PBR), and an assessment of whether
incidental fishery takes are "insignificant and approaching zero mortality and serious injury rate". 
These reports are to be reviewed annually for "strategic stocks" and for stocks for which new
information is available, and at least once every three years for all other stocks.  This document
provides guidance for how these topics are to be addressed in the Reports.  

The MMPA provides some general guidance for developing the Reports; more detailed
guidelines were developed at the PBR Workshop in June 1994 and were used in writing the
original draft Reports.  The guidelines for preparing SARs were initially drafted as the result of a
workshop in 1994.  The draft guidelines and initial draft stock assessment reports were subjected
to public review and comment in August 1994.  Final guidelines and reports were completed in
1995 (Barlow et al. 1995).  In 1996, representatives of NMFS, FWS, regional Scientific Review
Groups, and the Marine Mammal Commission reviewed the guidelines, and NMFS proposed
minor changes in 1996.  The revised guidelines, after public review and comment, were made
final in 1997 (Wade and Angliss 1997) and have been used since that time.  In September 2003,
NMFS again convened representatives of the review groups and agencies to review and, as
appropriate, recommend revisions to the guidelines.

It is anticipated that the guidelines themselves will be reviewed and changed based on additional
scientific research and on experience gained in their application.  In this regard, FWS and NMFS
will meet periodically to review and revise, as needed, the guidelines.  When the agencies
recommend revisions to the guidelines, these revisions will be made available for public review
and comment prior to acceptance.  Furthermore, the guidelines in this document do not have to
be followed rigidly; however, any departure from these guidelines must be discussed fully within
any affected Report.
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The intent of these guidelines is to:  (1) provide a uniform framework for the consistent
application of the amended MMPA throughout the country; (2) ensure that PBR is calculated in a
manner that ensures meeting the goals of the MMPA; (3) provide guidelines for evaluating
whether fishery takes are insignificant and approaching a zero mortality and serious injury rate;
and (4) make the Government's approach clear and open to the public.  Where the guidelines
provided here are not incorporated into a particular Report, it was agreed that justification for the
departure will be provided within the Report.  Similarly, the Reports will explain when
deviations are made from specific recommendations from the Scientific Review Groups.

FWS and NMFS interpret the primary intent of the 1994 MMPA amendments and the PBR
guidelines developed pursuant to the Act as a mechanism to respond to the uncertainty associated
with assessing and reducing marine mammal mortality from incidental fisheries takes.
Accordingly, this mechanism is increasingly conservative under increasing degrees of
uncertainty.  The MMPA requires the calculation of PBR for all stocks, including those that are
considered endangered under the Endangered Species Act (ESA) and those which are managed
under other authorities, such as the International Whaling Commission.  However, in some cases
allowable takes under these other authorities may be less than the PBR calculated under the
MMPA owing to the different degrees of "risk" associated with, and the treatment of, uncertainty
under each authority. Where there is inconsistency between the MMPA and ESA regarding the
take of listed marine mammals, the more restrictive mortality requirement takes precedence. 
Nonetheless, PBR must still be calculated for these stocks, where possible, and discussed in the
text of the Reports.  As mandated in the MMPA, the PBR is calculated as "...the maximum
number of animals, not including natural mortalities, that may be removed from a marine
mammal stock while allowing that stock to reach or maintain its optimum sustainable
population."  Therefore, a PBR is an upper limit to removals that does not imply that the entire
amount should be taken.
  
Estimates of PBR, human-caused mortality, and classification as to whether a stock is "strategic"
or "non-strategic" are required by Sec. 117 to be included in the Reports for all stocks of marine
mammals in U.S. waters.  However, it should be noted that the co-management, between the
Federal government and Alaska Native organizations, of removals of marine mammals for
subsistence purposes between the Federal government and Alaska Native organizations is
specifically addressed in Sec. 119.  In response to Sec. 119, NMFS and FWS have entered into
cooperative agreements with Alaska Native organizations to conserve marine mammals and
provide co-management of subsistence use by Alaska Natives. FWS and NMFS believe that it is
appropriate to develop management programs for stocks subject to subsistence harvests through
the co-management process provided that commercial fisheries takes are not significant and that
the process includes a sound research and management program to identify and address
uncertainties concerning the status of these stocks.  Estimates of PBR and classification as to
whether a stock is strategic will be determined from the analysis of scientific and other relevant
information discussed during the co-management process.
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Definition of "Stock"

“Population stock” is the fundamental unit of legally-mandated conservation.  The MMPA
defines population stock as “a group of marine mammals of the same species or smaller taxa in a
common spatial arrangement, that interbreed when mature.”  To fully interpret this definition, it
is necessary to consider the objectives of the MMPA.   In Sec. 2 (Findings and Declaration of
Policy) of the MMPA it is stated that “...species and populations stocks of marine
mammals...should not be permitted to diminish beyond the point at which they cease to be a
significant functioning element in the ecosystem of which they are a part, and, consistent with
this major objective, they should not be permitted to diminish below their optimum sustainable
population.” Further on in Sec. 2, it states “...the primary objective of their management should
be to maintain the health and stability of the marine ecosystem.  Whenever consistent with this
primary objective, it should be the goal to obtain an optimum sustainable population keeping in
mind the carrying capacity of the habitat.”  Therefore, stocks must be identified in a manner that
is consistent with these goals.  For the purposes of management under the MMPA, a stock is
recognized as being a management unit that identifies a demographically isolated biological
population.  It is recognized that in practice, identified stocks may fall short of this ideal because
of a lack of information, or for other reasons.

Many types of information can be used to identify stocks of a species: e.g., distribution and
movements, population trends, morphological differences, differences in life history, genetic
differences, contaminants and natural isotope loads, parasite differences, and oceanographic
habitat differences.  Different population responses (e.g., different trends in abundance) between
geographic regions is also an indicator of stock structure, as populations with different trends are
not strongly linked demographically.  When different types of evidence are available to identify
stock structure, the report must discuss inferences made from the different types of evidence and
how these inferences were integrated to identify the stock.

Evidence of morphological or genetic differences in animals from different geographic regions
indicates that these populations are reproductively isolated. Reproductive isolation is proof of
demographic isolation, and, thus, separate management is appropriate when such differences are
found.  Demographic isolation means that the population dynamics of the affected group is more
a consequence of births and deaths within the group (internal dynamics) rather than immigration
or emigration (external dynamics).  Thus, the exchange of individuals between population stocks
is not great enough to prevent the depletion of one of the populations as a result of increased
mortality or lower birth rates.

Failure to detect differences, however, does not mean that populations are not demographically
or reproductively isolated.  Dispersal rates, though sufficiently high to homogenize
morphological or genetic differences detectable between putative populations, may still be
insufficient to deliver enough recruits from an unexploited population (source) to an adjacent
exploited population (sink) so that the latter remains a functioning element of its ecosystem. 
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Insufficient dispersal between populations where one bears the brunt of exploitation coupled with
their inappropriate pooling for management could easily result in failure to meet MMPA
objectives.  For example, it is common to have human-caused mortality restricted to a portion of
a species’ range.  Such concentrated mortality (if of a large magnitude) could lead to population
fragmentation, a reduction in range, or even the loss of undetected populations, and would only
be mitigated by high immigration rates from adjacent areas.

Therefore, careful consideration needs to be given to how stocks are identified.  In particular,
where mortality is greater than a PBR calculated from the abundance just within the
oceanographic region where the human-caused mortality occurs, serious consideration should be
given to identifying an appropriate management unit in this region.  In the absence of adequate
information on stock structure and fisheries mortality, a species’ range within an ocean should be
divided into stocks that represent defensible management units.  Examples of such management
units include distinct oceanographic regions, semi-isolated habitat areas, and areas of higher
density of the species that are separated by relatively lower density areas.  Such areas have often
been found to represent true biological stocks where sufficient information is available.  In cases
where there are large geographic areas from which data on stock structure of marine mammals
are lacking, stock structure from other parts of the species’ range may be used to draw inferences
as to the likely geographic size of stocks.  There is no intent to identify stocks that are clearly too
small to represent demographically isolated biological populations, but it is noted that for some
species genetic and other biological information has confirmed the likely existence of stocks of
relatively small spatial scale, such as within Puget Sound, WA, the Gulf of Maine, or Cook Inlet,
AK.

In trans-boundary situations where a stock's range spans international boundaries or the boundary
of the U.S. Exclusive Economic Zone (EEZ), the best approach is to establish an international
management agreement for the species.  In the interim, if a stock is migratory and it is reasonable
to do so, the fraction of time in U.S. waters should be noted, and the PBR for U.S. fisheries
should be apportioned from the total PBR based on this fraction.  In a non-migratory situation,
the PBR for U.S. fisheries should be calculated based on the abundance estimate of the stock
residing in U.S. waters.  For situations where a species with a broad pelagic distribution which
extends into international waters experiences mortalities within the U.S. EEZ, PBR calculations
should be based on the abundance in the EEZ.  If there is evidence for movement of individuals
between the EEZ and offshore pelagic areas and there are estimates of mortality from US and
other sources throughout the stock’s range, then PBR calculations may be based upon a
range-wide abundance estimate for the stock.

Prospective Stocks

When information becomes available that appears to justify a different stock structure or stock
boundaries, it may be desirable to include the new structure or boundaries as “prospective
stocks” within the existing report.  The descriptions of prospective stocks would include a
description of the evidence for the new stocks, calculations of the prospective PBR for each new
stock, and estimates of human-caused mortality and serious injury, by source.  The notice of
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availability of draft reports with prospective stocks would include a request for public comment
and additional scientific information specifically addressing the prospective stock structure. 
Prospective stocks would be expected to become separate stocks in a timely manner unless
additional evidence were produced to contradict the prospective stock structure.  Summary
information for prospective stocks should be included in the standard table in the SARs that
summarizes Nmin, Rmax, etc. for each stock.

PBR Elements
  
The 1994 amendments to the MMPA mandate that, as part of the Reports, PBR estimates must
be developed for each marine mammal stock in U.S. waters.  The PBR is defined as "the
maximum number of animals, not including natural mortalities, that may be removed from a
marine mammal stock while allowing that stock to reach or maintain its optimum sustainable
population."  In addition, the MMPA states that PBR is calculated as the product of three
elements:  the minimum population estimate (Nmin); half the maximum net productivity rate (0.5
R max); and a recovery factor (Fr).  The guidelines for defining and applying each of these three
elements are described below.  Further specific guidance on the calculation of PBR is provided in
part 2 (Technical Details) of this document.

In unusual situations, the formula Congress added to the MMPA to calculate PBR
(Nmin*0.5Rmax*Fr) results in a number that is not consistent with the narrative definition of
PBR (the maximum number of animals, not including natural mortality, that may be removed
from a marine mammal stock while allowing that stock to reach or maintain its OSP).  An
underlying assumption in the application of the PBR equation is that marine mammal stock
exhibit certain dynamics.  Specifically, it is assumed that a depleted stock will naturally grow
toward OSP and that some surplus growth may be removed while still allowing recovery.  Such a
situation arises when a stock is below its OSP and is declining or stable, yet human-caused
mortality is a not a major factor in the population’s trend.  Thus, for unknown reasons, the
stock’s dynamics do not conform to the underlying model for calculating PBR.

For example, Hawaiian monk seals are endangered, declining, and below OSP (based upon the
abundance prior to the 1970s), yet human-caused mortality is insufficient to account for the
decline or a failure to increase.  A limited removal would not reduce the population’s ability not
reach or maintain its OSP after the major factors affecting the stock have been identified and
addressed.  Therefore, in these unusual situations, NMFS may report PBR as “undetermined”.

Minimum Population Estimate (Nmin)

Nmin is defined in the MMPA amendments as an estimate of the number of animals in a stock
that:

"(A) is based on the best available scientific information on abundance, incorporating the
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precision and variability associated with such information; and,

(B) provides reasonable assurance that the stock size is equal to or greater than the
estimate."

Consistent with these MMPA definitions, Nmin should be calculated such that a stock of unknown
status would achieve and be maintained within OSP with 95% probability.  Population
simulations have demonstrated (Wade 1994) that this goal can be achieved by defining Nmin as
the 20th percentile of a log-normal distribution based on an estimate of the number of animals in
a stock (which is equivalent to the lower limit of a 60% 2-tailed confidence interval):

Nmin = N/exp(0.842 * (ln(1+CV(N)2))½)                   (1)

where N is the abundance estimate and CV(N) is the coefficient of variation of the abundance
estimate.  If abundance estimates are believed to be biased, appropriate correction factors should
be applied to obtain unbiased estimates of N.  In such cases, the coefficient of variation for N
should include uncertainty in the estimation of the correction factor.  In cases where a direct
count is available, such as for many pinniped stocks, this direct count could alternatively be used
as the estimate of Nmin.  Other approaches could also be used to estimate Nmin if they provide the
same level of assurance that the stock size is equal to or greater than that estimate.

Clearly, projections of current abundance estimates become less dependable with time after a
survey has occurred.  When abundance estimates become many years old, at some point
estimates will no longer meet the requirement that they provide reasonable assurance that the
stock size is presently greater than or equal to that estimate.  Therefore, unless compelling
evidence indicates that a stock has not declined since the last census, the minimum population
estimate of the stock should be considered unknown if 8 years have transpired since the last
abundance survey of a stock.  Eight years was chosen, in part, because a population that declines
at 10% per year from carrying capacity would be reduced to less than 50% of its original
abundance after 8 years.  A 10% decline per year over at least 8 years represents the greatest
decline observed for a stock of marine mammals in U.S. waters.  If Nmin is unknown, then PBR
cannot be determined, but this is not equivalent to considering PBR equal to zero. If there is
known or suspected human-caused mortality of the stock, decisions about whether such stocks
should be declared strategic or not should be made on a case-by-case basis. Stocks for which Nmin

becomes unknown should not move from "strategic" to "not-strategic", or v.v., solely because of
an inability to estimate Nmin.

Maximum Rate of Increase (Rmax)

One-half Rmax is defined in the MMPA as "one-half of the maximum theoretical or estimated 'net
productivity rate' of the stock at a small population size", where the term “net productivity rate”
means “the annual per capita rate of increase in a stock resulting from additions due to
reproduction, less losses due to natural mortality."  
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Default values should be used for Rmax in the absence of stock-specific measured values.  To be
consistent with a risk-averse approach, these default values should be near the lower range of
measured or theoretical values (or 0.12 for pinnipeds and sea otters and 0.04 for cetaceans and
manatees).  Substitution of other values for these defaults should be made with caution, and only
when reliable stock-specific information is available on Rmax (e.g., estimates published in peer-
reviewed articles or accepted by review groups such as the MMPA Scientific Review Groups or
the Scientific Committee of the International Whaling Commission).

Details on rounding and precision, and on averaging more than one estimate of abundance to
calculate Nmin, can be found in part 2 of this document.

Recovery Factor (Fr)

The MMPA defines the recovery factor, Fr , as being between 0.1 and 1.0.  The intent of
Congress in adding Fr to the definition of PBR was to ensure the recovery of populations to their
OSP levels, and to ensure that the time necessary for populations listed as endangered,
threatened, and depleted to recover was not significantly increased.  The use of Fr less than 1.0
allocates a proportion of expected net production towards population growth and compensates
for uncertainties that might prevent population recovery, such as biases in the estimation of Nmin

and Rmax or errors in the determination of stock structure.  Population simulation studies
demonstrate that the default Fr for stocks of endangered species should be 0.1, and that the
default Fr for depleted and threatened stocks and stocks of unknown status should be 0.5.  The
default status should be considered as "unknown".  Stocks known to be within OSP (e.g., as
determined from quantitative methods such as dynamic response or back-calculation), or stocks
of unknown status that are known to be increasing, or stocks that are not known to be decreasing
taken primarily by aboriginal subsistence hunters, could have higher Fr values, up to and
including 1.0, provided that there have not been recent increases in the levels of takes.   Recovery
factors for listed stocks can be changed from their default values, but only after careful
consideration and where available scientific evidence confirms that the stock is not in imminent
danger of extinction.  Values other than the defaults for any stock should usually not be used
without the approval of the regional Scientific Review Group, and scientific justification for the
change should be provided in the Report.

The recovery factor can be adjusted to accommodate additional information and to allow for
management discretion as appropriate and consistent with the goals of the MMPA.  For example,
if human-caused mortalities include more than 50% females, the recovery factor should be
decreased to compensate for the greater impact of this mortality on the population (or increased if
less than 50% female).  Similarly, declining stocks, especially ones that are threatened or
depleted, should be given lower recovery factors, the value of which should depend on the
magnitude and duration of the decline.  The recovery factor of 0.5 for threatened or depleted
stocks or stocks of unknown status was determined based on the assumption that the coefficient
of variation of the mortality estimate is equal to or less than 0.3.  If the CV is greater than 0.3, the
recovery factor should be decreased to:  0.48 for CVs of 0.3 to 0.6; 0.45 for CVs of 0.6 to 0.8;
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and 0.40 for CVs greater than 0.8.

Recovery factors could also be increased in some cases.  If mortality estimates are known to be
relatively unbiased because of high observer coverage, then it may be appropriate to increase the
recovery factor to reflect the greater certainty in the estimates.  Thus, in an instance where the
observer coverage was 100% and the observed fishery was responsible for virtually all fishery
mortality on a particular stock, the recovery factor for a stock of unknown status might be
increased from 0.5 (reflecting less concern about bias in mortality, but continued concern about
biases in other PBR parameters and errors in determining stock structure).  Recovery factors of
1.0 for stocks of unknown status should be reserved for cases where there is assurance that Nmin,
Rmax, and the kill are unbiased and where the stock structure is unequivocal.

Annual human-caused mortality and serious injury

The Reports should contain a complete description of what is known about current human-
caused mortality and serious injury.  Information about incidental fisheries mortality should be
provided, including sources such as observer programs, logbooks, fisher's reports, strandings, and
other sources, where appropriate.  It is expected that this section of the Reports will include all
pertinent information that is subsequently used to categorize fisheries under Sect. 118. 
Therefore, any additional information that is anticipated to be used to categorize a fishery should
be provided here. 

In general, the most recent appropriate information about annual human-caused mortality and
serious injury ("annual mortality") should be used.  If mortality estimates are available for more
than one year, a decision will have to be made about how many years of data should be used to
estimate annual mortality. There is an obvious trade-off between using the most relevant
information (the most recent data) versus using more precise information (pooling across a
number of years).  It is recognized that it is inappropriate to give one specific rule defining which
years of data should be used, as this depends upon the quality and quantity of data available in
each case.  It is suggested that mortality estimates could be averaged over as many years
necessary to achieve a CV of less than or equal to 0.3, but should usually not be averaged over a
time period of  more than the most recent 5 years for which data have been analyzed.  However,
information that is more than 5 years old should not be ignored if it is the most appropriate
information available in a particular case.  Also, in some cases it may not be appropriate to
average over as many as 5 years even if the CV of an estimate is greater than 0.3.  For example, if
it is known that within the last 5 years the amount of total fishing effort has changed
substantially, or the mortality rate per unit of fishing effort has changed substantially, it will
probably be most appropriate to use only the most recent relevant data to most accurately reflect
the current level of annual mortality.  When mortality is averaged over years, it is recommended
that an un-weighted average be used, as it is possible and likely that true mortality varies from
year-to-year.  

In some cases, mortality occurs in areas where more than one stock of marine mammals occurs. 
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When biological information (e.g., genetics, morphology) is sufficient to identify the stock from
which a dead animal came, then the mortality should be associated only with that stock.  When a
dead animal cannot be assigned directly to a stock, then mortality may be partitioned by the
abundances of the stocks vulnerable to the mortality (i.e., based on the abundances of each stock
within the appropriate geographic area), provided there is sufficient information on stock
abundance.  When mortality is partitioned among overlapping stocks proportional to the
abundances of the affected stocks, the reports will contain a discussion of the potential for over-
or under-estimating stock-specific mortality.

A summary of incidental fisheries mortality and serious injury should be presented in a table,
providing the name of the fishery, the current number of vessels, and for each appropriate year,
observed mortality, estimated extrapolated mortality and serious injury and its CV, and percent 
observer coverage in that year, with the last column providing the average annual mortality
estimate for that fishery.  Information should be provided (in either the table or the text) about
the number of mortalities and the number of injuries, and what injuries are considered "serious"
(i.e., leading to mortality), if any.  For fisheries without observer programs, information about
incidental mortality from logbooks, fisher's reports, strandings, and other sources should be listed
instead, where appropriate.  Such information should be presented in brackets to distinguish it
from actual estimates of total mortality in the fishery.  All fisheries listed as interacting with the
stock in the List of Fisheries should be listed in the table with as much information as possible.
Further guidance, including a sample table, is provided in the third section of these guidelines.

It is often difficult to determine if an injury is serious or not.  Stocks which have estimated
known mortality (not including injuries) that is less than PBR but have total estimated mortalities
and injuries that is greater than PBR (or similarly which have estimated known mortality that is
less than 10% of PBR but have total estimated mortalities and injuries that is greater than 10% of
PBR) should be clearly identified. Research to determine which injuries are serious will be
necessary for such stocks.  If injuries have been determined to be serious, the Report should
indicate how this determination was made.

There is a general view that marine mammal mortality information from logbook or fisher report
data can only be considered as a minimum estimate of mortality, although exceptions may occur. 
Logbook or fisher report information can be used to determine whether the minimum mortality is
greater than the PBR (or greater than 10% of the PBR), but it should not be used to determine
whether the mortality is less than the PBR (or 10% of the PBR).  Logbook data for fisher reports
should not be used as the sole justification for determining that a particular stock is not strategic
or that its mortality and serious injury rate is insignificant and approaching zero rate.

Further guidance on averaging human-caused mortality across years and across different sources
of mortality can be found in part 2 (Technical Details) of this document.

Mortality Rates
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Sec. 118 of the 1994 MMPA Amendments reaffirmed the goal set forth in the Act when it was
enacted in 1972 that the take of marine mammals in commercial fisheries is to be reduced to
insignificant levels approaching zero mortality and serious injury rate, and further requires that
this goal be met within 7 years of enactment of the 1994 Amendments (April 30, 2001).  This
fisheries-specific goal is referred to as the "zero mortality rate goal" (ZMRG).  The Stock
Assessment Reports are not the vehicle for publishing determinations as to whether a specific
fishery has achieved the ZMRG.  A review of progress towards the ZMRG for all fisheries is
required to be submitted to Congress by April 30, 1998.

However, Sec. 117 of the amended MMPA does require that stock assessment reports include
descriptions of fisheries that interact with (i.e., kill or seriously injure) marine mammals, and
these descriptions must contain "an analysis stating whether such level is insignificant and is
approaching a zero mortality and serious injury rate."  As a working definition for the Reports,
this analysis should be based on whether the total mortality for a stock in all commercial fisheries
with which it interacts is less than 10% of the calculated PBR for that stock.  The following
wording is recommended:

"The total fishery mortality and serious injury for this stock is (or is not) less than 10% of the
calculated PBR and, therefore, can (or cannot) be considered to be insignificant and approaching
a zero mortality and serious injury rate."

Status of Stocks

This section of the Reports should present a summary of 4 types of "status":  1) current legal
designation under the MMPA and ESA, 2) status relative to OSP (within OSP, depleted, or
unknown), 3) designation of strategic or non-strategic, and 4) a summary of trends in abundance
and mortality.

The MMPA requires a determination of a stock's status as being either strategic or non-strategic
and does not allow for a category of unknown.  If abundance or human-related mortality levels
are truly unknown (or if the fishery-related mortality level is only available from logbook data),
some judgement will be required to make this determination.  If the human-caused mortality is
believed to be small relative to the stock size based on the best scientific judgement, the stock
could be considered as non-strategic.  If human-caused mortality is likely to be significant
relative to stock size (e.g., greater than the annual production increment) the stock could be
considered as strategic.  In the complete absence of any information on sources of mortality, and
without guidance from the Scientific Review Groups, the precautionary principle should be
followed and the default stock status should be strategic until information is available to
demonstrate otherwise.

The MMPA requires for strategic stocks a consideration of other factors that may be causing a
decline or impeding recovery of the stock, including effects on marine mammal habitat and prey. 
Therefore, such issues should be summarized in the Status section for all strategic stocks.  If
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substantial issues regarding the habitat of the stock are important, a separate section titled
"Habitat Issues" should be used.  If data exist that indicate a problem, they should be summarized
and included in the Report.  If there are no known habitat issues or other factors causing a decline
or impeding recovery, this should be stated in the Status section.
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2.  Technical Details

In this section, technical details are given for making appropriate calculations of PBR and
mortality.  The first section provides details on precision and rounding issues.  The second
section provides details for combining more than one abundance estimate for calculating NMIN. 
The third section contains details for calculating the estimate of annual human caused mortality
and its associated variance.

Precision and Rounding

The following rules on precision and rounding should be applied when calculating PBR and
other values:

(a) N (the abundance estimate), CV(N), R max, and Fr should be reported in the Report to
whatever precision is thought appropriate by the authors and involved scientists, so long
as what is reported is exactly what the PBR calculation is based on.
(b) PBR should be calculated from the values for (a) to full precision, and not be
calculated from an intermediary rounded off Nmin.  However, Nmin should be reported as a
rounded integer. 
(c) PBR and mortality should be reported with one decimal place if they are below 10. 
Otherwise, PBR and mortality should be reported as a rounded integer.
(d) If PBR and mortality round to the same integer, the Report will report both values to
the precision necessary to determine which is larger.  This would also be done if 10% of
PBR and mortality round to the same integer.

Computation of Average Abundance and its Variance

When estimates of abundance are available for more than one year or from more than one source
in the same year, it may be appropriate to combine those estimates into an average abundance for
the time period in question.  It was agreed that a weighted mean was probably the most
appropriate average to use, where the weights are equal to the inverse of the associated variance:

where:

The variance of a weighted mean of several abundance estimates is calculated as:
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Finally, the variance is parameterized as a CV in the provided equation for calculating NMIN.  The
CV is calculated as:

Computation of Average Human-Caused Mortality and its Variance

When estimates of human-caused mortality and serious injury (called here “mortality”) are
available for more than one year and/or from more than one source, such as a fishery, it is
necessary to calculate an estimate of the mean annual mortality along with its associated variance
(or CV).  The following section provides guidelines for doing this. For convenience, the section
refers to averaging the incidental by-catch of fisheries, but the guidelines apply equally well to
estimates of human-caused mortality from other sources.

Calculating the overall mean annual by-catch
First, it was agreed that it was most appropriate for the bycatch estimates from a fishery to be
averaged UN-WEIGHTED across years, as the true bycatch might be different in each year, and
thus is not stationary.   This is just the simple average of the available estimates of by-catch.  If
estimates are available from more than one fishery,  a mean annual by-catch from each fishery
should be calculated first, and then the annual mean from each fishery should be summed to
calculate an overall estimate of the mean annual by-catch.

Calculating the coefficient of variation (CV) of the mean annual by-catch of a single fishery
There are two potential methods for calculating the CV or variance of the mean annual by-catch 
of a single fishery.  Method 1 involves using standard statistical formulas for combining the
variances of the individual yearly by-catch estimates (assuming they are available).   Method 2
involves estimating the variance empirically from the 2-5 years of point estimates of by-catch,
which is done by calculating the standard deviation of the 2-5 mortality estimates and dividing it
by the square root of n, where n is the number of years available.  Both methods are valid. 
However, two points favor Method 1.

First,  because the true bycatch might be different in each year, and thus is not stationary,
estimating the variance using Method 2 above could over-estimate the true variance of the
estimates of bycatch, and this positive bias would be related to how much the bycatch truly
varied from year to year independent of observation error.

Second, Method 1 is likely to give a more precise estimate of the variance because it has more
degrees of freedom.  Using Method 2 involves estimating the variance from a sample size of just
2-5, and ignores the information that is known about the precision of each individual estimate.
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Obviously, Method 2 is the only method that can be used if there are no estimates of the variance
of the bycatch estimates available.  Method 1 is the recommended method if the estimates of by-
catch in each year do have an estimated variance (or CV).

Method 1
Table 1 outlines the computations needed for estimates of average by-catch mortality by f
fisheries operating over n years.  Table 2 gives an example computation for f=3 fisheries
operating over a horizon of n=3 years and all of the estimates are non-zero.  Most variance
estimators will provide an estimate of 0 for the variance when the estimated mortality is zero;
however, the true variance is non-zero.  In this case, a more realistic estimate of the variance can
be developed by averaging the variances for those years which have a positive variance.  The
variance computations in Table 1 are simply modified by dividing by the square of the number of
years with a non-zero variance.  The computation of the average is unaffected with the zero
included in the average (Table 3).  In certain circumstances a fishery may have been operating
but was not monitored for mortality.  Missing estimates should be dropped both from the
calculation of the average and the variance (Table 4). 

Method 2
In Method 2 the only change is in how the variance is calculated for the estimate of average by-
catch mortality for each fishery over n years.  In Method 2 the variance of the average by-catch is
estimated empirically from the several point estimates of by-catch available from different years.
This is done by calculating the variance of those estimates and dividing it by n, where n is the
number of years used in calculating the average:

The above formula would thus be substituted for the formula for var( )m1.) presented in Table 1.
The second step of combining variances across fisheries is identical to Method 1.



Table 1. Computation table for average mortality for n years with/fisheries. The mortality estimate for fishery I during yearj is my and the corresponding 
variance estimate is vii' The estimated total mortality for yearj is m. j , the sum of mortality estimates for each fishery and the variance is v. j , the sum of the 
variances. The average mortality for fishery I is ml. and its variance is v,, which is the sum of the variances for each year within the fishery divided by the 
numberofye~(n)~ 

Fishery Year! Year 2 ... Yearn Average 

I illll Var(illll) illll Var(illll) ill'n var(ill,J n n - - / n 2 m = E ml ·/ n varc ml.l = E var, mI" 1. 
j= I J j= I J 

2 m2l Var(ill:!l) ill" var(m,,) m", var( m",) n 
- n 
m = E m2 ·/ n - / n 2 

2. var( m2 .) = E var, m
2

·, 
j= I J j= I J 

/ 1Dn var(1Dn) 1Dn var(m,,) m., var(m.,) n n -
mf . = E mf ·/ n - / n 2 var( mf.J = E var, m

f
·, 

j= I J j= I J 

Total f f - -m = Em. - -var,m , = E var,m. , . . i= 1 ~ . .. z • 
i= 1 
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Table 2.  Example computation of average mortality and its variance for 3 fisheries over 3 years.

Year

Fishery 1 2 3 Average

1 m 10 3 19 10.67

v 4 2 8 1.56

2 m 2 13 6 7.00

v 2 14 4 2.22

3 m 6 33 5 14.67

v 8 23 4 3.89

Total m 32.33

v 7.67

Table 3.  Example computation of average mortality and its variance for 3 fisheries over 3 years when some

estimates are zero.

Year

Fishery 1 2 3 Average

1 m 10 0 19 9.67

v 4 0 8 3.00

2 m 2 13 6 7.00

v 2 14 4 2.22

3 m 0 0 5 1.67

v 0 0 4 4.00

Total m 18.33

v 9.22

Table 4.  Example computation of average mortality and its variance for 3 fisheries over 3 years when some

estimates are zero and others are missing.

Year

Fishery 1 2 3 Average

1 m 0 19 9.50

v 0 8 8.00

2 m 2 6 4.00

v 2 4 1.50

3 m 0 0 5 1.67

v 0 0 4 4.00

Total m 15.17

v 13.50
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3.  Descriptions of U.S. commercial fisheries

Fisheries table in each stock assessment report

Sample incidental fisheries mortality table to be included in stock assessment reports.  Each
fishery noted as interacting with a stock should be included in the table, even if little information
is available.  Information on the number of incidental injuries and which injuries should be
considered serious should be provided in either the table or the text, if appropriate.  See
discussion in 5.2 of Wade and Angliss (1997).

Table 5. Summary of incidental mortality of stock ___ due to commercial fisheries from 1990 through 1994 and

calculation of the mean annual mortality rate.  Mean annual mortality in brackets represents a minimum estimate

from logbooks or M MPA reports. 

 *Note -- numbers indicated with an asterisk are optional -- different preferences have been expressed in different

regions.

Fishery

Name 
1

Years

Current

est. # of

vessels

Data

Type

Range of 

Observer

Coverage

Observed

Mort. (in

given yrs.)

Estimated

Mort. (in

given yrs.)

Mean

Annual

Mort. 

groundfish trawl fishery 1 90-94 490 obs

data

53-74% 13, 13, 15,

4, 9 

13, 19, 21,

6, 11

14

(0.32)

groundfish trawl fishery 2 90-94 490 obs

data

33-55% 2, 0, 0 , 1, 1 4, 0, 0 , 3, 3 2

(0.24)

 longline fishery 1 90-94 1064 obs

data

23-55% 1, 0, 0 , 1, 0 2, 0, 0 , 4, 1 1.4

(0.15)

drift gillnet fishery 1 90-91 509 obs

data

4-5% 0, 2 0, 29 14.5

(0.42)

Observer program total 31.9

(0.xx)

set gillnet fishery 1 90-93 120 log

book

n/a 0, 1, 1 , 1 n/a [$.75]*

set gillnet fishery 2 90-93 1187 log

book

n/a 0, 0, 0 , 2 n/a [$.5]*

longline  fishery 2 94 213 mmpa

reports

n/a 1 n/a [$ 1]*

Minimum total annual

mortality 

$ 34.2 *

1
The name should be consistent with fishery names in the List of Fisheries.

General information about a fishery (not stock-specific)
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Information to provide
As discussed at the GAMMS workshop, information on U.S. commercial fisheries should be
included either within each SAR, as an appendix, or as a companion document.  Information on
U.S. commercial fisheries was collected during the preparation of the Environmental Assessment
for the proposed regulations implementing Sec. 118 (NMFS, 1994).  The following information,
which was provided for each fishery whenever possible, has direct relevance to managing
incidental serious injuries and mortalities of marine mammals:

Fishery name:   A description of those fisheries that are classified in Category I or II in the LOF,
and those fisheries in Category III that have experienced incidental mortality and serious injury of
marine mammals should be provided.  The Category of the fishery in the List of Fisheries should
be specified in the text.

Number of permitholders:  NMFS is required by the MMPA to provide the number of
permitholders in each fishery included in the List of Fisheries.  Information on the number of
permitholders in federal fisheries can often be found in recent amendments to Fishery
Management Plans.  Information on fisheries that occur within state waters but are managed via
an interstate commission may be found in interstate fishery management plans.  Information on
state fisheries that are managed by individual states can typically be found by contacting the state
office responsible for licensing commercial fishing vessels. 

Number of active permitholders:  Because not all licensed commercial fishers participate actively
in each fishery, the number of active permitholders may be different than the number of actual
permitholders in a fishery.  This is particularly true for fisheries that operate in state waters.

Total effort:  Provide an estimate of the total fishing effort, in the number of hours fished, for
each fishery.  This information is typically available only for fisheries that are both federally
managed and observed.  

Geographic range:  Provide a description of the geographic range of the fishery.  The description
of the geographic range of the fishery should include any major seasonal changes in the
distribution of the fishing effort.

Seasons:  Describe the seasons during which the fishery operates.  

Gear type:  Describe the gear type used in the fishery as specifically as possible.  Include mesh
size, soak duration, trawl type, depth of water typically fished, etc if the information is available.  

Regulations:  Indicate whether the fishery is managed through regulations issued by the federal
government, interstate fishery commissions, individual states, or treaty.

Management type:  Indicate what types of fishery management techniques are used to manage the
fishery.  Some examples include limited entry, seasonal closures, and gear restrictions.
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Comments:  Include any additional relevant information on the fishery. 

Sources of information on U.S. commercial fisheries

The sources of information provided in the Environmental Assessment are listed in the
bibliography and on page A21 and A22.  In general, good sources of current information on a
particular fishery include recent amendments to federal Fishery Management Plans or interstate
fishery management plans, and annual reports of Fishery Management Councils or interstate
fishery management commissions.  Some information may be found on federally managed
fisheries in the recent issue of Our Living Oceans (NMFS, 1995).  In addition, each Fishery
Management Plan has a individual who is the point of contact in the NMFS Regional Offices.  

Much information on the geographic ranges of fisheries, seasonal changes in the distribution of
effort, etc, was obtained by interviewing key state fishery management personnel.  Telephone
numbers for Fishery Management Councils, various state Marine Fisheries Commissions, and
various state Fish and Wildlife Commissioners can be found in the most recent Conservation
Directory published by the National Wildlife Federation (1-800-477-5560; cost per copy is
$25.00 + $3.50 shipping and handling, please allow 3-6 weeks for delivery -- OR request a copy
of the relevant pages from F/PR2).
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4.  Recommendations of the GAMMS Workshop 

The following recommendations pertaining to the Stock Assessment Reports (SARs) were made
by the participants of the Guidelines for Assessing Marine Mammal Stocks (GAMMS) workshop
held 3-5 April, 1996.  Where appropriate, these recommendations were explicitly incorporated
into the current PBR guidelines.  Numbers refer to the applicable section of the workshop report.

4.5  Discussion on the definition of stocks
< Most of the currently defined stocks are appropriate. Some workshop participants expressed
concern about a few particular cases, such as having only one stock of harbor porpoise in Alaska.

< For MMPA management purposes, a stock is a management unit that in the best case delineates
a demographically isolated biological population.  It is recognized that delineated stocks often
fall short of that ideal because of a lack of information and for other reasons.

< The revised “definition of stocks” section drafted by a working group at the workshop is useful
and helps clarify the intent of stock structure decisions, and should be incorporated into the PBR
guidelines.

4.7  Incomplete survey of a stock's range
< The only way of resolving uncertainty in abundance when a stock's range has not been
completely surveyed is to improve the abundance estimate by doing more extensive surveys. 
Extrapolations of observed densities of animals into areas not surveyed would be useful for
survey planning, but should not be used for calculating PBRs. Similarly, it is unacceptable to
assume that the point estimate of abundance (rather than the 20th percentile) from the surveyed
area can serve as a minimum abundance estimate for the entire stock.

< In some cases, because abundance is thought to be under-estimated, it would be useful to
calculate the minimum population size necessary to sustain the estimated level of fisheries
mortality. This information could optionally be included in the SARs.

< Each SAR should include a map showing the area within which the survey took place that led
to the estimate of abundance.  This map could, if appropriate, also include the survey tracklines,
sightings of the stock during the survey, and the distribution of the stock outside the survey area. 
It was recognized that some abundance methodologies are not dependent upon surveys of the
stock's entire range, and therefore this recommendation may not be appropriate in all SARs.  For
stocks for which transect surveys have not been done, it may be appropriate to include
information about the stock’s distribution from other sources, such as photo ID locations or other
types of sighting information.

5.1  Definition of mortality and serious injury
<   NMFS should circulate the definition of injury that is included in the regulations. To address
this, the following is the regulatory text defining "injury" and "serious injury".  Injury is defined 
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specifically in the C.F.R. (final regulations for implementation of Section 118):

§229.2: "Injury means a wound or other physical harm.  Signs of injury to a marine 
mammal include, but are not limited to, visible blood flow, loss of or damage to
an appendage or jaw, inability to use one or more appendages, asymmetry in the
shape of the body or body position, noticeable swelling or hemorrhage, laceration,
puncture or rupture of eyeball, listless appearance or inability to defend itself,
inability to swim or dive upon release from fishing gear, or signs of equilibrium
imbalance.  Any animal that ingests fishing gear, or any animal that is released
with fishing gear entangling, trailing, or perforating any part of the body will be
considered injured regardless of the absence of any wound or other evidence of an
injury."

"Serious injury means any injury that will likely result in mortality." 

< Direct research on the survival of animals injured in fisheries would likely be the best (or even
only) way to adequately define the difference between a serious injury (one leading to mortality)
and a non-serious injury.

< If animals are injured in a fishery, but a determination has not been made as to whether the
injuries are serious or not, then estimates of the number of animals injured should be presented in
the SARs along with the estimated mortality.  This information could be provided in the fisheries
table (see below) or within the text of the SAR. Where such an estimate of injury, when added to
the estimate of mortality, is responsible for making the sum greater than PBR or 10% of PBR,
this should be identified in the SAR.  

5.2  Presentation of information about human-caused mortality in the SARs.  
< A new section should be added to the PBR guidelines which gives guidance about how to
present information about annual mortality and serious injury (previously, no guidance was
given). 

< The PBR guidelines should explicitly state that the information in the SARs is expected to
include all pertinent information about incidental mortality that will subsequently be used to
categorize fisheries in the List of Fisheries.

< A table summarizing incidental fisheries mortality and serious injury should be added to the
SAR.  Where "serious injury" is distinguished from "mortality" in a fishery, both numbers and
their sum should be presented.  All fisheries that are noted in the List of Fisheries as interacting
with each stock should be in the table.
< A sample table for reporting information about incidental mortality and serious injury in
commercial fisheries should be created and distributed to persons responsible for revising the
SARs.
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5.3  The description of fisheries in the SARs
< Additional information describing the geographical description of fisheries was both of great
value and mandated by the MMPA.  Where appropriate, an appendix or supplement should be
added to the SARs that includes maps showing the location of fisheries with incidental mortality
of concern. If possible, the maps should show where the fishery operates (i.e., the estimated
distribution of fishing effort).  If the exact location of fishing effort is not known, a rough
indication of fishing areas and ports used by the fishery would be useful.  For observed fisheries,
it would also be useful to have a map indicating where fishing activities were observed, and the
location of observed marine mammal mortalities and injuries.

<  It was recommended that the NMFS Office of Protected Resources circulate a list of what
fishery information would be useful to include, and to provide the text of the Environmental
Assessment if it would be helpful to those collecting fishery information.

6.0  Habitat issues
< A statement about habitat issues should be included in the Status section of the SARs, or, if
needed, in a separate section titled "Habitat issues".  If data exist that indicate a problem, they
should be summarized and included in the SARs.  If there are no known habitat issues for a
stock, that this should be explicitly stated, as consideration of habitat issues are mandated by the
act.

8.0  Calculation of PBRs
< The current PBR guidelines on calculating PBR are adequate and sufficient in most areas.  It is 
recommended that minor changes to some sections of the guidelines be made.  These changes are
covered in the sections below.

8.1  Time period from which to use data on abundance and mortality
< Confidence in the reliability of an abundance estimate declines with age.  Therefore, estimates
older that 8 years should not be used to calculate PBR.  This is necessary to meet the requirement
in the MMPA that Nmin represent a level for which there is reasonable assurance that the true
population is larger.  The consequence of not being able to calculate a PBR for such stocks is that
PBR is unknown (not that PBR equals zero).  A decision as to whether such stocks are strategic
or not will be jointly decided case-by-case by NMFS or FWS and by the SRGs.  This
recommendation replaces the guidelines stating that recovery factors were "ratcheted down" as
abundance estimates became older than 5 yrs.

< An unweighted mean should be used when averaging mortality over more than one year.

<  A section giving guidance on what mortality estimates to use was drafted and added to the
revised PBR guidelines.

8.2  Combining estimates and Calculating CV of a product
<  A new section was drafted to be added as a technical supplement to the PBR guidelines.
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8.3  Problems associated with species which are difficult to identify

< The collection of biopsy samples and voucher material is strongly encouraged, particularly for
species without such materials and other hard to identify species.  In particular, voucher material
is needed for these species of Mesoplodon beaked whales: M. carlhubbsi, M. ginkodens, M.
densirostris, M. hectori, M. europaeus, M. mirus.

< National experts should be encouraged to revise a field guide to the identification of beaked
whales and Kogia spp.  

8.5 Changing recovery factors from default values (particularly endangered whales)
< Clarification should be added to the guidelines that flexibility exists to change default recovery
factors (such as for endangered species) on a case-by-case basis with careful consideration of the
information available for each stock.  Such changes should be made in consultation with, and
when appropriate should reflect the recommendations made by, the NMFS or FWS center(s) and
region(s) responsible for the SARs and the relevant Scientific Review Group.  Such changes
should be justified by credible scientific evidence. It was acknowledged that this was a complex
and difficult issue; therefore the evidence used to support any change to the recovery factor of an
endangered species should be carefully documented in the SAR.

8.7  Correction factors for pinniped counts.
< Caution should be used when considering the application of correction factors for abundance
estimates to stocks in other locations, or to other species.  Additionally, caution should be used in
applying correction factors in different situations in the same location (e.g., tidal state, season,
time of day, etc.).  The use of estimated correction factors without associated variance estimates
is to be avoided.  Where the use of such a correction factor is considered unavoidable, it is
suggested that a default CV should be used that is greater than the 0.0 currently assumed for
several stocks.

9.1  Review and Revision 
<   A section would be added to the PBR guidelines to describe the annual review, revision, and
publication of the SARs.

< The review process leading to revision recommendations should be a joint consultation
between the appropriate NMFS personnel (at both Centers and Regions) and the SRGs.

< The SARs should be revised whenever new information becomes available on abundance,
mortality, Rmax, or stock structure.  It is best to revise the SARs whenever new information is
available, even if the new information does not affect whether the stock is strategic. Although it
is anticipated that new estimates of mortality from a fishery observed for several years will often
not change the classification of a stock, NMFS and FWS should still be encouraged to publish a
revised SAR even if the only new information is a new estimate of mortality, in the interest of
keeping the SARs as up to date as possible.
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9.2  Annual schedule for revising and publishing the SARs
<  A target annual time line for the stock assessment process was agreed upon. It was agreed that
in 1996, NMFS will attempt to meet a deadline of October 1 for completing draft revisions of
SARs and making these draft SARs available for public comment.

9.3  Publication issues
<  The majority of the workshop participants agreed that all of the SARs should be published
every year. It was recognized as unfortunate that a certain amount of duplication and perhaps
unnecessary waste of paper would take place, but any other scheme was thought to be potentially
confusing.  It was further noted that new estimates of mortality would likely be available every
year for a large percentage of the stocks, and thus it will likely be good practice to revise the
SARs for those stocks.  Finally, it was agreed that keeping the SARs as up to date as possible
would best serve NMFS and FWS constituents.  It was also recommended that a last date of
revision be printed at the top of the first page of each SAR, so it would be clear when each was
last revised.

<  NMFS and FWS should attempt to maintain the same schedule for reviewing, revising, and
publishing the SARs, and if possible, publish the SARs in joint regional documents.

9.4  Suggested forum for abundance and mortality estimate manuscripts
< The methods and analyses that produce the estimates of abundance and mortality that are used
in the SARs should be published in peer-reviewed scientific journals, where possible, or in a
similar forum that is most appropriate, such as a NOAA Technical Memorandum. 

10.0  List of Fisheries (Section 118)
< It is useful and important to include as much relevant information as possible about fisheries in
the SARs.  For fisheries without observer programs, information about the number of vessels,
method of fishing, and area of operation are all important considerations in categorizing these
fisheries.  It would be beneficial to have this information documented in the SARs so that it
would be subject to review by the centers, regions, and SRGs, as well as be readily available
when the SARs are finalized.  Therefore, it was concluded that the SARs should document all
important information used to categorize fisheries in the List of Fisheries.

<  It was recognized that, ideally, the List of Fisheries would be based on the incidental mortality
information included in the SARs.  However, if new sources of information become available
that are not included in the SARs, this information may also be used. 
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This Technical Memorandum contains summaries of presentations given at the 
2007 Serious Injury Technical Workshop.  These summaries (sections 3.0-6.0) 
were prepared by the author(s) of the presentations; therefore, statements and 
recommendations represent the views and opinions of the respective presenter(s).  
The summaries do not necessarily represent the views of the workshop Steering 
Committee or the National Marine Fisheries Service (NMFS).  The Steering 
Committee did not make any substantive changes to the summaries without 
permission from the author(s).  The Steering Committee edited the summaries 
only to correct grammatical errors and other minor edits. 
 
This Technical Memorandum contains summaries of plenary and subgroup 
discussions that occurred during Days 1-3 of the workshop.  While many of the 
comments and suggestions provided by the individual participants represent 
shared opinions among the participants, the intent of these discussions was not to 
reach consensus recommendations.  Instead, the intent was to gather input from 
each individual participant based on his or her expertise and experience.  For this 
reason, the discussions summarized in this Technical Memorandum do not 
represent consensus recommendations from the workshop participants to NMFS. 
 
This Technical Memorandum contains recommendations of Federal Government 
participants and the workshop Steering Committee concerning the guidance and 
process for distinguishing serious from non-serious injuries.  These 
recommendations do not represent official NMFS policy. 
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Executive Summary 
 

Background 
 
The Marine Mammal Protection Act (MMPA) section 117 requires the National Marine 
Fisheries Service (NMFS) to prepare stock assessment reports (SAR) for all stocks of marine 
mammals that occur in waters under the jurisdiction of the United States.  These reports 
summarize human-caused mortalities and serious injuries to marine mammals by source.   In 
addition, MMPA section 118 requires commercial fisheries to reduce mortality and serious 
injury of marine mammals to insignificant levels approaching a zero mortality and serious injury 
rate.  This charge requires that NMFS distinguish between injuries that are serious and those that 
are not serious.  NMFS defined “serious injury” in regulations (50 CFR 229.2) as “any injury 
that will likely result in mortality.”  However, the MMPA and its legislative history do not 
provide guidance on how severe an injury must be to qualify as “serious.”     
 
To promote national consistency for interpreting the regulatory definition of serious injury, 
NMFS convened a workshop in April 1997 to discuss available information related to the impact 
of injuries to marine mammals incidental to commercial fishing operations (Angliss and 
DeMaster, 1998).   Since 1997, additional information has been collected on human-caused 
injuries to marine mammals and survival rates of certain individual and/or species of marine 
mammals.  For this reason, NMFS convened the Serious Injury Technical Workshop on 
September 10-13, 2007, with the primary objectives to:  1) review the recommendations and 
guidance from the 1997 workshop; 2) review new information obtained since the first workshop; 
and 3) discuss the use of, and necessary changes to, existing guidance for distinguishing serious 
from non-serious injuries.  The 2007 workshop extended beyond discussions related only to 
marine mammal-commercial fishery interactions.  Although other sources of human-caused 
injuries were mentioned during the workshop, much of the 2007 workshop discussions focused 
on types of injuries commonly observed from encounters with vessels and fisheries (e.g., blunt 
force trauma, penetrating, hidden, and gear and hooking injuries) because these interactions have 
been examined to the greatest extent.  
 
The 2007 workshop consisted of two sessions:  an open session (Days 1-3) attended by over 65 
federal and non-federal participants, and a closed session (Day 4) attended by 36 federal 
participants.  NMFS invited workshop participants based on their expertise in marine mammal 
serious injury issues, including marine mammal management, policy, marine mammal biology, 
pathobiology, and veterinary medicine.  The primary purposes of Days 1-3 were to present a 
synthesis of new science and to gather new information on injured marine mammals.  The 
information from Days 1-3 was also used to provide a scientific basis for recommendations by 
government officials in the closed session on Day 4.  The primary purpose of the closed session 
(Day 4) was to draw on Days 1-3 presentations and discussions to consider potential changes to 
the existing serious injury guidance and associated administrative approaches. 
 
The topics addressed during Days 1-3 included: 

1)  Evaluation of current data and determination systems (in plenary and breakout sessions); 
2)  Overview of new information on survival of injured marine mammals (large cetaceans, 
      small cetaceans, pinnipeds, and manatees); 
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3) Pathobiology of injuries; and 
4) Breakout activities to address key questions on the topic of determining severity of injuries    

          to marine mammals. 
 
Presentation Sessions (Days 1-2) 
 
Current Data Sources and Collection Programs 
This session included presentations by the NMFS observer, stranding, and disentanglement 
programs.  The presentations were designed to describe the types of information that are 
collected in these programs and the scope (including limitations) of the kinds of information that 
are reasonable to collect.  In this way, these presentations provided workshop participants with a 
background of the information used to distinguish between serious and non-serious injuries in 
order to inform discussion and lead to realistic suggestions on the types of additional data needs 
for distinguishing between serious and non-serious injuries. 
 
Current Serious Injury Determination Systems  
Representatives from each NMFS region provided presentations describing the types of data 
collected and associated challenges, evaluating regional approaches for distinguishing serious 
from non-serious injuries, and the overall challenges each region faces.  Workshop participants 
then discussed and evaluated the procedures described in each presentation for distinguishing 
serious from non-serious injuries.  The most common comments from participants indicated a 
need for more national consistency in distinguishing between serious and non-serious injuries, 
and for increased communication between data collectors, stranding networks, and the staff 
responsible for distinguishing between serious and non-serious injuries.   
 
New Information on the Survival of Injured Marine Mammals: Large Cetaceans, Small 
Cetaceans, and Manatees 
Invited speakers presented and discussed new information obtained over the past decade on the 
survival of injured marine mammals by taxonomic group (large cetaceans, small cetaceans, and 
manatees).  The presentations were designed to present information gathered since the 1997 
workshop from longitudinal studies of various cetacean populations and scar-based analyses.  
Following the presentations, in plenary sessions, participants discussed if and how the 
information presented could be incorporated into the system for distinguishing serious from non-
serious injuries. 
 
Pathobiology of Injuries 
The final group of presentations addressed the pathobiology of injuries. The presentations were 
designed to describe how pathobiology may be used to determine whether an injury caused or 
contributed to the death of an animal, information that could serve to help predict the lethality of 
injuries to marine mammals.  Following the presentations, in plenary sessions, participants 
discussed if and how the information presented could be incorporated into the system for 
distinguishing serious from non-serious injuries.   
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Subgroup Discussions (Day 3)  
 
Day 3 of the workshop was devoted to morning and afternoon breakout session discussions, 
which were designed to address the following six topics without gathering consensus 
recommendations from the group (i.e., all suggestions were considered opinions of individual 
participants): 

Concurrent morning sessions: 
1)  Longitudinal/survival rates from a modeling perspective;  
2)  Categorization of injuries and pathological consequences: Gear-related injuries; and 
3)  Categorization of injuries and pathological consequences: Sharp, blunt force, and 
      penetrating injuries. 

Concurrent afternoon sessions: 
4)  Large cetaceans; 
5)  Small cetaceans; and  
6)  Pinnipeds and other species. 

 
Key Outcomes from Day 3 Subgroup Discussions 
Most common comments related to serious injury criteria and the determination process: 

1)  NMFS should develop a risk assessment/matrix approach for use in distinguishing serious  
from non-serious injuries that is nationally consistent (incorporating flexibility while 
limiting subjectivity) and is based on factors affecting survival for each marine mammal 
species. 

2)  NMFS should gather a national panel annually, including NMFS staff from each region,  
decision analysis experts, and other external experts to review serious injury  
determinations. 

3)   NMFS should revise (and/or develop) and use consistent terminology based on the  
observable physical injuries to objectively describe injuries.   

 
Diverging views related to serious injury criteria and the determination process: 

1)  Aside from assuming all injuries are mortal unless proven otherwise, a new approach is  
unlikely to significantly increase the number of injuries classified as “serious injuries” for 
large whales if it relies on anecdotal reports, as do current large whale systems.  Even in 
well-documented populations, individuals are under observation by researchers for a 
small fraction of their lives.   

2)  We must differentiate between means for improving the accuracy of injury assessment 
and prognosis when injuries are observed, and means for improving the accuracy of 
estimates of all (observed and unobserved) human-caused mortality and serious injury. 
The reliance on anecdotal reports makes these distinctly different for large whales. 

 
Most common comments related to data needs: 

1)  The observer, stranding, and disentanglement programs are collecting useful data and  
have improved over the past decade.  Further improvements could be made by 
standardizing data between all regions and between data collection programs; and 
increasing communication and coordination between NMFS staff from different 
programs and different regions. 
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2)  NMFS should examine data collected by a variety of NMFS programs and external 
researchers to determine whether injured animals are documented in multiple data sets.   

3)  NMFS should continue longitudinal studies for currently well-monitored marine mammal 
populations and begin (or expand) studies for lesser or unmonitored populations. 

 
Most common comments related to the categorization of injuries: 

1) Participants agreed the following are or could be considered serious injuries for all 
marine mammals species:  
- Ingestion of gear;  
- Constricting lines or lines with the potential to constrict as an animal grows;  
- Head trauma; and  
- Body cavity penetration. 

2)  Physiological and behavioral differences exist between species and taxonomic groups,  
which cause differences in the severity of certain injuries for different species.   

3)  Vessel size and speed “source” information should be included in any guidance for  
distinguishing between serious and non-serious injuries because the severity of the injury 
resulting from a vessel strike depends on the size and speed of the vessel. 

 
Recommendations of Government Staff: Updated Process and Guidance for Distinguishing 
Serious from Non-Serious Injury (Day 4) 
 
The primary purpose of the closed federal session was to draw on presentations and discussions 
from the first three days, consider what has worked well in distinguishing serious from non-
serious injuries since 1997, what has not worked well, and recommend potential changes to the 
existing serious injury guidance (Angliss and DeMaster, 1998, and subsequent NMFS Regional 
publications).  
 
Key Outcomes from Day 4 Discussions: 

1) Most of the Day 4 participants expressed the view that the current serious injury guidance 
should be revised and updated to capture current knowledge about impacts of injury on 
marine mammals and to strive for improvements in national consistency in distinguishing 
serious from non-serious injuries.   

 
2) Nearly all the Day 4 participants recognized that NMFS is close to where it should be in 

the assessments of detected animals.  However, undetected injuries exist that are not 
being incorporated into population assessments; therefore, NMFS needs to devise a 
mechanism to better account for undetected injuries.  One participant noted that the 
development of one single set of criteria was not the appropriate mechanism for 
accounting for undetected injuries.   

 
3) The Day 4 participants supported the development and publication of an official NMFS 

policy to reflect the recommended serious injury guidance discussed on Day 4 (outlined 
below).  This policy should strive for nationally consistent criteria to use when 
distinguishing serious from non-serious injuries, while allowing for flexibility in data-
rich situations. This policy should also include what is meant by the term “likely” in the 
definition for serious injury, “injury that will likely result in a mortality,” because 
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different working definitions are currently in use for different stocks nation-wide.  
However, participants specifically recommended against pursuing these changes through 
rulemaking.  Creating a legal definition for the term likely in the serious injury definition 
is not necessary and could have far-reaching implications beyond the realm of serious 
injury determinations.   

 
4) Federal participants constructed a matrix containing revised guidance for distinguishing 

serious from non-serious injuries (Table 1 below).  The recommendations are expressed 
in matrix form for 33 injury scenarios arrayed across three taxonomic groups of marine 
mammals: large cetaceans, small cetaceans, and pinnipeds.  Table 1 is based upon 
guidance from the 1997 Workshop (Angliss and DeMaster, 1998) and technical 
memoranda from NMFS’ Northeast Fishery Science Center (Cole et al., 2005; Cole et 
al., 2006; Nelson et al., 2007; Glass et al., 2008).   Table 1 categorizes each injury 
scenario as “serious injury,” “not serious injury,” or “cannot be determined/case specific” 
(CBD) for each taxonomic group.  Table 1 incorporates a synthesis of new information 
presented and discussed at the workshop.  This table is meant to provide guidance for 
distinguishing serious from non-serious injuries in situations where there are little data 
and/or the resighting of an injured animal is unlikely.  The purpose of the table is to 
improve national consistency in distinguishing serious from non-serious injuries, and to 
provide a starting point for developing future NMFS policy for distinguishing serious 
from non-serious injuries. 

 
In addition to specific revisions and updates to the existing guidance, Table 1 outlines 
two substantial recommended changes from the current process for distinguishing 
between serious and non-serious injuries as a whole: 

• Expand the dichotomous determination process (all injuries are “serious” or “not 
serious”) to include a third category representing uncertain cases (injuries can 
now be classified as “serious,” “not serious,” or “CBD/case specific”).  The 
recommended addition of a “CBD/case specific” category takes into account two 
circumstances:  1) there is insufficient information about the impact of a particular 
injury to determine whether it is a serious or non-serious injury; and/or 2) it is 
possible to determine whether a particular injury is a serious or non-serious 
injury, but additional factors must be considered on a case-by-case basis. 

• Create guidance with separate criteria for different marine mammal taxonomic 
groups, to allow for differences in physiology and in the amount and type of data 
that are available.   
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Table 1: Recommended Serious Injury Criteria for Different Taxonomic Groups * 
 

SI = Serious Injury; NSI = Not Serious Injury; CBD/case specific = Potential SI, but either 1) insufficient information 
about the impact of a particular injury, or 2) additional factors must be considered on a case-by-case basis to determine 
the severity; n/a = not applicable; TBD= To Be Determined; __ = areas lacking near-complete agreement among Day 
4 participants. 

 

Criterion Injury/Information Categories Large 
Cetaceans

Small 
Cetaceans Pinnipeds

 
Pre-Existing Guidance  (included in Angliss and DeMaster (1998) and/or NEFSC publications, retained with no 
changes) 

1 Ingestion of gear or hook SI SI SI 

 
Modified Criteria (some aspects retained from guidance provided in Angliss and DeMaster (1998) and/or 
NEFSC publications, with some changes or additions) 

2 

A free-swimming animal observed at a date later than 
its human interaction, exhibiting a marked change in 
skin discoloration, lesions near the nares, fat loss, or 
increased cyamid loads, etc. 

SI SI SI 

3 Gear constricted on any body part, or likely to become 
constricting as the animal grows SI SI SI 

4 
Uncertain whether gear is constricting, but appendages 
near the entanglement's point of attachment are 
discolored 

SI SI SI 

5 Anchored/immobilized (not freed) SI SI SI 
6 Head trauma (including eye injuries) SI SI SI 

7 Hook in mouth (excluding case 9 below), no trailing 
gear 

CBD/case 
specific SI SI 

8 Hook confirmed in head (excluding mouth), no trailing 
gear NSI SI CBD/case 

specific 

9 Hook confirmed in lip only, no trailing gear n/a CBD/case 
specific 

CBD/case 
specific 

10 
Gear attached to free-swimming animal with potential 
to 1) wrap around pectoral fins/flippers, peduncle, or 
head; 2) be ingested; or 3) accumulate drag 

CBD/case 
specific SI SI 

11 Animal freed from gear and released without gear CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

12 Social animal separated from group or released alone CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

13 Dependent animal (e.g., calf, pup) alone post-
interaction SI SI SI 

14 Wrap(s) of gear around pectoral fin/flippers, peduncle, 
head, abdomen, or chest 

CBD/case 
specific SI SI 

 

New Criteria 

15 Deep, external cut or laceration to body CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

16 Body cavity penetration by foreign object or body 
cavity exposure SI SI SI 
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Criterion Injury/Information Categories Large 
Cetaceans

Small 
Cetaceans Pinnipeds

17 Visible blood loss CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

18 Loss or disfigurement of dorsal fin CBD/case 
specific 

CBD/case 
specific n/a 

19 Partially severed flukes (transecting midline) SI SI n/a 

20 Partially severed flukes (not transecting midline) CBD/case 
specific 

CBD/case 
specific n/a 

21 Partially severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

22 Severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific SI 

23 
Entanglement, immobilization or entrapment of a 
certain duration before being freed (TBD, species-
dependent) 

SI SI SI 

24 Body trauma not covered by cases 6, 15, and 16 above 
(e.g., broken appendages, hemorrhaging) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

25 Detectable fractures SI SI SI 

26 
Hook in appendage, without trailing gear or with 
trailing gear that does not have the potential to wrap, be 
ingested, or accumulate drag 

NSI NSI NSI 

27 Animal brought on vessel deck following 
entanglement/entrapment n/a SI CBD/case 

specific 
28 Vertebral transection SI SI SI 

29 Collision with vessel of certain minimum size (TBD, 
species-specific) SI SI CBD/case 

specific 

30 Collision with vessel traveling at a certain minimum 
speed (TBD, species-specific) SI SI CBD/case 

specific 

31 Collision with vessel below a certain size threshold 
(TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

32 Collision with vessel traveling below a certain speed 
threshold (TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

33 Dog Bites° n/a n/a CBD/case 
specific 

* See section 8.1 for additional details on the intent and purpose of Table 1. 
° This criterion was not included by the Day 4 Participants.  The workshop Steering Committee added this criterion 
for clarity.  About ¾ of the Day 4 participants preferred subsuming dog bites under criteria 6, 15, 16, or 24 
(depending on the injury inflicted by the dog bite).  The pinniped experts generally preferred to include dog bites in 
a separate category, because of the additional potential for inter-species disease transmission. 
 
 
 



 

 
 

x 
 

 
Executive Summary ..................................................................................................................... iii 
Acronyms ...................................................................................................................................... xi 
1.0 Introduction............................................................................................................................. 1 
2.0 The 2007 Serious Injury Technical Workshop Goals, Objectives, and Organization...... 3 

2.1 Description and Causes of Injuries to Marine Mammals ................................................ 3 
2.2 Goals and Objectives ........................................................................................................... 4 
2.3 Workshop Organization ...................................................................................................... 5 
2.4 Existing Guidance for Distinguishing Serious from Non-Serious Injuries..................... 6 

3.0 Current Data Sources and Collection Programs ............................................................... 10 
4.0 Current Systems for Distinguishing Serious from Non-Serious Injuries ........................ 14 

4.1 Evaluation ........................................................................................................................... 24 
4.2 Breakout Group Discussion on Evaluation of Current Data and Systems for 

Distinguishing Serious from Non-Serious Injuries ......................................................... 26 
5.0 New Information on the Survival of Injured Marine Mammals ...................................... 29 

5.1 Large Cetaceans ................................................................................................................. 29 
5.2 Small Cetaceans and Manatees......................................................................................... 33 
5.3 Plenary Discussion ............................................................................................................. 38 

6.0 Pathobiology of Injuries ....................................................................................................... 40 
6.1 Plenary Discussion ............................................................................................................. 42 

7.0 Day 3 Breakout Group Discussions on Key Topics ........................................................... 44 
7.1 Longitudinal/survival rates from a modeling perspective ............................................. 44 
7.2 Categorization of injuries and pathological consequences: gear-related injuries (e.g., 

entanglements, hookings, and ingestions)........................................................................ 46 
7.3 Categorization of injuries and pathological consequences: sharp, blunt force, and 

penetrating injuries............................................................................................................ 48 
7.4 Large Cetaceans ................................................................................................................. 50 
7.5 Small Cetaceans ................................................................................................................. 52 
7.6 Pinnipeds and other species .............................................................................................. 55 
7.7 Summary of Day 3 Breakout Group Sessions ................................................................. 57 

8.0 Recommendations of Government Staff ............................................................................. 60 
8.1 Recommended Revisions and Updates to the Process and Guidance for Distinguishing 

Serious from Non-Serious Injury ..................................................................................... 60 
8.2 Changes from Existing Guidance Represented in Table 1 ............................................ 65 
8.3 Addressing Areas of Uncertainty ..................................................................................... 72 
8.4 Burden of Proof in the Face of Uncertainty .................................................................... 73 

9.0 Concluding Comments ......................................................................................................... 75 
10.0 Acknowledgements ............................................................................................................. 76 
11.0 References ............................................................................................................................ 77 
12.0 Appendixes........................................................................................................................... 81 

Appendix A: Agenda (Day 1-3)............................................................................................... 81 
Appendix B: Background Documents Provided to Participants ......................................... 85 
Appendix C: List of Participants............................................................................................ 89 

 



 

 
 

xi 
 

Acronyms 
 
AFSC  Alaska Fisheries Science Center 
AKR  Alaska Regional Office 
CBD  Cannot Be Determined/Case Specific 
ESA  Endangered Species Act 
FWS  U.S. Fish and Wildlife Service 
GAMMS Guidelines for Assessing Marine Mammal Stocks 
LOF  List of Fisheries 
MMC  Marine Mammal Commission 
MMHSRP Marine Mammal Health and Stranding Response Program 
MMPA Marine Mammal Protection Act 
NEFSC Northeast Fisheries Science Center 
NER  Northeast Regional Office 
NGO  Non-Governmental Organization 
NMFS  NOAA’s National Marine Fisheries Service 
NOAA  National Oceanic and Atmospheric Administration 
NOS  NOAA’s National Ocean Service 
PBR  Potential Biological Removal Level, as defined by the MMPA 
PIFSC  Pacific Islands Fisheries Science Center 
PIR  Pacific Islands Regional Office 
SEFSC  Southeast Fisheries Science Center 
SER  Southeast Regional Office 
SWFSC Southwest Fisheries Science Center 
SWR  Southwest Regional Office 
TBD  To Be Determined 
TRP  Take Reduction Plan 
TRT  Take Reduction Team 
ZMRG  Zero Mortality Rate Goal, as defined by the MMPA 
 





 

 
 

1 
 

1.0 Introduction 
 
The Marine Mammal Protection Act (MMPA) section 117 directs the National Marine Fisheries 
Service (NMFS) and the U.S. Fish and Wildlife Service (FWS) to prepare stock assessment 
reports (SAR) for all stocks of marine mammals that occur in waters under the jurisdiction of the 
United States. These reports summarize human-caused mortalities and serious injuries by source. 
The MMPA also states that a stock of marine mammals is designated as a strategic stock if it is 
listed as depleted under the MMPA, is listed or is likely to be listed as or threatened or 
endangered under the Endangered Species Act (ESA), or has serious injury and mortality levels 
exceeding the stock’s Potential Biological Removal (PBR) level.1 
 
MMPA section 118 governs the taking of marine mammals incidental to commercial fishing 
operations and directs NMFS to categorize fisheries based upon whether a fishery has frequent 
(Category I), occasional (Category II), or remote likelihood (Category III) of incidental mortality 
and serious injury of marine mammals.  In addition, MMPA section 118(b) requires commercial 
fisheries to reduce mortality and serious injury of marine mammals to insignificant levels 
approaching a zero mortality and serious injury rate.2 Section 118(f) of the MMPA states that 
NMFS shall develop a take reduction plan (TRP) for strategic stocks interacting with Category I 
or II fisheries, and may develop a TRP for any marine mammal stocks interacting with Category 
I fisheries, to reduce incidental mortality and serious injury levels to specified goals.  
 
Under the MMPA, NMFS must manage serious injuries and mortalities of marine mammals 
incidental to commercial fishing operations.  This charge requires that NMFS be able to 
distinguish between injuries that are serious and those that are not serious.  Serious injury has 
regulatory meaning under the MMPA; however, the MMPA and its legislative history do not 
provide guidance on how severe an injury must be to be considered serious. To implement 
MMPA sections 117 and 118, NMFS defined “serious injury” in regulations (50 CFR 229.2) as 
“any injury that will likely result in mortality.”   
 
To promote national consistency in the interpretation of the regulatory definition of serious 
injury, NMFS convened a workshop in April 1997 to discuss available information related to the 
impact of injuries to marine mammals incidental to commercial fishing operations (Angliss and 
DeMaster, 1998).  These discussions resulted in a framework upon which NMFS could develop a 
consistent approach for determining which injuries should be considered serious injuries. 
 
The guidance developed at the 1997 Workshop (Angliss and DeMaster, 1998) served as the best 
available scientific information for distinguishing serious from non-serious injuries.  NMFS staff 
have used the information from the 1997 workshop in evaluating injury reports submitted by 
commercial fishers, fishery observers, and stranding and disentanglement network participants to 
determine which injuries should be considered serious.  Since 1997, additional information has 
been collected on human-caused injuries to marine mammals and survival rates of certain 
individual and/or species of marine mammals.  For this reason, NMFS convened the 2007 

                                                 
1 Potential Biological Removal (PBR) is the maximum number of animals, not including natural mortalities, that may be 
removed from a marine mammal stock while allowing that stock to reach or maintain its optimum sustainable population. 
2 Referred to as the Zero Mortality Rate Goal (ZMRG).  NMFS identified ZMRG as 10% of a stock’s PBR level (69 FR 73338; 
July 20, 2004). 
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Serious Injury Technical Workshop to review information obtained since 1997, review 
recommendations and guidance from the 1997 workshop and the use of this guidance in 
distinguishing serious from non-serious injuries, and discuss any necessary changes to the 
process and guidance for distinguishing serious from non-serious injuries. 
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2.0 The 2007 Serious Injury Technical Workshop Goals, Objectives, and Organization 
 
Additional information has been collected that may allow NMFS to re-evaluate whether a 
particular injury to a marine mammal would likely result in the death of that animal.  In addition, 
annual updates to the SARs required under MMPA section 117 indicate that, while incidental 
take of marine mammals in fisheries is a large source of human-caused serious injury, injuries to 
marine mammals from vessel collisions are also relatively common. Accordingly, participants at 
the 2007 workshop recognized the need to extend the guidance for distinguishing between 
serious and non-serious injuries of marine mammals beyond injuries sustained by interactions 
with fisheries, to include other anthropogenic causes of injuries.  Although other sources of 
human-caused injuries were mentioned during the workshop, much of the workshop discussions 
focused on types of injuries commonly observed from encounters with vessels and fisheries (e.g., 
gear3 and hooking, penetrating, blunt force trauma, and hidden injuries) because these 
interactions have been examined to the greatest extent.  The 2007 workshop was organized to 
focus on the type of injury, regardless of the cause or source of the injury.   
 

2.1 Description and Causes of Injuries to Marine Mammals 
 

Marine mammals interact with multiple anthropogenic activities, which sometimes result in 
injury or death of the animal.  Injuries observed in marine mammals include blunt force trauma, 
penetrating, and fishery-related injuries.  Human interactions can also cause various internal 
injuries to marine mammals that cannot be detected by visual or external observations. 
 
Gear and Hooking Injuries 
Gear and hooking injuries most commonly observed in marine mammals include injuries 
resulting from interactions with hooks, fishing line, fishing nets, etc.  Marine mammals generally 
become entangled in gear around the head, body, and, in cetaceans, the flukes, pectoral fins, or 
dorsal fin.  Entanglement can lead to constricting lines wrapped around the animal or anchoring 
(immobilizing) the animal.  Entanglement around the head can impede the animal’s ability to 
feed.  Constricting line can cut into or through blubber, muscles and bone (i.e., penetrating 
injuries), or can constrict blood flow to or sever appendages.  Line with pots/traps attached or 
heavy gear with or without anchors attached can create drag as the animal swims altering the 
energetics of swimming.  Drag can cause the lines to constrict, further injuring the animal or 
pulling the lines through an appendage entirely.  If anchoring (immobilization) does not cause 
the animal to drown or asphyxiate, it can cause injuries resulting from constricting lines, 
starvation from the inability to feed, and internal injuries from prolonged stress and/or severe 
struggling. 

Hooking injuries and ingested gear are most common in small cetaceans and pinnipeds, but have 
been observed in large cetaceans (e.g., sperm whales).  The severity of the injury depends on the 
species, whether ingested gear includes hooks, whether the gear works its way into the 
gastrointestinal (GI) tract, whether the gear penetrates the GI lining, and the location of the 
hooking (e.g., embedded in the animal’s stomach or other internal body parts). 

 

                                                 
3 For the purposes of this Technical Memorandum, gear is defined as any part of the fishing equipment, excluding the hook. 
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Penetrating Injuries (Non Gear- or Hook-Related) 
Penetrating injuries can result from interactions with a variety anthropogenic activities.  In 
addition to the penetrating injuries caused by interactions with fishing gear and hooks described 
above, penetrating injuries that have also been observed in marine mammals include propeller 
cuts from vessels or alternative energy sources with underwater blades, gunshot and stab 
wounds, and bite wounds (e.g., pinniped interactions with domestic pets or wild terrestrial 
carnivores, such as coyotes). The severity varies depending on the species, the individual, 
location of the injury on the body, and the depth of penetration. 
 
Blunt Force Trauma 
Blunt force trauma to cetaceans and manatees is most often the result of a vessel strike or inter- 
or intraspecific aggression.  Blunt force trauma to pinnipeds can be caused by vessel strikes or 
direct interaction with humans (e.g., hit with a blunt object).  Blunt force injuries include, but are 
not limited to, bone fractures, organ damage, and internal hemorrhages.  Determining the 
severity of a blunt trauma injury can be difficult since blunt trauma injuries often show little or 
no external evidence.  Therefore, these injuries are likely to be missed by a visual, external 
examination or by assessment at sea in live animals. 
 
Hidden Injuries 
Hidden injuries to marine mammals can result from interactions with a large range of human 
activities, including those described in the preceding paragraphs.  Examples of hidden injuries 
include bone fractures, damage to vital organs, muscle tears, myopathy as a result of 
entanglement, and stress-related internal damage.  In order to determine the likelihood of a 
hidden injury, one would assess the animal’s actions and behaviors.  While hidden injuries were 
discussed at the workshop, they cannot be quantified or assessed through visual or external 
examination alone; therefore, they were not considered in extensive detail by the workshop 
participants. 

 
2.2 Goals and Objectives 

 
During the 2007 workshop, NMFS scientists and managers evaluated the agency’s process for 
distinguishing between serious and non-serious injuries that have been used since the 1997 
workshop and reviewed additional information, research, and data needs from fishery observer, 
disentanglement, and stranding programs that would facilitate the evaluating of injuries.  
 
The primary objectives of this workshop were to: 
 

1) Review recommendations from the 1997 workshop and information obtained since 1997.  
a. Types and frequencies of observed injuries. 
b. Evidence of survival of marine mammals sustaining such injuries. 

 
2) Discuss the use of, and necessary changes to, existing guidance for distinguishing serious 

from non-serious injuries.  
a. Identify when information is insufficient to determine the severity of the injury. 
b. Identify data needs for distinguishing serious from non-serious injuries. 
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c. Review existing data sources, raise awareness in these data collection programs of 
information needed, and identify constraints in distinguishing serious from non-
serious injuries. 

 
3) Discuss potential actions following the workshop. 

 
2.3 Workshop Organization 
 

The workshop consisted of two sessions:  an open session (Days 1-3) and a closed federal 
session (Day 4).  Days 1-3 of the workshop were open to federal and non-federal participants, 
and public observers.  The format for the first three days included a mix of plenary presentations 
and discussions and breakout session activities. The primary purposes of Days 1-3 were to 
present a synthesis of new science and to gather new information from longitudinal studies and 
pathobiology experts on the survival of injured marine mammals.  The information from Day 1-3 
was also used to provide a scientific basis for recommendations by government officials in the 
closed session on Day 4.  The primary purpose of the closed session was to draw on Days 1-3 
presentations and discussions to consider potential changes to the existing serious injury 
guidance and associated administrative approaches. 
 
The main topics addressed during Days 1-3 included the following (see Appendix A for Days 1-
3 agenda): 
 

• Evaluation of current data and determination systems (in plenary and breakout sessions). 
• Overview of new information on survival of injured marine mammals (large cetaceans, 

small cetaceans, pinnipeds, and manatees). 
• Pathobiology of injuries. 
• Breakout activities to address key questions on the topic of determining severity of 

injuries to marine mammals. 
 
The workshop was organized around three presentation sessions.  Day 1 began with 
presentations describing the types of data collected, challenges in data collection, evaluating 
regional approaches to distinguishing serious from non-serious injuries, and the challenges each 
region faces.  Day 2 began with speakers presenting and discussing new information obtained 
over the past decade on the survival of injured marine mammals by taxonomic group (large 
cetaceans, small cetaceans, and manatees).  The final group of presentations addressed the 
pathobiology of injuries, including: predicting lethality from vessel trauma, gear and hook 
trauma, pathobiological consequences of injury, capture myopathy,4 and hidden trauma in 
pinnipeds. 
 
Over 65 invited and public participants attended the Serious Injury Technical Workshop.  NMFS 
invited a broad range of participants based upon their expertise in marine mammal serious injury 
                                                 
4 Capture myopathy is a phenomenon associated with, and following, the capture, handling and transportation of animals.  
Alternate names for capture myopathy include: muscular dystrophy, capture disease, degenerative polymyopathy, overstraining 
disease, white muscle disease, leg paralysis, muscle necrosis, idiopathic muscle necrosis and exertional rhabdomyolysis.  The 
pathophysiology associated with capture, handling and transportation of animals is extremely complex and associated with the 
sex, body condition, health of the animal, length of time of chase/pursuit, method/roughness of handling, the environmental 
condition (heat/cold) and other factors (Spraker, presentation at the 2007 workshop).   
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issues, including marine mammal management and policy, marine mammal biology, 
pathobiology, and veterinary medicine. NMFS staff from each regional office and science center, 
and the headquarters’ Office of Protected Resources participated.  Other invited participants 
included federal agencies, state resource management agencies, stranding response 
organizations, and representatives of the three regional Scientific Review Groups (SRGs), 
universities, research institutes, and environmental non-government organizations (NGO). In 
addition to the 65 invited participants, Days 1-3 were open to the public.  One member of the 
public attended.  A full list of participants is provided in Appendix C. 
 

2.4 Existing Guidance for Distinguishing Serious from Non-Serious Injuries  
 

The 1997 Serious Injury Workshop discussed several options for the process and criteria used for 
distinguishing between serious and non-serious injuries.  Recommendations from the workshop 
were outlined in the 1997 workshop report (Angliss and DeMaster, 1998), and focused almost 
exclusively on injuries from interactions with fisheries.  The intent of the 1997 workshop was for 
NMFS to use the results and recommendations from the workshop to develop proposed 
guidelines for what constitutes a serious injury, to be published in the Federal Register.  
However, the recommended serious injury guidance was never published as official guidelines or 
regulations.  NMFS Regional staff responsible for distinguishing serious from non-serious 
injuries have followed the guidance in Angliss and DeMaster (1998) to varying degrees.   
 
1997 Workshop Guidance for Distinguishing Serious from Non-Serious Injuries 
Participants at the 1997 workshop did not reach agreement on what process NMFS should use to 
determine which injuries should be considered serious.  Participants discussed three options: 

1)  Provide training to editors of observer data so they can determine which injuries are likely 
to be serious.  

2)  Have one person or a group of NMFS employees determine which injuries are likely to be 
serious. 

3)  Develop a panel of outside experts to determine which injuries are likely to be serious.   
  
Participants at the 1997 workshop recognized that guidelines for what constitutes a serious injury 
across marine mammal species could include:   

1)  All animals should be considered seriously injured if they are observed injured in any way 
or are observed trailing gear;  

2)  Some portion of animals trailing gear or injured in any way should be considered 
seriously injured; or  

3)  No animals that are observed injured or trailing gear that are not moribund5 should be 
considered seriously injured.   

The workshop participants generally accepted the second option as the realistic middle ground 
because of observations of living or dead marine mammals with healed injuries and observations 
of marine mammals that disentangle themselves from fishing lines and/or nets. 
 
Participants did identify certain injuries scenarios that could be considered serious or not serious, 
and which should be assessed on a case-by-case basis, for each taxonomic group separately. 
 
                                                 
5 A moribund animal is one that is in a state of dying or approaching death. 
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Large cetacean subgroup6 
Participants in the large whale subgroup indicated that any entanglement which impeded 
mobility or feeding, and the entanglement of young whales in ways that could cause trauma and 
mortality as the animal grows, should be considered a serious injury.  However, specific criteria 
that indicated how to determine whether an entanglement impeded locomotion or ability to feed 
were not identified. 
 
Small cetacean subgroup7  
Types of injuries that should be considered serious: 

1) Ingestion of hooks. 
2) Swimming abnormally when released. 
3) Entanglement with trailing gear when released. 
4) Entanglements that result in an animal being separated from its pod. 
5) Hooked near the eyes or the head. 

 
Types of injuries that should be considered not serious: 

1) Hooked externally (e.g., skin, blubber), except when hook is near the eyes or the head. 
2) Swimming normally or were entangled in line or net, but have subsequently become 

disentangled. 
 

Considerations for the case-by-case examination: 
1) Behavioral response of the animal (e.g., abnormal swimming behavior). 
2) The specific portion of the gear involved in an entanglement, and the weight and drag 

characteristics of the gear. 
 
Pinnipeds8 
Types of injuries that could be considered serious: 

1) Hooked in the mouth (internally). 
2) Entanglement with trailing gear. 

 
Types of injuries that could be considered not serious: 

1) Hooked in the body. 
 
Types of injuries to be assessed on a case-by-case basis: 

1) Entanglement without gear trailing. 
2) Auditory damage via acoustic harassment devices. 

 
Recommendations Identified at the 1997 Workshop 
General: 

1) Include marine mammal scientists in the observer debriefing process. 
2) Improve marine mammal training for observers. 
3) Increase observer coverage in fisheries where the potential for serious injury problems 

appears to be significant (i.e., longline fisheries). 

                                                 
6 The large whale subgroup specifically addressed entanglement interactions. 
7 The small cetacean subgroup specifically addressed interactions with longline fisheries. 
8  A pinniped subgroup was not formed to discuss pinniped injuries, but a discussion was led by D. DeMaster of the AFSC. 
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4) Develop a reporting system for observers that encourages more elaborate comments by 
observers on injuries, such as hooking, and whether an entangled animal was completely 
disentangled prior to being released. 

5)  Provide guidelines for use by data editors/peer review committee for determining 
whether an injury should be classified as serious. 

 
Research Needs: 

1) Determine survival rates of animals entangled/injured in different types of fishing gear.   
2) Analyze existing data on large cetacean survival and reproductive fitness by examining 

entanglement type and scarring data.  Also, examine stranding data for evidence of scars 
likely related to past or existing entanglements. 

3) Develop/improve methods for collecting blood and biopsy samples from entangled, 
stranded, or free-ranging animals to enable better determination of the effects of stress 
and marine mammal stock structure. 

4) Develop methods for radio or satellite tagging entangled animals released alive.  Ensure 
that equipment is available for tagging entangled animals. 

5) Survey the existing stranding networks for evidence of hook and line interactions. 
6) Develop necropsy methods that would provide information on fishery specific mortality 

that can be added to the database on salvaged animals and to existing databases on 
individually recognizable animals. 

 
Regional Criteria to Evaluate Injuries of Large Whales 
The NMFS Northeast Fisheries Science Center (NEFSC) adapted the guidance outlined in 
Angliss and DeMaster (1998) and developed specific criteria for distinguishing serious from 
non-serious entanglement and ship-strike injuries in baleen whales.  These criteria were 
developed over a decade of evaluation of case histories and published in NEFSC mortality and 
serious injury determination reports (Cole et al., 2005; Cole et al., 2006; Nelson et al., 2007; 
Glass et al., 2008).9 
 
The NEFSC categorizes entanglement events as serious injuries if one of the following 
indications is confirmed on a living whale:                      

1) Fishing line constricted on any body part, or likely to become constricting as the whale 
grew. 

2) It was uncertain if the line was constricting, but appendages near the entanglement’s 
point of attachment were discolored and likely compromised.  

3) The whale showed a marked change in appearance following entanglement, including 
skin discoloration, lesions near the nares, fat loss, or increased cyamid loads.  

4) Gear was ingested.  
5) Whale was anchored. 

 

                                                 
9 NMFS’ Northeast Region (NER) first published interim criteria for distinguishing serious from non serious injuries to right, 
humpback, and minke whales interacting with the Northeast lobster trap/pot fishery in the 1997 LOF (62 FR 33, January 2, 1997, 
comment/response 14).  Because of the absence of national guidelines and because interim criteria for serious injury were 
urgently needed to address the impact of the lobster pot fishery to right and humpback whales at the time, the NER developed 
and utilized interim criteria for determining what constitutes a serious injury to baleen whales.  After the April 1997 Serious 
Injury Workshop, the NEFSC revised their criteria based on the Workshop Report (Angliss and DeMaster, 1998).     
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A whale is typically not considered seriously injured by the NEFSC (or the Alaska Fisheries 
Science Center [AFSC]) if all constricting lines were removed or shed, and the whale had no 
other injuries that would otherwise be considered “serious.”   The NEFSC does not forecast how 
an entanglement or injury might increase the whale’s susceptibility to further injury (e.g., from 
additional entanglements or collisions with vessels).  The NEFSC does not consider injuries that 
impaired the whale’s locomotion or feeding serious injuries unless they were likely to be fatal in 
the foreseeable future.  
 
The NEFSC categorizes ship strike events as serious injuries if, following the appearance of a 
linear laceration or large gouge, a living whale exhibited a marked change in skin discoloration, 
lesions near the nares, fat loss, or increased cyamid loads. 
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3.0 Current Data Sources and Collection Programs 
 
The following sections (3.0-6.0) contain summaries of presentations given at the 2007 
Workshop.  These summaries were prepared by the author(s) of the presentation; therefore, 
statements and recommendations do not necessarily represent the views and opinions of the 
Workshop Steering Committee or NMFS.   
 
The “Current Data Sources and Collection Programs” portion of the workshop included 
presentations by the NMFS observer, stranding, and disentanglement programs.  These programs 
provide the vast majority of the information used by NMFS staff when evaluating injury events 
to determine severity.  The presentations were designed to describe the types of information that 
are collected in these programs and the scope (including limitations) on the types of information 
that could reasonably be expected to be collected.  In this way, these presentations provided 
workshop participants with a background on the information used to distinguish between serious 
and non-serious injuries.  This information was intended to inform discussion and lead to 
realistic suggestions on the types of additional data needed for distinguishing between serious 
and non-serious injuries. 
 
Collection of marine mammal data by U.S. observer programs (Amy Van Atten, NMFS NER 
Observer Program) 
  
Under the MMPA, NMFS has the authority to place observers on board vessels engaged in 
commercial fishing operations that incidentally take marine mammals.  Data collected by NMFS 
observer programs are used to assess the level of serious injury and mortality of marine 
mammals, develop marine mammal stock assessments, and identify bycatch reduction measures 
to ensure the recovery and conservation of these species.  NMFS currently conducts ten observer 
programs, which monitor over 42 fisheries nationwide for incidental take of marine mammals, 
bycatch of other protected resources, and discards of fish.   Not all programs focus on observing 
marine mammal bycatch. 
  
Fisheries currently monitored under the authority of the MMPA include: Kodiak set-gillnet 
(Category II), California/Oregon pelagic drift gillnet (Category I), California pelagic longline 
(Category II), Southern California set gillnet (Category III), Mid-Atlantic gillnet (Category I), 
New England and Mid-Atlantic small mesh trawl (Category II), New England groundfish trawl 
and gillnet fisheries (bottom trawls Category II, sink gillnets Category I), Mid-Atlantic Illex 
squid trawl (Category II), Atlantic, Gulf of Mexico, Caribbean pelagic longline (Category I), 
Southeastern U.S. Atlantic shark gillnet (Category II), and the North Carolina inshore gillnet 
(Category II).10    
  
Marine mammal data are typically collected using the following types of forms:   

• Incidental Take Form- for documentation of species, type of marine mammal take, and 
deterrents used.  

• Biological Information Form- for documentation of species, length, weight, sex, and 
tissue/teeth samples for fisheries permitted under 50 CFR 229.7.  

                                                 
10 Fishery categories listed in this paragraph are the categories of each fishery on the Final 2007 LOF (72 FR 14466, March 28, 
2007). 
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• Sightings Form- for documentation of species, number of animals, and behavior for 
animals near or around fishing gear.  

• Photos and comments are also recorded to provide further information on marine 
mammal incidental takes.  

  
Each observer program’s training manual contains detailed information on data collection forms 
and procedures.  There is no national standardized format for these manuals.  In addition to the 
information collected on marine mammals, observers also collect a variety of data on other 
species, gear type, fishing location, estimated weight of retained and discarded catch, species 
composition of discarded catch, reasons for discard, weight, length, sex, dissections from tagged 
fish, socioeconomic data, biological samples, and seabird and sea turtle interactions.  Data 
collection on protected species is a priority for all regional observer programs.    
  
When considering changes to current marine mammal data collection procedures, there are a 
number of inherent tradeoffs.  For example, observer programs must balance the collection of 
more data, the need to provide high quality data for all species of interest, improvements in data 
management and processing, and cost.  Observer programs strive to provide the best data 
possible to aid in the conservation and protection of marine mammals and other species, and are 
willing to work with protected resources experts to identify possible improvements in observer 
data collection. 
 
Marine Mammal Health and Stranding Response Program: data collection (Teri Rowles and 
Janet Whaley, NMFS Office of Protected Resources) 
 
The Marine Mammal Health and Stranding Response Program (MMHSRP) began in 1992 after 
the passage of the Marine Mammal Health and Stranding Response Act. The MMHSRP goals 
are to: collect and disseminate information on the health and health trends of marine mammal 
populations in the wild; correlate the health and health trends of marine mammal populations in 
the wild with biological, chemical, and physical environmental parameters; and coordinate 
effective responses to marine mammal unusual mortality events. The program has developed the 
following components: response networks, surveillance, research and development, banking, 
quality assurance, information management, outreach/education, and grant assistance. 
 
Over the last 15 years, the program has conducted the following activities to obtain health 
information and data to inform health assessments: 

• Visual observations. 
• Health assessments. 
• Physical examinations. 
• Analytical results, such as pathology, toxicology, infectious disease, and injuries. 
• Necropsies, including cause of death. 
• Morphometrics and life history data. 
 

Data sources have included strandings, entanglements, out of habitat animals (e.g., a bottlenose 
dolphin trapped in a freshwater habitat), by-caught animals, live capture release studies, 
subsistence hunts, translocations, and free swimming animals. The program collects information 
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and samples to evaluate the cause of stranding, cause of mortality, or cause of morbidity 
(including infectious and non-infectious causes and human interactions).  
 
Most data collected comes from stranded animals. Over the last 15 years, over 40,000 animals 
have been reported stranded in the United States. These have included single animal strandings, 
mass (i.e., multiple animals) strandings, and unusual mortality events. Basic information, such as 
length, girth, sex, and whether there are signs of human interaction (e.g., fishery gear marks on 
the animal, propeller cuts) are collected from all stranded animals. The data collection forms and 
the data fields have changed over the last 15 years and are becoming more specific in the types 
and manner of information required.  
 
To collect better data on marine mammal injuries and to better assess the role human interactions 
play in mortality and morbidity, the MMHSRP must use a decision tree matrix, use standardized 
terminology, evaluate the animal in a consistent and defined manner, and ensure that data are 
reported in a consistent manner by trained personnel.  To determine whether human interactions 
contributed to the stranding event, the observation data, event history, and experience of the 
observer are evaluated.  To address the question of whether human interactions likely caused the 
death of the animal, full necropsies, analyses, and interpretation of the complete case must be 
reviewed. In order to improve the quality of the evaluations on evidence of human interactions, 
consistent protocols must be used by trained personnel reporting the information in consistent 
format, and having access to the data to support the interpretations, observations, and findings. 
The MMHSRP is currently adopting a standardized protocol and database for collecting 
stranding event information, determining human interactions, determining cause of death, 
determining whether human interaction contributed to death, and providing training to stranding 
network personnel. 
 
Large whale disentanglement systems (Dave Mattila, NOS, Hawaiian Islands Humpback Whale 
National Marine Sanctuary)  
 
Introduction   
Responding to reports of entangled whales and releasing them, along with documentation of the 
animal, can supply data about the causes, extent and severity of the entanglement problem.  
Using disentanglement techniques developed by Dr. Jon Lien (Memorial University of 
Newfoundland), the Provincetown Center for Coastal Studies and others, under the supervision 
and authorization of the National MMHSRP, and in cooperation with many federal, state and 
NGO entities, response networks are in various stages of development throughout the country.  
The safe and professional documentation of the whale, specifics of the entanglement event, and 
gear are becoming an integral part of the disentanglement response. Amongst other management 
issues, some of these data gathered through the disentanglement response are useful in 
distinguishing serious from non-serious injuries.  Of particular use are identifications and 
resights of released (i.e., disentangled) individuals in order to determine survivorship through 
long-term tracking studies, documentation of wounds for ground-truthing scar studies, other 
newly developed assays of individual health, and the verification of events in order to clarify the 
reliability of opportunistic reports (Robbins et al., 2007a).    
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Current Assessment Techniques     
Certain aspects of the current assessment criteria used by the disentanglement networks to 
determine whether an entanglement is potentially life threatening, and therefore warrants 
intervention, may be of use to this workshop.  These criteria have evolved over time as our 
understanding of which entanglements are life threatening (in the short and long term) and which 
entanglements are likely to be shed by the animal on their own.  They rely on a determination of 
the species and body part(s) involved, the type and constriction (immediate and the potential to 
constrict in the future) of the entangling material, as well as the wounds (acute and chronic) and 
estimated overall health of the animal.  In addition, the animal’s behavior and geographic 
location are sometimes factors considered.  
 
Current and Potential Data Collection (with discussion of limitations) 
Mattila et al. (2007) summarized some of the data that are, or can be, safely collected during 
large whale disentanglement operations.  In this presentation, those aspects which are applicable 
to helping assess serious injury were summarized, including:  the data collected to help 
understand entanglement impacts on marine mammals and for use in ground-truth scarification 
studies, the safe collection of visual and physical samples, and some experimental tools being 
developed (e.g., breath collection to gather ketones to assess stress levels).  Certain portions of 
the event documentation and data collected are currently distributed to members of 
disentanglement networks through network web sites.  In using these data it is important to keep 
in mind certain caveats, including, but not limited to:  there is an absence of negative data (e.g., 
data does not include what was not seen), and some real time report narratives are assumed to be 
“incorrect,” some of which may be updated but may still include inaccuracies.       
 
Key issues and questions   
Since large whale entanglements are cryptic, rarely witnessed events, where the animals often 
swim off with the entangling gear, determining the actual number of deaths and serious injuries 
as a result of these events is extremely problematic.  Key questions remain:   

– What are the respective survival rates of released (vs. non-released) animals? 
– What types of data can we safely collect in order to determine the likely fate of 

individuals? 
– What type of data may help to illuminate the overall extent of the problem? 
– What are the “trade offs” from the disentanglement process (e.g., injuries from the 

disentanglement process)?     
 
A Note on Vessel Collisions in Hawaii   
Reports of vessel collisions are increasing in Hawaii.  Several factors are likely to contribute to 
this increase in collisions, including:  increasing whale population, increasing numbers and speed 
of vessels, increased outreach, and subsequent reporting.  The advent of high-speed ferry 
transport to the islands has increased public and NOAA’s concern about potential collisions.  
Part of NOAA (NOAA Fisheries and NOAA Sanctuaries) and the State of Hawaii’s response is 
to attempt to more fully document any collisions and their subsequent outcomes. 
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4.0 Current Systems for Distinguishing Serious from Non-Serious Injuries 
 
This section of the workshop included presentations by NMFS Regional staff responsible for 
distinguishing between serious and non-serious injuries of marine mammals.  Regional 
representatives responsible for distinguishing serious from non-serious injuries were asked to 
describe their experiences with the types of interactions and injuries observed in their regions, 
current methods used for determining the severity of an injury, and key issues and questions they 
encounter when attempting to distinguish between serious and not-serious injuries.  These 
presentations provided workshop participants with background on the differing approaches for 
distinguishing serious from non-serious injuries based on region, species, type of injury, and 
amount of available information on injury events.  These presentations also set up breakout 
group sessions (described in section 4.2 below) discussing what has and has not worked well 
when attempting to distinguish serious from non-serious injuries, and constraints on data 
collection affecting serious injury determinations. 
 
Baleen whale serious injury determinations in the Northeast Region over the past 10 years 
(Tim Cole, NMFS NEFSC) 
  
Nature of interactions  
From 2001 – 2005, 133 large whale entanglement events occurred along the Gulf of Mexico, 
U.S. east coast and adjacent Canadian Maritimes (Nelson et al., 2007).  Of these events, 11 were 
determined to be serious injuries.  In many cases there is insufficient information to make a 
determination.  Live whales have been observed with ship strike injuries, but despite ship strikes 
being implicated as a leading anthropogenic cause of death for right, humpback, fin and sei 
whales, the NEFSC has rarely assigned a serious injury to a ship strike event.  Blunt trauma 
injuries show little or no external evidence (bodily or behaviorally), and are likely to be missed 
by our visual, external examination of living whales.    
  
Cause of injuries    
Traps/pots:  When entangling gear could be attributed to a particular fishery, lobster trap/pot 
gear was involved in 8 of 14 right whale entanglements between 1993 and 2002 where the gear 
type could be reliably identified (Johnson et al., 2005).11   One or two reports of humpback 
and/or minke whales anchored by trap gear are received by NMFS each year.  
  
Sink gillnet:  Johnson et al. (2005) identified sink gillnet gear in 11 of 22 events involving 
humpbacks and reliably identifiable gear between 1997 and 2002.12  Sink gillnet gear was 
identified in 2 of 14 events involving right whales in which the gear could be reliably identified.    
  
Trawls:  Since 1989, 5 pilot whales, 5 white-sided and 3 common dolphins were reported to have 
been released alive or of unknown condition within the Northeast Sea Sampling data.     
  
Ship strikes:  Ship strike injuries and deaths have been documented for several cetacean species, 

                                                 
11 In six additional right whale entanglement cases the gear type could not be identified.  In these cases, the gear type involved in 
the entanglement was categorized as unknown (Johnson et al., 2005). 
12 In three additional humpback whale entanglement cases the gear type could not be identified.  In these cases, the gear type 
involved in the entanglement was categorized as unknown (Johnson et al., 2005). 
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including right, humpback, blue, and fin whales.  Relatively intensive survey effort for right 
whales each year discovers one or two individuals with lacerations from propellers of small (less 
than 65 feet (19.8 m)) vessels.  The NEFSC currently do not have a means of identifying living 
whales that have sustained blunt trauma.   
  
Methods of determining serious injury  
All small cetaceans recorded as released alive or of unknown condition by the Northeast Sea 
Sampling program are counted as serious injuries.  Large whale entanglement or ship strike 
events are evaluated using criteria outlined in Cole et al., 2005 (see also Cole et al., 2006; 
Nelson et al., 2007; and Glass et al., 2008). 
  
Key issues and questions  

• There is great disparity in report/data quality, ranging from vague reports from the 
general public to comprehensive necropsies conducted by field experts.  

• Often, there is a lack of external evidence in cases of blunt trauma.  
• Accounting for an animal’s health prior to injury (already sick? pre- or postpartum?) is an 

important consideration. 
• What behaviors, in conjunction with an entanglement, are likely to cause serious injury?  
• Should the size of an injury be used as an indication of its seriousness?   
• Should the presence of constricting line always trigger a serious injury determination? 
• What are the effects of short, repeated, or chronic injuries? 
• Can anecdotal reports provide a means for estimating actual rates of serious injury for a 

population/stock?  
  
Small cetacean and North Atlantic right whale serious injury determinations in the Southeast 
Region (Lance Garrison, NMFS SEFSC) 
 
Nature of interactions  
Several categories of injuries occur in the Southeast region (SER). These include: 

• Injuries to small cetaceans caused by hookings or entanglements with longline gear.  
• Injuries to small cetaceans from interactions with other fishing gear, where animal is 

released alive.  
• Injuries to small cetaceans where animal is either hooked externally or ingests gear, 

including cases of repeated hookings.  
• Entanglements and vessel collisions with right whales, with particular attention to very 

young calves. 
• Injuries to small cetaceans from vessel collisions.  

  
Cause of Injuries   
Longline gear: The Atlantic pelagic longline fishery operates from the Grand Banks off Canada 
to the Caribbean and the Gulf of Mexico.  The majority of interactions with marine mammals 
occur in the Mid-Atlantic Bight, which extends from New York south to North Carolina.  
Fishermen report that pilot whales depredate their catch, and observer data indicates that there is 
a significant positive correlation between interactions with pilot whales and damage to swordfish 
catch (Draft PLTRP, 2006).  Similarly, observer data show a positive correlation between 
interactions with Risso’s dolphins and damage to swordfish catch (Draft PLTRP, 2006).  There 
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are not enough encounters between longline gear and other marine mammals to determine 
whether depredation or just chance encounters with the gear are responsible for the interactions.  
In general, most marine mammals that interact with longline gear are released alive with varying 
degrees of injury.  Interactions take the form of hookings in the mouth and in other areas of the 
body, as well as entanglements in fishing line.   
 
Entanglements most frequently occur in the mainline.  Animals are generally cut free of the gear 
and not classified as seriously injured on release.  Hookings are most often in the mouth and the 
hook is not removed prior to release. Frequently, the gangion or leader line parts off before the 
animal can be brought near the boat and the animal is released both hooked in the mouth and 
trailing significant amounts of entangling gear.  When an animal becomes hooked or entangled, 
the crews typically work rapidly to release the animal, as undue struggling has the potential to 
further harm the animal as well as the crew.  Factors that influence whether the gear can be 
removed include the size of the animal, the location and severity of the hooking/entanglement, 
the condition of the seas, and the experience of the crew.    
  
Traps/pots: Dolphins generally become entangled in line around the flukes, pectoral fins, or 
head.  Animals may drown or be seriously injured by dragging crab trap/pot gear for extended 
periods of time.  Dolphins are frequently released alive from these entanglements (8 bottlenose 
dolphins (Tursiops truncatus) in South Carolina alone in the crab trap/pot fishery, with 5 since 
2003; McFee et al., 2006).  However, the extent of serious injury caused by entanglements has 
not been assessed.  The Atlantic crab trap/pot fishery is included under the Bottlenose Dolphin 
Take Reduction Plan (BDTRP; 71 FR 24776, April 26, 2006).  
  
Shrimp trawl: Lazy lines13 on shrimp trawls have caused mortality to bottlenose dolphins 
throughout the southeast. There are anecdotal accounts of entanglement in which the animal is 
released alive.  
  
Recreational gear: The range of the coastal stocks of bottlenose dolphins frequently overlaps 
with recreational activities of people.  Illegal feeding of dolphins is prevalent in the southeast.  In 
some areas, this activity is causing behavioral changes of the animals (such as conditioning to 
people and loss of wariness of people and vessels) which may be contributing to depredation on 
recreational and commercial gear.  Dolphin depredation on bait/catch of recreational gear is 
increasing, and, in some cases, dolphins are being repeatedly hooked or entangled in gear.  
Observed and anecdotal reports of depredation show dolphins cleaning the hook of bait or catch 
or snapping the line.   
 
NMFS SER staff have also observed females teaching begging and depredation behaviors to 
their calves and other animals.  Injuries generally include lures/hooks lodged in the mouth or 
head region, partial or total ingestion of lures/hooks, and monofilament nests entangled around 
various parts of the body either in combination with hooks/lures or separately.  In 2007, there 
were increased dolphin strandings with recreational gear attached, ingested, or entangled, 
especially in Sarasota Bay and Indian River Lagoon, Florida.  A review of Florida statewide 

                                                 
13 A lazy line is a rope that runs from the front of the net (mouth) to the codend (area of the net where the catch is 
collected), and allows the codend of the net to be hauled on deck to release the catch without dragging the entire 
trawl net onboard the vessel. 
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stranding data from 2001-2006, shows 28 cases of tackle ingestion, 15 entanglements, and 5 
cases of hooks or lures in the mouth.  In some cases, mortality was a direct result of the 
interaction.  The fates of animals that do not strand dead with recreational gear attached but 
sustain multiple hookings or entanglements are not known, nor is the potential impact of chronic 
injuries from these interactions.  (Case study: female bottlenose dolphin with calf in Panama 
City, FL, that was hooked on two separate occasions within 6 months).  
  
Ship strikes: The Southeast United States is the only known calving area for North Atlantic right 
whales.  There are several major ports in the Southeast (Canaveral, Jacksonville, Brunswick, 
Fernandina Beach, Savannah, and Charleston) along the right whale migratory pathway to the 
Northeast United States.  Calves may be particularly vulnerable to ship strikes and entanglements 
in fishing gear.  In 1991, a calf was documented in the Southeast with propeller gashes.  In 2005, 
NMFS staff observed this same animal floating dead off Cumberland Island, the cause of death 
likely her healed propeller wounds splitting open as her girth expanded with advancing 
pregnancy.   
 
Vessel collisions with small cetaceans are not documented as frequently as with large whales.  
However, when a vessel collision occurs, it often results in mortality from blunt trauma or severe 
propeller wounds.  There are cases in which small cetaceans--notably bottlenose dolphins--
survive boat strikes but sustain injuries and disfigurement to dorsal fins and other body parts.  In 
Sarasota Bay, Wells and Scott (1997) documented four cases of vessel strikes on bottlenose 
dolphins in which all four animals survived the strike.   
 
One of the animals struck was a female less than 2 months old.  Her wounds consisted of a large 
gash on the left side of the dorsal fin with trailing yellowish necrotic tissue, which ultimately 
caused the dorsal fin to curl to the right.  She was seen swimming normally alongside her mother 
with the fresh wounds, but later died at age 4 from a lung infection.  It is unknown to what extent 
her early injuries from the vessel collision may have impacted her overall health.  Likewise, the 
effect on long-term survival in similar cases is unknown.  (Case studies: mortality of a striped 
dolphin (Stenella coeruleoalba) in Destin, FL; propeller wounds to dorsal fin from a bottlenose 
dolphin in the Indian River Lagoon, FL).  
  
Methods of determining serious injury  
Serious injury determinations in the SER are made based on the guidelines provided in Angliss 
and DeMaster (1998).  For small cetaceans interacting with the pelagic longline fishery, it was 
concluded that animals that ingested hooks, were released with significant amounts of trailing 
fishing gear, were swimming abnormally, or suffered some obvious severe external trauma 
should be considered seriously injured.  Animals that are hooked externally or are released and 
swim away normally are not considered seriously injured.  For large whales, the guidelines 
indicate that entanglement of young whales in a way that could cause trauma and mortality as the 
whale grows should be considered a serious injury.  However, no further distinction was made in 
assessing injuries of calves as compared to larger animals.  
  
Serious injury determinations for cetaceans interacting with the longline fishery are made on a 
case-by-case basis after reviewing the observations, comments, and photographs of fishery 
observers.  These determinations are made and reported annually in technical memoranda that 
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provide estimates of bycatch in the pelagic longline fishery of both marine mammals and sea 
turtles (Fairfield-Walsh and Garrison, 2006).  In general, the NEFSC makes serious injury 
determinations for large whales.  However, recently the SER made a cause-of-death 
determination for an entangled right whale calf in order to facilitate timely management action.  
This determination was based on necropsy findings, photographs, and other observations.   
 
Currently, there is no process in place for making serious injury determinations in the SER for 
small cetaceans that have been reported injured due to vessel collisions or interactions with 
commercial or recreational gear in fisheries other than the pelagic longline fishery. These injuries 
are generally not included in estimates of total human-caused serious injury and mortality in 
SARs.  
  
Key issues and questions  
Longline gear- Issues include:  

• The observer may or may not be able to see the nature of the injuries if the animal is 
released far from the boat or in poor visibility.  In addition, the report form that has been 
used did not prompt consistency in observer comments regarding the nature of the injury 
or the condition of the animal upon release.   

• Specific criteria indicating the amount of gear a cetacean would have to trail before it was 
considered a serious injury was discussed at the previous serious injury workshop, but 
consensus was not reached.    

• The fishery is now required to use circle hooks.  More information is needed to determine 
whether injuries caused by circle hooks are different than those caused by “J” hooks 
(specifically the degree to which hooks are ingested).  

• There has been a lack of consistency and detail in reporting by observers regarding the 
nature of the injury as well as the condition of the animal upon release (due to factors 
discussed above).  

• Fishermen may be more able (and motivated) to release animals with a minimum of harm 
if they receive proper training, but almost no effort in establishing such a program has 
been made.  

• Fishermen have also indicated that they would be more motivated to take on the risk of 
disentangling or dehooking an animal if the animal released without gear was then 
determined to be only injured (as opposed to seriously injured).  

  
Trap/pot- The ultimate fate of animals released alive from an entanglement is unknown.  
Questions include:  

• How can internal injuries that may have resulted from an entanglement be assessed?  
• Is the extent of entanglement injuries more serious depending on location of 

entanglement (e.g., head, pectoral fins, fluke)?  
• Do injuries incurred during such entanglements cause the animals to be more susceptible 

to other stressors?  
• Depending on the extent of the injuries, should entanglements in which dolphins are 

released alive be included in serious injury and mortality estimates under TRPs?  
  
Recreational gear- Questions include:  

• Must an injury be acute to be serious?  What about injuries that have latent impacts on an 
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animal’s ability to forage, defend itself against predators, or reproduce?  
• What is the fate of small cetaceans released with a hook/lure in their mouth or other body 

part? With an ingested hook?  Could a hook in the mouth lead to death?  
• If the hook/lure is shed naturally (e.g., corrodes, gets displaced, or tears out) are there 

potential longer-term implications of injuries where the hook/lure was lodged?  From 
repeated hookings? From shedding of gear?  

• Are calves more susceptible to serious injury than adults from these interactions?  
  
Ship strikes- Objective criteria are also needed for making serious injury determinations for 
vessel-struck small cetaceans, and a process for including serious injuries of vessel-struck small 
cetaceans in the estimates of human-caused takes needs to be developed.  Questions include:  

• Should guidelines differentiate what constitutes serious injury for smaller animals 
(including right whale calves) considering the size, behavior, and strength of the animal?   

• How should we account for potential longer-term implications and effects on 
survivability if an animal appears to be behaving normally following vessel strike?  

• Can we develop serious injury criteria for propeller lacerations?  
  
Serious injury determinations in Hawaii (Karin Forney, NMFS SWFSC, and Bud Antonelis, 
NMFS PIFSC). 
 
Nature of interactions  
Cetaceans:  The majority of interactions involve small cetaceans hooked in the mouth or with an 
ingested hook, presumably because they are taking catch or bait off longline gear.  Most of these 
animals are released when the line breaks or is cut, trailing variable amounts of gear ranging 
from about 1 meter of line to tens of meters of line and some floats or weights.  There were a few 
cases of animals hooked in the fluke or other body part; some of these died but others were 
released with trailing line.  Humpback and sperm whales were observed entangled in mainline 
and/or branchline, and all but one were released with some trailing gear (variable lengths of line, 
at times with floats and weights) wrapped around their bodies or flukes/pectoral fins.    
  
Hawaiian monk seals:  The majority of interactions involve monk seals becoming hooked, 
usually in the mouth, presumably because they are taking bait from the longline gear.  NMFS 
rarely receives reports of the actual hooking event, but later documents seals hauled out with 
hooks and some trailing line or gear.  Most hooked animals are captured by NMFS personnel 
who then remove the hook. In some instances, hooks fall out without intervention.  In one 
instance, a deeply-ingested hook and attendant gear were removed surgically.   Seals also 
become entangled in near-shore lay nets in the Main Hawaiian Islands (MHI).  Finally, seals 
become entangled in derelict fishing gear and other flotsam, primarily in the Northwestern 
Hawaiian Islands (NWHI).  NMFS field personnel remove the gear whenever possible.  Injuries 
and mortalities have been documented.  
  
Cause of Injuries   
Cetaceans- Pelagic longline: Includes shallow sets targeting swordfish and deep sets targeting 
tunas.  Cetacean species observed (reported as # killed/ # injured14) in this fishery during 1994-

                                                 
14 Includes all injuries, both serious and non-serious. 
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2004 were:  False killer whale (1/17), short- finned pilot whale (2/4), Risso's dolphin (0/7), 
bottlenose dolphin (1/2), short-beaked common dolphin (0/1), pan- tropical spotted dolphin (1/0), 
spinner dolphin (0/2), Blainville's beaked whale (1/0), humpback whale (0/3), sperm whale (0/2), 
unidentified cetaceans (0/14).  False killer whale takes in this fishery are of the greatest concern 
because they are a strategic stock (takes exceed PBR under the MMPA).    
  
Hawaiian monk seals:  
Near-shore recreational shore-casting:  Most interactions have occurred from a type of shore-
casting known as slide-rig fishing, which targets primarily carangids (ulua), and ‘whipping’, 
which targets scad (akule).  From 1994 through July 2007, 42 hooking incidents were reported in 
the MHI, one resulting in mortality. 
Near-shore lay net: This fishery involves setting underwater gill nets on near-shore reefs of the 
MHI for nonselective catch.  From 1994 through July, 2007, 6 entanglement incidents have been 
documented, with 3 mortalities.    
Debris entanglement:  Entangling debris comprises items of fishery and non-fishery origins, and 
occurs primarily in the NWHI.  During 1982-2006, 268 entanglements occurred, with 36 injuries 
and 8 mortalities.  
  
Methods of determining serious injury  
Based on the guidelines developed at the 1997 Serious Injury Workshop (Angliss and DeMaster, 
1998), cetaceans are considered seriously injured if one or both of the following applies:  1) they 
are hooked in the mouth/head or have ingested a hook; and/or 2) they are released with trailing 
gear that is likely to impair feeding or locomotion.  Serious injury determinations are made on a 
case-by-case basis using the observer's description of the interaction, the behavior and body size 
of the animal, the amount and types of gear attached when the animal was released, and where 
on the body the animal was hooked/entangled.  Monk seals are considered seriously injured if 
one or more of the following conditions apply:  1) they are hooked in the mouth deeper than the 
lip (i.e. inside the mandible, at base of tongue, or having swallowed the hook); 2) they are 
entangled in an actively fishing lay net; 3) they are entangled in debris which has cut through the 
skin of the animal; 4) they are entangled in debris and are subsequently disentangled, and the 
intervener(s) specifically state in a field report that the animal could not have escaped unaided;  
and/or 5) they are entangled in debris which is in turn caught on shallow substrate, effectively 
immobilizing the animal.    
  
Key issues and questions  
Cetaceans:  Hooked cetaceans are often very active, complicating an assessment of where and 
how the animals are hooked.  Many animals break the line and swim away with varying amounts 
of gear attached before they are close enough for the observer to see details.  Tuna sets (the 
majority) are hauled after dark, making it difficult for observers to identify species and observe 
details of the interaction events.  To increase the collection of data relevant to serious injury 
determinations, new forms are currently being tested that have check boxes allowing observers to 
quickly record information on location and type of hook or entangled gear, amount and types of 
gear left attached to the animal, and the animal’s behavior.  Questions include:  

• What is fate of small cetaceans released with a hook in their mouth (lip? jaw? skull?) or 
with an ingested hook?  

• Is there any evidence they shed the hook on their own?  Would a hook in the mouth 
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significantly impair feeding, cause infection, or lead to death?  
• At what point does trailing gear become a problem likely to cause death for small 

cetaceans (how much and what type of gear)?  
• How does the impact of trailing gear differ:  

o when an animal is hooked in the mouth, head, body, pectoral fin, fluke?   
o when an animal has line entangled around the head, body, pectoral fins, fluke?  

• What types of additional data would be useful to try to collect regarding the nature of the 
injury or the types and amounts of gear involved?   

• Can any behaviors appropriately be used to indicate that an animal has sustained a serious 
injury (e.g., swimming abnormally, 'squealing', active/lethargic)?    

  
Hawaiian monk seals: Seals are presumed to become hooked by taking bait rather than catch, but 
additional data need to be collected to confirm this sequence of events.  Moreover, interviews 
with fishermen who have inadvertently hooked and released seals can provide information on 
what types of bait may be more or less likely to be taken by seals.  A key issue is that the 
subpopulation of seals in the MHI is increasing, so fishery interactions are likely to increase.   
Some steps have been taken to mitigate the effects of hookings.  PIFSC personnel have been 
advocating the use of barbless hooks in the shorecasting fishery, a practice which would not 
diminish hookings, but would lead to a hooked animal more likely to lose the hook without 
human intervention.     
  
In determining serious injuries, the effect of human intervention has not been considered, and 
perhaps this warrants further discussion, at least on the management side.  If humans remove a 
deeply embedded (or ingested) hook, or release an animal from a lay net, and the animal 
survives, should the event still be considered a serious injury?    
 
Cetacean serious injury determinations off the U.S. Western Contiguous Coast (Karin Forney, 
NMFS SWFSC) 

 
Nature of interactions  
Most cetacean-fishery interactions on the U.S. West coast involve small cetaceans, and the 
interaction generally leads to the death of the animal.  Large whales, however, may swim away 
with gear attached.  Between 1999 and May 2007, at least ten humpback whales off the U.S. 
West Coast were observed entangled in fishing gear, including line from crab pots, traps, and 
nets.  In some cases, the animals were freed or subsequently stranded dead, but in most cases, the 
fate of the animal is unknown.  Ship strikes have also been implicated in the deaths of 
humpback, blue, and fin whales.  Additional whales have been observed with ship strike injuries 
(e.g., propeller gashes), but their fate is not generally known.  A few humpback whales have 
been observed with healed scars from apparent ship strikes.  
  
Cause of Injuries    
Pelagic drift gillnet fishery (~20 inch mesh):  Large whales are occasionally entangled and 
released with a portion of the net, or they may swim through the net and continue with or without 
gear attached.  Pingers (i.e., acoustical deterrent devices) may be attached.  
  
Traps/pots:  Humpback whales occasionally get entangled in traps/pots set for spot prawns or 
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crabs, and may swim away with lines, traps and/or floats attached.  They may also become 
anchored.  
  
Ship strikes:  Ship strike injuries and deaths have been documented for several cetacean species, 
including humpback, blue, and fin whales.  
  
Methods of determining serious injury  
Carretta et al. (2004) summarized the approach used to determine serious injury in marine 
mammals entangled in driftnet fishing gear:  
  
"Occasionally, entangled animals were released with injuries that made future survival doubtful. 
These cases of “serious injuries” were defined by reviewing observer notes and comparing the 
extent of the injuries with the serious injury guidelines used by NMFS (Angliss and DeMaster, 
1998). … Serious injuries may include--but are not limited to--the following: animals released 
with trailing gear that would impair the animal’s mobility or ability to feed, ingested hooks, 
visible blood flow, loss or damage to an appendage, listless appearance or inability to defend 
itself, inability to swim or dive upon release from fishing gear, signs of equilibrium imbalance, 
perforation of any part of the body by fishing gear, and animals that swim abnormally after 
release." 
  
Ship strike injuries are evaluated on a case-by-case basis, but serious injury determinations are 
not always possible.    
  
Key issues and questions  

• How much and what type of trailing gear is likely to cause the mortality of large whales?  
• How does the impact differ:  

o when an animal has gear entangled around the head, body, pectoral fins, fluke?  
o if the animal is entangled in bottom-anchored gear and struggles for a period of 

time?  
o by type of gear (monofilament line, multifilament line, netting, pots, floats 

attached, etc.)?  
• What types of entanglement injuries are whales known to have survived (or not)?    
• What types of ship strike injuries are whales known to have survived (or not)?    

 
Large whale and pinniped serious injury determinations in Alaska (Robyn Angliss, NMFS 
AFSC) 
 
Nature of interactions  
Injuries to several different marine mammal stocks in Alaska result from vessel strikes and 
incidental entanglement in a variety of fishing gear.  Most of the federally-regulated fisheries 
(groundfish trawl, longline, and pot fisheries) have some level of observer coverage.  There are 
occasional reports of marine mammal incidental mortalities reported for some of these fisheries, 
but very few reported injuries.  However, because most fisheries that may cause incidental injury 
or mortality of marine mammals in Alaska are not observed, information on the entanglements 
can be collected only through opportunistic accounts from commercial fishers, researchers, and 
the general public.   
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Due to the opportunistic nature of the reporting, many entanglement/injury reports are received 
in areas where there is substantial research effort, public boating, and public awareness of 
entanglements, such as in Southeast Alaska.  Far fewer reports of injury or entanglement are 
available in less populated areas, such as Bristol Bay. The extent of entanglement ranges from 
loose loops of line around the body and/or pectoral fins with no apparent wounds, to gear that 
has cut deeply into the flesh, to gear that is so tightly wound around the animal that the head and 
flukes were bound together.  In many cases, the entangling line cannot be identified to a fishery.  
A disentanglement program in Southeast Alaska aids some of the entangled humpback whales 
and thus reduces the total number of animals that would otherwise be considered injured.  A few 
injuries of bowhead whales and fin whales due to entanglement or ship strikes have been 
reported, but the frequency of these reports is under one animal per year.  
  
Cause of Injuries   
Traps/pots:  Large whales—primarily humpback and gray whales--are entangled in a variety of 
pot fisheries.  Types of pot fisheries include commercial crab pot, commercial shrimp pot, 
personal use pot, subsistence use pot, or unspecified.  In many cases, it is not possible to 
determine from the records what type of pot fishery was responsible for the entanglement.   
 
Salmon gillnet:  Ranks second in entanglement rates for humpback and gray whales.  
  
Salmon purse seine:  Infrequent entanglement of humpback and gray whales.  
  
Troll gear:  Steller sea lions have been reported with hooks and flashers in their mouths.  Reports 
are currently infrequent, but occurrence of this type of event is also known to be underreported.    
  
Ship strikes:  Collisions between humpback whales and pleasure craft in Southeast Alaska occur 
at a rate of ~1/year.  
  
Methods of determining serious injury  
Until 2004, the method to assess whether an injury should be considered “serious” involved one 
individual who reviewed a stranding report summary.  Entanglements or other injuries reported 
through the observer program or through stranding reports were considered serious if they were 
deemed to be likely to impede movement or feeding, per the serious injury guidelines (Angliss 
and DeMaster, 1998).  Entanglements that clearly bound an animal’s appendages sufficiently to 
prevent movement or that wrapped around an animals’ mouth were considered to be likely to 
impede movement or feeding.  Entanglement in or dragging of large quantities of gear were 
considered to be likely to impede movement, and were considered serious injuries.  If the report 
of the entanglement/injury was poor, a best guess was made; the assessment erred on the 
conservative side and designated an injury as “serious.”    
  
Due to concerns about how the serious injury designation was being made for humpback whales, 
the Alaska SRG (AKSRG) convened a subcommittee to review the raw data for each 
entanglement and make recommendations regarding whether each entanglement should be 
considered “serious,” “not serious,” or “cannot be determined (CBD)” (Wynne et al., 2003).  The 
2005 draft SAR included the majority opinion of the AKSRG for each humpback whale 
entanglement event.  In 2006, the AFSC and Alaska Region (AKR) reviewed the AKSRG’s 
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assessment of each entanglement event for consistency with the serious injury guidelines 
(Angliss and DeMaster, 1998), and with the exception of three records, accepted the AKSRG’s 
advice.  For the 2006 draft SARs, of the 38 injuries of humpback whales between 2001-05, 9 
(24%) were considered seriously injured, 18 (47%) were considered not seriously injured, and 
the information on the remaining interactions was insufficient to make a determination.  
  
Key issues and questions  

• It would be helpful to learn how some types of entanglements directly affect survival of 
an individual large whale in the short-term (days to weeks) and long-term (a year).  
Entanglement types include: single or multiple wraps of line, line through the mouth or 
restricted to other parts of the body, trailing small or large amounts of pot gear, and 
trailing small or large amounts of gillnet gear.   

• There are a variety of opinions as to whether a hook in a pinniped’s mouth should be 
considered a serious injury.  Whether this does, in fact, commonly cause mortality of the 
pinniped should be explored.    

• The Wynne et al. (2003) white paper documented a remarkable lack of consensus among 
several experts as to whether many different types of humpback whale entanglements or 
injuries should be considered serious or not serious.  It would be helpful to develop a set 
of guidelines or a process that can be used to reduce this variability.  

 
The AKSRG has suggested that “serious injury” be assessed in a probabilistic manner (e.g., 
stating that  there is a 50% chance the animal would die as a result of the injury) instead of 
simply using the terms “injured” or “seriously injured.”  
  

4.1 Evaluation 
 
The last two presentations in this section of the workshop provided a synthesis of all the regional 
approaches to distinguishing serious from non-serious injuries (described above), followed by a 
non-NMFS evaluation of the serious injury determination process in Alaska.  The purpose of the 
first presentation was to present similarities, differences, needs, and common operational 
constraints across regions, as well as to discuss inconsistencies in serious injury determinations 
nationwide.  The second presentation presented an exercise performed by the AKSRG in which 
AKSRG members were asked to review NMFS data on injury events and make a serious injury 
vs. death determination (as discussed by Angliss in section 4.0 above).  This presentation served 
to show participants a model or case study for assessing the serious injury determination 
processes. 
 
Synthesis of regional approaches to serious injury determinations (Tim Cole, NMFS NEFSC) 
  
Across the regions, the species groups involved in interactions with humans potentially leading 
to serious injury include: mysticetes (baleen whales), odontocetes (toothed cetaceans), otariids 
(eared seals/sea lions), phocids (true, or earless, seals), and sirenians (manatees and dugongs).  
 
Primary data sources for making determinations include: fisheries observer programs, stranding 
and disentanglement networks, and opportunistic reports from researchers and the public. 
Key causes of injury include: hooking (longline, troll, recreational), entanglement (trap/pot, 
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gillnet, monofilament, longline), entrapment (trawl, seine), and collisions (vessel hull, propeller).   
  
Key variables contributing to whether an injury should be considered serious include:  

• Animal age.  
• Animal health. 
• Animal behavior.  
• Injury type (e.g., puncture, laceration, blunt trauma, compression).  
• Injury location (e.g., mouth, head, body, flipper, tail, internal).  
• Injury size.  
• Injury duration (e.g., short, repeated or chronic).  
• Entanglement type (e.g., hooked, constricting line, loose line, anchored, entrapment). 
• Entanglement size (e.g., size, length and number of branches of line; number of buoys, 

traps or anchors; volume of netting).  
• Entanglement constriction (e.g., tight, loose, multiple wraps).  
• Entanglement duration.  

  
The task of making serious injury determinations consistent across regions is characterized by 
the following key issues and challenges:  

• The amount and quality of primary data varies. 
• Assessing internal injuries on free-swimming animals is a challenge. 
• Behavior has limited reliability as an indicator of serious injury.  
• Susceptibility of animals to other health threats or complications following injury.   
• Accounting for serious injury in stock assessments (whether to use procedures that are 

either absolute or probabilistic, e.g., 50% chance the animal would die as a result of the 
injury; anecdotal data for smaller species).  

• Estimating populations’ actual rate of serious injury from opportunistic data is difficult. 
 
Report from the Serious Injury Subcommittee of the Alaska Scientific Review Group (Kate 
Wynne, University of Alaska) 
 
In 2003, the AKSRG was asked by NMFS staff to review a table of humpback whale 
entanglements planned for inclusion in the 2005 Alaska SAR. The group was provided with a 
scoring grid, and for each event, the group was asked to determine those events that would result 
in “serious injury or death” and those that would not.  
 
No category was provided for outcomes that “cannot be determined” and the scoring grid did not 
provide a place to code “criteria used” in making the determination.  Members of the SRG 
submitted divergent responses, which raised issues for discussion at the November 2003 
meeting. AKSRG members raised concerns that, while dichotomous outcome determinations 
(will die vs. won’t die) are ideally suited for MMPA implementation, they were difficult to make 
based on the data provided (Wynne et al., 2003).  
 
AKSRG participants discussed several sources of uncertainty and interpretational discrepancies 
that led to differences among AKSRG responses. Given the management implications of this 
ambiguity, the AKSRG suggested that the definition and determination of lethal entanglement 
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should be a NMFS priority, warranting a joint discussion among the AKSRG and formal advice 
to NMFS.   
  
To address this issue, AKSRG formed a subcommittee to provide more detailed response to 
NMFS regarding serious injury determinations. The subcommittee included five experienced 
Alaskan marine mammalogists (Wynne et al., 2003), three of whom have received NMFS 
training in whale disentanglement assessment and response. The subcommittee agreed to 
reassess the outcome of humpback whale entanglement events reported in the SAR Table and to 
identify the criteria they used to determine which events likely represented lethal interactions. 
While completing this task, the subcommittee encountered inconsistencies in information 
provided in the SAR Table that could alter their outcome determinations.   
  
The scoring grid enabled the reporting of the level of agreement for coding the set of 
entanglement and collision events.   The group of mammalogists reached complete agreement on 
the anticipated outcome of entanglement or collision less than 18% of the cases presented 
(Wynne et al., 2003). Committee members’ comments indicated their difficulties making 
objective outcome determinations were due to insufficient information and/or sources of 
subjectivity. In more than 80% of cases, at least one member believed the information provided 
was inadequate to determine the likely outcome of the incident (Wynne et al., 2003). As a result 
of this exercise, three sources of subjectivity (original event descriptions by observers, 
distillation of original information into tables and reports, and at the reviewer level when 
determining the outcome) were identified by subcommittee members with suggestions for their 
minimization (Wynne et al., 2003). 
 

4.2 Breakout Group Discussion on Evaluation of Current Data and Systems for 
Distinguishing Serious from Non-Serious Injuries 

 
Following the presentations under session 4.0, participants discussed the issues in plenary then 
split into 3 breakout groups.  Each breakout group was comprised of an equal number of 
participants from each region and field of expertise, in order to prompt discussions that were 
national in scope and considered each marine mammal taxonomic group. Each group discussed 
the following questions: 

1) What has worked well with serious injury determinations? 
2) What has not worked well? 
3) How have constraints on data collection affected serious injury determinations? 

 
The most common comment from participants was that the process for distinguishing serious 
from non-serious injuries lacks consistency (between regions and individual serious injury 
determinations) and communication.  Participants pointed out inconsistencies between regions in 
making determinations (e.g., for different species, using a risk-averse vs. risk-prone approach, 
using inclusive vs. conservative criteria) and interpreting the data and serious injury guidance.  
Participants also pointed out the need for increased communication between data collectors, 
stranding networks, and the staff responsible for distinguishing between serious and non-serious 
injuries.   
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Additional participant comments and suggestions provided during plenary and breakout group 
discussions included needs for: 

• Movement from a qualitative approach for distinguishing between serious and non-
serious injuries to a quantitative approach.  Need to develop a mechanism to increase 
national consistency and standardization, which incorporates the flexibility to adapt to 
new information and applies to different species without subjectivity.  Components of 
such a mechanism include:  

o Standardized data collections and interpretation of data. 
o Relatively simple nationwide criteria for use in a decision tree approach to 

distinguishing serious from non-serious injuries (similar to the process currently 
in use by the NEFSC described in section 2.4). 

o Movement away from a dichotomous process for distinguishing serious from non-
serious injuries (i.e., injured animal is either “seriously” or “not seriously” 
injured).  Include a “CBD” option to ensure that injury events without clear 
outcomes (e.g., death) do not default to the “non-serious” category. 

o Incorporation of external expertise and review into the criteria and process for 
distinguishing serious from non-serious injuries (e.g., the AKSRG serious injury 
determination exercise, Wynne et al., 2003).  The responsibility for a serious 
injury determination should not rest on a single person, which leads to 
inconsistency in the determinations because of differing interpretations of the data 
or serious injury guidance.  

• Increased communication: 
o Between NMFS, stranding networks, and the public to raise awareness of how to 

report an injured or stranded animal, which will lead to better data collection and 
reporting.  Participants considered that current communication needs are greatest 
along the U.S. West coast. 

o Within NMFS between the observer program, stranding program, take reduction 
team (TRT) members, and staff responsible for distinguishing serious from non-
serious injuries, to better understand how data are used by each program and what 
data needs exist.  Increasing coordination can lead to more consistent reporting 
and interpretation of the data.  

• Continued training for observers and stranding network participants on the physiology of 
marine mammals and encouragement of efforts to obtain digital images of animals, when 
possible. 

• Development of incentives for fishermen to collect and enable data collection. 
• Identification and mining of the existing data to determine whether or not connections 

exist between necropsy findings and visual observations.  By determining the types and 
characteristics of injuries that have led to the deaths of marine mammals, it may be 
possible to distinguish between serious and non-serious injuries based on similar case 
studies, removing the need to resight all animals observed injured.  For example, if an 
animal is observed with a type of injury that is known to have caused death in other 
individuals of the same species, then it might be considered dead in the absence of a 
subsequent live-sighting.  The NEFSC has gone through this process qualitatively over 
the last 10 years. 

• Increased data collection on offshore species and populations, including at-sea necropsies 
and increased effort to tow ashore carcasses found at sea. 
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• Increased focus on ship strikes and the resulting injuries. 
• Development of databases and websites with real-time data, similar to the ship strike, 

stranding, and disentanglement databases. 
• Increased research through longitudinal studies of marine mammal populations.  

Documenting and tracking the fates of injured animals has provided significant 
information. 

• Investigate novel tools for monitoring injuries and mortalities in unobserved fisheries.  
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5.0 New Information on the Survival of Injured Marine Mammals 
 
This section of the workshop included presentations on new information on the survival of 
injured marine mammals.  The presentations were designed to present information gathered since 
the 1997 workshop from longitudinal studies of various cetacean populations (showing the 
fate/survival of injured individuals) and scar-based analyses (as a way to document the impacts 
of injuries as they heal).  The presentations were split by taxonomic group (large cetaceans, 
small cetaceans, and manatees), each followed by a facilitated plenary discussion.  The large 
cetacean presentations discussed information on injuries observed in humpback, right, blue, and 
gray whales; the small cetacean and manatee presentations discussed information on injuries 
observed in common dolphins, bottlenose dolphins, spinner dolphins, Risso’s dolphins, harbor 
porpoise, pilot whales, false killer whales, and manatees.  The presentations informed the plenary 
discussions and subsequent Day 3 breakout group sessions, which considered if and how the 
information presented could be incorporated into the system for distinguishing serious from non-
serious injuries.  A review of the facilitated plenary discussions from the large cetaceans, and 
small cetaceans and manatees sections is combined in section 5.3  review of the discussion for 
pinnipeds is included in the pathobiology presentations and discussions in section 6.1.    

 
5.1 Large Cetaceans 

 
Serious injury determinations for right whales:  What’s missing? (Richard Pace, NMFS 
NEFSC, with contributions from A. Knowlton, New England Aquarium, Boston, MA) 
 
The linkage between serious injury determinations and the stock assessment process is guided by 
the Guidelines for Assessing Marine Mammal Stocks (GAMMS; Wade and Angliss, 1997).  
Stock assessments require an accounting of human-caused mortality incurred by any marine 
mammal stock in order to assess the stock’s status.  Unlike most small cetacean and pinniped 
stocks for which fishing-related mortality is estimated from a potentially unbiased sampling 
process, large whale human-caused mortality assessments are direct counts of dead whales that 
are almost surely biased strongly downward due to low recovery rates of carcasses and fate 
determination rates of discovered carcasses (Number dying >15 Number detected > Number of 
necropsies > Number causes determined).  Historically, assigning mortality causes to large whale 
deaths required significant (nearly irrefutable) pathological evidence.  Similarly, the criteria for 
labeling an observed injury of a large whale as serious (sensu MMPA) required there to be little 
doubt among experts that said injury would result in mortality.  
 
Serious injury evaluations produce one of three outcomes: 1) no error when the determination 
matches the outcome, 2) an error of commission when an injury is declared serious but does not 
result in mortality, or 3) an error of omission when a fatal injury is not labeled as serious (which 
also occurs in the case of insufficient information).  The longitudinal resighting data of 
individually recognized North Atlantic right whales were compared to the record of serious 
injury determinations for 1991-2004.  During that period, 12 catalogued individual right whales 
had serious injuries.  All but 2 of these individual whales had significant sighting histories prior 
to their injuries and were documented as seen more than 1 year post injury.  One whale had a 
relatively sparse sighting history, but has not been seen during the 10 years post injury.  The 
                                                 
15 The symbol “>” means “more than.” 
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remaining whale was seen 2 years post injury during which sightings noted declines in apparent 
health status, and it has not been seen since.  Additionally, 5 right whales sustained injuries that 
met the NEFSC criteria for serious injury but died and were thus reported as mortalities in the 
SAR.  Therefore, NEFSC made no obvious errors of commission in right whale serious injury 
determinations reported for 1991-2004. 
 
A set of serious injury determinations were also examined from an “alternative knowledgebase” 
that resulted from well-defined criteria applied to entanglement related injuries to right whales. 
The alternative knowledgebase declared 48 injuries as serious including 11 declared by NEFSC, 
5 that would have been declared by NEFSC had they not been ultimately reported as deaths, and 
5 others for which their sightings histories end soon after their injuries were reported.  Thus, 
NEFSC made a minimum of 5 errors of omission (rate= 5/21 x 100 = 24%).  Further, the 
alternative knowledgebase had a moderately high commission to correct serious injury 
declaration ratio (27:21 or 1.3 errors of commission per correct serious injury declaration). 
 
Any refinement of the process to determine serious injury will continue to miss the assessment 
gap in counting human caused mortality of right whales.  The addition of the 5 apparent 
omissions over a 14 year periods amounts to <0.4/yr additional fishing related deaths.  This 
hardly adjusts for the estimated/reasoned difference of 4 human caused mortalities per year not 
accounted for in recent SARs.  A suggested conclusion is that staff developing serious injury 
criteria for large whales need not fear that errors of commission will result in inflated human 
caused mortality assessments. 
 
Scar-based inference into entanglement and serious injury for humpback whales (Jooke 
Robbins, Provincetown Center for Coastal Studies) 
  
Entanglement in fishing gear is a documented source of injury and mortality to humpback whales 
and other cetaceans.  Although any body part can be involved, at least 53% of humpback whale 
entanglements involve the flukes and caudal peduncle (Johnson et al., 2005).  Even short-term, 
mitigated events produce scars at this location that persist from one year to the next (Robbins and 
Mattila, 2001).  These injuries generally take the form of wrapping linear scars and abrasions, 
notches and other penetrating injuries, and occasionally substantial deformation.   
 
Since 1997, systematic photographic sampling and scar analysis have been used to study 
entanglement scarring on free-ranging Gulf of Maine humpback whales (Robbins and Mattila, 
2001, 2004). More recently, the same techniques have been applied to humpback whales in other 
U.S. areas, including Hawaii (Robbins and Mattila, 2004; Robbins et al., 2007b), Southeast 
Alaska (Neilson, 2006; Robbins et al., 2007b), and areas of the U.S. West Coast (Robbins et al., 
2007b). Entanglement-related scarring has been detected in all of the areas in which research has 
been conducted to date.  For example, more than half of the Gulf of Maine population has 
experienced at least one entanglement, and annual acquisition rates range from 8% to 25%.  Yet, 
even where public awareness is high and a formal reporting network exists, fewer than 10% of 
new entanglement injuries correspond to successfully reported and adequately documented 
events.  
 
Serious injury determinations presently depend on evidence that an event has occurred and that it 
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is likely to lead to death.  Scar analysis indicates that the vast majority of entanglement events of 
humpback whales are not witnessed. 
 
Nearly all of the types of physical injuries observed in documented entanglements have also been 
observed among free-ranging (surviving) humpback whales.  However, animals that die from 
entanglement do not necessarily have injuries as severe as those observed on free-ranging 
animals. Thus, external (i.e., externally visible) injuries alone may not be predictive of whether 
or not an entanglement will result in a serious injury.  The mouth is involved in at least 43% of 
humpback whale entanglements, including cases known to have led to death (Johnson et al., 
2005).  However, significant injuries at the head, such as those observed among North Atlantic 
right whales, are not common among free-ranging Gulf of Maine humpback whales.  
 
Scar research has also provided insight into the fate of injuries over time.  It is not uncommon for 
entanglement injuries of humpback whales to persist in a “raw” state from one year to the next, 
depending on the size of the original injury.  In more rare cases, entanglement injuries appear not 
to ever heal.  However, humpback whales also appear to tolerate persistent raw wounds from 
other sources, such as jaw scuffing acquired during bottom feeding.  Therefore, it is unclear what 
the impact these persistent wounds might have on the health of the animal.  

 
Occurrence of injuries on humpback, blue, and gray whales along the U.S. West coast and  
in the Structure of Populations, Levels of Abundance, and Status of Humpbacks (SPLASH) 
Project (John Calambokidis, Erin Falcone, Lisa Schlender, and Jessie Huggins, Cascadia 
Research)  
 
Along the U.S. West coast, long-term studies of three species, blue, humpback, and seasonal 
resident gray whales, have provided information on the fate of seriously injured animals. Blue 
and humpback whales have been individually identified annually since 1986, and the catalog for 
each species numbers just under 2,000 individuals. For both species, the majority of the group 
using this region has been identified. For gray whales, photographic identification from northern 
California to British Columbia has tracked a group about 250 regularly-returning seasonal 
residents as well as stragglers from the larger overall gray whale population. In each of these 
populations, animals with severe injuries have been documented. Although the exact causes of 
these injuries are not always clear, some appear to be ship strikes, propeller scars, and 
entanglement. While it is difficult to measure survival rates for these injured animals, it is clear 
that many with fairly severe injuries are surviving and continuing to be observed over the course 
of multiple years. While some individuals have been directly observed entangled, in most cases 
identification photographs allowing long-term tracking of survival of these individuals have not 
been available.  
 
One special case that occurred in 2007 was a mother and calf, both severely injured from a 
possible collision, swimming far up the Sacramento River to the Port of Sacramento and 
becoming the focus of a major rescue effort. While the ultimate fate of these two animals after 
they left San Francisco Bay is not known, it did provide an opportunity to closely examine short-
term changes in their injuries and their reaction to a prolonged period in fresh water.  
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SPLASH represents an extensive collaborative effort (more than 50 research groups) to examine 
the abundance, trends, and structure of the entire North Pacific population of humpback whales, 
including occurrence of injuries. A key strength of this dataset is the comparison if affords of 
different locations. The dataset contains data collected in a consistent manner for all known 
feeding and wintering areas for humpback whales in the North Pacific.  Entanglement rates have 
been computed and will be summarized separately. Both entanglement and other types of 
injuries, including killer whale rake marks, are shown to vary by geographic region. The dataset 
identifies specific regions where certain types of injuries are more likely to occur. 

 
A description of severe injuries on humpback whales in southeastern Alaska (Jan Straley, 
University of Alaska)  
  
Humpback whales in southeastern Alaska have been studied since the late 1960s.  These 
longitudinal studies have provided useful information on life history parameters, including 
reproduction and survival.  Another useful outcome of these long term sighting histories of 
individual whales is health assessment, although this was not a consideration when these studies 
began. As such, determining when specific injuries are received remains difficult.  Using 
photography, initially 35mm slides and black and white film and now digital, 35 humpback 
whales have been documented with an injury, 18 classified as severe.  A severe injury was 
defined as penetrating the blubber layer.  The source of these injuries was not determined for 
certain; however, over half (10) of the injuries were most likely caused by a collision with a 
motorized vessel propeller (two were seen with fresh injuries).  Three whales have injuries 
caused by probable entanglements with a line wrapped around the body. One whale has had an 
unhealed injury at the base of the tailstock for at least 20 years, possibly resulting from a line 
entanglement.  The source of four injuries is unknown; two of these, which involved injuries to 
the flukes or tailstock, have not healed.  All but two of the 18 whales seen with injuries have 
been sighted in two or more years. Six whales are known females, two are males, and 10 are of 
unknown sex.  Of the six females, five have been seen with calves after the first sighting with the 
injury.  It is apparent that humpback whales can sustain severe injuries, survive, and continue to 
reproduce. However, some whales with no visible outside injury do not survive, as evidenced by 
a humpback whale found dying with an inflated tongue and no obvious external severe injuries 
during the summer of 2007.   The draft necropsy report concluded the probable cause of death 
was trauma, but this is not definitive.  It is suspected that there was a blow to the chest/neck that 
caused a rupture of part of the respiratory tract with air exhaled into the tissues of the tongue, 
causing it to inflate. 
 
Survival and fecundity rates of entangled humpback whales (Jooke Robbins, Provincetown 
Center for Coastal Studies) 
 
Case studies show that individual humpback whales can survive severe injuries and that females 
with such injuries can go on to reproduce.  However, the likelihood that a given type or level of 
injury will have a positive outcome is harder to determine.  Humpback whales without outwardly 
severe injuries can die after exposure to human activities, and mitigation efforts like 
disentanglement do not ensure animal survival. 
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In the Gulf of Maine, a well-established reporting network exists to detect and respond to 
entangled humpbacks.  There has also been annually intensive photo-identification research on 
the free-ranging population since the 1970s.  Provided that an entangled individual is sufficiently 
documented, there is a possibility of resighting the animal should it survive.  In such cases, 
mark-recapture statistical analyses can provide a framework for comparing apparent survival 
among individuals.  They can also provide a means of estimating and comparing other vital rates, 
such as reproductive rates.  This talk described an on-going study using multi-state statistical 
models to model the survival and fecundity of entangled Gulf of Maine humpback whales 
(Robbins, in prep.).  
 
In this study, apparent survival is being estimated for 865 Gulf of Maine humpback whales seen 
at least once between 1997 and 2006.  Individuals are classified as either juveniles or adults and 
can occupy one of three entanglement states in a given year: 1) never reported entangled, 2) 
entangled in that year or 3) entangled in any previous year.  When an individual was entangled in 
a given year and also had a previous history, priority is being given to the current case.  This 
model structure allows juveniles to be assessed separately from adults and for immediate 
survival impacts to be differentiated from chronic effects.  Other factors considered include the 
initial assessment of the disentanglement team, the disentanglement action (if any) and the final 
“serious injury” determination.    
 
In a second, on-going multi-state statistical analysis, annual calving probabilities are being 
estimated for 203 mature Gulf of Maine females, including those reported to have been 
entangled.  Each year that a mature female was documented, she can be placed into one of four 
states depending on her calving status (accompanied by a calf or not) and her documented 
entanglement history.  This model structure allows the annual calving probabilities to be 
compared among females with and without an entanglement history.   
 
Multi-state statistical models are data intensive, but can provide unique insight into the effects of 
discrete events in the lifetime of an animal.  Mark-recapture statistical approaches like these 
should be preferred in studies of survival and fecundity in species in which individuals are free-
ranging and can be uniquely identified. Preliminary results of these analyses and potential 
sources of bias were presented.  
 

5.2 Small Cetaceans and Manatees 
 
Evidence of fishery interactions in small cetaceans in the mid-Atlantic (Aleta Hohn, NMFS 
SEFSC) 
   
In North Carolina, records of stranded marine mammals with signs of interactions with fisheries 
date to 1992, when a database of strandings was established.  Since 1997, strandings have been 
routinely and systematically examined for signs of interactions with fisheries.  Since 1992, there 
have been six species of small cetaceans identified with signs of fishery interactions (common 
dolphin [Delphinus delphis], short-finned pilot whale [Globicephala macrorhynchus], Risso’s 
dolphin [Grampus griseus], harbor porpoise [Phocoena phocoena], striped dolphin [Stenella 
coeruleoalba], and bottlenose dolphin [Tursiops truncatus]), comprising 237 animals.  Of these, 
88% were bottlenose dolphins. Most of the identified marks were fresh rather than healed.  Both 
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harbor porpoises (n=1) and bottlenose dolphins (n=35) have been found with gear still attached.  
Marks found on carcasses are primarily from monofilament line, including recreational line and 
monofilament gillnet.  Other gear types include braided line from unidentified sources, crab pot 
line, and trawl lines.  Along other mid-Atlantic states, the primary gear types associated with 
strandings are gillnets and crab pot lines.  
  
Four species of whale (minke [Balaenoptera acutorostrata], Bryde’s [Balaenoptera edeni], 
North Atlantic right [Eubalaena glacialis], and humpback [Megaptera novaeangliae]) have been 
identified with marks or gear from fishery interactions.  The majority (13 of 17 events) have 
been humpback whales.   
  
In January 2005, there was a mass stranding on 33 short-finned pilot whales north of Cape 
Hatteras, NC.  Of those, 27 were examined for signs of human interaction.  Nine had well-healed 
scars (8 deep, 1 superficial) indicative of possible interactions with longline gear, including five 
of the 21 (23.8%) females and four of six (66.7%) males.  All of the females with scars were 
adults (16 of the 21 female were adults) while males of all age classes had scars (1 adult, 2 
juveniles, 1 calf with scars, and one calf and one juvenile without).  With one exception, the 
scars were limited to areas around the mouth, including broken teeth for three animals.  The 
exception was a large female with healed scars around the leading and trailing edges of the 
dorsal fin.  It is possible there were other healed scars post-cranially; however, conditions during 
the stranding response prevented full evaluation of the animals for fishery interactions.  
  
The mass stranding of pilot whales in January 2005 was the first in North Carolina in 10 years; 
three prior mass strandings occurred in 1994-1995, albeit comprising only 2-3 animals during 
each event.  Thus, there is no comparative record for evaluating possible longline entanglements.  
None of the individually stranded pilot whales were noted to have healed scars; therefore, it is 
reasonable to suggest that they were not examined for scars.  However, including individual 
strandings, there has been a seasonal component to the strandings, with pilot whale strandings 
occurring in January – March. This finding is consistent with when the highest levels of take in 
the Atlantic pelagic longline fishery off of North Carolina have occurred.    
  
Healed line marks are rare.  A bottlenose dolphin and a striped dolphin were identified with 
deep, healed scars around the mouth, including broken teeth.  A Risso’s dolphin showed a healed 
lesion on the right side of dorsal fin, cut through 1.5 cm deep at the deepest point and thought to 
have been caused by trailing gear. This case also showed a partially healed 1-2 mm (0.4-0.8 in) 
lesion at the insertion of its flukes.   
  
The paucity of healed scars due to monofilament from gillnets suggests low survival of animals 
entangled in that gear, while the 2005 mass stranding of pilot whales indicates that some 
interactions in, presumably, longline gear can be survived.  The current sample size is too low 
and earlier observations are not sufficiently detailed to draw conclusions about rates.  
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Consequences of injuries on survival and reproduction of bottlenose dolphins in Sarasota Bay, 
Florida (Randy Wells, Chicago Zoological Society/Mote Marine Laboratory; Wells et al., In 
Press, Marine Mammal Science) 
 
Research initiated in 1970 and continuing today on bottlenose dolphins along the central west 
coast of Florida has led to the development of several long-term datasets of relevance to 
examining the effects of serious injuries.  Data have come from photographic identification 
studies, capture-release operations, and from Mote Marine Laboratory’s Stranding Investigations 
Program.  The sighting database compiled since 1975 includes 32,347 dolphin group sightings, 
with 91,059 identifications of distinctive individual dolphins, derived from a photographic 
identification catalog of 3,958 individually-identifiable dolphins.  
 
The capture-release database, compiled since 1984, includes veterinary examination records and 
health data in 676 sets of measurements from 214 individuals (some sampled up to 14 times).  
Exams include examination of the oral cavity, and in some cases stomach tubing.  The stranding 
program, operating since 1985, responds in three counties including and extending beyond the 
Sarasota Bay dolphin range. 
 
To date, basic information and data have been obtained from 413 bottlenose dolphins, with 319 
necropsies.  Sixty-seven of the examined dolphins have sighting histories in our database.  Data 
from these sources have been used to investigate the effects of gear ingestion, entanglement, 
vessel strikes, and amputations from unknown causes.  Details of specific cases were presented.  
  
Gear Ingestion:  Records include 12 cases in which gear or severe scarring from gear were 
related to ingestion.   One dolphin is still alive, with extensive healed scarring at the angle of the 
gape; she has produced multiple calves subsequent to the injury.  Seven apparently died directly 
from gear: 4 with embedded hooks in the mouth, throat, or goosebeak, and 3 with line wrapped 
around the goosebeak (perhaps from regurgitation).  In 2 cases, gear was considered to have 
contributed to mortality, but shark attack or a stingray barb were identified as the primary causes 
of death.  In 4 cases, non-embedded small hooks were found in the stomach, but these were not 
identified as the cause of death. Embedded gear has only been found in carcasses, never during 
more than 600 health assessment examinations of live animals, suggesting that embedded hooks 
are frequently fatal. In cases when embedded hooks were implicated as cause of death, the 
animals had lost 22-36% of their body weight, suggesting that mortality was delayed following 
hooking.    
  
Gear Entanglement:  Of 49 cases of entanglement in gear by well-known dolphins, most were 
based on scars, but 12 dolphins were observed with gear, including 8 in monofilament, 3 in crab 
trap float lines, and one in a bathing suit.  Two of these died from entanglement, one died as a 
probable complication of entanglement, 7 others might have died without intervention, and two 
shed the gear on their own and survived.  Most injuries involved lines cutting through 
appendages, a process that occurred over periods of weeks to months.  Nine of 10 adult females 
observed with entanglement wounds or scars subsequently produced calves.  
  
Vessel Strikes:  Ten cases of apparent vessel strikes have been recorded, involving mothers with 
calves, dependent calves, independent juveniles, and a compromised adult.  Only two of these 



 

 
 

36 
 

have resulted in death, and one of these involved an already-compromised juvenile.  Propeller 
cuts on the backs or dorsal fins have been observed to heal in most cases, although permanent 
disfigurement is common.  The surviving mother has produced and successfully reared 3 calves 
since the injury.  
  
Amputations of Unknown Origin:  Cases involving major disfigurement or loss of significant 
dorsal fin (n=34) or fluke (n=3) tissue were monitored over time.  On average, individuals 
survived a minimum of 8 years with these wounds.  All identified females with these injuries 
(n=8) produced calves.  
 
Limited information on interaction outcomes for Pacific false killer whales (Karin Forney, 
NMFS SWFSC) 
 
False killer whales are the most frequently caught cetacean in the Hawaii-based tuna longline 
fishery, and the Hawaii Pelagic stock is considered strategic under the MMPA.  Observer data 
suggest that false killer whales primarily become hooked while depredating tuna and other catch 
from the gear.  Most of the false killer whales that have been observed caught by on-board 
observers were released alive with hooks in their mouth, esophagus, or ingested, and with 
varying amounts of gear still attached.  In some cases, false killer whales broke free before the 
on-board observer could ascertain the nature of the hooking/entanglement, because the line 
parted or was cut by vessel crew.  The fate of false killer whales injured by longline fishing gear 
is unknown, but animals hooked in the mouth/head or having ingested gear are considered 
seriously injured based on previous serious injury determination guidelines (Angliss and 
DeMaster, 1998).    
 
The presentation summarized limited photographic evidence of potential outcomes of 
interactions between false killer whales and fishing gear.  It is difficult to put these observations 
into a broader context because of their opportunistic and circumstantial nature, but the 
information nonetheless may be useful to increase our understanding of injury outcomes.     
 
In a study conducted by Baird, R. W. and A. M. Gorgone (2005), the authors review rates of 
major dorsal fin disfigurements from photo-identification studies of false killer whales around 
the main Hawaiian Islands.  Three of 80 distinctive individuals (3.75%) were photographically 
documented to have major dorsal fin disfigurements that appear to be to be most consistent with 
fishing line injuries.  This rate of severe dorsal fin disfigurement is higher than in any other 
odontocete population for which published data are available worldwide.  Two of the three false 
killer whales with disfigured dorsal fins were seen with calves, suggesting they were adult 
females and reproductively active despite their injuries.   
       
The 2005 Pacific Islands Cetacean and Ecosystem Assessment Survey (PICEAS), conducted by 
SWFSC/NOAA, was designed to obtain abundance estimates of false killer whales and other 
cetaceans in an area between Hawaii, Johnston Atoll, and Palmyra Atoll.  This is the region 
where the majority of takes of false killer whales in the Hawaii-based longline fishery have been 
documented. The survey included visual search effort and acoustic monitoring using a towed 
hydrophone array.  Fourteen groups of false killer whales were sighted and approached by the 
vessel (8 were detected visually, 6 were detected acoustically and later confirmed visually).  In 
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one of these groups, a severely emaciated individual was photographed.  The animal may have 
had line around the head, but it was too distant to determine unequivocally whether gear was 
present.  It is possible that this observation represented an animal injured by fishing gear and no 
longer able to feed itself. 
 
Serious injury to Florida manatees16 (Alexander Costidis, University of Florida, Florida Fish & 
Wildlife Conservation Commission)  
   
Florida manatees (Trichechus manatus latirostris) are a subtropical subspecies of the West 
Indian manatee (Trichechus manatus).  The Florida manatee ranges from the coastal and inshore 
waters of Florida in the winter months, to the southeastern United States in summer months.  The 
coastal range of the manatee population has led to an inevitable interaction with human activities 
such as fishing and boating.  In Florida, approximately 24% of annual Florida manatee mortality 
is due to collisions with watercraft (Lightsey et al., 2006).   
 
While propeller lacerations (sharp-force trauma) are quite often cited as the cause of death of 
manatees struck by boats, impact injuries (blunt-force trauma) account for more deaths than do 
propeller injuries.  There is a wide range of watercraft injuries sustained by manatees, some of 
which can be explained by some relatively unique behavioral, anatomical, and morphological 
features.  Watercraft injuries can be separated into three categories based on the physical 
characteristics of the injury and the inciting structure.  Impact injuries are most common, 
accounting for 58% of all watercraft-related mortality and can be caused by blunt objects such as 
keels, hulls, and gear casings, or sharper objects such as propellers, rudders, and skegs (Lightsey 
et al., 2006; Rommel et al., 2007).  Sequalae of impact injuries typically involve subdermal 
contusions, muscle/tissue shredding, bone fractures, vertebral separations, and inertial organ 
tears.  The second most common type of injury accounts for 32% of all watercraft-related 
mortality and involves open propeller lacerations that expose muscle and bone, or open the 
pleural and/or abdominal cavities to the environment (Lightsey et al., 2006).   
 
Common findings from such injuries include lacerated organs and bones, exsanguinations, 
severed vertebral columns, and partial or complete body transection.  Finally, approximately 
10% of watercraft related mortality is caused by a combination of blunt- and sharp-force trauma 
which can present with any number of the afore-mentioned sequalae of each respective category 
(Lightsey et al., 2006).  Empirical and anecdotal evidence suggests that certain anatomical and 
physiological traits possessed by manatees allow them to survive injuries that would be 
considered fatal to most other mammals.  As such, throughout their lives most manatees obtain 
numerous sublethal injuries that lead to substantial exostoses and bone remodeling as well as 
other chronic conditions such as pyothorax and abscessation.  
 
Over 90% of adult Florida manatees have evidence of at least one sublethal interaction with a 

                                                 
16 Management responsibility for manatees is the jurisdiction of the FWS.  The Steering Committee included a 
presentation on manatees at the workshop because the FWS and its partners have a large amount of resight data of 
individual manatees (injured and otherwise), and the Steering Committee considered that these resight data might 
serve as a reasonable model for other marine mammal species.  However, in his presentation, Costidis noted 
peculiarities about manatee anatomy and physiology that would prevent the use of manatees as a model for 
pinnipeds and cetaceans. 
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watercraft (pers. comm. S. Rommel, University of Florida).  To date, little is known about the 
types and sizes of watercraft that injure manatees, or the activity (recreational vs. commercial) 
the vessels were conducting at the time of collision (Rommel et al., 2007).  Finally, two other 
causes of death seen in Florida manatees involve other human activities and include such things 
as entanglement and floodgate or water control structure deaths.  Entanglements seen in 
manatees usually involve either monofilament or crab pot rope around one or both pectoral 
flippers; however, occasional entanglements with anchor or mooring lines do occur.  The most 
common sequalae of entanglement are either complete or partial amputation of one or both 
pectoral flippers, with the manatee usually surviving the injury long after amputation.  Some 
exceptions have occurred where an infectious or septic event was established. However, in most 
cases the flippers appear to necrotize gradually due to ischemic necrosis, thereby allowing the 
manatee to slowly isolate the flipper and any infections occurring within it. 
 
A small number of manatees have been found with rope entanglements around the pectoral 
flippers and cranial thoracic region.  These cases are relatively rare.  A small percentage of 
manatees in Florida are also killed by crushing and/or drowning in floodgates and canal locks 
found in intercoastal bodies of water such as channels and canals.  These types of injuries have 
only been documented when resulting in fatal interactions and therefore nothing is known about 
whether sublethal interactions of this type occur.  Water control structure-related deaths 
frequently involve rectangular or symmetrically shaped, often-bilateral impressions on the 
dermis and epidermis, with substantial subdermal contusions, internal hemorrhage, muscle and 
organ shredding, and occasionally evidence of wet drowning (water entering the lungs).  

 
5.3 Plenary Discussion  

 
Following the presentations on reviewing new information on survival of injured marine 
mammals, participants discussed the following question in plenary: “What elements from these 
analyses could be incorporated into a new (national) system for distinguishing between serious 
and non-serious injuries?”   
 
Participants identified the following elements to consider in distinguishing serious from non-
serious injury: 

• A system for distinguishing serious from non-serious injuries must allow for 
parsimonious decisions in the absence of data. 

• NMFS must determine how far into the future to look to predict the survival of an injured 
animal before it is considered a serious injury (i.e., an animal dies one week/one 
month/one year/10 years as the result of an injury, the injury is considered “serious”).  
This will have implications for management measures, such as TRPs. 

• Need to develop a mechanism for distinguishing serious from non-serious injuries that 
balances errors of omission (not assigning a serious injury when an injury was actually 
serious) and errors of commission (falsely calling an injury serious when it was actually 
not serious). 

• Cumulative impacts are an important consideration when distinguishing serious from 
non-serious injuries (e.g., how one type of injury may predispose an animal to another 
type or more severe injury). 
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• Depth of an injury (i.e., penetrating injury into the blubber layer vs. into the muscle or 
body cavity) is a key determinant of whether an injury should be considered serious. 

• Key factors affecting the severity of an injury in small cetaceans include: location of the 
hook in the body of an animal, existence of any gear trailing from the mouth, and depth 
of penetrating injuries. 

• Need to provide incentives to fishermen to remove gear and hooks from caught marine 
mammals, when possible. 

• The existing guidance, which suggests that an animal is not seriously injured when it 
swims away strongly after a capture-release scenario, may not be supported by more 
recent evidence regarding capture myopathy and other hidden injuries.  Therefore, this 
guideline should be revised. 

• The presentations demonstrate that terminology (e.g., laceration, sharp trauma, incision) 
should be more specific or precise when describing injuries. 

 
Participants identified the following research needs:  

• Continue work on mark-recapture (longitudinal) studies, especially for large whale and 
offshore species.  While a statistically valid sample size does exist for determining 
probabilities of survival for most large whale species, opportunistic resighting data leads 
to a bias because resighting data considers only survivors.  

• Determine the ability of different fishing hooks (based on strength, size, and shape) to 
retain catch while allowing marine mammals to escape, taking into consideration large 
animals are more able to straighten hooks than smaller animals. 
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6.0 Pathobiology of Injuries 
 
This section of the workshop included presentations on the pathobiology of injuries.  The 
presentations were designed to describe how pathobiology may be used to determine whether an 
injury caused or contributed to the death of an animal, information which could serve to help 
predict the lethality of injuries incurred by marine mammals.  The presentations discussed 
peracute (instantaneous death), acute (death within a short period), and chronic (death over time 
or significant debilitation that affects feeding, mobility, or reproduction) injuries, including 
hidden injuries and the potential effects of capture myopathy.  The presentations informed the 
plenary discussions and subsequent Day 3 breakout group sessions, which considered if and how 
the information presented could be used by staff evaluating injury events to help distinguish 
between serious and non-serious injuries. 
 
Predicting lethality from vessel and gear trauma in North Atlantic right whales (Michael 
Moore, Woods Hole Oceanographic Institute) 
 
Human-induced traumas in North Atlantic right whales (Eubalaena glacialis) fall in to three 
categories (Campbell-Malone et al. In press; Moore et al., 2004): sharp propeller incisions, blunt 
vessel impacts, and constrictive laceration by fishing gear. Accurate prognoses from field 
observations of live but impacted animals are essential for triage of entanglements and accurate 
prognostication of the likelihood of a particular case being fatal. These forecasts are an essential 
part of governmental regulatory process. Data were synthesized from management records of 
persistent entanglement cases, photo-identification of live sightings of entangled or vessel struck 
whales, and from necropsy reports. Vessel interactions tend to be peracute to acute whereas 
entanglement in animals that are unable to immediately shed the gear is typically very chronic 
with fatal cases having an average duration of 5 months, and persistent non-lethal cases up to 
many years (Moore et al., 2006). 

  
Out of 77 mortalities recorded since 1970, a necropsy was performed on 45 cases (Campbell-
Malone, 2007; Moore et al., 2004): vessel collision has been the cause of death in 24 of them. Of 
the ship-strike related mortalities, the cause of death in 56% (15) of the cases was acute sharp 
trauma alone, while 20% (9) were attributed to blunt trauma. Other cases were more complex. 
 
A scoring matrix was established to characterize and evaluate propeller wounds: a sum of the 
product of cut depth (0 to 4) and number of cuts for each of head, upper and lower back, 
peduncle and fluke. Results were (mean +/- SD (N): Alive 7.4+/- 4.5 (24) and Dead 16.0 +/- 15.2 
(15).  Cuts in the upper back and head were more likely to be lethal than in the caudal part of the 
body, although lethal cuts were observed in all body regions. External evidence was absent in 
44% (4/9) of blunt trauma cases. Thus the extent of non-lethal blunt trauma is not known. 
Skeletal fractures were observed in 89% (8/9) of the lethal blunt trauma cases and a broken 
mandible was observed in 33% (3/9) of all lethal blunt trauma cases examined by necropsy. As a 
fully healed mandibular fracture has never been observed in a right whale, a fractured mandible 
is believed to represent a fatal injury. The apparent density and mechanical properties of bone 
tissue from the mandible were determined experimentally. These data were then used as inputs 
for a finite element model capable of predicting the stress sufficient to induce fatal fracture of a 
mandible (Campbell-Malone, 2007).  On-going work will compare such stresses with the forces 
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produced by vessels to determine the vessel speed and size combinations capable of fracturing a 
mandible.  
 
From 1970 to July 2007, there have been 47 reported cases of significant entanglement, 15 
entanglement related deaths, and 6% of the cases are presumed to be dead given an absence from 
the sighting record for 6 or more years. For entanglement trauma, significant parameters were 
scored subjectively in terms of severity. For 18 persistent entanglement cases where a full data 
set were available, scores on a scale of 0-35, were lethal above 17 and non lethal below 14, and 
of mixed outcome between those numbers. We are still refining the model to deal with cases 
where data are missing. We hope to rank cases in terms of severity, and compare the ultimate 
outcome.  
 
Ongoing development of the biomechanical model and a simple scoring system to evaluate 
entanglement and propeller cut cases should enhance our prognostic capacity. 
 
Consequences of injury (David Rotstein, University of Tennessee/NMFS)   
 
Serious injury can be defined as that which results in death instantaneously (peracute), within a 
short period (acute), or over time (chronic) or in significant debilitation that affects feeding, 
mobility, or reproduction.  For marine mammals, sources of injury include 
gunshot/projectiles/arrows, entanglements and ingestions, and sharp and blunt force trauma.  
While these injuries may have grossly observable changes such as lacerations, amputations, and 
hemorrhage, internal changes may be less evident and could be of incredible significance to 
survival.    
 
Pathologic consequences of injury fall into two categories: anatomic and physiologic.  The 
anatomic location of an injury could lead to peracute to acute death (e.g., head trauma) or 
chronic debilitation (e.g., fracture of mandible and starvation).  Physiologic consequences of 
injury include shock, pain, or blood loss leading to an inflammatory cascade, activation of the 
sympathetic nervous system, hormone release (epinephrine and norepinephrine) and vascular 
changes with potential end results of hypothermia, coagulation defects, organ failure, and death.  
However, these may not be readily determinable in an animal surviving a traumatic event, and in 
animals that die, tissue autolysis or loss may prevent a complete assessment.   
 
Factoring into all of this are the signalment (species, gender, age class) and history (nutritional 
status, body condition), reproductive status, natural history (indigenous, migratory), and pre-
existing disease states that may adversely affect healing or ability to avoid an insult.  If the 
sources of trauma and animal factors are considered, then these could provide components of a 
categorization of injury and possible response to injury similar to human traumatic insult 
categorization.    
 
Capture myopathy in mammals and how this condition may apply to marine mammals (Terry 
Spraker, Colorado State University) 
 
Capture myopathy is a condition that has been described in terrestrial mammals and birds 
following capture, handling, and/or transportation, but it appears to be rare in marine mammals 
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and carnivores.  There are numerous names for capture myopathy, including muscular dystrophy, 
capture disease, degenerative polymyopathy, overstraining disease, white muscle disease, leg 
paralysis, muscle necrosis, idiopathic muscle necrosis, and exertional rhabdomyolysis.  
 
The pathophysiology associated with capture, handling and transportation of animals is 
extremely complex and associated with the sex, body condition, health of the animal, length of 
time of chase/pursuit, method/roughness of handling, the environmental condition (heat/cold), 
and other factors.  The primary pathophysiological changes are characterized by intra- and 
intercellular lactic acidosis and regional ischemia that predispose to rhabdomyolysis and necrosis 
of various internal organs especially in the cortex of the kidneys.  Hyperthermia or hypothermia 
can play a vital role in the outcome of capture myopathy.   
 
There are at least four stages or forms of capture myopathy: capture shock syndrome, ataxic 
myoglobinuric form, ruptured muscle form, and the delayed-peracute form.  The most likely 
scenarios in which capture myopathy may be a problem in marine mammals would be in 
dolphins that have been caught several times in tuna fisheries in a short period of time (perhaps a 
week), and perhaps in eared seals following capture (acute shock) or during recapture on the 
second or third day following the initial capture (peracute form). 
 
Hidden Trauma in pinnipeds 
Trauma is a common cause of death in pinnipeds.  There are two primary types of trauma: sharp 
and blunt trauma. Gunshot is a third condition that may be placed under the category of sharp 
trauma (e.g., bullets, arrows, etc.).  Usually sharp trauma can be observed on external 
examination, but blunt trauma is often missed.  Primary causes of sharp trauma include bite 
wounds, boat propellers, entanglement by netting, and perhaps gun shot/arrows.   
 
Causes of blunt trauma are most common in young animals and are usually caused by crushing 
type wounds.  Pups are commonly crushed by older animals, especially in crowded conditions 
and during territorial fighting by the males.  Other scenarios include being hit by boats, falling 
off of cliffs during times of excitement, etc.  An important type of blunt trauma to the head and 
abdomen is not uncommon in northern fur seals that is associated with dystocia.  The most 
common types of hidden trauma are caused by blunt trauma.  Necropsy of pinnipeds is of utmost 
importance to confirm trauma, especially blunt trauma.  A tremendous degree of internal damage 
(e.g., fractured liver, kidney, skull) can follow blunt trauma and be totally missed following 
external exanimation. 
 

6.1 Plenary Discussion 
 

Following the presentations on pathobiology, participants again discussed, “What elements from 
these analyses could be incorporated into a new (national) system for distinguishing between 
serious and non-serious injuries?”   
 
Participants reiterated multiple necessary considerations for a serious injury determination 
system presented in section 5.3: 

• The analyses demonstrate that terminology (e.g., laceration, sharp trauma, incision) or 
precision of terminology needs to be more specific when describing injuries. 
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• The existing guidance, which suggests that an animal is not seriously injured when it 
swims away strongly after a capture-release scenario, may not be supported by more 
recent evidence regarding capture myopathy and other hidden injuries. 

• Cumulative impacts need to be considered when distinguishing serious from non-serious 
injuries (e.g., how one type of injury may predispose an animal to another type or more 
severe injury).  For example, while there is no simple predictor(s) of capture myopathy, 
the chance of capture myopathy occurring increases with the number of captures. 
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7.0 Day 3 Breakout Group Discussions on Key Topics 
 

Day 3 of the workshop was devoted to morning and afternoon breakout session discussions, 
organized to address the following six topics: 
 
Morning concurrent breakout groups 
1) Longitudinal/survival rates from a modeling perspective (7.1).  
2) Categorization of injuries and pathological consequences: Gear-related injuries (7.2). 
3) Categorization of injuries and pathological consequences: Sharp, blunt force, and penetrating 
injuries (7.3). 
 
Afternoon concurrent breakout groups 
4) Large cetaceans (7.4). 
5) Small cetaceans (7.5). 
6) Pinnipeds and other species (7.6). 
 
The workshop Steering Committee designed the morning breakout group questions (7.1-7.3) to 
gather participant input on the data used and the data needed to predict survival rates of injured 
animals, and suggestions for how to categorize and address injuries in serious injury 
determinations.  Afternoon breakout group questions (7.4-7.6) were designed to gather input on 
how to categorize injuries, address data needs, and account for scientific uncertainty specific to 
each species group based on differences between each taxonomic group. 
 
During the morning session, participants were grouped according to expertise on the subjects 
listed as 1-3 above.  Participants addressing topics 2 and 3 were posed identical questions, 
developed by the Steering Committee prior to the workshop.  For the afternoon session, 
participants were grouped according to species expertise, thus providing participant overlap 
across the morning and afternoon sessions.  Each afternoon breakout group was presented with 
an identical set of questions to address, developed by the Steering Committee prior to the 
workshop.  In some cases, breakout groups presented with identical questions provided similar or 
identical comments and suggestions as the other groups.  This is evident in the redundant 
statements reported in sections 7.2-7.3 (groups 2 and 3 morning breakout groups) and 7.4-7.6 
(afternoon breakout groups).  While the majority of the comments and suggestions presented in 
sections 7.1-7.6 represent responses agreed upon by all participants in a given breakout group, 
the intent of these sessions was not to reach consensus recommendations.  The intent was to 
gather input from each individual participant on the questions based on his or her expertise 
and/or regional experience.  Where disagreement occurred, it is noted.    
 

7.1 Longitudinal/survival rates from a modeling perspective 
 

Question 1: What needs to be in a model to accurately predict long-term survival? 
• Factors that are potentially important when predicting survival include:  

o Individual animal level: life stage (e.g., adult or juvenile), sex, body condition, 
and detection probability. 

o Population level: level of sampling effort (i.e., heavily monitored populations vs. 
unmonitored populations), natural survival rate. 
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o Injury specific: injury timing and classification. 
• Basic data collection should be standardized, while retaining the flexibility for innovation 

in data collection. 
• The various sources of information available for each population (e.g., sighting, observer, 

and stranding data) should be connected and coordinated, thereby increasing the available 
mark-recapture data.  Individual animals not detected in one data set may be detected in 
another data set, increasing resighting instances for certain individuals. 

• Longitudinal studies provide valuable data on the survival of individual animals.  Many 
are already established for many cetacean populations and their continuation is important. 
In populations without long-term data sets, individuals may not be reliably re-
encountered or re-identified, posing a challenge for studies of survival of animals within 
that population.  Satellite or VHF tagging is one possible option for filling data gaps 
when longitudinal resighting studies are not possible. 

• A tiered approach may be necessary given the different state of knowledge among 
populations and species. Well-studied populations may allow a different level or type of 
analysis than for those which only opportunistic data are available.  Well-studied 
populations might provide a foundation for developing approaches to be used to assess 
data-poor populations. 

• Performance testing should be conducted to quantify uncertainties in model-based 
survival rate estimates. 

 
Question 2: What is the most viable model currently available? What types of models, if any, 
need to be developed taking into account new information? 

• Experimental designs using control vs. experimental (i.e., treatment) individuals or 
groups (e.g., experiments involving the deliberate injury, to various extents, of marine 
mammals and monitoring their survival) would be the most informative.  However, such 
experimental studies are not generally viewed as appropriate for megafauna such as 
marine mammals. 

• Mark recapture models are informative, provided that individuals are resighted and 
recognized.  While mark-recapture models may work well for well-monitored 
populations, other approaches (e.g., reviewing stranding data) are needed for less known 
populations and because some injured animals are never detected and/or resighted. 

• Analyses of stranding data have been used in the absence of experimental manipulation 
and mark-recapture modeling.  However, stranding data can be problematic because 
sightings of stranded animals are opportunistic and often have no sighting history from 
which to determine body condition, and other factors, prior to an injury or mortality 
event.  There are also biases from a modeling perspective on which animals will strand 
and be sighted by humans, or sink into the ocean. 

 
Question 3: Are sufficient data (quantity and types) available for testing? 

• Well-documented injury events are only a subset of the total number of injury events, and 
this reduces the data available for study. 

• Longitudinal data exist for a variety of species, such as North Atlantic right whales, 
humpback whales in the North Atlantic and Pacific, and some well-studied small 
cetaceans (e.g., bottlenose dolphins in Florida), which can be used to predict survival of 
injured individuals of these species. 
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• Where analyses are still data-limited, injury types and outcomes could potentially be 
studied across populations with similar characteristics, such as with humpback whales in 
the Gulf of Maine and humpback whales in southeast Alaska. 

 
Question 4: Are the predictors (or signs that are known to indicate the severity of an injury) 
applicable across taxa? 

• Some predictors of the severity of an injury may be applicable across species or taxa with 
similar life histories to make assumptions about survival, but these do not account for 
variation in the environmental conditions encountered by each species or individual 
animal.   

• Capture myopathy of the most vulnerable species (i.e., those species that are less able to 
cope with or survive stressful situations) could be used until more is known about a given 
species. 

 
7.2 Categorization of injuries and pathological consequences: gear-related injuries 
(e.g., entanglements, hookings, and ingestions) 

 
Question 1: What type of nationally consistent categorization of injuries and outcomes will be 
functional for classification of injuries using data collected by various methods? 

• A risk assessment/decision analysis framework should be developed to assign mortality 
risks to individuals based on factors affecting survival for each taxonomic group and 
injury type. This type of framework will require examination of current data and the 
collection of additional data in the future. The decision analysis framework should be 
developed by a panel of marine mammal and veterinary experts in cooperation with risk 
assessment experts. 

 
Question 2: Are there categories of injuries that are: a) likely to have a serious outcome (i.e., 
mortality or reproductive impairment), b) unlikely to have a serious outcome; or c) not clearly 
determinable? How do we evaluate uncertainites?: 
 
a) Injuries likely to have a serious outcome (based on the information provided in the workshop 

presentations): 
• Ingestion of gear. 
• Hook in mouth or head (especially for small cetaceans). 
• Gear attached on body with potential to wrap around pectoral fins, peduncle or head, or 

to be ingested (e.g., hook with line that might be ingested). 
• Foreign bodies penetrating into body cavity. 
• Multiple wraps of line around pectoral fin, peduncle, head, abdomen, or chest. 
• Deep external injuries (depth criteria to be determined (TBD), e.g., penetrating muscles, 

bones, or organs vs. penetrating the skin or blubber). 
• Partially severed flukes, especially when midline is affected. 
• Small cetaceans brought on the deck of a vessel following an interaction. 
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b) Injuries unlikely to have a serious outcome: 
• For small cetaceans, a hook in the fluke with minimal trailing gear that does not have the 

potential to wrap around any body part or to accumulate drag (e.g., algal growth or 
marine debris). 

 
c) Injuries for which the outcome cannot clearly be determined: 

• For small cetaceans, the loss or severe disfigurement of the dorsal fin. There is evidence 
that small cetaceans can survive and reproduce without the dorsal fin, but these 
observations include information only on the survivors, and it is unknown what 
proportion of animals may die as a result of the loss of the dorsal fin.  The nature of the 
injury causing the loss of the dorsal fin will affect the likelihood of surviving. 

• For large whales, entanglement with line or gear in the mouth.  Some large whales may 
survive a mouth entanglement, but the proportion is unknown. 

• Animals released without gear following entanglement.  Some regions previously 
considered disentangled animals not seriously injured, but capture myopathy 
considerations suggest some of these animals may subsequently die.  The health of the 
animal may be comprised to a greater extent the longer it is immobilized by an 
entanglement. 

 
Question 3a: What factors play a role in an animal’s response to traumatic injuries and how 
would we evaluate them in the field? 

• The condition of the animal (e.g., did the injury take place during a time of physiological 
stress, such as the fasting part of the animal’s life cycle?). 

• The duration of the stressor (e.g., the duration of an entanglement). 
• The animal’s age, sex, and reproductive status (e.g., juveniles may ‘grow into’ wrapped 

gear, increasing the severity of the entanglement due to the penetration of constricting 
lines). 

• Environmental factors (e.g., individuals out of their normal habitat [such as dolphins in 
freshwater], climate stressors). 

• Social stressors (e.g., separation of individuals from the group, cow/calf separation). 
• The cumulative effects of repeated exposures. 
• The susceptibility of the species to capture myopathy (e.g., pelagic dolphins are 

potentially more susceptible than coastal bottlenose dolphins or pinnipeds; North Atlantic 
right whales may be more susceptible than humpback whales). 

 
Question 3b: How do we address hidden factors that may affect the risk of serious injury over 
time? 

• Whenever possible, conduct follow-up tracking (i.e., gather resighting data) to help 
identify additional causal factors and injury outcomes.  

• Conduct real-time communications between the disentanglement, observer, and stranding 
programs about ongoing entanglements to raise awareness among stranding network 
participants and increase information exchange about potential factors affecting the 
animal’s survival. 

• Researchers doing at-sea surveys should document and report any injuries or other 
relevant observations on marine mammal injuries. 
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Question 4: Based on the information we have from longitudinal studies, what is the most 
appropriate way to evaluate or score severity of injury and response of the animal? 

• See answer to question 1 in this section (7.2) above. 
 

7.3 Categorization of injuries and pathological consequences: sharp, blunt force, 
and penetrating injuries 

 
Question 1: What type of nationally consistent categorization of injuries and outcomes will be 
functional for classification of injuries using data collected by various methods? 

• A risk assessment matrix/approach would assist in developing a nationally consistent 
categorization of injuries and outcomes.  Key variables to consider in developing a risk 
assessment matrix may include: 

o Geographic location. 
o Species. 
o Type of injury (e.g., blunt or sharp trauma, penetrating wound, or appendage 

loss).  The type of injury could be further organized into subcategories, such as 
percent of body covered by wounds, the number of wounds, amount of blood loss, 
etc. 

o Location of wound on body. 
o Level of experience of observer documenting the injury event. 
o Previous history of the animal (e.g., previous injuries or entanglement events, 

individual sighting history). 
o Environmental events (e.g., times and areas of high fishing activity, marine 

mammal unusual mortality events, harmful algal blooms). 
o Environmental conditions (e.g., water temperature and salinity). 
o Overall body condition of animal (e.g., skin color, emaciated vs. robust, cyamid 

loads) and changes in body condition over time after the injury. 
o Behavior changes (e.g., how the animal reacted to the interaction that caused the 

injury). 
o Size and speed of a vessel involved in a ship strike or propeller injury event. 
o Life history characteristics of animal (e.g., lactating or pregnant female, fasting 

vs. feeding, juvenile vs. adult, healthy vs. diseased). 
• The risk assessment matrix should be tested with data from North Atlantic right whale 

injury cases, because the longitudinal data on individual right whales is the most robust. 
Also, the matrix should be tested against injury cases where the animal is known to have 
died to assess whether the serious injury determinations coincide with the animal’s actual 
fate. 

• The injuries that are not clearly determinable may need to have some regional and species 
specific flexibility to account for differences in the impact of a given injury on difference 
individual animals and/or species.  

• An interdisciplinary, national panel should also be convened to assist NMFS in 
distinguishing serious from non-serious injuries and case-by-case consultations on 
injuries that are not clearly determinable.  This panel should include experts with 
combined expertise in forensics, animal health, and risk assessment. 
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Question 2: Are there categories of injuries that are: a) likely to have a serious outcome (i.e., 
mortality or reproductive impairment), b) unlikely to have a serious outcome; or c) not clearly 
determinable? How do we evaluate uncertainties? 
 
Participants in this breakout group prefaced their responses to question 2 with several general 
comments: 

• Key terms used to describe injuries need rephrasing. Rather than using the terms sharp, 
blunt force, or penetrating to describe injuries, the terminology should be based on 
physical injuries that can be objectively described, such as incision, laceration, and 
swelling. 

• The New England Aquarium considered a wound of 4 cm depth or greater as serious for 
North Atlantic right whales (Knowlton and Kraus, 2001). 

• Determining when an animal received a wound may be important. If the injured animal 
has been able to survive with the injury for a given period of time, the animal may be 
more likely to continue to live with the injury into the future. It is also important to 
consider the cumulative effects of previous wounds or injuries incurred by an animal. 

 
a) Injuries likely to have a serious outcome: 

• Head trauma. 
• Vertebral transection. 
• Body cavity penetration or exposure. 
• Direct hit by a vessel of a certain size (TBD). 

 
b) Injuries unlikely to have a serious outcome: 

• For large whales, wounds penetrating into blubber but no deeper.  
• Shallow wounds (excluding wounds to the head, chest or penetrating into the body 

cavity). 
 
c) Injuries for which the outcome cannot clearly be determined: 

• Wounds penetrating into the muscle may require additional descriptors from the observer 
to determine severity (e.g., age, history of previous wounds). 

 
Question 3a: What factors play a role in an animal’s response to traumatic injuries and how 
would we evaluate them in the field?  

• Life history of animal (e.g., pregnant or lactating female, fasting vs. feeding, age). 
• Species. Different species respond differently to similar injuries.  
• Movement patterns of the animal (e.g., highly migratory vs. remain local).  
• Environmental conditions (e.g., different temperatures and salinities may affect healing 

rates, harmful algal blooms may impact an animal’s susceptibility to an injury and 
recovery from an injury). 

 
Question 3b: How do we address hidden factors that may affect the risk for serious injury over 
time? 

• Not specifically addressed. 
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Question 4: Based on the information we have from longitudinal studies, what is the most 
appropriate way to evaluate or score severity of injury and response of the animal? 

• Data from longitudinal studies can inform a revised process for distinguishing serious 
from non-serious injuries. 

 
7.4 Large Cetaceans 

 
Question 1: Given the data we have, do the categorizations and classifications of injuries 
identified in the preceding breakout groups fit this taxonomic group? What are the unique 
characteristics in this taxonomic group that would change the categorization and classification 
of injuries? How does age, type of injury, location of injury, species, etc., impact the 
classification of an injury? 
 
Participants suggested the following ideas would help improve serious injury classifications: 

• The majority of participants stated that NMFS should move away from the binary 
threshold of “serious injury” or “not serious injury,” by developing a matrix to provide 
more room to handle injury cases that are difficult to categorize.  The developed criteria 
should be applicable to a wide range of taxa and regions (i.e., criteria should lead to 
nationally consistent results when distinguishing serious from non-serious injuries).  One 
participant warned that a subjective scoring system analogous to triage evaluation may 
provide false precision. 

• A revised classification scheme should include the following considerations: (1) any 
changes should be an improvement over the current system, (2) the system should be as 
simple as possible, and (3) the system should be scientifically and legally defensible. 

• NMFS should not shy away from adding criteria to those currently outlined in Angliss 
and DeMaster (1998) and the NEFSC mortality and serious injury determination reports 
(Cole et al., 2005; Cole et al., 2006; Nelson et al., 2007), or from asking for more data to 
be collected to inform serious injury determinations.  More data may provide a better 
opportunity to evaluate an injury case. 

• There are varying levels of information available for different marine mammal 
populations, providing opportunities for different levels of analysis (e.g., estimating 
mortality rates for injuries using mark-recapture studies is possible for well-studied 
populations, but not for less-studied populations). 

• Data from longitudinal case studies indicating which types of injuries are serious should 
be used to make determinations in injury cases of individuals of the same species where 
fate of that individual is unknown.  It could be useful to consider extrapolating data on 
the survival of injured animals from well-monitored populations to animals with similar 
injuries from other populations or similar species. 

• Any resighted animal that is clearly in poor condition and has evidence of human 
interactions (e.g., entanglement or ship strike) should be classified as “seriously injured,” 
even if it was not initially considered a serious injury at the time of the injury event (e.g., 
observed at the time of the interaction and then observed again in worse condition, or 
observed in poor condition with evidence of previous interaction). 

• Serious injury determinations can be informed by the manner in which the gear is located 
on the animal (e.g., fishing lines are hanging vertically (indicating heavy gear) vs. 
horizontally off the animal, or the fishing lines are cutting into the animal). 
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• Anchoring or immobilizing whales in gear may increase risk of death from hidden 
injuries, stress, or capture myopathy. 

 
Question 2: What are our data needs, and how do we address these? 
 
Field data: 

• Conduct follow-up research on observed injuries, such as through photo-identification 
and tagging efforts, and develop long-term longitudinal databases.  

• Investigate wounds that do not appear to heal over time. 
• Researchers should obtain photos to document injuries, not just for the purposes of photo-

identification.  
• Improve data collection of entangled humpback whales in the Alaska region by 

increasing staffing and enhancing awareness of stranding and injured marine mammals.  
Many parts of Alaska are underrepresented due to limited staff available for detecting and 
monitoring humpback whale entanglements.  

 
Communication and coordination: 

• Improve communication and coordination between stranding networks, regional offices, 
researchers, disentanglement networks, Canadian colleagues, and NMFS staff responsible 
for distinguishing serious from non-serious injuries. 

• Develop more consistent terminology for describing injuries, including injury categories 
(e.g., serious, moderate, severe). 

 
Health assessments: 

• Continue efforts to develop tools and techniques for conducting visual and remote health 
assessments on marine mammals. 

 
Necropsy: 

• Increase support for necropsy response, including responses to dead whales observed at 
sea, whether or not there is external evidence of human interactions.  Increase forensic 
expert involvement in necropsy analyses.   

 
Review of existing data: 

• Review cases and case histories of disentangled marine mammals to better understand the 
nature of the interactions. Involve fishermen and veterinarians in this review to improve 
the ability to recreate the entanglement. 

• Model survival based on different injury categories. 
 
Specific research topics to address: 

• Increase investigation of the physical indications of capture myopathy.  This could be 
done by collecting new data (e.g., ketones in breath samples of disentangled animals), 
and reviewing sighting and disentanglement databases for animals that exhibited 
suspicious symptoms (e.g., animal remained in place once disentangled instead of 
swimming away) and see whether or not those animals survived the interaction.  

• Continue biomechanical testing on the manner in which gear interacts with animals, and 
how different parts of gear interact with different parts of an animal’s body. 
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• Investigate whether rope in the mouth decreases survivorship by increasing muscular 
expenditure while swimming (i.e., mouth suction theory). 

 
Question 3: How can the scientific uncertainty concerning the impact of an injury (short- or 
long-term) be handled in making serious injury determinations? 

• Extrapolating data on the survival of injured animals from well-monitored populations to 
animals with similar injuries from other populations or similar species. 

• Use a Bayesian approach to help distinguish serious from non-serious injuries in a 
decision tree matrix with priors for parameters where values are unknown. 

• Start with the assumption that every injury is a serious injury. 
• Create a CBD category to address cases where uncertainty exists in distinguishing 

between serious and non-serious injuries.  Develop a risk-assessment matrix to remove 
cases from the CBD category. 

• Pro-rate CBD cases based on what is known about specific injury cases in certain species 
(as shown in Forney and Kobayashi, 2007). 

• Shift from a base count of injuries to an extrapolation to account for unobserved injuries 
and mortalities. 

• Address other uncertainties, such as the size of vessels and which fisheries are causing 
interactions.  Also, address uncertainties for attributing serious injury to a given marine 
mammal when the stock to which the individual belongs is unknown.  

 
7.5 Small Cetaceans 

 
Note: This breakout group defined small cetaceans as all odontocetes excluding sperm whales. 
 
Question 1: Given the data we have, do the categorizations and classifications of injuries 
identified in the preceding breakout groups fit this taxonomic group? What are the unique 
characteristics in this taxonomic group that would change the categorization and classification 
of injuries? How does age, type of injury, location of injury, species, etc., impact the 
classification of an injury? 
 
The breakout group considered key findings presented from the morning breakout session 
discussions, attempted to clarify points that were vague, and folded into their discussions the 
issues that may be specific to small cetaceans. The response to question 1 is both a fleshing-out 
of the morning discussions as well as an expansion.  The breakout group focused its deliberations 
on the topics of fishing gear-related injuries and traumatic injury, but also noted some unresolved 
issues. 
 
Gear-related injuries:  

• The severity of certain injuries is similar across all taxa (e.g., multiple wraps of fishing 
line causing constriction, ingestion of gear), and there may not always be a distinction in 
the severity of a given injury between small and large whales.  However, some injuries 
that are not serious in large cetaceans are serious for small cetaceans.  For example: 

o A hook in mouth is serious in small cetaceans because of the potential for 
ingestion. 
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o The duration of entrapment becomes an issue with small cetaceans.  After a given 
amount of time, large animals may be more apt to free themselves, while small 
cetaceans may have increased difficulty reaching the surface.  

o Stress response may be more “urgent” in small cetaceans than in larger cetaceans. 
• The ability to differentiate robustness between species and taxonomic groups is important 

for determining the severity of an injury (i.e., species respond differently to stress, 
potentially increasing the severity of a given injury for certain species).  The response of 
a given species to stress should be included in a risk assessment/decision framework.   

• The type and amount of gear remaining on an animal after it swims away from the vessel 
should be recorded.  This information provides an indication of the potential for the 
animal to ingest the gear, for the gear to wrap and constrict, or for the gear to accumulate 
drag as the animal swims. 

• Cleanness of a cut and the depth of a wound made by gear are also important.  A clean, 
one-time wound is not as serious as constricting fishing line cutting into the animal over 
time. 

• Visible blood does not mean an injury is serious.  Observers and other data recorders 
should record the presence or absence of visible blood, instead of using subjectivity to 
describe the amount of blood present (i.e., lots of blood, a small amount of blood). 

• Observers should attempt to distinguish between actively fishing gear interacting with the 
animal vs. derelict fishing gear. In the case of actively fishing gear, observers will have a 
better idea of the maximum amount of time the gear has been on the animal, whereas 
opportunistic sightings of stranded animals or animals swimming with passive (ghost) 
gear do not give an indication of how long the animal has been entangled. 

• An entanglement that immobilizes or significantly impairs the movement of a species that 
must eat every day may be more serious than for a species that is in the fasting portion of 
its annual feast/fast cycle (e.g., bottlenose dolphins must eat every day vs. humpback 
whales that fast during migration to breeding grounds).   

• Social structure of the species and age of the individual animal are key factors in 
determining the severity of an injury (e.g., a social or dependant animal released alone 
may be subject to additional stress and reduced survival).   

• Any small cetacean that is brought on the deck of a vessel is subject to a high risk of 
death due to hidden injuries or some other factor (an thus could be designated as 
seriously injured). 

 
Traumatic injuries: 

• The location of propeller wounds on the body is an important factor in distinguishing a 
serious from a non-serious injury.  For example, propeller wounds on the head or neck 
are more likely to be serious injuries than wounds behind the animal’s midsection. 

• Resighting data may be more difficult to obtain with small cetaceans, but observers 
should document all resighting data possible. 

• The size and speed of a vessel involved in a vessel-strike event are important factors in 
distinguish between a serious or non-serious injury. 

 
Unresolved issues/questions: 

• Is a serious injury to a pregnant cetacean or a cetacean with a calf a serious injury to the 
cow, the fetus or calf, or both? 
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• How should the effects of whale-watching and chasing of dolphins by people engaged in 
other recreational activities (e.g., boating, kayaking, swimming) be incorporated into 
serious injury determinations? Would these cases be included in the SARs? 

• How should research-related serious injuries be incorporated into serious injury 
determinations? 

 
Question 2: What are our data needs, and how do we address these? 

• Collect additional data on post-release survival. Additional comments here included: 
o Tools exist for collecting data on post-release survival (e.g., telemetry, tagging), 

but telemetry or tagging would need strict experimental boundaries and designs to 
include studies using control and experimental groups. 

o The reality of tagging and telemetry studies is such that we would need to balance 
the cost, effort involved, stress on the animal, tag failure rate, and small sample 
size, with the difficulties in interpreting the data collected. 

o Before determining how best to gather data on the survival of an injured animals, 
the survival window (amount of time the animal survives with an injury to be 
considered seriously injured) would have to be defined. 

o Consider chartering vessels to gather the data that observers may not able to 
gather, and/or to perform the follow-up studies. 

o When a tag stops recording data, it is often difficult to determine whether a 
mortality has occurred or the tag has failed or been lost.  Creating a redundant 
tagging system could provide confirmation of mortalities. 

• Biopsies should be taken by all observer programs, when possible, to increase the number 
of genetic tags available for analysis.  Pair genetic and photo-identification, whenever 
possible. 

• The stranding network should increase photo-identification work on stranded animals for 
comparisons between data sets. 

• Provide improved support and resources for stranding networks.  Encourage thorough 
necropsies on every animal possible. 

• Focus on improving the data collected by the observer program. 
o Provide observers with better tools and resources at sea, including a consistent set 

of questions to answer, and training to allow identification and recording of the 
characteristics of a dying animal (e.g., arching of the back in small cetaceans is 
indicative of imminent death). 

o Encourage observers to bring carcasses back to shore, whenever possible. 
o Train observers in safe release techniques for entangled marine mammals. 

 
Specific analyses and studies: 

• Propeller scar studies for small cetaceans, similar to scar studies on large whales (such as 
those described in presentations by Robbins and Calambokidis). 

• Data-mining of existing observer data, especially for fisheries which lack key drivers for 
data gathering, such as TRTs or interactions with strategic stocks. 

• Examine existing robust databases of health assessments for cases of injuries that will 
increase the sample size (e.g., the Sarasota Dolphin Research Program, killer whales in 
the Pacific Northwest, or Hector’s dolphins). 
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• Investigate stress responses in marine mammals to better characterize the impact of stress 
on the survival of an animal. 

• Develop better identification for beaked whales and collect more biopsies from these 
species. 

• Investigate the effect of noise on marine mammals as a potential serious injury.17  
 

Question 3: How can the scientific uncertainty concerning the impact of an injury (short- or 
long-term) be handled in making serious injury determinations?) 

• Develop a risk analysis/decision framework. Potential alternative approaches: 
o Bring the staff responsible for distinguishing serious from non-serious injuries 

together with policy staff and decision analysis experts to develop a decision tree 
for distinguishing serious from non-serious injuries based on a set of criteria.18 

o Convene a small group of experts to work on a white paper to be reviewed by the 
SRGs. 

• Modify the process for distinguishing serious from non-serious injuries so that 
determinations are made by a national group rather than by individuals. 

• Institute a training or certification process for staff responsible for distinguishing between 
serious and non-serious injuries to increase national consistency. 

• Consider a policy decision that shifts the burden of proof. That is, recognizing that there 
is a continuum of injury severities; create a system that makes the working assumption 
that an injury is serious unless contradicted by empirical evidence or a consensus of 
professional judgment to the contrary.  When there is uncertainty, determine that the 
injury is a serious injury. 

o This would cause a fundamental change in how determinations are made and 
would have management implications (e.g., additional TRTs). 

 
7.6 Pinnipeds and other species 

 
Question 1: Given the data we have, do the categorizations and classifications of injuries 
identified in the preceding breakout groups fit this taxonomic group? What are the unique 
characteristics in this taxonomic group that would change the categorization and classification 
of injuries? How does age, type of injury, location of injury, species, etc., impact the 
classification of an injury? 
 
Gear-related injuries: 
Injuries likely to have a serious outcome: 

• Ingestion of gear (although not generally observed in pinnipeds). 
• Gear attached to body with trailing gear that has the potential to anchor or drag, or to 

wrap around flippers, body, or head. 
• Foreign objects penetrating into a body cavity. 
• Multiple wraps of line or netting around the body. 
• Missing a front or back flipper(s), for both otariids and phocids. 

                                                 
17 The impacts of sound/noise on marine mammals were not specifically addressed at this Workshop. 
18 This bullet outlines the process followed on Day 4 of the workshop. 
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• Deep external injuries (e.g., severe wounds extending through the skin and blubber, well 
into the muscle, or puncturing the body cavity). 

 
Injuries unlikely to have a serious outcome: 

• Confirmed hooked in the lip (soft tissue only). 
• Hooked in flipper or other party of the body (excluding the head) with minimal trailing 

gear that does not have the potential to wrap around body or appendage(s).  
 
Injuries for which the outcome cannot clearly be determined: 

• Hooked in the head.  The severity depends on several factors, including the hooking 
location on head, the depth of penetration, and the type of hook. 

• Animals stressed from being encircled or trapped (e.g., purse seine). 
• Animals released without gear following an entanglement.  The severity depends on the 

extent of the injury, the duration of time the animal was submerged, the duration of time 
the animal was entangled in the gear, and the degree of restraint. 

• Pinnipeds brought on vessel. Unlike with small cetaceans, this is typically not considered 
to be a serious injury.  However, the severity of the injury also depends on the manner in 
which the animal was brought onboard (e.g., in net, over a roller, or through the power 
block). 

 
Injuries caused by blunt trauma and penetration: 
Injuries likely to have a serious outcome: 

• Head trauma (including broken jaw or the eye popped out), vertebral transection, and 
cavity penetration or exposure (includes bullets). 

• Any detectable fractures, which will lead the animal to eventually strand or die due to 
thrombosis (a blood clot in the heart or blood vessel) or a secondary infection. 

 
Injuries for which the outcome cannot clearly be determined: 

• Feral, wild or domestic carnivore bites (i.e., dog or coyote bites), the severity of which 
depends on the extent of the injury. 

• Direct hit by a vessel is a serious injury depending on the size, speed, and inertia of the 
vessel relative to the size of the animal, the depth of propeller wound (into the blubber or 
muscle), and the type of vessel (e.g., water ski, car, boat). 

• Direct hit by blunt object (e.g., baseball bat), the severity of which depends on the extent 
of the impact. 

 
Unique characteristics of pinnipeds that affect the categorization and classification of injuries: 

• Sea lions and seals can be examined relatively closely by an observer or stranding 
program participant. Therefore, it is possible in many cases to get an accurate description 
of an injury and assess its severity. 

• Some pinnipeds have adapted to fishing operations or other human activities and do not 
appear to experience the same level of stress as other marine mammal taxa. 

• Certain pinniped behaviors may predispose them to serious injuries. For instance, those 
likely to repeatedly interact with fishing operations/gear are more likely to be shot (e.g., 
California sea lions). 
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Key contextual features that affect the classification of an injury: 
• Factors contributing to the severity of an injury in cetaceans also generally apply to 

pinnipeds and other marine mammal species.  Juveniles, pups and young-of-the-year 
animals have soft craniums and are therefore more vulnerable to blunt trauma. Dependent 
animals are generally more at risk. 

 
Question 2: What are our data needs and how do we address these? 

• In general there is good reporting and follow-up (including resight data) of injured 
pinnipeds from stranding and response networks (especially in Hawaii). Specific 
suggestions for addressing data needs: 
o Standardize data collection nationally and between the data collection programs 

(stranding, disentanglement, and observer programs). 
o Conduct more studies on post-injury survival in pinnipeds. 
o Increase efforts to capture and rehabilitate pinnipeds that are observed entangled or 

with human-caused injuries.  When this is not possible, document the observation and 
mark the animal (e.g., with paint) to allow for follow-up observations. 

o Identify existing databases to work on risk assessment and probability of survival. 
o Emphasize the use of high quality photos to document injuries, body condition, 

healing, and entanglement events.  Photos provide better information to staff 
responsible for distinguishing between serious and non-serious injuries, when that 
person has not personally seen the injured animal. 

 
Question 3: How can the scientific uncertainty concerning the impact of an injury (short or 
longterm) be handled in making serious injury determinations? 

• A greater level of precaution may be warranted for strategic stocks, endangered, or 
declining species (such as monk seals) compared to species with increasing populations 
(such as California sea lions). The importance of including scientific uncertainty into the 
decision-making process is heightened when dealing with strategic stocks, or endangered 
and threatened species. 

• Include confidence levels (codes) for reliance of data in the determination process. 
• As a starting point, assume serious injury for cases marked by insufficient data until the 

data supports a non-serious determination. 
 

7.7 Summary of Day 3 Breakout Group Sessions 
 
Many common themes and suggestions emerged from the Day 3 breakout groups, presented 
above as each group separately.  While rare, diverging views were stated at times.  This section 
summarized the common suggestions and needs identified by all of the breakout groups.  
 
Similar suggestions related to serious injury criteria and the determination process: 

• NMFS is likely underestimating serious injuries through the current determination 
processes.  Therefore, NMFS should develop a risk assessment/matrix approach for use 
in distinguishing serious from non-serious injuries.  This approach should be: 

o Nationally consistent.  The matrix should incorporate flexibility, while limiting 
subjectivity in the determinations.  The matrix should be developed in such a way 
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as to avoid circumstances that exist under the current determination process where 
a given injury is considered “serious” in one region and “not serious” in another. 

o Based on factors affecting survival for each marine mammal species and 
taxonomic group. 

o Sufficiently flexible to include additional relevant factors when there is 
uncertainty in the outcome of an injury event 

• NMFS should gather a national panel annually, including staff responsible for 
distinguishing serious from non-serious injuries from each region, decision analysis, and 
other external experts (veterinarians, pathobiologists, marine mammal researchers) to 
review serious injury determinations.   This panel review will help to decrease individual 
subjectivity in the determinations, leading to increased national consistency. 

• NMFS should revise (and/or develop) and use consistent terminology to objectively 
describe injuries.  The terminology should be based on the observable physical injuries 
(i.e., laceration, incision, swelling). 

 
Diverging views to suggestions related to serious injury criteria and the determination process: 

• Aside from assuming all injuries are mortal unless proven otherwise, a new approach is 
unlikely to significantly increase the number of injuries classified as “serious injuries” for 
large whales if it relies on anecdotal reports, as the current large whale systems do.  Even 
in well-documented populations, individuals are under observation by researchers for a 
tiny fraction of their lives.  For example, for North Atlantic right whales—one of the 
most thoroughly studied species—only the most prolonged entanglements are longer than 
the average period between detections of individuals.  Most mortalities are never 
observed.   

• We must differentiate between means for improving the accuracy of injury assessment 
and prognosis when injuries are observed, and means for improving the accuracy of 
estimates of all (observed and unobserved) human-caused mortality and serious injury. 
The reliance on anecdotal reports makes these distinctly different for large whales.       

 
Similar suggestions related to data needs: 

• The observer, stranding, and disentanglement programs are collecting useful data and 
have improved over the past decade.  Participants indicated that further improvements 
could be made by: 

o Standardizing data between all regions, for all species and taxonomic groups, and 
between data collection programs. 

o Increasing communication and coordination between the data collection programs 
and the staff responsible for distinguishing serious from non-serious injuries, and 
between each region. 

• NMFS should examine data collected by the observer, stranding, and disentanglement 
programs, and external partners, to determine whether injured animals documented in one 
data set are resighted in another data set.  This could increase the data available on a 
given injury case. 

• Longitudinal studies provide valuable information on individuals and populations, 
including the survival of injured animals.  Longitudinal studies should be continued for 
currently well-monitored populations and started (or expanded) for lesser or unmonitored 
populations. 
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Similar suggestions related to the categorization of injuries: 
• Participants in each breakout group identified the following injuries as serious injuries for 

all marine mammals (in addition to other injuries identified by individual breakout 
groups), including: 

o Ingestion of gear. 
o Constricting lines or lines with the potential to constrict as an animal grows. 
o Head trauma. 
o Body cavity penetration. 

• Physiological and behavioral differences exist between species and taxonomic groups, 
which cause differences in the severity of certain injuries for different species.  For 
example, a hook in the mouth is a serious injury for small cetaceans and pinnipeds, but 
not a serious injury for large cetaceans. 

• Vessel size and speed “source” information should be included in the serious injury 
matrix because the severity of the injury resulting from a vessel strike depends on the size 
and speed of the vessel. 
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8.0 Recommendations of Government Staff 
 

The final day of the workshop was a closed federal session. Thirty-six federal participants with 
expertise in marine mammal biology, pathobiology, veterinary medicine and management 
attended from NMFS, NOS, FWS, the U.S. Navy Marine Mammal Program, and the Marine 
Mammal Commission. The primary purpose of the closed federal session was to draw on 
presentations and discussions from Days 1-3 of the workshop, consider what has worked well in 
distinguishing serious from non-serious injuries since 1997, what has not worked well, and 
recommend potential changes to the existing serious injury guidance, as outlined in Angliss and 
DeMaster (1998) and as adapted for use by the NEFSC (Cole et al., 2005; Cole et al., 2006; 
Nelson et al., 2007; Glass et al., 2008).  Information from Day 4 discussions is presented in 
sections 8.0-8.4. 
 
Most participants expressed the view that the current serious injury guidance should be revised 
and updated to capture current knowledge about impacts of injury on marine mammals and to 
improve national consistency in distinguishing serious from non-serious injuries.  Nearly all the 
participants recognized that NMFS is close to where it should be in the assessments of detected 
animals.  However, undetected injuries exist that are not being incorporated into population 
assessments; therefore, NMFS needs to devise a mechanism to better account for undetected 
injuries. One participant suggested that serious injury guidelines are not the appropriate 
mechanism for accounting for undetected injuries.  This participant noted that the 1997 
workshop report presented recommendations but did not identify a single set of criteria for 
determinations; instead, researchers from each region worked to adapt and refine the 
recommendations for distinguishing serious from non-serious injuries, building on experience 
since the first workshop.   
 
Participants expressed nearly unanimous support for the development and publication of an 
official NMFS policy to strive for nationally consistent criteria to use when distinguishing 
serious from non-serious injuries, while allowing for flexibility in data-rich situations.  This 
policy should also include what is meant by the term “likely” in the definition for serious injury, 
“injury that will likely result in mortality,” because different working definitions are currently in 
use for different stocks nation-wide.  One participant noted that creating a legal definition for the 
term likely in the serious injury definition could have far-reaching implications beyond the realm 
of serious injury determinations.  Participants concluded that rulemaking or a change to the 
regulatory definition of "serious injury" was not necessary to improve serious injury 
determinations.   
 
The section below describes recommended revisions to the process and criteria for distinguishing 
between serious and non-serious injuries, developed by federal participants present on Day 4 of 
the workshop.   
 

8.1 Recommended Revisions and Updates to the Process and Guidance for 
Distinguishing Serious from Non-Serious Injury 

 
The workshop Steering Committee reviewed the guidance for distinguishing between serious and 
non-serious injuries provided in Angliss and DeMaster (1998) and the various NEFSC 
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publications (see Section 2.3 above), and recommended revisions and additions based on the Day 
1-3 presentations and discussions.  Federal participants subsequently discussed the Steering 
Committee’s recommendations and constructed a matrix containing a revised set of criteria for 
distinguishing serious from non-serious injuries (Table 1).19  Table 1 incorporates a synthesis of 
new information presented and discussed at the workshop and is a first step towards creating 
guidance that attempts to improve national consistency in serious injury determinations across 
regions.   
 
Table 1 is meant to serve as a starting point for distinguishing serious from non-serious injuries.  
In addition, Table 1 is meant to provide guidance in situations where there are little data and/or 
resighting of an injured animal is unlikely.  Participants recognized that alternate guidance may 
be available in data-rich situations where an injured animal has a higher likelihood of being 
resighted (as with baleen whales in the NER).  In this manner, Table 1 provides a means by 
which to strive for national consistency while retaining flexibility for situations where better 
information is available.   Table 1 is intended as a precursor for developing future NMFS policy 
for distinguishing serious from non-serious injuries. 
 
In addition to specific revisions and updates, Table 1 outlines two substantial recommended 
changes to the current process for distinguishing between serious and non-serious injuries as a 
whole: 
   

1) Expands the dichotomous determination process (all injuries are “serious” or “not 
serious”) to include a third category representing uncertain cases (injuries can now be 
classified as “serious,” “not serious” or “CBD/case specific”).  Currently, cases with 
insufficient information are often (but not consistently) considered “not serious,” likely 
leading to an underestimate of the actual number of serious injuries.   The recommended 
addition of a “CBD/case specific” category takes into account two circumstances:  1) there is 
insufficient information about the impact of a particular injury to determine whether it is a 
serious or non-serious injury; and/or 2) it is possible to determine whether a particular injury 
is a serious or non-serious injury, but additional factors must be considered on a case-by-case 
basis. 
 
2) Creates guidance with separate serious, non-serious, or CBD/case specific determinations 
criteria for different marine mammal taxonomic groups (i.e., large cetacean, small cetacean, 
and pinnipeds), to allow for differences in the severity of an injury based on the animal’s 
physiology and the amount and type of data that are available.   

 
Participants added definition to Table 1 by making the following clarifications: 

• Table 1 addresses most of the injuries likely to be observed in marine mammals.  Capture 
myopathy was not explicitly included in the list of injuries because it is difficult to 
observe as a phenomenon.  However, some participants considered the potential impacts 
of capture myopathy as a factor to be considered when an injury determination falls into 

                                                 
19 The recommended matrix does not consider criteria for determining serious injuries for FWS trust marine mammal species 
(manatee, sea otter, polar bear, dugong, marine otter and walrus).  Recommended serious injury criteria for pinnipeds may be 
applicable to walrus; however, due to physiological differences, each of the criteria in the matrix would need to be assessed 
separately for a serious injury determination for the remaining FWS trust species. 



 

 
 

62 
 

the “CBD/case specific” category.  Also, participants noted that not all categories will 
have externally visible injuries. 

• A major goal in developing Table 1 was to identify the types of injuries that would 
clearly be considered serious injuries.   

• The injury categories established in Table 1 cover most types of injury regardless of the 
source.  However, there were a few source-dependent injuries that participants considered 
necessary (e.g., collision with vessel of a certain size or speed).   

• Injury determinations that are “CBD/case specific” may vary by region (e.g., because of 
the types and quality of data that are available) or species (e.g., because a given injury 
may be more severe for some species than for others). 

• Participants offered distinctly divergent advice for just two of the 33 injury categories, 
identified with gray shading in Table 1: 
o Criterion 10 in Table 1, “Gear attached to free-swimming animal with potential to 1) 

wrap around pectoral fins/flippers, peduncle, or head; 2) be ingested; or 3) 
accumulate drag,” for large cetaceans could be considered either a “serious injury” or 
“CBD/case specific.” In a straw poll (with several abstentions), about 2/3 of the 
participants present voted for the injury determination to be included as “CBD/case 
specific” and about 1/3 voted for “serious injury.”  Participants agreed that this injury 
event is “serious” for both small cetaceans and pinnipeds. 

o Whether the injury “dog bite” should have its own unique category, or whether it 
should be subsumed as part of any of the following categories in Table 1:  Head 
trauma (including eye injuries) (criterion 6); Deep, external cut or laceration to body 
(criterion 15); Body cavity penetration by foreign object or body cavity exposure 
(criterion 16); or body trauma not covered by cases 6, 15, or 16 above (e.g., broken 
appendages, hemorrhaging” (criterion 24).  In a straw poll (with several abstentions), 
about ¾ of the participants preferred including dog bites within these categories. The 
pinniped experts present generally preferred to include dog bites in a separate 
category, because of the additional potential for inter-species disease transmission.  
For this reason, the workshop Steering Committee modified Table 1 finalized on Day 
4 of the workshop to include dog bites as a separate criterion (criterion 33).  The lack 
of agreement by workshop participants is indicated by the gray highlighting on this 
criterion in Table 1. 
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Table 1: Recommended Serious Injury Criteria for Different Taxonomic Groups * 
 

SI = Serious Injury; NSI = Not Serious Injury; CBD/case specific = Potential SI, but either 1) insufficient information 
about the impact of a particular injury, or 2) additional factors must be considered on a case-by-case basis to determine 
the severity; n/a = not applicable; TBD= To Be Determined; __ = areas lacking near-complete agreement among Day 
4 participants. 

 

Criterion Injury/Information Categories Large 
Cetaceans

Small 
Cetaceans Pinnipeds

 
Pre-Existing Guidance  (included in Angliss and DeMaster (1998) and/or NEFSC publications, retained with no 
changes) 

1 Ingestion of gear or hook SI SI SI 

 
Modified Criteria (some aspects retained from guidance provided in Angliss and DeMaster (1998) and/or 
NEFSC publications, with some changes or additions) 

2 

A free-swimming animal observed at a date later than 
its human interaction, exhibiting a marked change in 
skin discoloration, lesions near the nares, fat loss, or 
increased cyamid loads, etc. 

SI SI SI 

3 Gear constricted on any body part, or likely to become 
constricting as the animal grows SI SI SI 

4 
Uncertain whether gear is constricting, but appendages 
near the entanglement's point of attachment are 
discolored 

SI SI SI 

5 Anchored/immobilized (not freed) SI SI SI 
6 Head trauma (including eye injuries) SI SI SI 

7 Hook in mouth (excluding case 9 below), no trailing 
gear 

CBD/case 
specific SI SI 

8 Hook confirmed in head (excluding mouth), no trailing 
gear NSI SI CBD/case 

specific 

9 Hook confirmed in lip only, no trailing gear n/a CBD/case 
specific 

CBD/case 
specific 

10 
Gear attached to free-swimming animal with potential 
to 1) wrap around pectoral fins/flippers, peduncle, or 
head; 2) be ingested; or 3) accumulate drag 

CBD/case 
specific SI SI 

11 Animal freed from gear and released without gear CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

12 Social animal separated from group or released alone CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

13 Dependent animal (e.g., calf, pup) alone post-
interaction SI SI SI 

14 Wrap(s) of gear around pectoral fin/flippers, peduncle, 
head, abdomen, or chest 

CBD/case 
specific SI SI 

 

New Criteria 

15 Deep, external cut or laceration to body CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

16 Body cavity penetration by foreign object or body 
cavity exposure SI SI SI 
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Criterion Injury/Information Categories Large 
Cetaceans

Small 
Cetaceans Pinnipeds

17 Visible blood loss CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

18 Loss or disfigurement of dorsal fin CBD/case 
specific 

CBD/case 
specific n/a 

19 Partially severed flukes (transecting midline) SI SI n/a 

20 Partially severed flukes (not transecting midline) CBD/case 
specific 

CBD/case 
specific n/a 

21 Partially severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

22 Severed pectoral fins or flippers CBD/case 
specific 

CBD/case 
specific SI 

23 
Entanglement, immobilization or entrapment of a 
certain duration before being freed (TBD, species-
dependent) 

SI SI SI 

24 Body trauma not covered by cases 6, 15, and 16 above 
(e.g., broken appendages, hemorrhaging) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

25 Detectable fractures SI SI SI 

26 
Hook in appendage, without trailing gear or with 
trailing gear that does not have the potential to wrap, be 
ingested, or accumulate drag 

NSI NSI NSI 

27 Animal brought on vessel deck following 
entanglement/entrapment n/a SI CBD/case 

specific 
28 Vertebral transection SI SI SI 

29 Collision with vessel of certain minimum size (TBD, 
species-specific) SI SI CBD/case 

specific 

30 Collision with vessel traveling at a certain minimum 
speed (TBD, species-specific) SI SI CBD/case 

specific 

31 Collision with vessel below a certain size threshold 
(TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

32 Collision with vessel traveling below a certain speed 
threshold (TBD, species-specific) 

CBD/case 
specific 

CBD/case 
specific 

CBD/case 
specific 

33 Dog Bites° n/a n/a CBD/case 
specific 

* See section 8.1 for additional details on the intent and purpose of Table 1. 
° This criterion was not included by the Day 4 Participants.  The workshop Steering Committee added this criterion 
for clarity.  About ¾ of the Day 4 participants preferred subsuming dog bites under criteria 6, 15, 16, or 24 
(depending on the injury inflicted by the dog bite).  The pinniped experts generally preferred to include dog bites in 
a separate category, because of the additional potential for inter-species disease transmission. 
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8.2 Changes from Existing Guidance Represented in Table 1 
 
The initial elements of Table 1 were derived from the existing guidance established at the 1997 
workshop (Angliss and DeMaster, 1998) and from published  documents on serious injury 
determination for baleen whales in the NEFSC (Cole et al., 2005; Cole et al., 2006; Nelson et al., 
2007; Glass et al., 2008).  Participants then made specific changes based on the Days 1-3 
presentations and discussions. 
 
All of the guidance provided in Angliss and DeMaster (1998) was incorporated into Table 1, 
some with changes or additional details (as described below).  All of the NEFSC criteria for what 
constitutes a serious injury for baleen whales were incorporated unchanged into Table 1.  In 
addition, Table 1 incorporates many of Angliss and DeMaster’s considerations for distinguishing 
between serious and non-serious injuries on a case-by-case basis into the “CBD/case specific” 
category (see section 2.4 in this document).   
 
The information below, describing the similarities between Table 1 and the existing serious 
injury guidance, was not explicitly discussed during Day 4 of the workshop.  The workshop 
Steering Committee developed this information for this Technical Memorandum to facilitate the 
readers’ review of the proposed serious injury criteria presented in Table 1.  
 
Unchanged criteria between existing guidance and Table 1 
Criterion 1: “Ingestion of gear or hook” 

• Large cetaceans, small cetaceans, and pinnipeds:  Only one criterion in Table 1 was 
retained from existing guidance (in this case from Angliss and DeMaster) without 
changes to any of the taxonomic groups. Angliss and DeMaster considered “Ingestion of 
gear or hook” a serious injury for all taxonomic groups, and it is also considered a serious 
injury for all taxonomic groups in Table 1. 

 
Changes to, or differences from, existing guidance 
The following discussion reflects where guidance provided in Angliss and DeMaster and/or in 
NEFSC documents were modified in Table 1 for: 1) added clarity; 2) to distinguish a serious 
from a non-serious injury for a species group not included in either Angliss and DeMaster or 
NEFSC documents; or 3) participants at the 2007 workshop considered the serious injury 
determination for a given injury scenario to be different than existing guidance.  (Numbers 
correspond with the criteria numbers in Table 1.) 
 
Criterion 2: “A free-swimming animal observed at a date later than its human interaction, 
exhibited a marked change in skin discoloration, lesions near the nares, fat loss, or increased 
cyamid loads, etc.”   

• Large cetaceans:  Considered a “serious injury” in NEFSC documents.  Remains a 
“serious injury” in Table 1. 

• Small cetaceans and pinnipeds:  Not discussed in existing guidance.  Included as a 
“serious injury” in Table 1. 
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Criterion 3: “Gear constricted on any body part, or likely to become constricting as the animal 
grows.”   

• Large cetaceans:  Considered a “serious injury” in NEFSC documents.  Remains a 
“serious injury” in Table 1. 

• Small cetaceans and pinnipeds:  Not discussed in existing guidance.  Included as a 
“serious injury” in Table 1. 

 
Criterion 4: “Uncertain whether gear is constricting, but appendages near the entanglement’s 
point of attachment discolored and likely compromised.”  

• Large cetaceans:  Considered a “serious injury” in NEFSC documents.  Remains a 
“serious injury” in Table 1. 

• Small cetaceans and pinnipeds:  Not discussed in existing guidance.  Included as a 
“serious injury” in Table 1. 

 
Criterion 5: “Anchored/immobilized (not freed).”   

• Large cetaceans:  Considered a “serious injury” in NEFSC documents.  Remains a 
“serious injury” in Table 1. 

• Small cetaceans and pinnipeds:  Not discussed in existing guidance.  Included as a 
“serious injury” in Table 1. 

 
Criterion 6: “Head trauma (including eye injuries).”    

• Large cetaceans:  Not discussed in existing guidance.  Included as a “serious injury” in 
Table 1.  

• Small cetaceans:  Small cetaceans hooked near the eyes or the head were considered 
“seriously injured” in Angliss and DeMaster.  Participants at the 2007 workshop 
broadened this criterion to include any head trauma, including eye injuries, retaining it as 
a “serious injury” in Table 1.  

• Pinnipeds:  Not discussed in existing guidance.  Included as a “serious injury” in Table 1. 
 
Criteria 7: “Hook in mouth (excluding case 9 below), no trailing gear.”  

• Large cetaceans:  Existing guidance does not address hooking injuries for large 
cetaceans.  Participants at the 2007 workshop noted that hooking injuries are unlikely to 
occur with baleen whales.  Therefore, Table 1 lists a hook in the mouth as “CBD/case 
specific” for large cetaceans. 

• Small cetaceans:  Angliss and DeMaster list a hook in the head (near the eyes) as 
“serious” for small cetaceans.  Table 1 includes additional detail to this guidance by also 
including a hook in the mouth as “serious” for small cetaceans. 

• Pinnipeds: Angliss and DeMaster list a hook in the mouth (internally) as “serious” for 
pinnipeds.  Table 1 includes additional detail to this guidance by also including a hook in 
the mouth as “serious” for pinnipeds. 

 
Criterion 8: “Hook in head (excluding mouth), no trailing gear.”  

• Large cetaceans:  Existing guidance does not address hooking injuries for large 
cetaceans.  Participants at the 2007 workshop noted that hooking injuries are unlikely to 
occur with baleen whales.  Therefore, Table 1 lists a hook confirmed in the head, but not 
the mouth as “not serious” for large cetaceans. 
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• Small cetaceans:  Angliss and DeMaster list a hook in the head (near the eyes) as 
“serious” for small cetaceans.  Table 1 includes additional detail to this guidance by also 
including a hook confirmed in the head, but not the mouth, as “serious” for small 
cetaceans. 

• Pinnipeds: Angliss and DeMaster list a hook in the mouth (internally) as “serious” for 
pinnipeds.  Table 1 includes additional detail to this guidance by also including a hook 
confirmed in the head, but not the mouth, as “CBD/case specific” for pinnipeds. 

 
Criterion 9: “Hook confirmed in lip only, no trailing gear.”   

• Large cetaceans:  Existing guidance does not address hooking injuries for large 
cetaceans.  Participants at the 2007 workshop noted that hooking injuries are unlikely to 
occur with baleen whales.  Therefore, Table 1 lists a hook confirmed in the lip only as 
“not applicable/not observed” for large cetaceans. 

• Small cetaceans:  Angliss and DeMaster list a hook in the head (near the eyes) as 
“serious” for small cetaceans.  Table 1 includes additional detail to this guidance by also 
including a hook confirmed in the lip only as “CBD/case specific” for small cetaceans. 

• Pinnipeds: Angliss and DeMaster list a hook in the mouth (internally) as “serious” for 
pinnipeds.  Table 1 includes additional detail to this guidance by also including a hook 
confirmed in the lip only as “not serious” for pinnipeds. 

 
Criterion 10:  “Gear attached to free-swimming animal with potential to 1) wrap round pectoral 
fins/flippers, peduncle, or head; 2) be ingested; or 3) accumulate drag.”  

• Large cetaceans: Existing guidance does not specifically address this injury scenario for 
large cetaceans.  While participants at the 2007 workshop included this injury scenario in 
Table 1, they disagreed on the severity of such events for large cetaceans.  During a straw 
vote at the workshop to get an idea of how many of the participants considered the injury 
“serious” for large cetaceans, about 2/3 of the participants stated that they consider the 
injury determination “CBD/case specific,” and about 1/3 consider it “serious.”  This 
disagreement is highlighted in Table 1 by shading in the box under large cetaceans.   

• Small cetaceans and pinnipeds:  Angliss and DeMaster consider small cetaceans and 
pinnipeds entangled with trailing gear to be “seriously injured.”  Participants at the 2007 
workshop agreed with Angliss and DeMaster, and listed this injury as “serious” in Table 
1 for small cetaceans and pinnipeds.  Participants added details to the guidance listed in 
Angliss and DeMaster to specify that the injury is “serious” not only if the animal is 
released with trailing gear, but if that trailing gear has the potential to wrap, be ingested 
or accumulate drag.   

 
Criterion 11: “Animal freed from gear and released without gear.”   

• Large cetaceans:  The NEFSC technical memorandums state that a baleen whale is 
typically not considered seriously injured if all constricting lines are removed or shed, 
and the whale has no other injuries that would otherwise be considered serious.  
Participants at the 2007 workshop agreed that additional factors need to be assessed in 
order to determine whether an animal released free of gear after an entanglement is 
seriously injured (e.g., length of time the animal was immobilized).  Therefore, 
participants classified these injury determinations as “CBD/case specific” for large 
cetaceans.    
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• Small cetaceans:  Angliss and DeMaster consider this injury scenario to be “not serious” 
for small cetaceans if the animal was swimming normally after begin freed from the gear. 
Participants at the 2007 workshop agreed that an animal swimming normally after an 
interaction does not always mean the animal is not seriously injured.  Participants agreed 
that additional factors need to be assessed in order to determine whether an animal 
released free of gear after an entanglement is seriously injured (e.g., length of time the 
animal was immobilized, risk of myopathy and renal failure).  Therefore, participants 
classified these injury determinations as “CBD/case specific” for small cetaceans. This 
represents a change from the guidance in Angliss and DeMaster. 

• Pinnipeds: Angliss and DeMaster consider that this injury scenario should be assessed on 
a case-by-case basis for pinnipeds.  Participants at the 2007 workshop retained this injury 
scenario as “CBD/case specific” for pinnipeds. 

 
Criterion 12: “Social animal separated from group or released alone.”    

• Large cetaceans: Existing guidance does not specifically discuss this situation for large 
cetaceans.  Participants at the 2007 workshop listed the separation of a social animal from 
its group as “CBD/case specific” for large cetaceans. 

• Small cetaceans:  Angliss and DeMaster state that and entanglement that results in an 
animal being separated from its pod is a serious injury for small cetaceans.  Participants 
at the 2007 workshop agreed that additional factors needed to be assessed to determine 
whether a small cetacean separated from its pod is a serious injury to that individual.  
Therefore, participants classified these injury scenarios as “CBD/case specific” for small 
cetaceans. This represents a change from the guidance in Angliss and DeMaster.  

• Pinnipeds: Existing guidance does not specifically discuss this situation for pinnipeds.  
Participants at the 2007 workshop listed the separation of a social animal from its group 
as “CBD/case specific” for pinnipeds. 

 
Criterion 13: “Dependent animal (e.g., calf, pup) alone post–interaction”  

• Large cetaceans, small cetaceans, and pinnipeds:  Existing guidance does not 
specifically discuss this situation for a dependent animal.  Participants at the 2007 
workshop included this criterion in addition to criterion 12 to specifically address 
dependent animals separate from its mother or pod, considered a “serious injury” for all 
taxonomic groups. 

   
Criterion 14: “Wrap(s) of gear around pectoral fin/flippers, peduncle, head, abdomen, or chest.”   

• Large cetaceans:   Angliss and DeMaster list constricting wraps of gear that anchors the 
animal or leads to the inability to use an appendage for locomotion or feeding as 
“serious” for large cetaceans (although participants at the 1997 workshop did not agree at 
what point an entanglement impedes locomotion).  Participants at the 2007 workshop 
modified the guidance, listing this injury scenario as “CBD/case specific” for large 
cetaceans because of known cases of large whales surviving for extended periods of time 
with gear wrapped around appendages or the body, including cases of such animals 
reproducing successfully.  Therefore, the severity of the injury depends on the specifics 
of the entanglement.  

• Small cetaceans and pinnipeds:  Not discussed in existing guidance.  Participants at the 
2007 agreed that this injury scenario is “serious” for both small cetaceans and pinnipeds. 
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New Criteria Included in Table 1 
Participants recommended entirely new criteria for those cases not explicitly covered by existing 
guidance, but deemed necessary based on the information provided in the Days 1-3 presentations 
and discussions.  (Numbers correspond with criterion numbers in Table 1.) 

 
Criterion 15: “Deep, external cut or laceration to body.”   

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “CBD/case specific” for all taxonomic groups. 

 
Criterion 16: “Body cavity penetration by foreign object or body cavity exposure.”   

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “serious” for all taxonomic groups. 

 
Criterion 17: “Visible blood loss.”   

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “CBD/case specific” for all taxonomic groups. 

 
Criteria 18-22 (details below):   Existing guidance does not specifically address damage, or the 
degree of damage, to fins/flippers and flukes.  Participants at the 2007 workshop stated that the 
severity of the injury depended on which appendage is lost or compromised, and the extent of the 
compromise.  This detail is reflected in Table 1 by separating the criteria for damaged 
appendages into five separate criteria.   
 
Criterion 18:  “Loss or disfigurement of dorsal fin.”  

• Large cetaceans and small cetaceans:  Participants at the 2007 workshop viewed the loss 
of the dorsal fin as “CBD/case specific” for large and small cetaceans.  In the case of 
small cetaceans, information presented during Days 1-3 of the workshop showed that 
small cetaceans have been documented living for some time and reproducing after the 
loss or disfigurement of the dorsal fin.   

• Pinnipeds:  This injury scenario is not applicable to pinnipeds. 
 
Criterion 19: “Partially severed flukes (transecting midline).”  

• Large cetaceans and, small cetaceans:  Participants at the 2007 workshop viewed 
partially severed flukes, where the injury transects the midline, as a “serious injury” for 
large and small cetaceans.   

• Pinnipeds:  This injury scenario is not applicable to pinnipeds. 
 
Criterion 20: “Partially severed flukes (not transecting midline).”     

• Large cetaceans and small cetaceans:  Participants at the 2007 workshop viewed 
partially severed flukes, where the injury does not transect the midline, as “CBD/case 
specific” for large and small cetaceans.     

• Pinnipeds:  This injury scenario is not applicable to pinnipeds. 
 
Criterion 21: “Partially severed pectoral fins/flippers.”  

• Large cetacean, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
viewed partially severed pectoral fins/flippers as “CBD/case specific” for each group.   



 

 
 

70 
 

Criterion 22:  “Severed pectoral fins/flippers.”   
• Large cetaceans and small cetaceans:  Participants at the 2007 workshop viewed fully 

severed pectoral fins as “CBD/case specific” for large and small cetaceans.     
• Pinnipeds:  Participants at the 2007 workshop viewed fully severed pectoral fins as 

“serious” for pinnipeds. 
 

Criterion 23: “Entanglement, immobilization or entrapment of a certain duration before being 
freed (TBD, species-dependent).”  

• Large cetaceans, small cetaceans and pinnipeds:  While anchoring and immobilization is 
considered a serious injury for large cetaceans in existing guidance, participants at the 
2007 workshop considered Dr. Spraker’s presentation on capture myopathy (section 6.0) 
and added this criterion to include animals from each taxonomic group that were 
immobilized or entangled for a certain duration before being disentangled.  
Immobilization for a significant period of time may impact an animal’s ability to survive, 
even after disentanglement.  Participants did not discuss or agree upon the length of time 
an animal must be immobilized prior to disentanglement for the injury to be considered 
“serious.”  Also, while participants considered this to be a “serious injury” for all 
taxonomic groups, they noted that the duration of immobilization leading to a “serious 
injury” was species-dependent. 

 
Criterion 24: “Body trauma not covered by cases 6, 15, and 16 above (e.g., broken appendages, 
hemorrhaging).”   

• Large cetaceans, small cetaceans and pinnipeds: While head trauma is discussed 
generally in existing guidance (see criterion 6 above), participants at the 2007 workshop 
stated that a criterion was needed to address trauma specifically to the body.  This injury 
scenario was included in Table 1 to distinguish body trauma other than lacerations or 
body cavity penetration (criteria 15 and 16).  Participants listed this injury scenario as 
“CBD/case specific” for all taxonomic groups because various other factors about the 
injury need to be considered before making a determination of severity.  All participants 
agreed that, regardless of the type of body trauma, the injury determination was 
“CBD/case specific” for all species.   

 
Criterion 25: “Detectable fractures.”    

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “serious” for all taxonomic groups. 

 
Criterion 26: “Hook in appendage, without trailing gear or with trailing gear that does not have 
the potential to wrap, be ingested, or accumulate drag.”   

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “not serious” for all taxonomic groups. 

 
Criterion 27: “Animal brought on vessel deck following entanglement/entrapment.” 

• Large cetaceans:    This injury scenario is not applicable to large cetaceans. 
• Small cetaceans:  Participants at the 2007 workshop considered a small cetacean brought 

onto the deck of a vessel following entanglement as “seriously injured” because such 
handling causes substantial stress and injury to small cetaceans. 
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• Pinnipeds:  Participants at the 2007 workshop considered a pinniped brought onto the 
deck of a vessel following entanglement as “CBD/case specific,” because their 
physiology allows them to stay out of the water for extended periods of time.  Also, the 
severity of the injury depends on the manner in which the pinniped is brought onto the 
deck (e.g., in net, over roller, through power block). 

 
Criterion 28: “Vertebral transection.”   

• Large cetaceans, small cetaceans, and pinnipeds:  Participants at the 2007 workshop 
considered this injury scenario to be “serious” for all taxonomic groups.  However, 
vertebral transection injuries are most commonly reported as mortalities (especially in 
large whales), as an internal examination is often necessary to observe the injury. 

 
Criteria 29 and 31: “Collision with vessel of certain minimum size (TBD, species-specific)” and 
“Collision with vessel below a certain size threshold (TBD, species-specific).”   

• Large cetaceans and small cetaceans:  Participants at the 2007 workshop considered an 
injury “serious” when a large or small cetacean is hit by a vessel above a certain size 
(criterion 29).  The large whale breakout group considered that a whale hit by a 
commercial transport ship (e.g., container ship or tanker) is likely to die regardless of 
vessel speed.  When any cetacean is hit by a vessel smaller than a certain size (criterion 
31), the injury determination is in “CBD/case specific.”  Participants did not discuss 
where to set this size threshold, and recommended that such a threshold be determined 
based on further veterinary and technical input prior to the publication of an official 
NMFS policy.  

• Pinnipeds: Participants considered an injury “CBD/case specific” when a pinniped is hit 
by a vessel above a certain size (criterion 29) or below a certain size (criterion 31).   
Participants did not discuss where to set this size threshold, and recommended that such a 
threshold be determined based on further veterinary and technical input prior to the 
publication of an official NMFS policy. 

 
Criteria 30 and 32: “Collision with vessel traveling at a certain minimum speed (TBD, species-
specific)” and “Collision with vessel traveling below a certain speed threshold (TBD, species-
specific).”   

• Large cetaceans and small cetaceans:  As with vessel size, participants at the 2007 
workshop considered an injury “serious” when a large or small cetacean is hit by a vessel 
traveling at or above a certain minimum speed (criterion 30).  When any cetacean is hit 
by a vessel traveling below a certain speed (criterion 32), the injury determination is in 
“CBD/case specific.”  Participants did not discuss where to set this speed threshold, and 
recommended that such a threshold be determined based on further veterinary and 
technical input prior to the publication of an official NMFS policy.  

• Pinnipeds: Participants considered an injury “CBD/case specific” when a pinniped is hit 
by a vessel traveling at or above (criterion 30) or below a certain speed (criterion 32).   
Participants did not discuss where to set this speed threshold, and recommended that such 
a threshold be determined based on further veterinary and technical input prior to the 
publication of an official NMFS policy. 
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Criterion 33:  “Dog bites” (this criterion was not specifically indentified by the Day 4 
participants, but was added by the workshop Steering Committee for this Technical 
Memorandum to fully capture the discussion surrounding dog bite injuries to pinnipeds). 
• Large cetaceans and small cetaceans:  This injury scenario is not applicable for large or 

small cetaceans. 
• Pinnipeds:  Criterion 33 is highlighted in Table 1, indicating lack of consensus on this 

criterion.  The majority of Day 4 participants viewed dog bites as a form of head trauma, 
body trauma, or laceration (and therefore to be subsumed under criteria 6, 15, 16, or 24), 
but the pinniped experts recommended that dog bites be listed as a separate injury 
criterion due to the added potential for disease transmission.  The pinniped experts 
considered an injury “CBD/case specific” when a pinniped is bitten by a dog.  However, 
the pinniped experts did not discuss what types (e.g., penetrating, trauma, laceration, etc.) 
of injuries resulting from dog bites would be considered serious.  

 
8.3 Addressing Areas of Uncertainty 

 
After developing Table 1, Day 4 workshop participants discussed how to address the many 
“CBD/case specific” situations that appear in the table.  Participants identified two main reasons 
why a particular type or cause of injury would be classified as “CBD/case specific”: 

• There is insufficient information about the general type of injury and its longer-term 
impacts on marine mammals to distinguish between a serious and a non-serious injury no 
matter how much information is available on conditions surrounding the injury event; 
and/or 

• Distinguishing between a serious and a non-serious injury is possible, but additional 
factors must be considered on a case-by-case basis to determine the severity of such an 
injury on a given animal. Important factors for a given case may include, but are not 
limited to: 

o Age. 
o Sex. 
o Location of the injury. 
o Body condition of the animal at the time the injury is sustained and when/if the 

animal is resighted at a future date. 
o State of the animal upon release. 
o Past injuries incurred by the animal (i.e., cumulative impacts). 

 
Participants outlined the following general approach to address and reduce the areas of 
uncertainty inherent in the “CBD/case specific” situations:  

1) Convene key NMFS staff from each region responsible for distinguishing serious from 
non-serious injuries along with veterinarians and risk assessment experts on a periodic 
basis, perhaps annually. The purpose would be to discuss and attempt to reach consensus 
on how to assess particular cases. There was also strong support for establishing a peer 
review process (such as the AKSRG process, as described by Wynne in section 4.1) to 
support future serious injury determinations. 

2) Begin developing a probabilistic/risk assessment framework that addresses the varying 
amounts of information available for different species and the corresponding levels or 
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shades of gray in each case. There was particular support for pursuing a risk assessment 
approach with relevant risk analysis experts. 

3) Use injury determinations considered “CBD/case specific” to identify priority research 
needs and inform future research proposals.  Participants also suggested that the research 
recommendations from the 1997 workshop be reviewed to see whether they have been 
addressed. 

4) Evaluate and refine the framework (i.e., Table 1 and the associated process for 
distinguishing serious from non-serious injuries) over time in an adaptive process.   

 
8.4 Burden of Proof in the Face of Uncertainty 

 
Day 4 workshop participants discussed the ambiguity of the term “likely” contained in the 
regulatory definition of serious injury (i.e., “any injury that will likely result in mortality,” 50 
CFR 229.2).  At one extreme, likely could mean any probability greater than 0.50 (the chance of 
occurring is greater than not occurring).  At the other extreme, likely means just short of being 
certain that death would occur; that is, a very high probability that death would occur.  
 
Participants noted that the current regulatory definition was inadequate due to the broad range of 
interpretations that may be applied to the term “likely.”  Furthermore, the descriptions of NMFS’ 
application of the current guidance (see sections 4.0 and 4.1 above) suggested there was a degree 
of region-to-region inconsistency in which end of this range (greater than 0.50 chance of death, 
to being just short of certain that death would occur) is being applied currently when 
distinguishing serious from non-serious injuries. 
 
Participants noted potential consequences of interpretations from either extreme of the range of 
interpretations of “likely,” from the potential for over-regulation to inadequate marine mammal 
conservation.  As indicated by Pace’s presentation (section 5.1), there are errors of omission and 
errors of commission, and there are clearly some animals that are injured and subsequently die of 
those injuries but are not observed (therefore not included in the existing data sets).  In current 
use, any injury not specifically labeled as “serious” (i.e., those considered “not serious” and 
“CBD/case specific”) is not included in estimates of human-caused mortality and serious injury; 
thus, these cases are not included in assessing the status of marine mammal stocks. 
 
After stating there was no explicit guidance in the text of the MMPA to provide guidance in 
making these interpretations, participants briefly discussed the MMPA’s legislative history.  
Committee reports from the House (U.S. House of Representatives Report 92-707, December 4, 
1971) and Senate (U.S. Senate Report 92-863, June 15, 1972) from the initial passage of the 
MMPA addressed the issue burden of proof.  These reports both noted that people who requested 
authorization to take marine mammals carried the burden to show that the requested taking must 
not be to the disadvantage of marine mammal populations or species.  The House report 
emphasized that the burden was, indeed, a heavy one.  Furthermore, these reports noted that 
NMFS and the FWS should not authorize such take if the burden was not met. 
 
There was agreement among workshop participants (with the exception of a few)  that the term 
“likely” within the definition of serious injury should not be toward the “certain death” end of 
the range of interpretations and should be more risk-averse for marine mammal conservation.  
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There was, however, no agreement on what chance of death would be an appropriate threshold 
value.   Participants agreed that interpreting “likely” in the definition of serious injury to be more 
risk-averse (i.e., not to only mean certain death) would constitute a change in the way many 
serious injury determinations are currently made.  For example, this change would impact the 
current categorization of some fisheries on the MMPA List of Fisheries (LOF), and potentially 
qualify additional fisheries for management under a TRT.  However, participants agreed that the 
outcome should not drive the decision.  Participants suggested evaluating which stocks would 
benefit, and how the LOF might change if a more risk-averse approach were applied.  
Participants recommended that this be examined during the development of an official NOAA 
policy on distinguishing serious from non-serious injuries.    
 
The participants discussed alternatives to achieve a more risk-averse approach.  One of these was 
to consider an injury as “serious” unless there was sufficient information to conclude that death 
would not likely occur.  Another mechanism included modeling the effects of various injuries on 
marine mammals to predict the likelihood of death.  If the predicted likelihood of death for a 
given injury is higher than a threshold established as policy, then the injury would be considered 
“serious.”  However, not all participants agreed with this approach.  One participant noted that a 
scoring system or similar modeling method may give false precision, especially since NMFS is 
expected to make a binary decision (an injury is “serious” or not).  This participant considered 
the use of well-defined data fields when distinguishing serious from non-serious injuries.  
 
Participants discussed various consequences of likelihood thresholds, including the potential for 
over-regulation of human activities and under-protection of marine mammals.  However, there 
were no additional conclusions or recommendations resulting from these discussions. 
 
Workshop participants also discussed other uncertainties involved in evaluating the effects of 
injuries to marine mammals and the need for NMFS to establish guidance to account for human-
caused injuries determined to be serious, a management responsibility required by the MMPA.20  
This guidance should account for cases where insufficient information is available to assign the 
serious injury to a specific fishery (for classification of fisheries on the MMPA LOF) or to a 
specific vessel (for ship-strike injuries).  These serious injuries and mortalities could be included 
in a general category of fishery-related or ship strike-related mortality and serious injury.  These 
discussions are not included in this report because they do not relate directly to the purpose of 
the workshop: distinguishing serious from non-serious injury.   

                                                 
20  MMPA section 117(a)(3): “estimate the annual human-caused mortality and serious injury of the stock by source…” 
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9.0 Concluding Comments 
 
Information and suggestions/recommendations made by participants of this workshop will form 
the basis for a NMFS policy on distinguishing serious from non-serious injuries.  The next step 
from this workshop is to publish a proposed policy for distinguishing serious from non-serious 
injuries in the Federal Register for public comment, with a final policy published after public 
comments are reviewed, addressed and incorporated. 
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12.0 Appendixes 
 

Appendix A: Agenda (Day 1-3) 
 

 
SERIOUS INJURY TECHNICAL WORKSHOP 

September 10-12, 2007 
Seattle, WA 

 
 

 
MEETING OBJECTIVES 

1) Review information obtained since 1997 workshop 
a. Types and frequencies of observed injuries 
b. Evidence of survival of marine mammals sustaining such injuries 

 
2) Discuss the use of, and needed changes to, existing guidance in making serious injury determinations  

a.    Identify when information is insufficient to determine the severity of the injury 
b.    Identify data needs for making serious injury determinations 
c. Review existing data sources for making serious injury determinations, and identify constraints 
 

3) Discuss potential implications of the workshop 
 

 
 

DAY 1, MONDAY, SEPTEMBER 10, 2007 (8:30 AM-5:30 PM) 
Review and Discuss Existing Processes for Making Serious Injury Determinations 

Register through https://reefshark.nmfs.noaa.gov/pr/siw/ 
 

 
8:00 AM 
 
8:30 AM 
 
 
 
 
 
 
 

 
Late Registration 
 
Welcome, Introductions, and Getting Organized  
 Welcome and opening (John Bengtson, AFSC; David Cottingham, NMFS Headquarters) 
 Participant introductions (CONCUR, Inc.) 
 Objectives of the workshop (Tom Eagle, NMFS Headquarters) 
 Process for the workshop (CONCUR, Inc.) 

• Ground rules  
• Agenda overview 
 

9:00 AM Review of Existing Guidelines to Distinguish Serious from Non-Serious Injuries (1997 
workshop report)  (Robyn Angliss- AFSC)  
 

9:15 AM 
 
 
 
 
 
 

Evaluate Current Data and Determination Systems (Session Chair: Tim Cole) 
Current Data Sources    
 National Observer Program (Amy Van Atten, NER Observer Program)  
 Health and Stranding Program (Teri Rowles, HQ MMHSRP) 
 
 
 

https://reefshark.nmfs.noaa.gov/pr/siw
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9:45 AM 
 
 
 
 
 
10:25 AM 
 
10:40 AM 
 
 
 
 
 
 
 
11:40 PM 
 
 
 
12:20 PM 
 
1:45 PM 
 
2:05 PM  
 
2:15 PM 
 
 
 
4:15 PM 
 
4:30 PM 
 
5:30 PM 
 
6:30 
 

Current Determination Systems  
 Baleen whale serious injury determinations in the Atlantic and Gulf of Mexico (Tim Cole- 

NEFSC) 
 Small cetacean serious injury determinations in the Atlantic and Gulf of Mexico (Lance 

Garrison- SEFSC) 
 

BREAK  
 
 Serious injury determinations in Hawaii (Karin Forney- SWFSC and Bud Antonelis-

PIFSC) 
 Cetacean serious injury determinations off the U.S. Western Contiguous Coast (Karin 

Forney- SWFSC) 
 Large whale and pinniped serious injury determinations in Alaska (Robyn Angliss- AFSC) 
 

Synthesis 
 Synthesis of regional case studies (Tim Cole- NEFSC) 
 Non-NMFS evaluation of serious injury determination processes: White Paper of the AK 

Scientific Review Group (Kate Wynne- AK SRG) 
 
LUNCH (On Your Own) 

 
 Large whale disentanglement systems (David Mattila- NOS, Humpback Whale National 

Marine Sanctuary) 
 Introduction to breakout group session (Melissa Andersen- NMFS Headquarters) 

 
Facilitated Breakout Group Discussion on the Evaluation of Current Data and Serious 
Injury Determination Systems 
Breakout group structure and questions TBD  
 
Breakout group leaders and reporters summarize breakout group discussions  
 
Breakout groups present summary statements  
 
ADJOURN DAY 1 
 
Please join fellow workshop participants at “forty-two,” a unique wine bar in the lobby of the 
Watertown Hotel. 
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DAY 2, TUESDAY, SEPTEMBER 11, 2007 (8:30 AM-5:30 PM) 

Review and Discuss New Information from Survival Evaluations and the Pathobiology of Injuries 
 

8:30 AM 
 
8:45 AM 
 
  
 
 
 
 
 
 
 
 
 
9:50 AM 
 
10:05 AM 
 
11:05 AM 
 
 
 
 
 
 
 
 
12:35 PM 
 
1:45 PM 

Overview: Questions from Day 1 and Review Day 2 Agenda 
 
Overview of New Information on Survival of Injured Marine Mammals 
Large Whales (Session Chair: Tom Eagle) 
 Survival of injured North Atlantic right whales based on photo-id data and longitudinal 

tracking  (Richard Pace- NEFSC)  
 Survival of injured humpback whales, and other large whales, in the Atlantic and Pacific 

(Jooke Robbins- Center for Coastal Studies; John Calambokidis- Cascadia Research; Jan 
Straley- University of Alaska)   

1) Scar-based insight into entanglement and serious injury (Jooke Robbins) 
2) Case studies of injuries and survival along the U.S. west coast (John Calambokidis) 
3) Case studies of injuries and survival in Southeast Alaska (Jan Straley) 
4) Statistical analysis of survival (Jooke Robbins) 

 
BREAK 

 
Facilitated Discussion on Large Whales 
 
Small Cetaceans and Manatees (Session Chair: Karin Forney) 
 Fishery interactions in small cetaceans in the mid-Atlantic (Aleta Hohn- SEFSC) 
 Bottlenose dolphins in Sarasota Bay, FL (Randy Wells- Chicago Zoological Society/Mote 

Marine Lab)   
 Limited information on interaction outcomes for Pacific false killer whales (Karin Forney to 

present Baird et al. scarring study and other photos) 
 Injuries and outcomes in manatees (Alexander Costidis- FL Fish & Wildlife Conservation 

Commission) 
 
LUNCH (On Your Own) 
 
Facilitated Discussion on Small Cetaceans and Manatees 

 
2:45 PM 
 
 
 
 
 
3:45 PM 
 
4:00 PM 
 
 
4:30 PM 
 
5:30 PM 

Pathobiology of Injuries (Session Chair: Teri Rowles) 
 Predicting lethality from vessel and gear trauma in North Atlantic right whales (Michael 

Moore- Woods Hole Oceanographic Inst.) 
 Categories and consequences of injuries (David Rotstein- University of Tennessee/NMFS) 

 
 
BREAK 
   
 Injuries observed in pinnipeds (CA sea lions, Northern Fur seals, and monk seals) (Terry 

Spraker- Colorado State University) 
 
Facilitated Discussion on the Pathobiology of Injuries 
 
ADJOURN DAY 2 
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DAY 3, WEDNESDAY, SEPTEMBER 12, 2007 (9:00 AM-5:00 PM) 

Breakout Groups Sessions 
 

9:00 AM 
 
 
 
 
9:30 AM 
 
 
 
 
 
 
 
11:30 AM 
 
11:45 AM 
 
12:30 PM 
 
1:45 PM 
 
 
 
 
3:45 PM 
 
4:00 PM 
 
5:00 PM 

Overview: Questions from Day 2 and Review Day 3 Agenda 
 Outline breakout group sessions (CONCUR, Inc.) 

o Group composition (TBD) 
o Questions for discussion (TBD) 

 
Breakouts Group Activity  
Session One 

Group 1: Longitudinal/survival rates from a modeling perspective 
Group 2: Categorization of injuries and pathological consequences: Gear-related 
              injuries (i.e., entanglements, hookings, and ingestions)  
Group 3: Categorization of injuries and pathological consequences:  Sharp, blunt   
               force, and penetrating injuries 

 
Breakout group leaders and reporters summarize breakout group discussions  
 
Breakout groups present summary statements 
 
LUNCH (On Your Own) 
 
Session Two 

Group 1: Large cetaceans 
      Group 2: Small cetaceans 
      Group 3: Pinnipeds and other species 
 
Breakout group leaders and reporters summarize breakout group discussions  
 
Breakout groups present summary statement/ Plenary Discussion 
 
ADJOURN DAY 3 
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Appendix B: Background Documents Provided to Participants 
 

In addition to the presentation summaries provided in this Technical Memo, workshop 
participants received the following background documents prior to the Workshop: 
 

Alaska Marine Mammal Observer Program (AMMOP) Manual.  2005.  Incidental Take 
Observer Forms and Instructions.  Pp. 4.28-4.41.  
http://www.st.nmfs.noaa.gov/st4/nop/Observer_training_resources.html 
 

Angliss, R.P. and D.P. DeMaster.  1998.  Differentiating Serious and Non-Serious Injury of 
Marine Mammals Taken Incidental to Commercial Fishing Operations.  NOAA Tech. Memo. 
NMFS-OPR-13, 48 pp. 

 
Baird, R. W. and A. M. Gorgone.  2005.  False Killer Whale Dorsal Fin Disfigurements as 

a Possible Indicator of Long-line Fishery Interactions in Hawaiian Waters.  Pacific Science 59: 
593-601. 

 
Barco, S. and K. Touhey.  2006.  Handbook for Recognizing, Evaluating, and 

Documenting Human Interactions in Stranded Cetaceans and Pinnipeds. 69 Pp. 
 

 Burdett, L. G., J. D. Adams, and W. E. McFee.  2007.  The Use of Geographic Information 
Systems as a Forensic Tool to Investigate Sources of Marine Mammal Entanglement in 
Fisheries.  Journal of Forensic Science 52(4): 904-908. 
    
 Cole, T.V.N., D.L Hartley, and M. Garron.  2006. Mortality and Serious Injury 
Determinations for Baleen Whale Stocks along the Eastern Seaboard of the United States, 2000-
2004.  U.S. Dep. Commer. Northeast Fish. Sci. Cent. Ref. Doc. 06-04.  Available at 
http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0604/  
 
 Cole, T.V.N, D.L. Hartley, and R.L. Merrick.  2005.  Mortality and Serious Injury 
Determinations for Northwest Atlantic Ocean Large Whale Stocks, 1999-2003.  U.S. Dep. 
Commer. Northeast Fish. Sci. Cent. Ref. Doc. 05-08.  18 pp.  Available at 
http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0508/  
 

Committee on Characterizing Biologically Significant Marine Mammal Behavior, National 
Research Council.  2005.  Rational Management with Incomplete Data.  In: Marine Mammal 
Populations and Ocean Noise: Determining When Noise Causes Biologically Significant Effects.  
The National Academies Press.  Pp. 69-85. 

 
 Garrison, L. P.  2007.  Interactions Between Marine Mammals and Pelagic Longline 
Fishing Gear in the U.S. Atlantic Ocean between 1992 and 2004.  Fishery. Bulletin 105: 408-
417. 
  

Garrison, L. P.  2005.  Estimated Bycatch of Marine Mammals and Turtles in the U.S. 
Atlantic Pelagic Longline Fleet During 2004.  NOAA Tech. Memo. NMFS-SEFSC-531.  48 Pp. 

 

http://www.st.nmfs.noaa.gov/st4/nop/Observer_training_resources.html
http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0604
http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0508
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Gorzelany, J. F.  1998.  Unusual Deaths of Two Free-ranging Atlantic Bottlenose Dolphins 
(Tursiops truncatus) Related to Ingestion of Recreational Fishing Gear.  Marine Mammal 
Science 14(3): 614-617. 
 
 Johnson, A., G. Salvador, J. Kenney, J. Robbins, S. Kraus, S. Landry, and P. Clapham. 
2005. Analysis of Fishing Gear Involved in Entanglements of Right and Humpback Whales. 
Marine Mammal Science 21(4): 635-645.  

 
 Lightsey, J. L., Rommel, S. A., Costidis, A. M., Pitchford, T. D.  2006.  Methods Used 
During Gross Necropsy to Determine Watercraft-Related Mortality in the Florida Manatee 
(Trichechus manatus latirostris).  Journal of Zoo and Wildlife Medicine 37(3): 262–275. 

 
Mattila, D. K., S. Landry, E. Lyman, J. Robbins, and T. Rowles.  2007. Scientific 

Information that can be Gained through Large Whale Disentanglement.  Unpublished Report to 
the Scientific Committee of the 59th meeting of the International Whaling Commission, 
Anchorage Alaska, USA.  Report number SC/59/BC1. 

 
Moore, M., A. Bogomolni, R. Bowman, P. Hamilton, C. Harry, A. Knowlton, S. Landry, 

D. Rotstein, and K. Touhey. 2006. Fatally Entangled Right Whales Can Die Extremely Slowly. 
Oceans'06 MTS/IEEE-Boston, Massachusetts September 18-21, 2006 - ISBN: 1-4244-0115-1. 

 
Moore, M.J., A.R. Knowlton, S.D. Kraus, W.A. McLellan, and R.K. Bonde. 2004. 

Morphometry, Gross Morphology and Available Histopathology in North Atlantic Right Whale 
(Eubalaena glacialis) Mortalities (1970-2002).  Journal of Cetacean Research and Management 
6:199-214. 

 
 Nelson, M., M. Garron, R.L. Merrick, R.M. Pace, and T.V.N. Cole.  2007.  Mortality and 
Serious Injury Determinations for Large Whale Stocks along the United States Eastern Seaboard 
and Adjacent Canadian Maritimes, 2001-2005.  U. S. Dep. Commer., Northeast Fish. Sci. Cent. 
Ref. Doc. 07-05.  18 Pp.  Available at: 
http://www.nefsc.noaa.gov/nefsc/publications/crd/crd0705/ 

 
New England Fisheries Observer Program Biological Sampling Manual.  2007.  Marine 

Mammal, Sea Turtle, and Seabird Incidental Take Log.  Pp. 242-266. 
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the foreseeable future throughout all or 
a significant portion of its range. 

Withdrawal of Proposal to List Cook’s 
Petrel 

Based on the information discussed 
above, we withdraw our December 17, 
2007 (72 FR 71298), proposal to list the 
Cook’s petrel as a threatened species 
under the Act. 
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SUMMARY: We, NMFS, announce a 90– 
day finding for a petition to list the 
insular population of Hawaiian false 
killer whales (Pseudorca crassidens) as 
endangered under the Endangered 
Species Act (ESA). We find that the 
petition presents substantial scientific 
or commercial information indicating 
that the petitioned action may be 
warranted. Therefore, we have initiated 
a status review of the insular population 
of Hawaiian false killer whales to 
determine if listing under the ESA is 
warranted. To ensure this status review 

is comprehensive, we solicit scientific 
and commercial information regarding 
this species (see below). 
DATES: Information and comments on 
the subject action must be received by 
February 4, 2010. 
ADDRESSES: You may submit comments, 
information, or data, identified by the 
Regulation Identifier Number [RIN 
0648–XT37], by any one of the 
following methods: 

(1) Electronic Submissions: Submit all 
electronic information via the Federal 
eRulemaking Portal at http:// 
www.regulations.gov; 

(2) Mail: Assistant Regional 
Administrator, Protected Resources 
Division, National Marine Fisheries 
Service, Pacific Islands Regional Office, 
1601 Kapiolani Boulevard Suite 1110, 
Honolulu, HI, 96814. 

Instructions: All comments received 
are a part of the public record and may 
be posted to http://www.regulations.gov 
without change. Comments will be 
posted for public viewing after the 
comment period has closed. All 
personal identifying information (for 
example, name, address, etc.) 
voluntarily submitted by the commenter 
may be publicly accessible. Do not 
submit confidential business 
information or otherwise sensitive or 
protected information. NMFS will 
accept anonymous comments (enter N/ 
A in the required fields if you wish to 
remain anonymous). Attachments to 
electronic comments will be accepted in 
Microsoft Word, Excel, WordPerfect, or 
Adobe PDF file formats only. 

Interested persons may obtain a copy 
of the petition online at the NMFS 
Pacific Islands Regional Office website: 
http://www.fpir.noaa.gov/PRD/ 
prdlfalselkillerlwhale.html. 
FOR FURTHER INFORMATION CONTACT: 
Krista Graham, NMFS, Pacific Islands 
Region, (808) 944–2238; Lance Smith, 
NMFS, Pacific Islands Region, (808) 
944–2258; or Dwayne Meadows, NMFS, 
Office of Protected Resources, (301) 
713–1401. 
SUPPLEMENTARY INFORMATION: 

Background 
On October 1, 2009, we received a 

petition from the Natural Resources 
Defense Council (NRDC) requesting that 
the Secretary list the insular population 
of Hawaiian false killer whales as an 
endangered species under the ESA and 
designate critical habitat concurrent 
with listing. According to the final 2008 
and draft 2009 Stock Assessment 
Reports (SAR) (available at http:// 
www.nmfs.noaa.gov/pr/pdfs/sars/) that 
NMFS has completed as required by the 
Marine Mammal Protection Act 

(MMPA), Hawaiian false killer whales 
are divided into a Hawaii Pelagic Stock 
and a Hawaii Insular Stock. NRDC 
considers the insular population of 
Hawaiian false killer whales and the 
Hawaii Insular Stock of false killer 
whales to be synonymous. 

NRDC asserts that the insular 
population of Hawaiian false killer 
whales faces the following threats: (1) 
mortality and/or serious injury from 
fishing gear; (2) overfishing and prey 
reductions; (3) potential for increased 
levels of toxic chemicals; (4) ocean 
acidification; (5) potential for acoustic 
impacts on false killer whale behavior; 
(6) inadequacy of existing regulatory 
mechanisms; (7) risks inherent to small 
populations; and (8) synergistic and 
cumulative effects. The petition 
contends that the small population size, 
evidence of a declining population 
trend, and multiple threats together 
qualify the insular population of 
Hawaiian false killer whales to be listed 
as an endangered species under the 
ESA. 

ESA Statutory, Regulatory, and Policy 
Provisions 

Section 4(b)(3)(A) of the ESA (16 
U.S.C. 1531 et seq.) requires, to the 
maximum extent practicable, that 
within 90 days of the receipt of the 
petition to designate a species as 
threatened or endangered, the Secretary 
of Commerce (Secretary) make a finding 
on whether that petition presents 
substantial scientific or commercial 
information indicating that the 
petitioned action may be warranted. 
Joint ESA-implementing regulations 
between NMFS and the U.S. Fish and 
Wildlife Service (USFWS) (50 CFR 
424.14) define ‘‘substantial information’’ 
as the amount of information that would 
lead a reasonable person to believe that 
the measure proposed in the petition 
may be warranted. 

In making a finding on a petition to 
list a species, the Secretary must 
consider whether the petition: (i) clearly 
indicates the administrative measure 
recommended, and gives the scientific 
and any common name of the species 
involved; (ii) contains a detailed 
narrative justification for the 
recommended measure, describing, 
based on available information, past and 
present numbers and distribution of the 
species involved and any threats faced 
by the species; (iii) provides information 
regarding the status of the species over 
all or a significant portion of its range; 
and (iv) is accompanied by the 
appropriate supporting documentation 
in the form of bibliographic references, 
reprints of pertinent publications, 
copies of reports or letters from 
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authorities, and maps (50 CFR 
424.14(b)(2)). To the maximum extent 
practicable, this finding is to be made 
within 90 days of the date we received 
the petition, and the finding is to be 
published promptly in the Federal 
Register. When it is found that 
substantial information consistent with 
the guidelines above is presented in the 
petition, we are required to promptly 
commence a review of the status of the 
species concerned. Within one (1) year 
of receipt of the petition, we shall 
conclude the review with a finding as to 
whether or not the petitioned action is 
warranted. 

Under the ESA, a listing 
determination may address a species, 
subspecies, or a distinct population 
segment (DPS) of any vertebrate species 
which interbreeds when mature (16 
U.S.C. 1532(16)). In 1996, the USFWS 
and NMFS published the Policy on the 
Recognition of a Distinct Vertebrate 
Population Segments under the ESA 
(DPS Policy, 61 FR 4722; February 7, 
1996). This policy clarifies the agencies’ 
interpretation of the phrase ‘‘distinct 
population segment of any species of 
vertebrate fish or wildlife’’ (ESA section 
3(16)) for the purposes of listing, 
delisting, and reclassifying a species 
under the ESA (61 FR 4722; February 7, 
1996). The policy established two 
criteria that must be met for a 
population or group of populations to be 
considered a DPS: (1) the population 
segment must be discrete in relation to 
the remainder of the species (or 
subspecies) to which it belongs; and (2) 
the population segment must be 
significant to the remainder of the 
species (or subspecies) to which it 
belongs. A population segment may be 
considered discrete if it satisfies either 
one of the following conditions: (1) it is 
markedly separated from other 
populations of the same biological taxon 
as a consequence of physical, 
physiological, ecological, or behavioral 
factors (quantitative measures of genetic 
or morphological discontinuity may 
provide evidence of this separation); or 
(2) it is delimited by international 
governmental boundaries across which 
there is a significant difference in 
exploitation control, habitat 
management, conservation status, or if 
regulatory mechanisms exist that are 
significant in light of section 4(a)(1) of 
the ESA. If a population is determined 
to be discrete, the agency must then 
consider whether it is significant to the 
taxon to which it belongs. 
Considerations in evaluating the 
significance of a discrete population 
include: (1) persistence of the discrete 
population in an unusual or unique 

ecological setting for the taxon; (2) 
evidence that the loss of the discrete 
population segment would cause a 
significant gap in the taxon’s range; (3) 
evidence that the discrete population 
segment represents the only surviving 
natural occurrence of a taxon that may 
be more abundant elsewhere outside its 
historical geographical range; or (4) 
evidence that the discrete population 
has marked genetic differences from 
other populations of the species. 

A species, subspecies, or DPS is 
‘‘endangered’’ if it is in danger of 
extinction throughout all or a significant 
portion of its range, or ‘‘threatened’’ if 
it is likely to become endangered within 
the foreseeable future throughout all or 
a significant portion of its range (ESA 
section 3(6) and 3(20), respectively). To 
determine whether a species is 
threatened or endangered, we conduct a 
risk analysis to evaluate risks based on 
specific demographic factors (e.g., 
abundance, productivity, spatial 
structure, and diversity), any 
quantitative or qualitative estimates of 
overall extinction risk for the species, 
and the relative contribution of 
identified demographic risks to the 
overall assessed level of extinction risk. 
Section 4(a)(1) of the ESA requires the 
Secretary of Commerce to determine 
whether any species is endangered or 
threatened due to of any of the 
following factors: (1) the present or 
threatened destruction, modification, or 
curtailment of its habitat or range; (2) 
overutilization for commercial, 
recreational, scientific, or educational 
purposes; (3) disease or predation; (4) 
inadequacy of existing regulatory 
mechanisms; or (5) other natural or 
manmade factors affecting the species 
continuing existence. Therefore, to the 
extent possible, we describe the links 
between these demographic risks and 
these causative section 4(a)(1) factors. 
Listing determinations are based solely 
on the best available scientific and 
commercial data, after taking into 
account any efforts being made by any 
state or foreign nation to protect the 
species. 

Analysis of Petition 

Does the Petitioned Population Qualify 
as a DPS? 

As described above, to be considered 
a DPS under the ESA, a population must 
meet both the ‘‘discreteness’’ and 
‘‘significance’’ criteria of the DPS 
policy. NRDC contends that the insular 
population of Hawaiian false killer 
whales meets both ‘‘discreteness’’ and 
‘‘significance’’ criteria, and thus is a 
DPS under the ESA. 

Discreteness: NRDC states that the 
insular population of Hawaiian false 
killer whales is markedly separated 
from other false killer whales because it: 
(1) is behaviorally unique from other 
false killer whales; (2) is genetically 
distinct from other false killer whales; 
and (3) constitutes a stock under the 
MMPA. NRDC cites photo-identification 
data from Baird et al. (2008) to support 
its statement that, while false killer 
whales are considered a wide-ranging 
pelagic species not typically associated 
with coastal or island habitats, the 
insular Hawaiian false killer whales are 
the only known long-term, island- 
associated false killer whales in the 
world. NRDC adds that recent 
mitochondrial haplotype data from false 
killer whales throughout the Pacific 
including Hawaii, the central Indian 
Ocean, the eastern and western Pacific 
Ocean, and the western Atlantic Ocean 
indicate that the insular population of 
Hawaiian false killer whales includes 
genetically distinct matrilines (Chivers 
et al., 2007), and that this suggests 
unique cultural traits (Whitehead, 
1998). Finally, NRDC notes that, while 
the analysis of whether a given marine 
mammal population is considered a 
stock under the MMPA differs from a 
DPS analysis under the DPS Policy, the 
classification of Hawaii insular false 
killer whales as a stock supports the 
finding that the population is a listable 
entity under the ESA. 

As described in the final 2008 and 
draft 2009 SARs for the Hawaii Pelagic 
and Hawaii Insular Stocks of false killer 
whales, the taxonomy of this group is 
not well understood, due to the very 
small number of genetic samples and 
lack of other biological information. 
However, the MMPA requires NMFS to 
use the best available information to 
delineate stock boundaries. The current 
delineations of the Hawaii Pelagic and 
Hawaii Insular Stocks of false killer 
whales are based on all currently 
available genetic samples, but only 2 
samples are available from each stock. 
As noted in the 2008 and draft 2009 
SARs, the boundary between these two 
stocks may be revised as additional 
information becomes available. We will 
need to review information from SARs 
for the Hawaii Pelagic and Hawaii 
Insular Stocks of false killer whales 
(http://www.nmfs.noaa.gov/pr/pdfs/ 
sars/) and any other information we can 
obtain to determine whether this 
population is discrete from other 
populations of false killer whales. While 
information on stock delineation under 
the MMPA can be useful for delineating 
DPSs under the ESA, it is important to 
note, as NRDC has done, that an MMPA 
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stock does not necessarily qualify as a 
DPS under the ESA. MMPA stocks do 
not need to meet a criterion similar to 
the ‘‘significance’’ criterion of the DPS 
Policy. 

Significance: NRDC states that the 
insular population of Hawaiian false 
killer whales meets the significance 
criterion of the DPS policy because it: 
(1) occupies a unique ecological setting; 
and (2) differs markedly from other 
populations of the species in its genetic 
characteristics. Evidence cited in the 
petition includes the fact that the 
Hawaiian archipelago is the most 
isolated island group in the world, 
leading to high rates of endemism, or 
ecologically and evolutionarily unique 
organisms (Briggs, 1961, 1966; Carlquist, 
1966). They cite Baird et al. (2008) to 
support the theory that evolution of 
island-associated populations such as 
this population of false killer whales, 
Bryde’s whales, and short-finned pilot 
whales in the Hawaiian archipelago may 
occur because the central tropical 
Pacific is oligotrophic, the 
oceanographic influence of the islands 
increases productivity immediately 
around the islands (Doty and Oguri, 
1956; Gilmartin and Revelante, 1974; 
Seki et al., 2002) and reduces the spatial 
and temporal variability in prey 
availability. Also, the insular population 
of Hawaiian false killer whales is the 
only population of false killer whales 
known to be residents of an island 
system (Baird et al., 2008). The rest of 
the species occurs in pelagic waters, 
further indicating that this population 
occurs in an ecological setting that is 
unusual and unique to the taxon. 
Finally, the fact that individuals from 
this population are uniquely identifiable 
by their mitochondrial haplotypes 
indicates that this insular population 
differs markedly from other populations 
of the species in its genetic 
characteristics. 

Is the Insular Population of Hawaiian 
False Killer Whales Threatened or 
Endangered? 

Abundance and Trend Information: 
NRDC states that recent abundance 
estimates for this population (Mobley et 
al., 2000 -121 individuals, line-transect 
aerial survey form 1993–1998; Baird et 
al., 2005 - 123 individuals, mark- 
recapture photo-identification data from 
2000–2004) indicate that insular false 
killer whales may have the smallest 
population size of any odontocete 
species within the Hawaiian Exclusive 
Economic Zone (Barlow, 2006). 
Additional data cited by NRDC indicate 
that the insular Hawaiian stock of false 
killer whales has experienced a decline 
within the past one or two decades: (1) 

the largest group of individuals 
observed in 1989 (470) is larger than the 
entire estimated abundance today; (2) 
false killer whales represented 17 
percent of sightings in the 1989 aerial 
survey and only 1.5 percent in boat- 
based surveys from 2000–2006 (Baird et 
al., 2008; Reeves et al., 2009); (3) group 
size has declined from a median of 195 
individuals in 1989 to a median of 15 
in boat-based surveys from 2000–2006 
(Baird et al., 2008; Reeves et al., 2009); 
(4) aerial surveys within approximately 
46 km of the Hawaiian coast conducted 
throughout the 1990s made 18 sightings 
of false killer whales during 239 hours 
of survey effort (Mobley et al., 2000; 
Mobely et al., unpublished); and (5) re- 
sighting rates of false killer whales 
identified in the 1980s are low 
compared with rates in other species 
such as pygmy killer whales, 
Blainville’s beaked whales and Cuvier’s 
beaked whales, potentially suggesting a 
reduced survival rate in the 1990s 
(Baird, 2009). 

Our final 2008 and draft 2009 SARs 
on the Hawaii Insular Stock of false 
killer whales confirms the low 
population size estimates for this 
population (approximately 120 
individuals, with a minimum 
population size of 76 individuals). The 
draft 2009 SAR also cites evidence 
suggesting that this stock/population 
has declined in size over the past 2 
decades. 

Analysis of ESA Section 4(a)(1) 
Factors: NRDC provided information to 
suggest that the insular population of 
Hawaiian false killer whales may have 
been and may continue to be threatened 
by habitat modification (mortality and 
serious injury from fishing gear, 
overfishing and prey reductions, 
increased levels of toxic chemicals, 
ocean acidification, and noise- 
producing activities), inadequate 
regulatory mechanisms, risk factors 
such as its high trophic level, low 
population density, slow growth and 
large calving interval, and small 
geographic range, and the synergistic 
and cumulative effects of these threats. 

NRDC states that, from 1994–2005, 
false killer whales were killed or 
seriously injured at a rate of 0.81 per 
1,000 sets in the Hawaii-based deep-set 
longline fishery (Forney and Kobayashi, 
2007). Our 2008 SAR states that, 
between 1994 and 2007, at least 24 false 
killer whales were observed as hooked 
or entangled in the same fishery. While 
some of these false killer whales could 
be from the pelagic stock, fin 
disfigurations suggest that near-shore 
individuals of this population 
experience fisheries interactions and 
injuries (Baird and Gorgone, 2005). 

NRDC states that near-shore commercial 
and recreational fisheries interactions 
with insular false killer whales also 
occurs (Nitta and Henderson, 1993; 
Rhodes et al., 2007). 

Observations of large-scale reductions 
in predatory fish populations such as 
bigeye tuna (NMFS, 2009) and yellowfin 
tuna (Sibert et al., 2006) suggest to 
NRDC that prey reductions may be 
impacting the insular population of 
Hawaiian false killer whales. 

NRDC cites Ylitalo et al. (2009) as 
documenting wide ranges of persistent 
organic pollutants in 9 of 9 samples 
taken from false killer whales from the 
insular Hawaiian population, with one 
third of these samples containing PCB 
levels above the safety 
recommendations identified for other 
species (Kannan et al., 2000). 

While NRDC provides no direct 
evidence that this population is 
suffering from ocean acidification, it 
includes a discussion on how 
atmospheric concentrations of CO2 may 
further endanger this population by 
decreasing the availability of prey by 
reducing the forage base of large game 
fish such as yellowfin tuna and mahi 
mahi. Similarly, NRDC provides no 
direct evidence that this population is 
threatened by noise-producing 
activities, but it provides examples of 
how beaked whales, which vocalize in 
the same mid-frequencies as false killer 
whales, are negatively impacted by mid- 
frequency acoustic sources that occur in 
the Hawaiian Islands. 

NRDC provides examples of state and 
Federal laws that should provide for the 
protection of the insular population of 
Hawaiian false killer whales but do not 
do so. For example, NRDC notes that the 
applicability of Hawaii statutes and 
regulations to this insular population is 
limited and none has proven effective in 
conserving this population. Similarly, 
NRDC notes that we do not presently 
recognize the population as a ‘‘strategic 
stock’’ under the MMPA, and, because 
we have not otherwise decided to 
address bycatch of the population, the 
insular stock of false killer whales has 
not benefited from a take reduction plan 
for any of the salient Hawaii fisheries. 
Regardless, they add, the development 
of a bycatch reduction plan would not 
address other threats to the stock, such 
as overfishing of its principal prey 
species, toxic contamination, and direct 
shootings of animals by local fishers. 
The Magnuson-Stevens Fishery 
Conservation and Management Act 
(MSFCMA) also provides some 
authority to protect marine mammal 
species, but NRDC states that it does not 
mandate the use of regulatory 
mechanisms adequate to conserve the 
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false killer whale because its reach is 
limited, changes made to the longline 
fisheries managed under the MSFCMA 
have not proven adequate to prevent the 
hooking or entanglement of insular false 
killer whales, and it has not been 
successful in preventing the depletion 
of bigeye tuna, yellowfin tuna, and mahi 
mahi, primary prey for the insular stock 
of false killer whales. 

In discussing the risks to small 
populations, NRDC notes that small 
populations are particularly vulnerable 
to extinction due to demographic and 
environmental stochasticity, the risks of 
local catastrophes, slower rates of 
adaptation, deleterious effects of 
inbreeding, and ‘‘mutational meltdown’’ 
(genetic load that arises from expression 
of harmful alleles). NRDC emphasizes 
the Allee effect, also known as 
depensation, as causing a decline in per 
capita reproduction at low population 
densities. 

Finally, NRDC discusses the potential 
cumulative and synergistic impacts on 
the population, noting that some of 
these threats may have significant 
sublethal effects (e.g., contamination 
with persistent organochlorine 
pollutants), they may also contribute 
cumulatively towards reduced survival 
and reproductive rates (e.g., decline in 
reproductive rate from toxic 
contamination combined with the Allee 
effect) in false killer whales. 

Petition Finding 
We have reviewed the petition, the 

literature cited in the petition, and other 
literature and information readily 
available in our files. Based on our 
review, we find that the petition 
satisfies the requirements of 50 CFR 
424.14(b)(2) because it: (i) clearly 
indicates the administrative measure 
recommended and gives the scientific 
and any common name of the species 
involved; (ii) contains a detailed 
narrative justification for the 
recommended measure, describing, 
based on available information, past and 
present numbers and distribution of the 
species involved and any threats faced 
by the species; (iii) provides information 
regarding the status of the species over 
all or a significant portion of its range; 
and (iv) is accompanied by the 
appropriate supporting documentation 
in the form of citations to journals that 
are readily accessible. This information 
would lead a reasonable person to 
believe that the measure proposed in the 
petition may be warranted. Therefore, 
we have determined that the petition, 
the literature cited in the petition, and 
other literature and information readily 
available in our files indicate that the 
petitioned action may be warranted. 

Request for Information 

As a result of the finding, we will 
commence a status review of Hawaiian 
false killer whales to determine: (1) if 
the insular population of Hawaiian false 
killer whales is a DPS under the ESA; 
and, if so (2) the risk of extinction to 
this DPS. Based on the results of the 
status review, we will then determine 
whether listing the insular population of 
Hawaiian false killer whales under the 
ESA is warranted. We intend that any 
final action resulting from this status 
review be as accurate and as effective as 
possible. Therefore, we are opening a 
30–day public comment period to solicit 
suggestions and information from the 
public, government agencies, the 
scientific community, industry, and any 
other interested parties on the status of 
the insular population of Hawaiian false 
killer whales. Specifically, we solicit 
information on the following areas: 

(1) Taxonomy, abundance, 
reproductive success, age structure, 
distribution, habitat selection, food 
habits, population density and trends, 
and habitat trends; 

(2) Effects of other potential threat 
factors, including climate change, ocean 
acidification, acoustic impacts, and 
persistent organic pollutants; 

(3) Interactions with fisheries, 
including longline, unregulated 
nearshore, and shortline fisheries; 

(4) Unconfirmed interactions from 
local fishermen; and 

(5) Effects of management on the 
insular population of Hawaiian false 
killer whales. 

We request that all data and 
information be accompanied by 
supporting documentation such as 
maps, bibliographic references, or 
reprints of pertinent publications. 
Please send any comments to the 
ADDRESSES listed above. We will base 
our findings on a review of best 
available scientific and commercial 
information available, including all 
information received during the public 
comment period. 

Authority: The authority for this action is 
the Endangered Species Act of 1973, as 
amended (16 U.S.C. 1531 et seq.). 

Dated: December 29, 2009. 

John Oliver, 
Deputy Assistant Administrator for 
Operations, National Marine Fisheries 
Service. 
[FR Doc. E9–31297 Filed 1–4–10; 8:45 am] 
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RIN 0648–AX06 

Endangered and Threatened Species: 
Proposed Rule To Revise the Critical 
Habitat Designation for the 
Endangered Leatherback Sea Turtle 

AGENCY: National Marine Fisheries 
Service (NMFS), National Oceanic and 
Atmospheric Administration (NOAA), 
Commerce. 
ACTION: Proposed rule; request for 
comments. 

SUMMARY: We, the National Marine 
Fisheries Service (NMFS), propose 
revising the current critical habitat for 
the leatherback sea turtle (Dermochelys 
coriacea) by designating additional 
areas within the Pacific Ocean. Specific 
areas proposed for designation include 
two adjacent marine areas totaling 
approximately 46,100 square miles 
(119,400 square km) stretching along the 
California coast from Point Arena to 
Point Vincente; and one 24,500 square 
mile (63,455 square km) marine area 
stretching from Cape Flattery, 
Washington to the Umpqua River 
(Winchester Bay), Oregon east of a line 
approximating the 2,000 meter depth 
contour. The areas proposed for 
designation comprise approximately 
70,600 square miles (182,854 square km) 
of marine habitat. Other Pacific waters 
within the U.S. Exclusive Economic 
Zone (EEZ) were evaluated based on the 
geographical area occupied by the 
species, but it was decided to exclude 
those areas from the critical habitat 
designation because the potential costs 
outweighed the benefits of critical 
habitat designation and exclusion 
would not result in the extinction of the 
species. We are soliciting comments 
from the public on all aspects of the 
proposal, including information on the 
economic, national security, and other 
relevant impacts. We will consider 
additional information received prior to 
making a final designation. 
DATES: Comments and information 
regarding this proposed rule must be 
received by March 8, 2010. 
ADDRESSES: You may submit comments, 
identified by RIN 0648–AX06, 
addressed to: David Cottingham, Chief, 
Marine Mammal and Sea Turtle 
Conservation Division, by any of the 
following methods: 
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1. Executive Summary 
 
Recent management and conservation issues have arisen concerning false killer whales in 
Hawaiian waters. Two demographically isolated populations have been identified, a small 
(estimated 123 individuals) island-associated population around the main Hawaiian Islands 
(hereafter Hawai‘i insular stock) and a larger (estimated 484 individuals) offshore population 
(hereafter Hawai‘i pelagic stock). Individuals within the Hawai‘i insular stock regularly move 
among islands and have been documented at distances of 110 km offshore. Less is known of 
movements/range of individuals from the Hawai‘i pelagic stock; one group has been documented 
42 km offshore and individuals likely move beyond the Hawaiian Exclusive Economic Zone. No 
information is available to assess trends in the Hawai‘i pelagic stock. For the Hawai‘i insular 
stock, a significant decline in sighting rates from aerial surveys conducted between 1993 and 
2003 suggests a large decline in population size. Other available evidence also supports a decline 
in population size for the insular stock: a reduction in sighting rates from boat-based surveys 
since the mid-1980s, lower than expected survival based on photo-identification data, and much 
higher sighting rates and larger group sizes in a 1989 aerial survey compared to boat-based 
surveys since 2000. False killer whales in Hawai‘i feed primarily on large game fish that are also 
the target of commercial and recreational fisheries. A number of potential conservation threats 
have been identified. Individuals from the Hawai‘i insular stock have elevated levels of 
persistent organic pollutants. Three of nine individuals sampled had levels high enough to 
potentially influence health. Because of the overlap between false killer whale diet and 
commercially harvested fish, reduced prey size or abundance could influence false killer whale 
foraging success or nutritional levels. Significant declines in body size and/or catch per unit 
effort have been documented for several false killer whale prey species in Hawaiian waters. 
False killer whales have been documented taking fish off lines in both nearshore and offshore 
fisheries. Depredation of caught fish may lead to retaliatory shooting by fishermen although, 
given potential fines and penalties, such shooting is not likely to occur where it may be 
witnessed; thus there is no information available to assess the potential for this to influence 
population dynamics. With the overlap in diet with commercially and recreationally harvested 
fish, the potential for hook ingestion, either from depredation or from free-swimming hooked 
fish, is relatively high. Based on studies elsewhere, hook ingestion would have a high likelihood 
of leading to mortality. Bycatch may occur in nearshore kaka line or shortline fisheries that use 
similar, but shorter gear to offshore longline fisheries, but there is no observer coverage of 
nearshore fisheries. False killer whales are the most frequently recorded bycaught cetacean in the 
Hawai‘i-based offshore longline fishery. Rates of serious injury and mortality have exceeded the 
potential biological removal (PBR) levels since bycatch rates and population levels were first 
available in 2000. Bycatch rates are underestimated as they do not take into account individuals 
that are not positively classified as to species or individuals that may break free with gear 
attached before being documented by observers. A number of research recommendations are 
presented to help reduce uncertainty and to clarify factors that may be influencing the population 
trajectories of both the Hawai‘i insular and Hawai‘i pelagic stocks, as well as to provide 
information that could be used to reduce bycatch rates or otherwise mitigate anthropogenic 
impacts on these populations. 
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2. Introduction 

 
 Both residents and visitors to Hawai‘i have long been familiar with false killer whales 
(Pseudorca crassidens). The species was kept in captivity from the mid-1960s through the 1990s 
at Sea Life Park, one of Hawai‘i’s best known marine attractions, and a hybrid cross between a 
false killer whale and a common bottlenose dolphin (Tursiops truncatus) is still kept there today. 
In addition, because false killer whales are found near shore, often ride the bow of transiting 
vessels, and can be quite acrobatic (Figure 1), many frequent ocean users in Hawai‘i have had 
opportunities to see or interact with false killer whales. Despite such opportunities, false killer 
whales are far less common in Hawai‘i than humpback whales (Megaptera novaeangliae) and 
spinner dolphins (Stenella longirostris), which attract most of the attention of whale researchers 
and members of the marine mammal watching public.    
 

In recent years, however, a number of important management and conservation issues 
have arisen concerning false killer whales in Hawaiian waters. Bycatch in U.S. longline fisheries 
has exceeded the potential biological removal (PBR) level since population and bycatch 
estimates first became available in 2000 (Forney et al. 2000). Environmental organizations have 
filed lawsuits against the National Marine Fisheries Service (NMFS) over this issue, including a 
recent suit (Hui Mālama i Kohalā et al. v. National Marine Fisheries Service et al.1) seeking the 
formation of a take reduction team (TRT) to reduce false killer whale bycatch. In addition, a 
petition was recently submitted to the NMFS seeking action to list the insular population of false 
killer whales as endangered under the Endangered Species Act (NRDC 2009). Response to these 
actions will require consideration of the best available information on the species’ population 
ecology in Hawai‘i and factors influencing the populations. To help meet this need, this 
document reviews available published and unpublished information on the status of false killer 
whales in Hawaiian waters and threats to their conservation, including fishery interactions, 
potential prey limitations, and persistent organic pollutants, among others. This report is not a 
comprehensive review of false killer whales worldwide. For general reviews of the biology of 
false killer whales, see Odell and McClune (1999), Stacey et al. (1994), and Stacey and Baird 
(1991). 
 

3. Biology of false killer whales 
 
 The false killer whale is the fourth-largest member of the family Delphinidae. The 
maximum recorded length is 5.06 m for females and 5.96 m for males. Individuals stop growing 
between 25 and 30 years of age, at which point the average body length (i.e., asymptotic length) 
of adult males is about 75–85 cm larger than adult females (Ferreira 2008). Despite sexual 
differences in length, distinguishing adult females from adult males is difficult in the field. The 
only other sexually dimorphic feature that has been described is the projection of the melon over 
the lower jaw, although this feature is not particularly useful in the field to distinguish sex. In 
adult males, the melon extends farther forward than in adult females. Males may have accessory 
mammary grooves, making it difficult to confirm sex of individuals by external appearance 
alone. Average body length varies among populations: the average asymptotic length of females 

                                                           
1 Civ. No. 09-00113 DAE BMK (D. Haw filed Mar. 17, 2009) 
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off Japan is 46 cm longer than those off South Africa; for males off Japan, the average 
asymptotic length is 58 cm longer than for males off South Africa (Ferreira 2008).  
 
 

 
Figure 1. A false killer whale leaping while chasing prey. Photo by R.W. Baird. 

 
 Although the false killer whale is generally characterized as a tropical and sub-tropical 
species, it is found primarily in the tropics; densities in sub-tropical waters are much lower. In 
the eastern North Pacific, density is high between the equator and approximately 15°N, and 
drops precipitously to the north of 15°N (Ferguson and Barlow 2003). Extralimital records of 
individuals have been reported from as far north as Alaska (Leatherwood et al. 1982) and British 
Columbia (Baird et al. 1989; Stacey and Baird 1991). In the 1950s and 1960s large groups were 
seen in southern California (Brown et al. 1966), but there currently are no recognized 
populations of this species north of Mexico. False killer whales are typically oceanic, coming 
closest to shore around oceanic islands. 
 
 False killer whales are relatively uncommon throughout their range. In surveys of 
cetaceans in the eastern tropical Pacific, they were the 11th most abundant delphinid of the 13 
species documented (Wade and Gerrodette 1993). Wade and Gerrodette (1993) estimated a mean 
group size of 11.4 whales (CV = 0.12) documented in ship-based surveys between 1986 and 
1990 in the eastern tropical Pacific. Leatherwood et al. (1982) note that they are highly social 
and sometimes occur in schools of more than 500 individuals. Reeves et al. (2002) note that they 
are typically observed in groups of 10 to 20 but that these groups “belong to larger schools 
consisting of hundreds of individuals.” Two schools estimated to number 300 individuals were 
documented in two different years off southern California (Brown et al. 1966). Six schools 
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observed from research cruises off Japan ranged in size from 2 to 200 individuals, with a mean 
size of 55 individuals (Kasuya 1971). Comparisons of group sizes among areas and using 
different survey techniques, however, are problematic for several reasons. A study comparing 
odontocete group size estimates by experienced observers to counts of the same groups using 
photographs obtained from a helicopter revealed that group size estimates are typically 
negatively biased by about 26 percent (Gerrodette et al. 2002). In the case of false killer whales, 
groups are often spread over very wide areas, which also negatively biases estimates of overall 
group size (Baird et al. 2008a, in press). In drive fisheries off Japan, groups ranged from 10 to 
201 individuals with a mean size of 99 individuals (Kasuya 1986). Ross (1984) reviewed group 
sizes from 14 mass strandings worldwide, which ranged from 50 to 835 animals (mean = 180 
individuals). The largest known mass stranding of the species was on 10 October 1946 when an 
estimated 835 false killer whales stranded near Mar del Plata, Argentina (Marelli 1953). An 
analysis comparing group sizes of stranded false killer whales with sightings data found that 
group sizes from strandings were significantly larger (Ferreira 2008). 
 
 Most of what is known about the life history of false killer whales comes from animals 
killed in a drive fishery in Japan (Kasuya 1986) and from stranded animals (e.g., Ferreira 2008). 
Although sample sizes are small, and life history traits vary among populations (Ferreira 2008), 
generally their life history is similar to that of killer whales (Orcinus orca); individuals mature 
slowly, reproduce infrequently, and are long-lived. Onset of sexual maturity for false killer 
whales (i.e., age of first ovulation) occurs between 8.25 and 10.5 years of age, and gestation is 
estimated to last between 15.1 and 15.7 months. Thus, age at first reproduction would range from 
9.5 to 11.75 years (Kasuya 1986, Ferreira 2008). The only reported birth interval, 6.9 years 
between calves, is from Japan (Kasuya 1986). Ovulation rates decrease with age, and females 
older than 44 years are thought to be post-reproductive (Kasuya 1986, Ferreira 2008). Maximum 
longevity is at least 57.5 years for males and 62.5 years for females (Kasuya 1986). 
 
 In captivity, false killer whales adapt more quickly to new circumstances and objects in 
their tanks than do most other species of delphinids, and they rapidly learn through observation 
(Brown et al. 1966). Prey-sharing in the wild has been observed frequently (Connor and Norris 
1982, Baird et al. 2008a) and false killer whales have even been observed passing caught fish to 
humans in boats or in the water. 
 

4. False killer whales in Hawaiian waters 
 
 Information on false killer whales in Hawai‘i comes from a variety of sources, including 
(1) large-vessel surveys by NMFS (HICEAS, PICEAS, MHICS), (2) small-vessel surveys, (3) 
aerial surveys,(4) the longline fishery observer program, (5) anecdotal reports and observations, 
(6) genetic analyses using remote biopsy samples, (7) photo-identification, (8) tagging studies 
using both satellite-linked and archival depth-of-dive tags, and (9) studies of persistent organic 
pollutants using biopsy samples. Although a number of recent publications and reports on false 
killer whales are available (e.g., Barlow and Rankin 2007, Chivers et al. 2007, Baird et al. 2008a, 
2008b), much information remains unpublished. For example, photo-identification data have 
increased substantially in the last two years but have not yet been fully analyzed (Figure 2). 
There is limited information available from stranded false killer whales in Hawai‘i as strandings 
are infrequent: Maldini et al. (2005) note only five single strandings in the period from 1937 to 
2002 (in 1974, 1980, 1986, 1990, and 1997), and no false killer whale strandings have been 
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recorded since (K. West, pers. comm.). Although much has been learned about population 
structure, movements, habitat use, social organization, and foraging behavior, significant gaps in 
knowledge on Hawaiian populations remain (e.g., life history parameters (e.g., age at first birth, 
calving intervals). Recommendations for research to address data gaps follow the review of 
biology and risk factors. 

 
Figure 2. Top. Number of identifications of distinctive and very distinctive false killer 

whales with good or excellent photo qualities (see Baird et al. 2008a) from Hawaiian waters by 
year, not including within-year re-sightings, but including photos from both insular and pelagic 
stocks. Identifications used in mark-recapture analyses for insular stock (Baird et al. 2005) 
identified with horizontal lines, identifications used in Baird et al. (2008a) analyses include those 
shown in solid gray and horizontal lines. Additional identifications available since Baird et al. 
(2008a) analyses shown in open box (through May 2009, not including photos obtained in 
October or December 2009). Bottom. Number of individuals from the insular stock identified by 
year, including only distinctive and very distinctive individuals with good or excellent quality 
photos. 
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4.A. Population structure 
 
 Prior to 2008, NMFS recognized a single Hawaiian stock of false killer whales for the 
purposes of estimating bycatch rates and PBR levels. In 2008, for the first time the NMFS stock 
assessment reports recognized two false killer whale stocks in Hawai‘i: an insular stock and a  
pelagic stock. A separate Palmyra Atoll stock was also recognized for the first time in 2008 
(Carretta et al. 2009a).  
 
 Two lines of evidence indicate that there are at least two stocks of false killer whales in 
the Hawaiian Exclusive Economic Zone (EEZ): genetic data and association data among 
individual whales. Chivers et al. (2007) analyze genetic samples available through 2006 by 
comparing mitochondrial haplotypes of false killer whales sampled nearshore (<30 km) around 
the islands of O‘ahu, Maui and Hawai‘i (n=62) with samples from Mexico (n=6), Panama 
(n=16), Palmyra Atoll (n=6), and from offshore waters around Hawai‘i (>139 km from shore, 
n=6), as well as areas farther away (North Atlantic, Indian Ocean, Western Pacific). No samples 
were available at intermediate distances from the islands. They concluded that whales sampled 
near the main Hawaiian Islands are demographically isolated from those in offshore waters of the 
EEZ and elsewhere in the tropical Pacific. Fifteen mitochondrial haplotypes were documented 
from the central and eastern Pacific, six of which were found in animals around the main 
Hawaiian Islands (Table 1). Four of the six haplotypes (representing 60 of the 62 samples) were 
closely related, differing by only one or two base pairs. Three of the four haplotypes were 
documented only in animals around the main Hawaiian Islands. The dominant haplotype from 
around the main Hawaiian Islands (haplotype 1) occurred in 49 of the 62 samples and was not 
shared with other areas. One other closely related haplotype (haplotype 2, two base-pair 
differences from haplotype 1) found in 9 of the 62 samples from the main Hawaiian Islands was 
shared with 1 of 6 Palmyra samples. The remaining haplotypes were recorded only in single 
individuals from around the main Hawaiian Islands. One of these (haplotype 9, which differed by 
four base pairs) was the most common haplotype in false killer whales off Mexico and Palmyra 
(Chivers et al. 2007). Chivers et al. (2007) noted that samples collected more than 139 km from 
the main Hawaiian Islands were either unique haplotypes (haplotype 6, n =1) or the most 
common haplotype recorded off Mexico and Palmyra (haplotype 9, n = 4).  Since this study was 
published, additional biopsy samples have been collected (Table 1) that support the conclusions 
of Chivers et al. (2007). All additional samples collected within 30 km of the main Hawaiian 
Islands (n=14 samples from four groups) and analyzed were either haplotypes 1 or 2. Three 
samples collected about 110 km offshore were either haplotype 9 (n=1) or a previously 
undocumented haplotype (haplotype 25, n =2), similar to a haplotype identified from the Indian 
Ocean (Baird et al. 2008b). The larger sample now includes 74 samples from within 30 km of the 
main Hawaiian Islands, of which 58 represent haplotypes not recorded elsewhere (haplotypes 1, 
3, 4, 5). Of the two shared haplotypes, 15 are haplotype 2 (which has only been recorded from 
one sample elsewhere), and one is haplotype 9 (which is the most common haplotype elsewhere 
in the central and eastern Pacific) (Table 1). 
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Table 1. Haplotype frequencies of false killer whale samples from the main Hawaiian Islands, 
surrounding areas in the central Pacific, and eastern Pacific. Updated from Chivers et al. (2007). 
Data from S. Chivers, Southwest Fisheries Science Center. Individuals from groups that were 
sampled around the main Hawaiian Islands all link by association in a single social network (see 
Figure 3). 

Sample Collection Region 
Main Hawaiian Islands Central Pacific (other) Eastern Pacific 

 
Haplotype 
ID number 

O‘ahu Maui Hawai‘i >50 km 
offshore 
Hawai‘i 

pelagic 
outside 

Hawaiian 
EEZ 

Palmyra Mexico Panama 

 
Total 

1 27 9 19      55 
2  4 11   1   16 
3  1       1 
4   1      1 
5   1      1 
6    1A     1 
7      1   1 
8      1   1 
9   1 2A 3B 3 16  25 

10       3 12 15 
11       5  5 
12        3 3 
13        1 1 
14       1  1 
15       1  1 
16     1    1 
25    2     2 

Total 27 14 33 5 4 6 26 16 131 
Notes to Table 1. AOne sample collected by NMFS observer on longline vessel. BAll three 
samples collected by NMFS observers on longline vessels. 
 
 Matches from photo-identification data also suggest the existence of two isolated 
populations in the Hawaiian EEZ (Baird et al. 2008a). An analysis of photos available through 
January 2007, including 313 identifications of distinctive and very distinctive individuals 
(including re-sightings), reveals that, with the exception of one group with 19 identified 
individuals between 42 to 70 km offshore, the largest group not linked to a large single social 
network was only two individuals (Baird et al. 2008a). All groups sampled by Chivers et al. 
(2007) around the main Hawaiian Islands link by association into this single large social 
network. No genetic samples were collected from the group of 19 individuals, but this group was 
suspected to be part of the offshore population based on its distance from shore and a lack of 
resightings. Since the analysis of Baird et al. (2008a), the sample size of identifications of 
distinctive and very distinctive individuals (with good or excellent quality photographs) has 
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increased by 76 percent, with 553 identifications available as of July 20092 (Figure 2). While the 
majority of the new identifications are from the island of Hawai‘i (n=136), there were substantial 
increases in the number of identified individuals available from Kaua‘i (an increase from 1 to 9), 
offshore areas (an increase from 16 to 29), and O‘ahu (an increase from 23 to 79). These 
additional identifications support the hypothesis of two populations that do not associate, an 
island-associated (or insular) population and an offshore (i.e., pelagic) population (Figure 3). 
None of the nine individuals documented off Kaua‘i has been linked to either offshore groups or 
to individuals around the rest of the main Hawaiian Islands (Figure 2), and no genetic samples 
are available from those animals. Satellite-tagged individuals from the insular stock have utilized 
waters around Kaua‘i (see below), but further research is needed to determine if the individuals 
that have been photo-identified off Kaua‘i that do not link by association to either stock are part 
of a third population or are members of one of the two known populations. 

 
 
 

 

 

Figure 3. Social network diagram of false killer whales photo-identified around the main 
Hawaiian Islands and offshore (40-130 km) from 1986 through May 2009. Updated from Baird 
et al. (2008a). Only distinctive and very distinctive individuals with good or excellent quality 
photographs are shown. Individuals encountered close to shore around O‘ahu, Maui, Lana‘i and 
Hawai‘i are shown in red circles. All except four individuals photo-identified close to shore 
around these islands are linked in a single social network. Individuals encountered close to shore 
                                                           
2 Encounters off O‘ahu in October 2009 and Hawai‘i in December 2009 with groups from the insular stock by the 
Pacific Islands Fisheries Science Center and Cascadia Research Collective have not yet been fully analyzed. 
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around Kaua‘i are shown in blue circles. Individuals encountered >40 km offshore are shown in 
red triangles. Note given the long time span many individuals in the network are likely to have 
died and others became distinctive during the time frame. 
 
4.B. Population ranges, individual movements, and potential boundaries/overlap 
 
 There are several sources of available information for assessing the range of each 
population and proposed boundaries between them. These include sightings from ship-based and 
aerial surveys, data from satellite tags, and observations by observers on fishing vessels. Ship-
based sightings and observer data are sometimes accompanied by genetic samples or 
photographs that can be used to assess population identity. In terms of broad-scale distribution, 
sightings by observers on fishing vessels indicate that false killer whales are distributed 
throughout the central and eastern half of the Hawaiian EEZ as well as in international waters 
between Hawai‘i and Palmyra, within the Palmyra EEZ, and in international waters north of the 
Hawaiian EEZ (Chivers et al. 2007).  
 
 Sightings of photo-identified individuals from the insular population show that a large 
proportion of individuals documented off O‘ahu were also seen off the island of Hawai‘i, 
indicating that movements between those islands occur regularly (Baird et al. 2008a). Satellite 
data from three groups of insular individuals reveal that movements may occur rapidly, on the 
order of days (Baird et al. in press). Aerial survey data from around the main Hawaiian Islands 
show false killer whales occur on both the windward and leeward sides of the main Hawaiian 
Islands (Mobley et al. 2000; Figure 4). Individuals that were satellite-tagged on the leeward sides 
of Hawai‘i and O‘ahu used both leeward and windward sides of the islands, often moving from 
windward to leeward sides and back within a day (Baird et al. in press, Baird et al. unpublished; 
Figure 5). This suggests that it is unlikely there is a separate windward population of the species. 
Some of the false killer whales satellite-tagged off the island of Hawai‘i remained around the 
island for extended periods, but all three groups ranged widely among the main Hawaiian 
Islands, with one individual moving to the east coast of the island of Kaua‘i. On average, 
individuals used similar water depths and moved to similar distances offshore on the windward 
and leeward sides. The farthest movements offshore and into the deepest waters were 
documented off the leeward sides of the islands (Baird et al. in press). Individuals from all three 
groups satellite-tagged off Hawai‘i moved into waters greater than 80 km offshore (83, 87, and 
96 km). False killer whales from three groups satellite-tagged off O‘ahu in October 2009 moved 
to the west side of Kaua‘i and Ni‘ihau as well as ranging east among the main Hawaiian Islands, 
moving as far as 110 km from shore3. 
 
 Although the location/movement data set from satellite-tagged individuals represents the 
largest and least biased data set for range of the insular population (more than 3,000 locations 
prior to tag deployments in October and December 2009), a number of considerations need to be 
borne in mind when making inferences (Baird et al. in press). Prior to the October 2009 taggings, 
movement/location data from satellite-tagged individuals were only available for five months of 
the year, individuals from only three groups were tagged, and there was considerable variation 
among individuals within groups as well as among groups (Baird et al. in press). Also, all 
individuals prior to October 2009 were tagged off the island of Hawai‘i, and individuals varied in 

                                                           
3 Data from these tags are still being obtained and have not yet been analyzed. 
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habitat use when around the island of Hawai‘i versus off other islands. In general, the tagged 
individuals spent more time off the island of Hawai‘i than off other islands, yet encounter rates 
for groups from the Hawai‘i insular stock from sighting surveys are approximately twice as high 
off the islands of O‘ahu and Maui than off the island of Hawai‘i (Baird et al. unpublished), 
emphasizing that movement patterns for some period after individuals are tagged are biased 
towards the area/island where they were tagged. Thus it may be premature to use the data set to 
estimate the proportion of time individuals spend off different islands or at different distances 
offshore. The movement data from tagged animals was obtained over an 18-month time span, 
and it is likely that movement patterns vary over time depending on short- and long-term 
changes in density and movement patterns of their prey species. In addition, if individuals learn 
that fishing gear provides a reliable source of food, changes in movement patterns or habitat use 
could occur (e.g., Chilvers and Corkeron 2001). There may be variation in movement patterns 
within a population depending on whether particular individuals or groups depredate fish from 
fishing gear (see Powell 2009). Some individuals within the insular population show clear signs 
of fishery interactions (Baird and Gorgone 2005), and tagging those individuals, or others closely 
associated with them, may be necessary to assess such variation. 
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Figure 4. Sightings of false killer whales in aerial surveys from 1993, 1995, and 1998 
(from Mobley et al. 2000). The seasonal longline exclusion boundaries are shown. The February 
through September longline boundary is currently considered by NMFS to be the boundary 
between the Hawai‘i insular and Hawai‘i pelagic stocks (Carretta et al. 2009a). 
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 Figure 5. Locations of satellite-tagged false killer whales (from Baird et al. in press). 

 
Little is known about the movements and range of individuals from the Hawai‘i pelagic 

stock. Based on a continuous distribution of sightings from longline observers across the EEZ 
boundary, it is likely that the animals found in international waters are part of the same 
population as the Hawai‘i pelagic stock. One individual from the pelagic stock that was satellite- 
tagged approximately 124 km offshore of the island of Hawai‘i moved to within 62 km of shore 
and as far as 210 km from shore over a period of 15 days (Baird et al. in press). Individuals likely 
to be from the pelagic stock have been documented as near as 42 km to shore (Baird et al. 2008a; 
Figure 5).  
 
 In the 2008 and draft 2009 NMFS stock assessment reports, the boundary between the 
pelagic and insular stocks was provisionally set at the outer boundary of the longline exclusion 
zone around the main Hawaiian Islands (Figure 4; Carretta et al. 2009a, 2009b), but it was noted 
that the boundary may be revised as additional information becomes available.  
 
4.C. Estimates of abundance/population size 
 
 Abundance of false killer whales in Hawaiian waters has been estimated using line-
transect methods from both aerial and shipboard surveys, and population size has also been 
estimated using mark-recapture methods from photo-identification data. Such estimates were 
produced prior to the split of false killer whales into insular and pelagic stocks, but recent re-
assessment allows for these estimates to be attributed to one or the other stocks. A summary of 
population estimates available by year and by stock is presented in Table 2. 
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Table 2. NMFS Hawai‘i false killer whale population and status of stock designations and best 
population estimates. The first stock assessment was undertaken in 1995. The 2009 assessments 
are draft assessments.  
Year NMFS stock 

designation 
NMFS best 
estimate of 

population size 

NMFS status of 
stock 

designation 

Source of population 
estimate 

1995 Hawaiian None available Unknown  
1996 Hawaiian None available Unknown  
1997 Hawaiian None available Not assessed  
1998 Hawaiian None available Not assessed  
1999 Hawaiian None available Not assessed  
2000 Hawaiian 121 (CV = 0.47)* Strategic Mobley et al. 2000 
2001 Hawaiian 121 (CV = 0.47)* Strategic Mobley et al. 2000 
2002 Hawaiian 121 (CV = 0.47)* Strategic Mobley et al. 2000 
2003 Hawaiian 121 (CV = 0.47)* Strategic Mobley et al. 2000 
2004 Hawaiian 268 (CV = 1.08) Strategic Barlow 2003 
2005 Hawaiian 268 (CV = 1.08) Strategic Barlow 2003 
2006 Hawaiian 268 (CV = 1.08) Strategic Barlow 2006 
2007 Hawaiian 484 (CV = 0.93) Strategic Barlow and Rankin 2007
2008 Hawaiian Pelagic 484 (CV = 0.93) Strategic Barlow and Rankin 2007
2008 Hawaiian Insular 123 (CV = 0.72) Non-strategic Baird et al. 2005 
2009 Hawaiian Pelagic 484 (CV = 0.93) Strategic* Barlow and Rankin 2007
2009 Hawaiian Insular 123 (CV = 0.72) Non-strategic* Baird et al. 2005 

*Now known to be likely insular stock. **Draft report, status not finalized 

 
 Aerial surveys were undertaken in June and July 1989 to provide a minimum count of 
false killer whales in Hawai‘i (Reeves et al. 2009). Surveys were undertaken only in leeward 
areas off the island of Hawai‘i, Lana‘i and O‘ahu. When groups of false killer whales were 
found, they were circled for as long as necessary for two experienced observers to obtain 
minimum counts. False killer whales were sighted on 14 occasions, all off the island of Hawai‘i. 
Three large groups were documented on three different days, with counts of 380, 460 and 470 
individuals (Reeves et al. 2009). The authors noted that it was unlikely that the entire island-
associated population was concentrated in one area at the time, and thus the true population size 
was likely somewhat larger than 470. These large groups were all documented relatively close to 
shore in areas that were frequently used by satellite-tagged individuals from the insular stock 
(Baird et al. in press), and where individuals from the pelagic stock have not been documented. 
Thus, it seems likely that the large groups of animals seen close to shore were from the insular 
population. 
 
 The first systematic estimate of abundance for false killer whales in Hawaiian waters was 
based on a series of aerial surveys undertaken from February through April in 1993, 1995, and 
1998 (Mobley et al. 2000). Those surveys covered both windward and leeward sides of all of the 
main Hawaiian Islands, including channels between the islands out to a maximum distance of 
about 46 km from shore. The distances from shore that were surveyed varied but generally 
covered out to 7 nmi (13 km) past the 1,000-fathom (1,828-m) contour (Figure 6). From 14 to 18 
surveys were conducted between February and April in each of the three years. Sightings and 
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effort from all three years were pooled in the analyses. Using distance sampling, an abundance 
estimate of 121 individuals (CV = 0.47) was calculated (Mobley et al. 2000). The authors noted 
several sources of uncertainty and potential bias. For instance, the survey aircraft did not permit 
observers to detect cetaceans directly below the plane, and the estimates were not corrected for 
individuals that may have been below the surface; thus the estimate was likely negatively biased.  
 

 
Figure 6. Example of aerial survey tracklines from 1995 survey (from Mobley et al. 

2000). The 100 and 1000 fathom isobaths are shown. 
 
 A large-vessel line transect survey of the entire Hawaiian EEZ (HICEAS) was 
undertaken by two NOAA vessels from August through November 2002, covering 17,050 km of 
trackline (Barlow 2006) during approximately five months at sea. Only one on-effort sighting of 
false killer whales was documented, yielding an abundance estimate of 236 individuals (CV = 
1.13), the smallest abundance estimate for any of the 18 species of odontocetes documented 
during the survey (Barlow 2006). This estimate translated into a density estimate of 0.0001 
animals per km2 for the entire Hawaiian EEZ. This density is more than an order of magnitude 
lower than density estimates for the eastern tropical Pacific (0.0021, Wade and Gerrodette 1993; 
0.0016, Ferguson and Barlow 2003). Such low density is not unexpected given that Hawaiian 
waters are oligotrophic, while other parts of the eastern tropical Pacific have high productivity. 
Although the density of false killer whales in Hawaiian waters was substantially lower than in 
the eastern tropical Pacific, density of other delphinids within Hawaiian waters showed the same 

Kaua‘i 
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pattern (Wade and Gerrodette 1993, Barlow 2006). Also, within the eastern tropical Pacific, 
density of false killer whales is relatively high only from approximately 5°S to approximately 
15°N, and is an order of magnitude lower north of 15°N (Ferguson and Barlow 2003).  
 
 In 2005 a large-vessel line transect survey (PICEAS) was undertaken in the Palmyra 
EEZ, the Johnston Atoll EEZ, and in international waters between the Hawai‘i and Palmyra and 
Johnston Atolls EEZs (Barlow and Rankin 2007). Data from this survey were used to produce 
abundance estimates for the Palmyra EEZ and for the remainder of the PICEAS study area 
(including both international waters and the Johnston Atoll EEZ). Data from the 2002 survey of 
the Hawaiian EEZ were also reanalyzed using more advanced analytical methods. The larger 
sightings sample from both surveys was used to reassess estimated survey strip widths. The 
reanalysis also included short-finned pilot whales (Globicephala macrorhynchus) and rough-
toothed dolphins (Steno bredanensis) in a multiple covariate analysis to estimate effective strip 
width and determine what covariates to include in the line-transect model (Barlow and Rankin 
2007). The resulting abundance estimate for the outer Hawaiian EEZ (effectively encompassing 
the range of the Hawaiian pelagic stock of false killer whales) was 484 individuals (CV = 0.93). 
This is currently considered by NMFS to be the best estimate of abundance for the Hawai‘i 
pelagic stock of false killer whales (Carretta et al. 2009a). For the Palmyra EEZ, Barlow and 
Rankin (2007) estimated an abundance of 1,329 false killer whales (CV = 0.65) and for the 
remainder of their study area they estimated an abundance of 906 false killer whales (CV = 
0.68). Estimates of other species using the larger samples sizes and more advanced analytical 
methods were not produced. 
 
 A multi-site mark-recapture estimate of population size of false killer whales around the 
main Hawaiian Islands was generated from individual photo-identification data available for 
2000 through 2004 (Figure 2) from O‘ahu, Maui, and Hawai‘i (Baird et al. 2005). The model-
averaged estimate, taking into account the proportion of “marked” individuals in the population, 
was 123 individuals (CV = 0.72). This estimate, similar to the estimate of Mobley et al. (2000), 
is currently considered by NMFS to be the best available estimate for the Hawai‘i insular stock 
(Carretta et al. 2009a). 
  
4.D. Population trends 
 
 Because only one systematic survey has been done in offshore waters of the Hawaiian 
EEZ, no trends can be assessed using this method for the Hawai‘i pelagic stock. In theory, 
sighting data from the fishery observer program could be used to assess trends in sighting rates 
for individuals in the Hawai‘i pelagic stock; however, changes in observer protocols and possible 
changes in false killer whale distribution or reactions to vessels in responses to longline fishing 
effort (e.g., learning that longlines may provide a source of food) could obscure changes in 
population size. Thus, no information is available to assess trends for the Hawai‘i pelagic stock. 
 
 In addition to the three aerial surveys around the main Hawaiian Islands undertaken by 
Mobley et al. (2000) in the 1990s, two additional surveys in 2000 and 2003 (Mobley 2004, 
Mobley pers. comm.) provide a time-series that are used here to assess trends (Table 3). A 
regression of sighting rates over time reveals a significant decline (p = 0.028, r2 = 0.8429). There 
were no false killer whale sightings in the 2000 or 2003 surveys. It is possible that variations in 
weather conditions or survey methods could have affected sighting rates. To test whether this 
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was the case, data from sightings of other species in the five years of the aerial surveys were also 
examined to assess trends in sighting rates. Data were used for the four species with the largest 
sample sizes: common bottlenose dolphins, pantropical spotted dolphins (Stenella attenuata), 
spinner dolphins, and short-finned pilot whales (Table 3). These include nearshore and offshore 
delphinids with a range of body sizes that bracket the size of false killer whales. Regressions of 
sighting rates over time for each species independently showed no consistent pattern. Two 
species had slightly increasing trends (common bottlenose dolphin, pantropical spotted dolphin) 
and two had slightly decreasing trends (spinner dolphin, short-finned pilot whale), but trends for 
all four species were not significant (p = 0.75, 0.40, 0.60, 0.82, respectively). To assess whether 
one underlying factor, such as weather, influenced sighting rates, each species’ sighting rate for a 
particular year was considered a replicate sample (i.e., n = 4 for each year). A regression of 
sighting rates for all four species showed no trend (p = 0.89, r2 = 0.001). Thus, it is unlikely that 
weather or change in survey methods was responsible for the declining trend in sighting rates of 
false killer whales. This analysis supports the findings of Reeves et al. (2009) that suggest the 
size of the insular stock of false killer whales has declined markedly. 
    

Table 3. Aerial survey effort and sighting data from J. Mobley, University of Hawai‘i (pers. 
comm.). 

Sighting rate (per 10 on-effort survey hours)  
Year 

 
Effort 
(km) 

 
Effort 
(hrs) 

 
Mean 

Beaufort 
sea state 

 
# false 
killer 
whale 

sightings

False 
killer 
whale

Bottlenose 
dolphin 

Pantropical 
spotted 
dolphin 

Spinner 
dolphin 

Short-
finned 
pilot 

whale 
1993 13,618 75.5 3.00 8 1.06 0.662 0.132 1.060 1.457 
1995 17,091 92.3 2.83 9 0.975 2.492 0.542 2.167 1.625 
1998 13,174 71.1 3.08 1 0.141 0.985 1.266 1.266 4.782 
2000 11,007 59.4 3.43 0 0 1.178 2.020 1.347 1.347 
2003 11,925 64.4 3.43 0 0 1.863 0.621 1.087 0.776 

 
 
 Reeves et al. (2009) note several additional lines of evidence suggesting that the Hawai‘i 
insular stock of false killer whales has undergone a significant decline in size in recent years. 
One researcher working off the island of Hawai‘i since the mid-1980s has noted that encounter 
rates have declined since he began his studies (D. J. McSweeney, pers. comm. in Reeves et al. 
2009). In addition, in 1989 aerial surveys by Reeves et al. (2009), false killer whales were the 
third most frequently encountered species, representing 16.7 percent of all odontocete groups 
observed, whereas boat-based surveys around the main Hawaiian Islands from 2000 through 
2006 found false killer whales the eleventh most frequently encountered species representing less 
than 2 percent of odontocete sightings (Baird et al. 2008a).  
 

A comparison of the largest group sizes documented in the 1989 survey with recent 
population estimates for the insular stock also suggests that the population has declined. The 
largest group documented in 1989 contained 470 individuals (Reeves et al. 2009), almost four 
times the estimated population size from more recent surveys (Mobley et al. 2000, Baird et al. 
2005). A preliminary analysis of photo-identification data since the mid-1980s (Figure 2) also 
indicated that the mean annual survival rate of distinctive and very distinctive individuals (i.e., 
adults) appeared lower (0.92) than would be expected for a cetacean with the life history 
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characteristics of false killer whales (Baird and Barlow unpublished). All available lines of 
evidence thus suggest a decline in the abundance of the insular false killer whale population. 
 
4.E. Social organization and group structure 
 
 Shallenberger (1981) reports that false killer whale groups encountered in Hawaiian 
waters are often spread over very wide areas. Baird et al. (2008a) note that estimates of group 
size increase as encounter duration increases because widely dispersed sub-groups, apparently 
acting in concert (e.g., all moving through the area in the same direction), are more likely to 
merge or come into close proximity with one another the longer they are followed. For 
individuals thought to be from the pelagic stock, Baird et al. (2008a) report one encounter with 
the most widely separated sub-groups 28 kilometers apart. Information from satellite tags 
deployed on multiple individuals within a group shows that individuals may separate by more 
than 100 kilometers over periods of hours or days before rejoining (Baird et al. in press4). Such 
dispersal of individuals apparently acting in concert has implications for the likelihood of a 
group detecting and interacting with fishing gear. That is, the likelihood of depredation occurring 
and the potential for bycatch may be high because individuals within dispersed sub-groups may 
effectively search a large area and converge on captured prey when one sub-group locates a prey 
source (see later discussion). 
 
 Based on analyses of association data from photo-identified individuals, false killer 
whales in Hawaiian waters appear to have strong long-term bonds (Baird et al. 2008a). However, 
the groups encountered in the field are likely to be an aggregation of multiple smaller stable sub-
groups with sub-groups joining or leaving the larger aggregation regularly. Since these analyses 
of social organization were completed, the sample sizes of photo-identifications available have 
increased substantially (Figure 2), which will allow for more detailed assessments of association 
patterns. 
 
4.F. Diet and foraging ecology 
 
 Cetacean diets are typically assessed by examining the stomach contents of stranded 
animals or fisheries bycaught animals. As noted above, false killer whales strand infrequently in 
Hawaiian waters, and apparently stomach contents from the five stranded false killer whales 
were not saved. However, false killer whales feed during the day, capture large prey, and 
frequently share their prey, including prey caught at depth and brought to the surface (Baird et al. 
2008a); thus, there is information on diet from observational studies. Ten species of pelagic fish 
have been documented as prey of false killer whales from the insular stock around the main 
Hawaiian Island, including seven species caught commercially: yellowfin tuna (Thunnus 
albacares), albacore tuna (T. alalunga), skipjack tuna (Katsuwonus pelamis), broadbill swordfish 
(Xiphias gladius), dolphin fish (or mahimahi, Coryphaena hippurus), wahoo (or ono,  
Acanthocybium solandri), and lustrous pomfret (or monchong, Eumegistus illustrus) (Table 4; 
Baird et al. 2008a). Mahimahi were the most commonly observed prey (Baird et al. 2008a) but 
are also easily recognizable even by relatively inexperienced observers. Thus opportunistic 
observational studies may over-represent the occurrence of mahimahi in the diet. False killer 

                                                           
4 An animation showing movements of five satellite-tagged individuals from the insular population over a 10-day 
period can be viewed at www.cascadiaresearch.org/hawaii/falsekillerwhale.htm 

http://www.cascadiaresearch.org/hawaii/falsekillerwhale.htm
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whales that are known or thought to be from the pelagic stock have been observed feeding on 
mahimahi and ono (Baird et al. unpublished data).  
 

Table 4. Prey species documented for false killer whales in Hawaiian waters1. 

English name Hawaiian name Scientific name Source 

Yellowfin tuna Ahi Thunnus albacares Baird et al. 2008a 

Albacore tuna Ahi palaha Thunnus alalunga Baird et al. 2008a 

Skipjack tuna Aku Katsuwonus pelamis Baird et al. 2008a 

Scrawled File fish Loulu or Oilepa Aluterus scriptus Baird et al. 2008a 

Broadbill swordfish A‘u ku Xiphias gladius C. Babbit pers. comm. 

Dolphin fish Mahimahi Coryphaena hippurus Baird et al. 2008a 

Wahoo Ono Acanthocybium solandri Baird et al. 2008a 

Lustrous pomfret Monchong Eumegistus illustrus Baird et al. 2008a 

Threadfin jack Kagami ulua Alectis ciliaris D. Perrine pers. comm. 
1Aluterus scriptus and Eumegistus illustrus probable identifications. 
 

The sample size of observations of predation by individuals from the pelagic stock is 
small, and for the insular stock, observations of predation are limited to leeward areas off the 
islands of Hawai‘i, Maui, and O‘ahu. The small sample sizes are not adequate for reliable 
assessments of whether their diets varies seasonally, geographically, or between the insular and 
pelagic stocks. Although observations of predation have been documented incidentally during 
other studies, no directed studies of predation have been undertaken. It is possible that species 
caught at depth are less likely to be documented through observational methods. In addition, the 
likelihood of detecting prey captures or prey sharing may vary with the size of prey and the 
amount of time necessary to capture and subdue the prey. Assessment of prey preferences and 
contributions to overall dietary intake could be undertaken using genetic analyses of fecal 
samples, a method currently being used to assess diets of killer whales (Hanson et al. in press). 
There is limited information available on diel foraging patterns. Data on diving behavior by one 
individual instrumented with a time-depth recorder for more than 28 hours indicated that all deep 
dives (>100 m) occurred during daylight hours, with a maximum dive depth exceeding 2345 m 
(Baird et al. unpublished). Dive patterns were more regular at night, and swim speed was lower 
and less variable at night, suggesting less foraging at night (Baird et al. unpublished). 
 
 Information on food intake rates is not available from wild false killer whales but is 
available from captive individuals. Average monthly nutrition data is available from the Hawai‘i 
Institute of Marine Biology for an adult female captive false killer whale (Kina) from January 
2006 through September 2009. Body weight during this period ranged from 476 to 533 kg (mean 
= 476 kg, SD = 16.5), with daily food intake ranging from 14.4 to 21.2 kg (mean = 17.4 kg, SD = 
                                                           
5 The time-depth recorder used recorded only to 234 m, although the tagged whale spent more than eight minutes 
below that depth, thus likely could have been foraging to as deep as 700 m given the rate of ascent and descent 
documented. 
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1.4 kg). Daily food intake in relation to body weight varied from 3.0 to 4.2 percent (mean = 3.4 
percent, SD = 0.3 percent), while daily energy intake varied from 27 to 44 kcal/kg body weight 
(mean = 35.7, SD = 3.6). There was no relationship between daily energy intake rates (kcal/kg 
body weight) and body weight or month, although in the case of the body weight, the range in 
body weight over the 45-month period was small and the whale was an adult during the entire 
time period. 
 

5. Potential conservation threats 
 
 Although 10 false killer whales were captured alive in Hawai‘i for the captive display 
industry prior to 1980 (Shallenberger 1981), there have been no capture permits requested in 
recent years. Potentially limiting factors are discussed here, focusing on the anthropogenic 
impacts for which there is the most information available or that are thought to have a significant 
potential to affect false killer whale populations in Hawaiian waters in the short term. Some 
longer-term issues, such as the impact of ocean acidification on prey species through food web 
effects (e.g., Fabry et al. 2008, Brewer and Peltzer 2009), are important management concerns, 
but their assessment is beyond the scope of this review. Little is known about diseases in false 
killer whales. However, infectious disease threats also may be an issue for the long-term viability 
of false killer whale populations (Gaydos et al. 2004). Given the nature of false killer whale 
grouping patterns and food sharing (Baird et al. 2008a), infectious diseases may be transmitted to 
a large proportion of a population relatively quickly (Guimaraes et al. 2007). 
 
 It should be noted that an absence of evidence of an impact by such factors as ship 
strikes, anthropogenic noise sources, ingestion of fishing gear, shooting, or other human 
interactions is not evidence of an absence of impacts. Given the estimated population size of the 
insular stock (123 individuals, Baird et al. 2005), and expected survival rates for long-lived 
odontocetes (e.g., 96 percent annual adult survival), one would expect the death of five adult 
individuals in the insular stock each year due to natural causes. Thus, over the last 20 years 
approximately 100 individual adult false killer whales in the insular stock might be expected to 
have died of natural causes. Over the last 20 years only two dead false killer whales have been 
documented in Hawaiian waters (Maldini et al. 2005, K. West, pers. comm.), which comprises 
only 2 percent of the number of individuals expected to have died of natural causes. There are a 
variety of factors that reduce the likelihood that dead or moribund animals strand or wash ashore 
in Hawai‘i (e.g., strong currents, large numbers of scavenging sharks, fringing reefs) or that dead 
animals will be detected if on a beach (e.g., inaccessibility of many coastlines due to sea cliffs, 
low human population density, particularly on some islands [e.g., Ni‘ihau, Kaho‘olawe]; Faerber 
and Baird in press). All of these factors suggest that the likelihood of detecting dead or moribund 
false killer whales in Hawaiian waters is extremely low.  Even much larger and very abundant 
species such as humpback whales are rarely detected stranded in Hawai‘i. Analyses by Antonelis 
et al. (2007) suggest that several hundred die in Hawaiian waters each year, yet typically only 
one or two strandings are documented.  
 
 Purvis et al. (2000) note that extinction risks in declining species are positively correlated 
with four primary factors: high trophic level, low population density, delayed maturity and low 
reproductive rate, and small geographical range. All of these factors apply to the insular stock of 
false killer whales around the main Hawaiian Islands, and the first three also apply to the pelagic 
stock. The current estimate of PBR for the insular population is 0.8 individuals per year (Carretta 
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et al. 2009a). Thus, even a low level of anthropogenic mortality could result in a negative 
population trajectory for a species with these characteristics. 
 
5.A. Persistent organic pollutants 
 
 Given their high trophic level and life history characteristics such as low reproductive 
rate, delayed maturity, and extended longevity (Kasuya 1986), false killer whales are likely to 
accumulate higher levels of persistent organic pollutants than other cetaceans in Hawaiian 
waters. Persistent organic pollutant levels assessed in blubber biopsy samples from nine 
individuals from the insular stock have been found to be high in PCBs and DDTs (Ylitalo et al. 
2009). As expected, levels were highest in adult males and subadults. Three individuals had 
levels of PCBs that were high enough to potentially influence the health of those individuals 
(Ylitalo et al. 2009).  
 
5.B. Changes in prey base  
 
 Reduced prey abundance or reduced size of individual fish (e.g., Sibert et al. 2006) could 
affect false killer whale foraging success and increase the amount of time or energy they must 
expend to meet nutritional requirements. Changes in the relative abundance of mid-trophic and 
upper-tropic level fish could result in increased variability in fish abundance (Polovina et al. 
2009), potentially increasing the variability in rates of false killer whale food intake. Reduced 
food intake combined with increased variability in food availability could result in mobilization 
of persistent organic pollutants sequestered in blubber or reduce nutritional state, potentially 
affecting the immune system response (Jepson et al. 2005, Krahn et al. 2009). Information on the 
population status of fish species known to be prey of false killer whales in Hawai‘i is limited. 
Trends in false killer whale prey abundance are primarily limited to analyses of data on catch per 
unit effort in the longline fishery and nearshore fisheries that catch known false killer whale 
prey, such as the troll fisheries. However, variations in fishing practices over time complicate 
analyses of both catch per unit effort and apparent changes in the size and body weight of caught 
fish over time. 
 
 Data on average body weight for target fish species and catch per unit effort are available 
from 1987 through 2007 from both offshore longline fisheries and nearshore troll and handline 
fisheries, but quantitative analyses are limited (WPRFMC 2009, see Polovina et al. 2009). 
Utilizing these data, several analyses (presented below) suggest potential declines in either body 
weight or catch per unit effort for some of the prey species eaten by false killer whales. These 
analyses are for a 21-year time period, but it is possible that some fish populations were reduced 
to levels that could have affected false killer whale prey availability prior to 1987 (Sibert et al. 
2006). 
 
 Data on average body weight of three false killer whale prey species taken by the 
longline fishery from 1987 through 2007 (WPRFMC 2009) show a significant decline in body 
weight over time (yellowfin tuna, regression, p < 0.001, r2 = 0.66; mahimahi, regression p = 
0.01, r2 = 0.29; skipjack tuna, regression p = 0.003, r2 = 0.38). For yellowfin tuna, mean body 
weight declined from an average of 48 kg from 1987 to 1991 to 30 kg from 2003 to 2007. 
WPRFMC (2009) suggests that this decline likely reflects increasing effort in the EEZ of 
Palmyra Atoll in recent years, although no information is presented to assess this. Catch-per-
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unit-effort data from WPRFMC (2009, measured in weight of fish per day of fishing effort) for 
yellowfin tuna over the same period in the main Hawaiian Islands handline (regression p < 
0.001, r2 = 0.49) and troll (regression p = 0.023, r2 = 0.24) fisheries also show significant 
declines. These analyses do not take into account potential changes in fishing methods over the 
21-year period but suggest cause for concern that reduction in prey availability or prey size could 
be affecting false killer whale foraging success. Polovina et al. (2009) note more recent (1996–
2007) reductions in catch per unit effort in the tuna longline fishery for albacore tuna and bigeye 
tuna (Thunnus obesus) among other species, and Sibert et al. (2006) note large reductions of the 
biomass of both yellowfin and bigeye tuna stocks in the western-central Pacific Ocean over the 
last 25 years. 
 
5.C. Ship strikes 
 
 Accidental ship strikes have the potential to kill or seriously injure both large and small 
cetaceans. Non-fatal ship strikes as evidenced by propeller wounds have been documented for 
most large and medium-sized cetaceans, although it is likely that most propeller wounds on small 
cetaceans would be fatal, thus less likely to be documented. Species that are slow-moving, large, 
or spend a substantial amounts of time at the surface are probably most susceptible to ship 
strikes; however, species that bow ride or show curiosity toward vessels can also be injured or 
killed by propellers. Although infrequent, records document deaths of killer whales due to ship 
collisions; in at least one case this was of a juvenile showing interest in vessels (Laist et al. 2001, 
Gaydos and Raverty 2007). Individuals in both insular and pelagic stocks of false killer whales 
bow ride or wake ride on waves produced by transiting vessels and often come in close 
proximity of propellers on moving vessels (Baird pers. obs.). Thus, there may be at least a low 
risk of false killer whale injury or death from wounds by propeller strikes or collisions. Ship or 
propeller-related deaths of false killer whales have not been reported, but one individual from the 
insular population photographed off O‘ahu in September 2009 bears a fresh wound on the head 
that may be from a propeller strike (Figure 7). 
 
5.D. Anthropogenic sounds 
 
 High-intensity anthropogenic sounds have the potential to interfere with the echolocation 
that toothed whales use to detect prey, mask communication they need to maintain contact 
between widely dispersed sub-groups, and, in some circumstances, cause individuals or groups 
to strand. False killer whales off Japan were hunted in drive fisheries utilizing sound to herd 
individuals (Kishiro and Kasuya 1993, Brownell et al. 2008). The U.S. Navy’s Hawai‘i Range 
Complex, which encompasses all of the main Hawaiian Islands, is regularly used for training 
exercises that broadcast high-intensity mid-frequency sound from sonar6. Although impacts on 
false killer whales have not been documented in Hawaiian waters, the power of methods used to 
detect acoustic impacts is low.  In 2004 during a Navy Rim-of-the-Pacific exercise, a large 
number of melon-headed whales (Peponocephala electra) became temporarily trapped in a 
coastal embayment on Kaua‘i that may be have been related to the use of Navy sonar (Southall et 
al. 2006, Brownell et al. 2009). Similar impacts from high-intensity mid-frequency sonar might 
affect false killer whales. Information to assess areas of overlap between the locations where 

                                                           
6 Hawai‘i Range Complex Final Environmental Impact Statement/Overseas Environmental Impact Statement (May 
2008). www.govsupport.us/navynepahawaii/FEIS.aspx 

http://www.govsupport.us/navynepahawaii/FEIS.aspx
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mid-frequency sonar is used most frequently and the range of insular or pelagic false killer 
whales is not currently available. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Top. False killer whale from the insular population documented off O‘ahu in 

September 2009 with linear cut through blowhole, possibly due to propeller strike or hooking. 
Middle/Bottom. Insular individual documented off O‘ahu from April 2008 with a recent dorsal 
fin disfigurement. Middle. Left side of fin showing linear cut on leading edge associated with 
white scar tissue. Bottom. Photograph taken through the water showing top and part of right side 
of fin. Note the linear horizontal scar below the white scar tissue. All photos by Tori Cullins. 
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5.E. Fishery interactions 
 
 Information on fisheries interactions is available from fishery observer programs, reports 
by fishermen, and observations of free-ranging whales. False killer whales are known to take 
hooked fish off lines (Brown et al. 1966, Mizue et al. 1969). In Hawaiian waters, such 
depredation has been noted in both nearshore troll fisheries and offshore longline fisheries 
(Shallenberger 1981, Nitta and Henderson 1993). Information on how often such depredation 
occurs in the nearshore fisheries is not available. In offshore fisheries, longline fishermen have 
noted that depredation by whales (including both false killer whales and short-finned pilot 
whales) could range from 5 to 60 percent (median = 27 percent) of their annual catch (TEC Inc. 
2009). Depredation rates may change over time in response to reductions in prey availability, 
changes in fishing practices, and as individual whales learn that hooked fish may be a readily 
available prey source, something that has been documented for other cetacean species (Powell 
2009). TEC Inc. (2009) noted that some participants in the Hawai‘i-based longline fishery 
(owners and captains) believe that depredation interactions by false killer whales have increased 
over time. Depredation on hooked fish by false killer whales may result in the death of whales 
due to entanglement in fishing lines or ingestion of hooks. Entanglements may cause drowning, 
amputation of appendages due to wraps and constrictions of fishing gear, or interference with 
swimming and the whale’s ability to catch prey. Ingestion of hooks and associated fishing gear 
may puncture the lining of the digestive tract leading to lethal infections or blockage of food 
passage.  
 
 Depredation of caught fish also may lead to retaliatory measures by fishermen (Read 
2008). Nitta and Henderson (1993) note that reports of shooting bottlenose dolphins to deter 
them from taking catch in Hawaiian waters have been received since the early 1970s. Small-
scale commercial fishermen in Hawai‘i often carry firearms to kill or deter sharks depredating 
catch or occasionally to kill large billfish they catch before pulling them aboard. Environment 
Hawai‘i (1997) notes that  “about a dozen dolphins were killed near a fish aggregating device off 
the South Kona coast in August,” based on a witness report filed with the Hawai‘i Division of 
Conservation and Resource Enforcement. Given potential fines and other penalties for shooting 
cetaceans, retaliatory shooting of false killer whales, to the extent they may occur, are now likely 
to happen in areas and at times when no witnesses are present. Because injuries on false killer 
whales re-pigment relatively quickly, detecting non-fatal gunshot wounds more than a few 
months after an incident would be difficult. Because of the black coloration on the mouth-line, 
other types of scarring that are associated with fisheries interactions (e.g., linear mouth-line 
scars) would be much more difficult to detect than for other cetacean species with white mouth-
lines such as pygmy killer whales (Feresa attenuata). In addition, as noted above, strandings are 
infrequent and thus the carcasses of individual cetaceans that are shot are not likely to wash 
ashore and those that do are unlikely to be found (see Faerber and Baird in press). Thus, there is 
no quantitative information to assess whether or how often deliberate shooting of false killer 
whales or other cetacean species in Hawai‘i may occur. 
 
 Ingestion of fishing gear from recreational or commercial fisheries has the potential to 
result in death. Ingestion of fishing gear could occur either when hooked fish are taken off lines 
or when a free-swimming fish breaks free or is released from fishing gear with a hook and 
possibly other attached gear (e.g., leader and line) and is eaten by a whale. Wells et al. (2008) 
document 11 cases of fishing gear (all from recreational fisheries) ingested by common 
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bottlenose dolphins in Florida , and one additional case suggesting either ingested gear or gear 
wrapped around the gape. All 11 cases of ingested gear were documented from carcasses, and in 
at least seven of those cases, the cause of death was attributed to injuries from hooks embedded 
in the mouth, throat, and goosebeak (laryngeal spout) and line wrapped around the goosebeak 
(Wells et al. 2008). Some of those cases apparently involved consumption of free-swimming fish 
carrying attached hooks (Gorzelany 1998). In the other four cases, ingested gear was considered 
a contributing factor for one animal and may have played a role in mortality for two others 
although the cause of death varied (Wells et al. 2008). The magnitude of this issue can be 
significant; in Sarasota, Florida, an estimated 2 percent of the resident bottlenose dolphin 
community died from gear ingestion in 2006 (Powell and Wells 2009, R. Wells, pers. comm.). 
Given the combined level of fishing effort by all fisheries in Hawai‘i, the potential frequency of 
depredation (Nitta and Henderson 1993), and the overlap between false killer whale diets and 
fish species targeted by commercial, recreational, and subsistence fisheries in Hawai‘i, ingestion 
of fishing gear may be an important threat to false killer whales in Hawaiian waters. 
 
 For insular false killer whales in Hawai‘i, Baird and Gorgone (2005) noted that the rate of 
dorsal fin disfigurement, likely caused by line injuries, was approximately four times higher than 
for any of the other 13 populations of eight species of odontocetes for which dorsal fin 
disfigurement data were available. They suggest that this high rate of dorsal fin disfigurement in 
comparison to other odontocete populations is an indicator of relatively frequent interactions 
between individuals from the insular population and fishing gear (Baird and Gorgone 2005). 
Since this analysis, one additional individual from the insular population documented in April 
2008 was observed with a dorsal fin disfigurement possibly due to fishing line (Figure 7). As 
noted earlier, false killer whale wounds re-pigment quickly, limiting the detection of such 
wounds. Given the visible white scar tissue, this injury was likely less than six to 12 months old, 
suggesting that fisheries interactions with this population continue. 
 
 There are a variety of large-scale and small-scale commercial fisheries in Hawaiian 
waters, as well as a substantial number of recreational fishermen and some subsistence fisheries. 
Although there are clearly large numbers of recreational fishermen throughout the main 
Hawaiian Islands and subsistence fishing is an important activity for many Native Hawaiians, 
there is no license system is in place for recreational or subsistence fisheries. Thus reliable 
records of their numbers are not available. The Hawai‘i-based longline fishery is currently the 
largest fishery in Hawai‘i (WPRFMC 2009), although other fisheries predominated prior to the 
1970s (Pooley 1993). Recent observer data are available only for this fishery, which has been 
recognized as a primary source of false killer whale serious injury and mortality since 2000 
(Forney et al. 2000). Other fisheries that could cause death and injuries to false killer whales 
could include shortline and kaka line fisheries, troll fisheries, and other hook and line fisheries. 
Shortline and kaka line fisheries both use gear similar to longline fisheries, but lines are 
restricted to less than one nautical mile in length. Multiple lines may be set at one time, however. 
The kaka line fishery is regulated by the state of Hawai‘i and is generally prosecuted in relatively 
nearshore waters, while the shortline fishery was added to the federal List of Fisheries for 20107 
and is generally prosecuted in offshore waters. There are anecdotal reports of the bycatch of 
“blackfish” (potentially including any of false killer whales, pygmy killer whales, melon-headed 
whales, or short-finned pilot whales) in nearshore shortline or kaka line gear (J. McDonald pers. 

                                                           
7 50 CFR Part 229 (Federal Register 74(219):58859-58901. 
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comm.), and it is likely that false killer whales are one of the species taken, given their tendency 
to depredate fish off lines. Because of data limitations for these fisheries, it is not possible to 
assess interaction probabilities, but observer programs are warranted given the similarities in 
gear types with longline fisheries and the anecdotal information on bycatch, as well as the 
overlap (particularly with kaka line gear) with individuals from the Hawai‘i insular stock of false 
killer whales. Information on exactly where these fisheries are prosecuted and what species are 
targeted are limited because of confidentiality issues as well as cases where fishermen use a 
variety of gear types simultaneously and thus underreporting the use of kaka line or shortline 
gear. 
 

The remainder of this section focuses on observed bycatch records and estimated bycatch 
for the Hawai‘i-based longline fishery (see Boggs and Ito 1993, Gilman 2007, WPRFMC 2009). 
Information on catches and area of fishing for this fishery are available from the Hawai‘i 
Longline Fishery Logbook program8. Information on false killer whale bycatch and other 
observer data are from Forney and Kobayashi (2007), Forney and McCracken (2008), 
McCracken and Forney (2008), and unpublished data from the NMFS Pacific Islands Regional 
Office (PIRO).  
 

Longline fishing in Hawaiian waters began in 1917, and through the 1970s it was carried 
out from relatively small boats (12–19 m) typically fishing within 40 km of shore (Boggs and Ito 
1993). Over the last 30 years, Hawai‘i long-line fishing has undergone a number of changes in 
regulatory measures, fishing effort, and monitoring requirements. Relevant regulatory and 
monitoring changes are summarized in Table 5. Prior to 1992 longline fishing occurred around 
the main Hawaiian Islands (Boggs and Ito 1993, He et al. 1997); since 1992 a longline exclusion 
zone has existed around the main Hawaiian Islands (Figure 4). This has been characterized as a 
“25–75 nautical mile exclusion zone,” although the distance between the boundary and the main 
Hawaiian Islands varies depending on the area as well as seasonally. The boundaries of the two 
seasonal exclusion areas were set as amendments to the Pelagic Fisheries Management Plan 
based on coordinates of inflection points along its perimeter. To assess the actual distance 
between the boundaries and the main Hawaiian Islands, a GIS analysis was undertaken, using 
locations at 10-km intervals along the boundary line, determining the distance to the closest point 
of land at each 10-km node. From February through September, the closest that longline fishing 
is allowed to the main Hawaiian Islands is 78.6 km (42.4 nm), and less than 7 percent of the 
boundary is between 75 and 85 km from shore (Figures 4, 8). From October through January, the 
closest point is 45.1 km (24.3 nm) from land. More than 25 percent of the boundary during this 
period lies between 45 and 50 km from shore, but some parts of the boundary are no closer than 
194 km (104 nm).  
 
 The number of vessels in the longline fleet more than doubled between 1987 and 1989 
(37 in 1987, 88 in 1989), and by 1991 it had increased to 141 vessels (WPRFMC 2009). In 2007 
there were 129 active vessels (Figure 9). Although the number of vessels in the fleet has 
fluctuated between about 100 and 140 since 1990, the number of hooks in the water has 
increased steadily over that period (Figure 9). The increase in the number of hooks reflects, at 
least in part, an increase in the number of vessels fishing for tuna with deep-set gear compared to 
those targeting swordfish with shallow-set gear (Figure 10). Deep-set gear is set at sunrise at 

                                                           
8 Available from www.pifsc.noaa.gov/fmsd.reports.php 

http://www.pifsc.noaa.gov/fmsd.reports.php
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depths of 100 to 400 m (median depth of approximately 250 m; Bigelow et al. 2006). Because of 
the way the gear is suspended, the depth of hooks on any particular line may vary by several 
hundred meters. Retrieval begins at or after sunset and typically takes three to six hours to 
retrieve all the gear. Shallow-set gear is set at sunset at depths to approximately 50 m and is 
retrieved before or at sunrise.  
 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. The distance from shore of the main Hawaiian Islands of the long-line 
exclusion boundary for October through January (top) and February through September 
(bottom). See Figure 4 for map of boundaries. 
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Table 5. Selected regulatory and monitoring changes for longline fishing in Hawai‘i. 

Year/Month Regulatory or monitoring changes 

1990 Nov Implementation of log-book program with 100% coverage for recording of catch and fishing effort 

1991 Oct Three-year moratorium on new entry into fleet imposed 

1991 Oct  Exclusion zone implemented around Northwestern Hawaiian Islands (“50 nm”) to protect monk seals 

1991 Oct  Requirement for implementation of NMFS-owned vessel monitoring system (VMS) transmitters, with VMS data 

monitored by NMFS Office of Law Enforcement to ensure compliance with protected areas 

1992 Mar Exclusion zone around main Hawaiian Islands to reduce conflict with near-shore fisheries 

1992 Nov Modification of main Hawaiian Island Exclusion zone with northern and eastern boundary contracting towards 

islands from October 1 through January 31 each year 

1994 Jun Start of NMFS longline observer program 

1994 Jun Limited entry program instituted (164 vessels maximum, maximum length 101’) 

2000 Increase in observer coverage in swordfish component of longline fleet to 100% and 20% observer coverage in the 

deep-set tuna fleet. 

2002 Jun Ban on swordfish fishing north of the equator to Hawai‘i-based fleet for turtle protection 

2004 Hawai‘i longline fishery reclassified as Category I fishery in 2004 List of Fisheries. Re-opening of swordfish fishing 

with new turtle protection requirements, including use of circle hooks instead of J hooks 

2006 Jun Establishment of Papahānaumokuākea National Marine Monument around Northwestern Hawaiian Islands with 

exclusion of long-line fishing (boundaries similar to “50 nmi” exclusion zone) 

2008 Dec Hawai‘i longline fisheries officially split into a Hawai‘i deep-set (tuna target) longline and Hawai‘i shallow-set 

(swordfish target) longline fishery in the List of Fisheries. 
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 Figure 9. Number of Hawai‘i-based longline vessels and number of hooks in the water by 
year from the longline fishery. Data from WPRFMC (2009). 
 
 

Figure 10. Number of trips per year for Hawai‘i-based longline vessels by primary 
fishing method (deep-set for tuna or shallow-set for swordfish). Data from WPRFMC (2009). 
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Observer effort in the fishery began in 1994. There is no quantitative information to 

assess bycatch prior to that date. Given that longline fishing occurred closer to shore prior to the 
implementation of the 1992 exclusion area, it is likely that interactions between false killer 
whales in the insular stock and the longline fishery were higher before 1992 than they have been 
more recently, unless movement patterns of individuals from the insular stock have changed in 
response to the boundary implementation. The percentage of observer coverage in the longline 
fleet has varied over time (Table 6). Prior to 2000 it averaged less than 4 percent (Forney and 
Kobayashi 2007). Between 1994 and 1999 a combined total of 874 tuna sets were observed 
(approximately 3.4 percent of all tuna sets). Based on data from 1994 through 2004, the average 
rate of take (i.e., deaths and serious injuries) of false killer whales in deep-set longline gear was 
0.88 per 1,000 sets (Forney and Kobayashi 2007). Given the low level of observer coverage 
compared to more recent years, the likelihood of any false killer whale takes being documented 
in the deep-set fishery was low prior to 2000.  
 
 Depredation of longline-caught fish by both sharks and cetaceans is widespread 
throughout the fishery. If fish remains are left on hooks, it is possible to assess whether sharks or 
cetaceans are responsible for depredation, but as most depredation is not witnessed by observers, 
there is no information available to assess what proportion of the cetacean depredation is by false 
killer whales rather than by other cetacean species. Overall false killer whales are the most 
frequently recorded species of cetacean taken in the fishery; the number of observed false killer 
whale takes accounted for more takes than the next three most frequently recorded species 
combined (i.e., Risso’s dolphin [Grampus griseus], short-finned pilot whale, common bottlenose 
dolphin: Forney and Kobayashi 2007). The first observed take of a false killer whale in the 
fishery was in 1997. Between 1997 and 2007 there were 11 observed takes inside the Hawaiian 
EEZ, 9 on deep-set (tuna) longlines and 2 on shallow-set (swordfish) longlines. In addition, 14 
observed takes have been recorded outside of the Hawaiian EEZ, including 4 inside the Palmyra 
Atoll EEZ (Figure 11). Overall take rates have been highest at Palmyra Atoll (Forney and 
Kobayashi 2007). Estimates of annual takes within the Hawaiian EEZ have varied by year from 
0 to 74 (Table 6; Forney and Kobayashi 2007). Over the 11-year period, the total estimated take 
(deaths and serious injuries) of false killer whales in the Hawaiian EEZ was approximately 124 
whales.  
 
 There are several reasons why estimates of false killer whale bycatch may be negatively 
biased. In addition to the 11 observed takes in the Hawaiian EEZ between 1997 and 2007, 7 
observed takes were not identified to species but could have been false killer whales (Table 6). 
The NMFS assesses observer notes for all bycaught animals that cannot be classified to species 
in the field to determine the possible or probable species. Five of those seven cases were 
ultimately classified as “either false killer whale or short-finned pilot whale,” one was classified 
as “one of either false killer whale, short-finned pilot whale or Risso’s dolphin,” and the last one 
was classified as one of any of seven species of delphinids (including false killer whales). A 
valid approach to incorporate these takes would be to prorate these takes to the respective species 
based on the ratios at which identified species have been taken in the fishery; this could also 
incorporate latitude in assessing species probabilities as there is latitudinal variation in species 
bycaught. This would reflect a more accurate bycatch level, but this has not yet been done. 
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Table 6. Information on observer coverage, observed false killer whale serious injuries and mortalities, and estimated numbers of takes 
(serious injuries and/or mortalities) within the Hawaiian EEZ. Information from Forney and Kobayashi (2007), Forney and McCracken 
(2008) and McCracken and Forney (2008). 
Year Percent observer 

coverage (sets) 
combined deep- 
and shallow-set  

Observed # 
false killer 

whale serious 
injuries or 
mortalities 

Fishery type 
bycatch 

documented 

PBR Point estimates of 
combined 

mortalities and 
serious injuries 

(CV) 

Five-year mean 
annual takes 

(CV) 

Observed 
possible false 
killer whale 

serious injuries or 
mortalitiesA 

1994 4.4% 0 N/A ND 0  - 0 
1995 4.3% 0 N/A ND 0 - 0 
1996 4.6% 0 N/A ND 0 - 0 
1997 2.2% 1 Shallow-set ND 74 (1.0) 4.8 0 
1998 3.2% 1 Shallow-set ND 12 (1.0) 9.4 0 
1999 4.2% 0 N/A ND 0 9.4 0 
2000 10.6% 0 N/A 0.8 0  9.4 0 
2001 25.0% 0 N/A 0.8 0  9.4 1 
2002 23.1% 0 N/A 0.8 0  7 0 
2003 23.9% 2 Deep-set 0.8 8 (0.71) 4.6 2 
2004 24.0% 3 Deep-set 1.0 13 (0.58) 4.2 (0.43) 0 
2005 33.0% 2 Deep-set 1.0 3 (1.0) 4.9 (0.41) 1 
2006 20.1% 1 Deep-set 1.0 6  5.7 (0.64) 3 
2007 25.4% 1 Deep-set 2.4 8 7.4 (0.19) 0 
Total  11   124  7 
Note: Methods used to estimate bycatch rates vary among sources, most recent sources (2008) used when information available. ABased 
on analysis of observer descriptions by K. Forney, NMFS, five were false killer whales or short-finned pilot whales, one was a false killer 
whale, short-finned pilot whale or Risso’s dolphin, and one was any one of seven species of small delphinid (including false killer 
whale).
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Figure 11. Locations of hooked false killer whales in the Hawai‘i-based longline fishery 

from 1997 through July 2009 (n=41), including mortalities, serious injuries, non-serious injuries, 
and cases where outcome has not yet been classified (i.e., records from 2009). Location data 
from Pacific Islands Regional Office, National Marine Fisheries Service. Locations where 
hooked individuals were first detected not noted for seven records; in these cases the location 
where the set haul began is used.  

 
Another possible source of negative bias is that bycatch estimates do not account for 

hooked animals that break off fishing gear before it is retrieved. Evidence of such interactions 
may be reflected by lost fishing gear, including hooks lost from branch lines, the separation of 
branch lines from main lines, or loss of entire segments of main lines. When main lines break, 
observers record the number of main line segments that are retrieved, but because the number of 
branch lines varies along the main line’s length, observers have not recorded when branch lines 
are lost, and there is no current requirement for observers to record when hooks are lost from 
branch lines (E. Forney pers. comm.). As depredation from sharks and several species of 
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cetaceans is known to occur, assessing what proportion of lost gear is due to hookings of false 
killer whales would require an overall assessment of depredation/bycatch rates by sharks and 
other odontocetes as well as false killer whales. Such analyses may be useful but have not yet 
been done. 
 
 For purposes of comparing bycatch estimates to PBR levels, NMFS uses a five-year 
running average of bycatch estimates to account for inter-annual variability in various factors. 
Each stock assessment report (SAR) for marine mammals in Hawai‘i is reviewed by the NMFS 
Pacific Scientific Review Group before being circulated for public comment and additional 
review. Thus SARs generally use five years of bycatch data covering a period that ends two 
years before the published date of the SAR (e.g., the 2008 SARs use bycatch data from 2002 to 
2006). The five-year average take rates within the Hawaiian EEZ have exceeded PBR 
consistently each year since bycatch rates and PBR levels were first available in 2000 (Forney et 
al. 2000, Carretta et al. 2009a). In 2008, when two Hawai‘i stocks were recognized based on 
information on stock discreteness, all bycatch in the longline fishery was allocated to the pelagic 
stock. This was based on the locations were bycaught animals were observed and genetic 
analyses using samples collected by fishery observers since 2004. From 2004 through 2006 
genetic samples were obtained from five bycaught false killer whales, two inside the Hawaiian 
EEZ (229 km and 240 km from the main Hawaiian Islands) and three from international waters 
(one just outside the EEZ boundary and two farther offshore; Figure 11).  Four of the five 
samples were of mitochondrial haplotype 9, while the fifth was haplotype 6 (Table 1). Although 
haplotype 9 is a shared haplotype (recorded once from the insular population), this haplotype is 
the most frequent haplotype recorded in the eastern Pacific and elsewhere in the central Pacific 
(Table 1; Chivers et al. 2007). Thus, based on frequency, individuals with this haplotype are 
considered to be from the pelagic stock. The location of bycaught animals (determined either by 
exact location or, when that is unavailable, the set’s end location) also indicated the bycaught 
false killer whales were from the pelagic stock (Carretta et al. 2009a). All locations were outside 
of the February-to-September longline exclusion boundary that is currently being used to 
approximate the geographic boundary between the insular and pelagic stocks. 
 
 There are several issues regarding the allocation of takes between the two Hawaiian 
stocks. From 2004 through 2006, 12 bycaught false killer whales were observed (10 serious 
injuries or deaths, 2 non-serious injuries; PIRO unpublished data) including animals both inside 
and outside of the U.S. EEZ. As noted previously, genetic samples were collected from five of 
these bycaught animals, but samples were not available to assess population identity for the 
remaining seven individuals. Given that an estimated 22 false killer whales were taken within the 
Hawaiian EEZ during this three-year period (Table 6), just 9 percent of the estimated animals 
taken within the EEZ could be attributed to stock on the basis of genetic methods. Two of the 
takes recorded from 2003 without precise locations noted had set end locations outside the 
February-September longline boundary (and thus were allocated to the pelagic stock); however, 
the set start locations were inside the February-September longline boundary (PIRO unpublished 
data). In addition, two takes in the tuna (deep-set) component of the fishery that were classified 
as either false killer whales or short-finned pilot whales (in November 2003 and October 2005) 
were recorded inside of the February-September longline boundary (Forney and Kobayashi 
2007). Within the tuna (deep-set) longline fishery, Forney and Kobayashi (2007) report five 
bycaught short-finned pilot whales and 18 bycaught false killer whales. Given the ratio of the 
two species among the bycatch for which species identification was conclusive, it is most likely 
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that at least one and possibly both of the individuals documented in November 2003 and October 
2005 were false killer whales. Considering these factors, it seems doubtful that all takes in the 
longline fishery have been from the Hawai‘i pelagic stock. In addition, the failure to account for 
known takes that have not been identified to species negatively biases the bycatch calculations. 
Logbook data from longline fishermen could be used to assess the amount of fishing effort 
within the February-September longline exclusion area. By combining that information with data 
on levels of observer coverage and overall bycatch estimates, it should be possible to estimate 
the probability of takes being documented inside the exclusion area.  
 

Because depredation is a learned behavior that is passed on maternally (Powell 2009), not 
all individuals within a population may depredate fish off lines. Given that longline gear is 
encountered, it is probable that the likelihood of false killer whales depredating fish off gear 
varies among populations. However, no information is currently available to assess whether this 
is the case with insular and pelagic stocks of false killer whales. Given the restricted home range 
of insular false killer whales and the broad overlap of fishing effort with this home range prior to 
1992 (Boggs and Ito 1993), individuals from the insular population likely interacted with 
longline gear regularly and depredation behavior may have been widespread throughout the 
population. 
  
 In 2008 there were four false killer whale hookings within the Hawaiian EEZ, three in the 
deep-set longline fishery and one in the shallow-set longline fishery. The three in the deep-set 
fishery were classified as serious injuries, and the one in the shallow-set fishery was classified as 
a non-serious injury (K. Forney pers. comm.). Thus, although the stock assessment report for 
2009 had not been finalized as this report was prepared, it is almost certain that false killer whale 
bycatch rates will again exceed the PBR for the Hawai‘i pelagic stock. For the first eight months 
of 2009, four false killer whales had been documented hooked in the Hawaiian EEZ, three in the 
deep-set fishery and one in the shallow-set fishery (PIRO observer program unpublished data). 
Serious injury determinations for those individuals, however, are not yet available. 
 
 This review has focused on false killer whales within Hawaiian waters and the potential 
impact of interactions with U.S. fisheries. There is, however, additional fishing effort by foreign 
fleets outside U.S. waters (Williams and Terawasi 2009) that likely takes false killer whales. In 
international waters between Hawai‘i and Johnston and Palmyra Atolls to the south, U.S. fishing 
effort is a small fraction of the total longline fishing effort (Williams and Terawasi 2009). Given 
that individuals from the Hawai‘i pelagic stock, as well as the Palmyra Atoll stock, likely move 
frequently across the U.S. EEZ international boundaries, and bycatch by the U.S. fleet alone 
exceeds estimated PBR levels based on the existing population estimates for the remainder of the 
PICEAS study area (Barlow and Rankin 2007, Carretta et al. 2009a), combined bycatch with 
international fleets may well far exceed PBR, further affecting populations within U.S. waters. 
 

6. Research Recommendations 
 
 The following research recommendations are divided into three categories: (1) analyses 
that could be undertaken with existing data or samples; (2) analyses that could be undertaken 
with existing data or samples but where conclusions would benefit from additional data; and (3) 
analyses that require additional data or samples. No attempt has been made to set priorities for 
the recommendations or to identify potential funding sources. For some recommended actions, 
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the costs should be relatively low (e.g., those involving analyses of existing data sets), and for 
others data or samples could be collected to address multiple research goals from single 
platforms or field efforts (e.g., items 1–10 of analyses requiring additional field studies). Sources 
of information for those based on existing data are noted. 
 
6.A. Analyses of existing data 
 

1. Assessment of historical and current fishing effort within the insular stock boundary to 
provide a basis for evaluating past and currently undocumented interactions with that 
stock. This should include examining geographic and seasonal changes in fishing effort 
over time. Data are available from the Hawai‘i longline fishery logbook program, Pacific 
Islands Fisheries Science Center (PIFSC), and for nearshore fisheries from the Hawai‘i 
Division of Aquatic Resources, Commercial Fishing and Marine Dealer Report data. 

2. Assessment of the status and trends of primary prey species of false killer whales. This 
could be done by examining changes in catch per unit effort and body weight of known 
prey species, taking into account changes in fishing practices and areas. Data are 
available from the Hawai‘i longline fishery logbook program, Pacific Islands Fisheries 
Science Center, and for nearshore fisheries from the Hawai‘i Division of Aquatic 
Resources, Commercial Fishing and Marine Dealer Report data. 

3. Assessment of boundary violations to assess the extent to which illegal fishing may have 
affected bycatch rates in the insular population of false killer whales. Vessel tracking data 
are available through the NMFS Office of Law Enforcement, Hawai‘i. 

4. Comprehensive characterization of the nature of depredation and interactions between 
false killer whales and longline gear, and examination of correlates and trends.  Data are 
available from the PIRO fishery observer program, and some preliminary analyses have 
been conducted by PIFSC and Southwest Fisheries Science Center staff.  

5. Assessment of the frequency of gear loss (loss of main line portions) in the longline 
fishery that could indicate undocumented takes. Data are available from the PIRO fishery 
observer program. 

 
6.B. Analyses of existing data which would benefit from additional samples or data 
 

1. Assessment of gene flow within and between populations using microsatellites obtained 
from biopsy samples. Sample size for the insular population is relatively large, but 
additional samples from the offshore population both within and outside the Hawaiian 
EEZ are needed. Additional analyses of mitochrondrial haplotypes with larger samples 
sizes and broader geographic representation will also help refine population structure. 
These analyses are currently ongoing through the Southwest Fisheries Science Center. 

2. Mark-recapture population estimation for the insular stock based on photo-identification 
data available since the analyses of Baird et al. (2005). Data have been compiled by 
Cascadia Research Collective. 

3. Determination of whether members of different false killer whales populations (e.g., 
Hawai‘i insular and pelagic stocks) can be distinguished acoustically, using recordings 
available from the Southwest Fisheries Science Center, Pacific Islands Fisheries Science 
Center, and others. 
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6.C. Analyses requiring additional field studies or data collection 
 

1. Examination of the movements of whales in the insular false killer whale population 
during the period when the longline exclusion zone contracts towards the islands (i.e., 
from October through January), using satellite tags. This approach is currently being used 
to assess movements of false killer whales by Baird et al. (in press). 

2. Assessment of year-round habitat use of both the insular and pelagic stocks to determine 
areas of critical habitat and potential overlap with naval training exercises, using satellite 
tags. 

3. Examination of movements of individuals from the pelagic stock using satellite tags to 
assess group movements in relation to stock boundaries and fishing activities. Fishing 
activity data could be obtained from the fishery logbook program or vessel tracking 
system data data to assess movements relative to fishing activities. 

4. Determination of diet using genetic analyses of fecal samples to assess relative 
proportions of different species in the diet and how this may vary seasonally and 
geographically. This approach is currently being used successfully to assess diet of killer 
whales (e.g., Hanson et al. in press). 

5. Assessment of trophic level and variations in diet in relation to population, season, sex, or 
age class through stable isotope and fatty acid analyses of biopsy samples.  

6. Assessment of reproductive status through hormone analyses of biopsy samples. These 
analyses are currently being undertaken for other species of cetaceans through the 
Southwest Fisheries Science Center. 

7. Assessment of population trends from mark-recapture analysis of photo-identification 
data. Given the low encounter rates but high re-sighting rates, variance associated with 
mark-recapture estimates is likely to be substantially lower than for line-transect 
estimates, thus facilitating trend analyses. 

8. Assessment of persistent organic pollutant levels (POPs) as well as cytochrome P4501A1 
enzyme (CYP1A1) expression in individuals from both the pelagic and insular stocks, 
particularly males and juveniles, given the high levels of POPs documented in males and 
juveniles by Ylitalo et al. (2009). Understanding how much of the chemical burdens is 
being mobilized in various population members can be assessed with CYP1A1, an 
indicator of the mobilization of endocrine-disrupting compounds (Montie et al. 2008). 

9. Determination of pathogens to assess exposure to viral and bacterial disease agents. This 
could be done through viral screening of fecal samples and sampling of pathogens in 
breath samples. Both techniques are currently being used to assess pathogens in southern 
resident killer whales (e.g., Schroeder et al. 2009). 

10. Assessment of non-fatal fishing gear interactions by collection and examination of 
photographs of scarring on features visible above-water (dorsal fin) and below water 
(mouth-line, pectoral flippers and tail flukes) of false killer whales. The latter could be 
undertaken using a pole camera of bow-riding individuals or through in-water 
photography. 

11. Assessment of seasonal use of areas through the deployment of acoustic recording 
packages. These efforts would be particularly valuable if the pelagic and insular stocks 
can be discriminated acoustically. If so, deployment of acoustic recording packages 
should be targeted particularly in areas that are difficult to survey (e.g., offshore 
seamounts, Ka‘ula Rock, windward sides of the islands). 
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12. Population viability analysis of the insular population. Demographic data required to 
undertake a population viability analysis would include age of first reproduction, age-
specific birth and death rates, inter-birth interval, and age and sex structure of the 
population, none of which is known for false killer whales in Hawai‘i. Assessment of 
demographic characteristics can be determined through long-term photo-identification 
combined with genetic studies. 

13. Determination of bycatch rates using fishery observers in shortline and kaka line fisheries 
or other fisheries that may take false killer whales. 

14. Assessment of the nature of false killer whale interactions with the longline fishery, 
including possible acoustic cues produced during the setting, soaking, or hauling process, 
and how false killer whales behave around longline gear. 

15. Assessment of reactions of insular false killer whales to playback of sounds associated 
with longline fishing (e.g., setting, hauling gear) to determine reactions and how reactions 
may vary with distance. 

16. Assessment of trends of pelagic stock. Given the high variance associated with the 
current abundance estimate of the pelagic stock, this will require substantial investment 
of resources. 
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ABSTRACT 

Despite their world-wide distribution throughout the tropics and subtropics, 
false killer whales (Pseudorca crassidens) are one of the lesser-known large odontocetes. 
Genetic evidence indicates a demographically isolated population around the main 
Hawaiian Islands. We examine site fidelity, movements and association patterns 
in this population using data from directed surveys and opportunistic photographs 
from 1986 to 2007. This species was only infrequently encountered, and while found 
in depths from 38 to 4,331 m, sighting rates were greatest in depths> 3,000 m. We 
photo-identified 152 distinctive individuals. Resighting rates were high, with an 
average of76.8% of distinctive individuals within groups documented on more than 
one occasion. Most (86.6%) were linked by association into a single social network; 
only one large group (16 distinctive individuals), documented the farthest offshore 
(42-70 km), did not link by association to that large network, and may be part of 
an offshore population. Individual movements of up to 283 km were documented, 
with a large proportion of individuals moving among islands. Individuals were 
resighted up to 20.1 yr after first being documented, showing long-term fidelity to 
the islands. Repeated associations among individuals were documented for up to 15 
yr, and association analyses indicate preferred associations and strong bonds among 
individuals. 

Key words: false killer whale, Pseudorca crassiriens, site fidelity, social organization, 
Hawai'i, movements. 

Our understanding of cetacean biology and ecology has increased dramatically 
over the last 40 yr, although much of this increase has come from studies of just a 
few species. Research on baleen whales has focused primarily on those that inhabit 
nearshore waters or were impacted heavily by historical whaling, and research on 
toothed whales has focused primarily on those species that inhabit coastal temperate 
waters. In general, much less is known about the biology of open-ocean or tropical 
species, due to the logistics of working with open-ocean populations and the relative 
lack of economic support for research in many tropical countries. False killer whales 
(Pseudorca crassidens) are one of these poorly known tropical oceanic species (Stacey 
et al. 1994, Odell and McClune 1999). They are distributed worldwide throughout 
the tropics and at least occasionally in warm temperate areas, but in most parts of 
their range they are typically seen far from shore. With their tendency to strand 
on beaches, most of what is known about the biology of false killer whales comes 
from examination of stranded animals (Stacey et at. 1994, Odell and McClune 1999). 
Studies of individual movements and social organization have been limited. Acevedo
Guitierrez et al. (1997) observed false killer whales 15 times at two sites off Costa 
Rica and photo-identified individuals, noting some repeated associations among in
dividuals for periods of up to 2 yr. 

With the exception of occasional individuals that appear outside of the normal 
range of this species (e.g., Stacey and Baird 1991), the primary areas where false 
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killer whales are frequently seen close to shore are tropical oceanic islands (e.g., 
Acevedo-Guitierrez et al. 1997). There is considerable interest in the population of 
false killer whales in Hawaiian waters due to interactions with fisheries (Baird and 
Gorgone 2005). False killer whales interact with the Hawai'i-based long-line fishery, 
which operates in waters greater than approximately 46 km from the Hawaiian 
Islands. Individuals are known to take hooked tunas and other fish off longlines, and 
some individuals are occasionally killed or seriously injured when hooked during this 
process (Forney and Kobayashi 2007). The population of false killer whales within the 
Hawai'i Exclusive Economic Zone (EEZ) is relatively small. Barlow (2006) provided 
an estimate for the entire Hawai'i EEZ, an area of approximately 2.4 million km2

, 

of only 236 individuals (CV = 1.13) based on a large-vessel line transect survey 
in 2002. Using combined data from the 2002 survey and another in 2005, Barlow 
and Rankin (2007) reestimated the Hawaiian EEZ population to be 484 individuals 
(CV = 0.93). Although the absolute number of false killer whales estimated to be 
killed or seriously injured in the longline fishery is small, the rate of serious injury and 
mortality is estimated to be greater than the "Potential Biological Removal" (PBR) 
level for that population (Carretta et al. 2006), and thus the population is considered 
"strategic" by NOAA Fisheries Service, the U.S. agency responsible for management 
of cetaceans. Using genetic analyses of biopsy samples collected both around the 
main Hawaiian Islands (the eight large islands in the eastern part of the Hawaiian 
Island chain) and elsewhere in the tropical Pacific, Chivers et al. (2007) provide 
evidence that false killer whales around the main Hawaiian Islands are genetically 
differentiated from false killer whales sampled elsewhere. However, whether there is 
a clear geographic boundary between island-associated and offshore false killer whales 
is unknown, and how far from shore island-associated false killer whales extend is also 
unknown. Baird and Gorgone (2005) suggested that the false killer whales associated 
with the main Hawaiian Islands did interact with the offshore longline fishery based 
on dorsal fin disfigurements possibly caused by longline interactions, although it is 
possible such disfigurements resulted from long-line interactions in the past, when 
the fishery operated closer to shore. 

Around the main Hawaiian Islands, false killer whales are encountered so infre
quently (Baird and Gorgone 2005) that directed research focused solely on this species 
would be extremely time-consuming and expensive. The good working conditions 
off the western (leeward) sides of the main Hawaiian Islands has encouraged stud
ies of other more frequently encountered cetacean species, and these studies have 
allowed collection of information on more rarely encountered species such as false 
killer whales. Here we use photographic data on false killer whales around the main 
Hawaiian Islands obtained from both directed odontocete surveys and opportunistic 
efforts, to explore aspects of the biology of this poorly known species. We exam
ine inter-island movements among the main Hawaiian Islands, assess site fidelity 
over a 21-yr period, and explore association patterns of individuals as it pertains 
to understanding small-scale population structure and social organization in this 
species. 

METHODS 

Directed surveys for odontocetes were undertaken around all the main Hawaiian 
Islands from 2000 through 2006, with efforts off different islands in two to five 
different years over the 7 -yr period. These efforts were non-random, non-systematic 
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surveys that attempted to cover as wide a survey area and as broad a range of depths 
as possible, given weather and fuel constraints. Surveys were typically based from 
one island at a time for periods of 2-6 wk, with the exception of one survey, in 
May/June 2003, that covered the waters around all the main islands over a 6-wk 
period. Research vessels varied, but the majority of effort was undertaken from vessels 
from 5.8 to 8.2 m long, with twO to six observers scanning 3600 around each survey 
vessel. Vessels surveyed at speeds of 15-30 km/h. Other research vessels or whale 
watching operators would occasionally report sightings; when groups of odontocetes 
were approached in response to these sightings the sighting cue was noted as a 
"radio call." Surveys were largely restricted to areas with sea conditions of Beaufort 
3 or less. Survey effort was documented with locations recorded every 5 min using 
a global positioning system (GPS), and sea state was recorded when it changed. 
During directed surveys observed groups of odontocetes were approached for species 
identification, to estimate group size, and to record location (using a GPS). 

Attempts were made to photo-identify all individuals in all groups of false killer 
whales encountered. Reasons for terminating encounters (time of day, weather, group 
lost, or all individuals identified) were noted. Associations with other cetacean and 
seabird species were documented, as well as observations of predation on fish. Biopsy 
samples for genetic studies were collected from some groups; results of this work are 
reported by Chivers et at. (2007). 

Information from directed surveys was used to examine group size, sighting depths 
in relation to survey effort, and relative encounter rates. Relative encounter rates 
were calculated both using all sightings and excluding sightings originating from 
radio calls. For sighting and 5-min effort locations, depths were determined by 
overlaying the point location data on a bathymetric raster surface in ArcGIS 9.1 
(ESRI). Underlying depth values (in meters) were transferred to point locations using 
the "intersect point tool" in Hawth's analysis tools (Beyer 2004). We used a gridded 
50 m x 50 m multibeam synthesis bathymetry model from the Hawai'i Mapping 
Research Group. 1 The model had areas of no data, so the grid was overlaid on 3-arc s 
(90 m x 90 m) u.S. Coastal Relief Model bathymetry from the National Geophysical 
Data Center2 to provide 90 m resolution data where 50 m resolution data were absent. 
Sighting rates in relation to effort by depth were calculated using 500-m depth bins 
(e.g., 1-500 m, 501-1,000 m, etc.). 

False killer whale photographs were also obtained from a number of other sources: 
(1) opportunistically during humpback whale (Megaptera novaeangtiae) research in the 
"4-island" area (around the islands of Moloka'i, Lana'i, Maui, and Kaho'olawe) from 
2003 through 2006 (DRS, MHD, ADL); (2) during a large-scale line transect survey 
ranging from the main Hawaiian Islands to Palmyra and Johnston Atoll in 2005 
(PICEAS; see Barlow and Rankin 2007); and (3) from photographs taken off the island 
of Hawai'i during research on short-finned pilot whales (Gtobicephala macrorhynchus) 
and other species from 1986 through 2006 (see McSweeney et at. 2007). In addition, 
10 identifications from eight additional encounters were provided by several whale or 
dolphin watching operators, private individuals, or other researchers (1999-2007). 

Within encounters, photographs were sorted by individual using a variety of char
acteristics. Clearly distinct individuals were sorted using body scars, notches on or 
immediately adjacent to the dorsal fin, and major dorsal fin disfigurements (see Baird 

1 Available from http://www.soest.hawaii.edu/HMRG/Multibeam/index.php. 
2 Available from http://www.ngdc.noaa.gov/mgg/coastallcoastal.htm. 

http://www.soest.hawaii.edu/HMRG/Multibeam/index.php
http://www.ngdc.noaa.gov/mgg/coastallcoastal.htm
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and Gorgone 2005). Other individuals were identified within encounters using subtle 
differences in dorsal fin shape, and/or relative size (i.e., animals that are obviously 
small calves or neonates based on relative size in photographs where adult individuals 
were in the same photographic frame). For determining the number of neonates or 
small calves (that were unmarked) within a group, close associations with identifiable 
adults were used (i.e., if two or more identifiable adults each had a neonate in close 
attendance, each neonate was counted separately). 

For every individual within each encounter, the best photograph obtained was 
given a photo quality rating as: poor, fair, good, or excellent, based on the focus, 
size, and angle of the body relative to the photographic frame, and proportion of the 
body visible. Each individual was assigned one of four "distinctiveness" categories: 
not distinctive, slightly distinctive, distinctive, or very distinctive. Those considered 
"not distinctive" included individuals with no notches on the dorsal fin or scratches 
on the body (typically neonates or small calves), as well as those with body scratches 
or extremely small notches that would usually allow for identification within an 
encounter with excellent quality photographs, but not between encounters. Slightly 
distinctive animals typically had one or two small notches on the trailing edge of 
the dorsal fin that allowed for identification within and between encounters, but 
required excellent quality photographs. Distinctive animals had multiple notches on 
the fin and could be identified among encounters with fair, good, or excellent quality 
photographs, while very distinctive animals had multiple notches, distinctive fin 
shapes, or major fin disfigurements (see Baird and Gorgone 2005), and/or multiple 
large notches that would allow for matching individuals among encounters even with 
poor quality photographs. The program F inscan 1.6.1 (Hillman et al. 2003) was used 
to assist in matching individuals between encounters. Matches between encounters 
were based on fin shape, and the number, size, shape, and relative positioning of dorsal 
fin notches. All matches of individuals were agreed upon by at least two experienced 
matchers. Matches of some individuals were made where notch number, size, or shape 
were different (i.e., individuals with mark changes). These matches were based on fin 
shape and individuals having at least two or more marks in common (i.e., with the same 
size, shape, and relative positioning on the fin). All matches of individuals with mark 
changes were confirmed by a third experienced matcher. Due to the small number 
of photographs available from Palmyra and offshore waters we used photographs of 
all qualities and distinctiveness ratings to assess movements between these areas and 
the main Hawaiian Islands. Within encounters, all photos were used to estimate the 
proportion of animals within groups that were" distinctive." For all other analyses (i.e., 
mark change rates, seasonality of resightings, association analyses, movements among 
islands, intervals among resightings), only those individuals considered "distinct" or 
"very distinct" with photo quality ratings of good or excellent were used. Capture
recapture estimates of abundance will be presented elsewhere. 

For association analyses, groups were defined as all individuals seen in an area on a 
single day. While this definition is much broader than is typically used for odontocete 
association analyses, for Hawaiian false killer whales it seems appropriate for several 
reasons. Despite extensive survey effort (see Results), false killer whales were only 
infrequently encountered. When encountered however, small subgroups were often 
spread out over a broad area, separated by 2-10 km or more. Subgroups were gen
erally moving through the area in a consistent direction and at similar speeds as a 
loose association. Extended encounters (>4 h) with multiple subgroups have shown 
that subgroups intermix throughout an encounter (Baird unpublished). Association 
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levels were assessed with Socprog 2.3, 3 using a simple ratio index of association (Cairns 
and Schwager 1987, Ginsberg and Young 1992), with values ranging from 0 (for 
individuals that are never seen together) to 1 (for individuals that are always seen 
together). Calculations of mean and maximum association indices, and tests for pre
ferred/avoided associations (following Bejder et al. 1998) included only individuals 
seen on three or more occasions. Tests for preferred/avoided associations compared the 
real association indices against 20,000 randomly permuted variations. P values were 
determined based on the proportion of the 20,000 permutations that had higher SDs 
of the association indices than the SD of the real association indices, thus P values that 
were large (P > 0.95) indicated a significant difference. Socprog was used to produce a 
sociogram showing associations among individuals seen on three or more occasions. 
Sample sizes were insufficient for quantitative examination of temporal trends in 
association patterns, however, the time frames for repeated associations among in
dividuals were noted. Social network diagrams were produced with Netdraw 2.043 
(Analytic Technologies, Needham, MA). To examine the likelihood of individuals 
within encounters having multiple records within our catalog, we calculated the 
percentage of distinct and very distinct individuals within each encounter that were 
seen on more than one occasion. 

To assess whether individuals used the study area year-round, we examined sea
sonal distribution of sightings of individuals seen on four or more occasions. Sight
ing months were classified as oceanographic seasons based on Flament (1996): 
winter (February-April), spring (May-July), summer (August-October), and fall 
(November-January). 

RESULTS 

In directed efforts, a total of 38,759 km of trackline was covered over 369 d on the 
water (2,635 h of survey effort), from 2000 through 2006. Directed efforts covered 
all months of the year except August, although the amount of effort per month varied 
from 3.3% to 15.7% of the total survey days (median = 8%). While the majority 
(53.4%) of search effort was in depths of 1,000 m or less, search effort extended to 
almost 5,000 m depth (Fig. 1) and covered all the main Hawaiian Islands (Fig. 2). 
The total survey area covered was approximately 17,000 km 2 • Almost all search effort 
(93.2%) was in sea states of Beaufort 3 or less, with the majority (76%) in Beaufort 
2 or less. Average sea states were similar across the entire depth range surveyed. 

During directed efforts there were 849 sightings of odontocetes of which 18 (2.1 %) 
were false killer whales, the 11 th most frequently encountered species of odontocete 
(of 16 species observed). Six of 18 sightings of false killer whales, and 22 sightings 
of seven other species, were initiated due to radio calls from other vessels; excluding 
all sightings initiated due to radio calls, false killer whales represented only 1.46% 
of odontocete sightings (and remained the 11 th most frequently encountered species 
of odontocete). False killer whales were sighted in depths from 38 to 4,331 m (me
dian = 1,011 m), ranging from 1.6 km to 50.5 km from shore (median = 10.0 
km). One encounter was only a brief (1 min) sighting of a single animal; group 
sizes for the remaining 17 encounters ranged from 3 to an estimated 41 individuals 
(median = 15 individuals). Eight of these 17 encounters were terminated due to 

3Dalhousie University, Halifax, Nova Scotia, Canada. Available from myweb.dal.ca/~hwhitehel 
social.htm. 
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Figure 1. Top. Distribution of search effort in relation to depth from dedicated efforts 
(depth "bins" of 500 m) , Bottom. False killer whale sightings per 100 h search effort by depth 
bin. 

inclement weather or time of day, and three groups were lost. Encounter durations 
ranged from 0.8 to 7.9 h (median = 3.0 h, n = 17). For short duration encounters, 
group size estimates may not reflect actual group sizes . There was a significant posi
tive relationship between group size and encounter duration (regression P = 0.016, 
r2 = 0.33, n = 17); group sizes for encounters <2 h ranged from 3 to 15 individuals 
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Figure 2. Search effort (lines) from directed odontocete surveys around the main Hawaiian 
Islands (2000-2006) with false killer whale sightings (triangles). The 4-island area includes 
Moloka'i, Lana'i, Maui, and Kaho'olawe. Photographs from other sources around the main 
Hawaiian Islands were in areas covered by search effort from directed odontocete surveys. 
Three subgroups seen on one day 42-70 km offshore of the island of Hawai'i, with no links 
by associations to other groups, are indicated by the heavy dashed oval. 

(median = 8.5), while group sizes for encounters >2 h ranged from 12 to 41 (me
dian = 25). Larger groups were typically comprised of several smaller subgroups of 
individuals spread out over 20 km or more, with clusters all traveling in the same 
direction at approximately the same speed. 

Associations with other species of cetaceans were documented in seven encoun
ters, three with bottlenose dolphins (Tursiops truncatus) , two with rough-toothed 
dolphins (Steno bredanensis), and one each with pygmy killer whales (Feresa attenuata) 
and humpback whales. For associations with bottlenose and rough-toothed dolphins 
these species were seen in close association (less than one body length) with false killer 
whales and associations were prolonged, rather than just one group passing another. 
Associations with seabirds were documented in five encounters; species recorded feed
ing in association with false killer whales included brown booby (Sula leudogaster) , 
red-footed booby (S. sula), great frigatebird (Fregata minor), wedge-tailed shearwater 
(Puffintls pacificus), and sooty tern (Sterna fuscata). Predation on three species of fish 
was documented on 19 occasions: mahi mahi (Coryphaena hippurus), representing 17 
of 19 events; ono or wahoo (Acanthocybium solanderi), with one event; and a deep
water pomfret (probably a monchong, Eumegistus illustrus). While not systematically 
recorded, predation events and predatory attacks were also noted anecdotally dur
ing opportunistic research efforts . Species and approximate number of fish observed 
being consumed include five or six yellowfin tuna (Thunnus albacares), two or three 
skipjack tuna (Katsuwonus pelamis) , single observations of predation on albacore tuna 
(T alalunga) and file fish (probably Aluteus scriptus) , and multiple (> 20) observations 
of predation on mahi mahi. Two attacks on broadbill swordfish (Xiphias gladius) were 
also observed, although the whales were not observed killing either. 
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Table 1. Number of false killer whale encounters and identifications (including resightings) 
by year and area. 

Number of encounters (identifications) by area and year 

Year Kaua'i Q'ahu 4-islands Hawai'i Palmyra Total 

1986 3 (12) 3 (12) 
1987 3 (16) 3 (16) 
1988 1 (5) 1 (5) 
1990 2 (23) 2 (23) 
1991 1 (3) 1 (3) 
1993 1 (4) 1 (4) 
1995 1 (1) 1 (1) 
1998 1 (6) 1 (6) 
1999 1 (1) 1(6) 2 (7) 
2000 4 (20) 4 (20) 
2001 2 (22) 2 (22) 
2002 1 (1) 1 (5) 2 (6) 
2003 1 (20) 2 (10) 3 (30) 
2004 1 (7) 6 (58) 7 (65) 
2005 4 (29) 2 (7) 1 (1) 7 (37) 
2006 1 (1) 1 (2) 3 (28) 4 (24) 10 (55) 
2007 1 (1) 1 (1) 
Sum 1 (1) 3 (23) 17 (117) 28 (171) 1 (1) 50(313) 

Analyses are restricted to distinct and very distinct individuals with good or excellent 
quality photos. 

Identification photographs were available from 17 of the 18 encounters from di
rected efforts around the main Hawaiian Islands. Photographs were available from 
44 additional encounters from 1986 through February 2007, 40 of which were from 
the main Hawaiian Islands, three were from Palmyra (approximately 1,300 km SSW 
of the main Hawaiian Islands), and one was from an area approximately half way 
between Palmyra and Johnston Atoll (approximately 1,100 km SW of the main 
Hawaiian Islands, Table 1). 

Examples of the marks used in matching are illustrated in Figure 3. From pho
tographic matching within encounters there were 484 identifications of individuals 
of all photo qualities and distinctiveness ratings. Seventy-eight identifications were 
of individuals considered "not distinctive." Excluding these, the identifications rep
resented a maximum of 203 individuals, 194 from the main Hawaiian Islands and 
9 from Palmyra/offshore. The mean proportion of individuals within groups that 
were considered distinctive or very distinctive was 73.7% (SD = 22.8%, n = 61 
groups). Individuals that were considered "distinctive" or "very distinctive" had up 
to 13 notches on the dorsal fin (median = 5; Fig. 3). Using only distinctive and very 
distinctive individuals with photo qualities of good or excellent reduced the total 
number of identifications to 313, from 51 different encounters (50 around the main 
Hawaiian Islands, 1 off Palmyra). Number of photographs available for these 313 
identifications ranged from 1 to 124 (median = 8, sum = 4,819). The number of 
identifications of this type per encounter ranged from 1 to 21 (median = 6) from 
directed efforts, and 1 to 24 (median = 3) from opportunistic efforts. 

From the 313 identifications there were 153 unique individuals most (152) of 
which were from around the main Hawaiian Islands. This number should not be 
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viewed as a minimum population size, as the identifications were obtained over 
a 21 -yr period and there were likely a number of mortalities (and births) during 
that period. As well, it is possible that some individuals had mark changes to the 
point where they were no longer recognizable. However, the low rate of mark change 
documented (see below) and restricting our analyses to distinctive and very distinctive 
individuals (with a mean of 5.S1 dorsal fin notches/individual, SD = 2.39) should 
minimize this possibility. While on average there were 2.04 identifications per unique 
individual, of the 152 individuals from around the main Hawaiian Islands, just over 
half (SO individuals, 52 .6%) were seen on more than one occasion. Those seen more 
than once were seen an average of 3.0 times each (SD = 1.3S, maximum = S times) 
and 69 (45.4% of those documented around the main Hawaiian Islands) were seen in 
more than 1 yr. On a group basis, the proportion of distinctive and very distinctive 
individuals within groups that were documented on more than one occasion over the 
study was 76.S% (SD = 33.2%; median = 100%, n = 51). Excluding the group of 
16 individuals seen 42- 70 km offshore of the island of Hawai'i (for which there were 
no matches to any other group), the largest group for which there were no matches 
to other groups was of two individuals . 

Figure 3. Examples of marks and phoro qualities used in matching and assigning distinc
tiveness ratings. Top. Distinctive individual (HI Pc 138) seen 31 December 1988 (left phoro) 
off the island of Hawai 'i (photo quality "excellent") and 3 March 2005 (right phoro) in the 
4-island area (phoro quality "good"). One mark change occurred between these two periods, 
with the upper edge of the lower notch smoothing out. Botrom. Very distinctive individual 
(HIPclI5) seen 1 February 1998 (left phoro) off the island of Hawai'i (phoro quality "excel
lent") and 11 April 2006 (right photo) in the 4-island area (photo quality "good"). One new 
notch (lowest on right photo), and changes in notch shape were documented between the two 
sightings. 
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Table 2. Number of false killer whale identifications and individuals by area. 

# individuals 
# IDs of (excluding # (%) # within-area # within-area 

Island marked within-area individuals within-year between year 
area individuals resightings) resighted resightings resightings 

Kaua'i 1 1 0 nla nla 
O'ahu 23 22 20 (90.9) nla 1 
4-islands 117 56 38 (67.8) 12 49 
Hawai'i 171 111 60 (54.1) 28 32 
Palmyra 1 1 0 nla nla 

Analyses are restricted to distinct and very distinct individuals with good or excellent 
quality photos. 

Comparisons between the main Hawaiian Islands and Palmyra/offshore were un
dertaken using all photo qualities and distinctiveness ratings, but there were no 
matches of individuals from the main Hawaiian Islands to Palmyra/offshore. For as
sessment of movements among the main Hawaiian Islands, only distinctive and very 
distinctive individuals with photo quality ratings of good and excellent were used. 
Of the 80 individuals seen more than once, 37 (46.2%) were seen at two or more 
islands. There was only one distinctive individual with a sufficient quality photo 
documented off Kaua'i, and this individual was not seen off any other island. For the 
islands of O'ahu, the 4-island area, and Hawai'i, there were sufficient identifications 
to address inter-island movements and for the latter two areas, within-area resighting 
rates. There were numerous within-area resightings for both the 4-island area and 
Hawai'i (Table 2). Distances among the closest sightings for each of the areas were 
85.8 km (4-islands to Hawai'i), 164 km (4-islands to O'ahu), and 254 km (O'ahu to 
Hawai'i). The highest proportion of individuals moving among areas was between 
O'ahu and Hawai'i (Table 3), with 18 of the 20 individuals (90%) from O'ahu seen 
on more than one occasion also documented off Hawai'i (distances among resighting 
locations from O'ahu to Hawai'i were from 254 to 283 km). However, 17 of these 
20 individuals were seen together in a single group off O'ahu (in 2003) and most 
were associated when these individuals were sighted off Hawai'i (in 2004), albeit in 
several encounters with small numbers of individuals identified in each encounter 
(Table 4). Thus the high proportion of individuals moving from O'ahu to Hawai'i 
may largely represent the movements of one or two cohesive groups of individuals 

Table 3. Proportion of individuals documented moving among islands, considering only 
distinctive and very distinctive individuals with good or excellent quality photographs. 

# individuals seen> 1 # (%) documented # inter-island 
Island area (ftom Table 2) at other islands movements represented 

O'ahu 20 19 (95.0) 19 
4-islands 38 20 (52.6) 27 
Hawai'i 60 36 (60.0) 42 

Inter-island movements were counted for both directions (e.g., an individual matched 
between O'ahu and Hawai'i was counted under the totals for both rows), and individuals 
moving from one island to another, and back, are counted twice. 
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Table 4. Identified false killer whales encountered off O'ahu (26 May 2003) and off the 
island of Hawai'i (all 2004 dates), illustrating movement of 17 individuals between islands. 
Only distinctive and very distinctive individuals with good or excellent quality photos are 
shown. 

Encounter date 

Whale ID # 26 May 03 13 Sep 04 6 Oct 04 27 Nov 04 3 Dec 04 

HIPc133 x 
HIPc143 x 
HIPc151 x 
HIPc156 x 
HIPc157 x x 
HIPc159 x x x x 
HIPc160 x 
HIPc161 x x 
HIPc162 x x x 
HIPc163 x x 
HIPc164 x x x 
HIPc165 x x 
HIPc166 x x x x 
HIPc167 x x x 
HIPc168 x x x 
HIPc169 x x x x 
HIPc170 x x x 
HIPc171 x x x 
HIPc172 x x x 
HIPc173 x x x 
HIPc174 x x x 
HIPc177 x x 
HIPc179 x 
HIPc181 x 
HIPc184 x 
HIPc186 x x 
HIPc187 x x 
HIPc188 x x 
HlPc189 x x 
HIPc192 x x 

among the islands (see below). Half of the individuals (50%, 19 of 38) from the 
4-island area that were seen on more than one occasion were also recorded off Hawai'i 
(distances among resighting locations from the 4-island area to Hawai'i were from 
116 to 155 km). Despite the relative proximity ofO'ahu and the 4-island area, only 
2 of 20 individuals (10%) from O'ahu seen on more than one occasion were also 
documented in the 4-island area. 

Intervals between resightings of individuals, and from when an individual was 
first seen to when it was last seen, were calculated for the 80 distinct and very dis
tinct individuals with good or excellent quality photos. Resighting intervals ranged 
from 5 to 6,681 d (18.3 yr), with a median resighting interval of 407 d (1.1 yr, 
n = 160 intervals). The interval between first and last sightings of an individual 
ranged from 12 to 7,350 d (20.1 yr), with a median interval of 557 d (1.53 yr, 
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n = 80 individuals). Mark change was examined for these 80 individuals. Twenty-six 
individuals had changes in either the number of notches on the dorsal fin or the 
shape of notches. Six individuals were documented with two or more changes in 
notch number or shape occurring independently, i.e., changes were noted on different 
resighting occasions, thus a minimum of 36 mark changes occurred. Assuming that 
all changes for individuals with more than one new notch or both a new notch and a 
change in notch shape were independent, the maximum number of mark changes that 
occurred for these individuals was 46. The rate of mark change was calculated using 
the sum of all resighting intervals (317.7 yr) and the minimum (36) and maximum 
(46) number of changes. Marks were estimated to change, or new marks were added, 
an average of once every 6.9 to 8.8 yr. These rates likely underestimate the actual rate 
of mark change, as some individuals may have mark changes so great that they are 
misidentified and considered new individuals, or may have two changes affecting the 
same mark in between resightings. The likelihood of having mark changes so great 
that individuals are misidentified is probably small, given the number of marks used 
to match individuals (see above, Fig. 3). 

Seasonal distribution of resightings was assessed for those individuals seen on four 
or more occasions (n = 21 individuals). Only two of the 21 individuals were seen 
exclusively in a single oceanographic season, nine were documented in two oceano
graphic seasons (four of which spanned nonadjacent seasons), and 10 were seen in 
three seasons. On average these individuals were seen 4.90 times (SD = 1.37) in 4.00 
different months (SD = 0.71). The seasonal distribution of encounters and identi
fications varied considerably, with 16.3%-39.0% of the identifications occurring in 
different seasons, thus the likelihood of resightings being evenly distributed among 
the four seasons was small. 

Social networks were constructed of animals identified around the main Hawaiian 
Islands for all individuals at least slightly distinctive or greater, and with all photo 
qualities (Fig. 4). Of the 194 individuals documented around the main Hawaiian 
Islands, 168 (86.6%) were linked by association in a single social network. Of the 26 
individuals not linked to the large association cluster, seven (3.5 %) were identified in 
five different encounters, where only one or two individuals per encounter were iden
tified. These included the only two individuals identified off Kaua'i, two individuals 
in the 4-island area, and three individuals off Hawai'i. The remaining 19 individuals 
(9.7%) were documented in three subgroups on a single day, spread out from 42 to 
70 km offshore of the island of Hawai'i (Fig. 2). Although spread out over 28 km, 
these three subgroups are considered here as a single encounter, given all individuals 
were moving in the same direction, and within a single subgroup individuals were 
spread over> 5 km. Not including the encounters> 1,000 km from the Hawaiian 
Islands, this group was the farthest from shore documented around the islands. A 
social network restricted to distinctive and very distinctive individuals with photo 
qualities of good or excellent indicated the same pattern (not shown). Of 152 in
dividuals documented, 132 (86.8%) were linked by association in a single cluster, 
four individuals (2.6%) were seen alone or in a pair, and 16 individuals (10.5%; the 
group found farthest offshore) were found in a single cluster not linked with any 
other groups. 

Forty-one individuals were seen three or more times (maximum = 8). Several factors 
suggest that not all distinctive individuals within groups were photo-identified, in
fluencing our association analyses. As noted above, many encounters were terminated 
due to inclement weather or time of day, groups were often spread out over extensive 
areas, and particularly for short duration and opportunistic efforts, it is likely that not 



604 MARINE MAMMAL SCIENCE, VOL. 24, NO.3 , 2008 

Figure 4. A social network diagram showing associations among individual false killer 
whales documented around the main Hawaiian Islands. All individuals considered slightly 
distinctive, distinctive, or very distinctive, are shown. Nodes in the network represent individ
uals, while lines between individuals represent associations within a group. Symbol shapes and 
shading indicate islands individuals were identified: black inverted triangles = Kaua'i only; 
medium gray circles = Hawai'i only; light gray squares = 4-islands only; black diamonds = 
O'ahu only; white triangles = two or more islands. The lone cluster of 19 individuals was a 
group documented spread from 42-70 km off the island of Hawai'i. Other than this group, 
all groups of three or more were linked by association to the largest cluster. 

all subgroups were approached for photo-identification. Group size estimates from 
directed efforts were greater (median = 15) than the number of identifications of dis
tinctive and very distinctive individuals (median = 6) phoro-identified . Association 
values are thus likely negatively biased. Mean association values for the 41 individ
uals seen three or more times was 0.12 (SD = 0.06). The mean of the maximum 
association values for each individual was 0.64 (SD = 0.24), indicating that many 
individuals had strong associations. Associations among individuals illustrated in a 
sociogram (Fig. 5) indicate that associations were nonrandom and distinct clustering 
of individuals was apparent . Tests for preferred/avoided companions were significant 
(P = 0.99995), indicating that individuals associated preferentially with certain 
other individuals, rather than associating at random based on availability (within 
periods of a year). Repeated associations among individuals were documented; the 
longest repeated association was of two individuals seen together six times over a 
15 .1-yr period (5,506 d) . These two individuals were documented without the other 
on a total of five occasions. However, on two of these occasions only two individuals 
in the group were photo-identified, so the probability of documenting a repeated 
association was low. 
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Figure 5. A sociogram showing strength of associations (represented by the thickness of 
the connecting lines) among distinctive and very distinctive false killer whales (represented as 
points on the outside of the circle) seen three or more times. Individual ID labels are excluded 
due to space limitations. Association index values determined using a simple-ratio index of 
association. 

DISCUSSION 

Our study is the first long-term investigation of false killer whale site fidelity and 
association patterns, and one of only a few studies based on individual identification 
of this species anywhere. In their study off Costa Rica, Acevedo-Guitierrez et al. 
(1997) noted repeated sightings of individual false killer whales over periods of up 
to 2 yr. In their study area, false killer whales were encountered extremely infre
quently (15 sightings in over 600 d on the water). Although our survey coverage 
and levels of directed effort were also extensive (38,434 km of trackline in 369 d on 
the water, over an approximately 17,000-km2 study area), false killer whales were 
only infrequently encountered around the main Hawaiian Islands, representing just 
1.46% of odontocete sightings that were not cued by radio calls from other vessels. 
Despite the low encounter rate, individual photo-identification demonstrated that 
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almost half (45.4%) of the individuals were seen in more than 1 yr, and more than 
half (52.6%) were seen on more than one occasion. On average, about 77% of the 
distinctive individuals identified within any particular group were seen on multiple 
occasions. Given the 21-yr span of the study and expected births and deaths in the 
population (limiting the potential for resightings), such evidence implies both that 
the population of false killer whales around the main Hawaiian Islands is relatively 
small, and that individuals show considerable fidelity to the islands. Resightings 
of individuals spanned the entire 21-yr duration of our study, indicating that such 
fidelity is stable over periods of many years. 

Genetic evidence from many of the groups documented in directed efforts demon
strate that false killer whales found near-shore around the main Hawaiian Islands are 
demographically isolated from those sampled offshore in the tropical Pacific (Chivers 
et al. 2007), implying that fidelity to the islands has occurred over periods long 
enough for evidence of genetic isolation to evolve. As noted by Chivers et al. (2007), 
there is similar evidence for a number of other species of odontocetes in Hawaiian wa
ters being demographically isolated from open-ocean populations, including spinner 
dolphins, Stenella longirostris (Galver 2002, Andrews et al. 2006), short-finned pilot 
whales (Chivers et al. 2003), and bottlenose dolphins (Marti en and Baird 2006). The 
factors that may encourage the evolution of island-associated populations may be 
similar for all of these species; the central tropical Pacific is oligotrophic, and the 
oceanographic influence of the islands increases productivity immediately around 
the islands (Doty and Oguri 1956, Gilmartin and Revelante 1974, Seki et al. 2001, 
2002), and reduces the spatial and temporal variability in prey availability. False killer 
whales around the main Hawaiian Islands had previously been recorded feeding on 
mahi mahi and yellowfin tuna (Brown et al. 1966, Shallenberger 1981, Connor and 
Norris 1982). Because of their tendency to carry prey items for extended periods 
and share prey (Brown et al. 1966, Connor and Norris 1982; Baird, personal obser
vations), surface observations of predation may be less biased for this species than 
for most other species of cetaceans. Our observations of predation also suggest that 
false killer whales around the main Hawaiian Islands feed primarily on large pelagic 
fish, particularly mahi mahi. The islands are known to aggregate large pelagic fish 
such as tunas, billfish, and mahi mahi (Itano and Holland 2000, Seki et al. 2002, 
Dagorn et al. 2007). Sighting depth comparisons among all documented odontocete 
species indicate that false killer whales use the greatest range of water depths of all 
species (Baird, unpublished data). Such habitat variability reflects the wide ranging 
movements and diverse habitats used by their prey (ltano and Holland 2000, Dagorn 
et at. 2007). 

Chivers et al. (2007) note that false killer whales sampled within the Hawaiian 
EEZ but far from the main Hawaiian Islands have mitochondrial haplotypes the 
same as or closely related to false killer whales sampled elsewhere in the eastern 
North Pacific, but that boundaries between the island-associated population and the 
"offshore" population are not known. Several authors have suggested that false killer 
whales in some parts of their range may exhibit seasonal inshore-offshore movements 
(Tomilin 1967, Kasuya 1971). There are two unsubstantiated reports of groups mov
ing long distances: Nishiwaki (1967) reported a group following a tuna vessel for 
approximately 1,600 km, and van Beneden (1889, cited in Tomilin 1967) reported 
a group following a vessel from Brazil to the English Channel. However, there is 
no published information on movements based on tagging or photo-identification 
of distinctive individuals. While we were not able to assess seasonality in relation to 
effort, photographic resightings of individuals were typically spread over multiple 
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oceanographic seasons, implying there is no strong seasonal component to their use 
of the main Hawaiian Islands. We documented movements of individuals up to 283 
km (from O'ahu to Hawai'i) using photo-identification resightings, a relatively small 
distance for what might be expected for an open-ocean species. It should be noted 
however, that our sample of identification photographs at greater distances was ex
tremely small (only two distinctive individuals, Table 1). As such, it is reasonable 
to assume that false killer whales around the main Hawaiian Islands likely move 
much greater distances, at least along the Hawaiian Island chain, but also potentially 
offshore. We did not obtain genetic samples from the group documented 42-70 km 
offshore of the island of Hawai'i (Fig. 2), but the fact that none of these individuals 
were documented associating with the large social network of animals documented 
near-shore around the main Hawaiian Islands (Fig. 4) implies that offshore false killer 
whales may move to within at least 42 km of the islands. With only a single observa
tion of a large group not associating with the island social network, further research 
effort in areas where the island-associated and offshore populations potentially over
lap, or satellite-tagging of individuals in offshore waters, is required to confirm how 
close the offshore population may come to the main Hawaiian Islands. Determin
ing the offshore range of the island-associated population, and the degree of overlap 
of the two putative populations, is important for management, as levels of bycatch 
in the Hawai'i-based longline fishery may not be sustainable (Carretta et at. 2006). 

While the "island-associated" population regularly used shallow « 200 m depth) 
waters in the 4-island area (Fig. 2), our analyses of sighting rates by depth (Fig. 1) 
suggest that even these island-associated individuals showed a preference for deeper 
(> 3,000 m) waters around the main Hawaiian Islands. This apparent preference for 
deeper waters, combined with the focus of most research effort in shallower waters, 
may explain in part the relatively low sighting rates for this species, despite the 
high individual resighting rates. In addition, more than half of the individuals that 
were resighted were documented moving among the islands, over distances of up 
to 283 km. Due to their large size, dispersed groups, and frequent aerial activity, 
false killer whales are one of the easier species of odontocetes to detect at a distance, 
thus the probability of missing them during survey efforts is relatively low. The low 
sighting rates may reflect a combination of low density of individuals, preferences for 
deeper areas, and the movements of individuals to other islands during survey efforts 
focused only off a single island. 

While movements of individuals among islands were frequent, the proportion of 
individuals from each island documented moving to other islands was not correlated 
with the distances among islands. In particular, virtually all of the false killer whales 
documented off O'ahu (90% of those seen more than once) were also recorded off 
Hawai'i, at distances ranging from 254 to 283 km, yet only a small proportion (10% 
of those seen more than once) were documented in the 4-island area, a distance of 
only 164 km (Fig. 2). While our sample size of encounters and identifications off 
O'ahu is relatively small, this suggests that within the island-associated population, 
individuals may show preference for particular types of habitat. There are differ
ences among the islands in available shallow-water habitat, with the bathymetry 
off O'ahu and Hawai'i being more similar to each other (i.e., steep slope with deep 
water close to shore) than either are to the relatively shallow 4-island area. How such 
habitats influence potential prey populations is not known (but see Itano and Holland 
2000). Such within-population variation in foraging habitats has been documented 
for mammal-eating killer whales (Orcinus orca), with some groups foraging prefer
entially in near-shore areas and around seal haul-outs, and other groups foraging in 
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open water, despite the fact that both feed on the same prey species (Baird and Dill 
1995). 

Little is known of the social organization of false killer whales. Based on their 
tendency to mass strand, and the apparent reluctance of individuals to return to 
deeper water when one individual is in distress (Porter 1977), false killer whales are 
thought to have strong social bonds. Food sharing in the wild has been previously 
reported (Connor and Norris 1982) and was frequently observed during this study 
(unpublished data). Genetic analyses where multiple individuals within a group were 
sampled usually showed multiple mitochrondrial haplotypes within groups (Chivers 
et al. 2007), indicating that groups often contain multiple matrilines. As noted above, 
our association analyses were limited by photographically sampling only a portion of 
individuals in most groups. The long time frame of our study and associated births and 
deaths also mean that we likely underestimate levels of association among individuals. 
Regardless, the high maximum association values, nonrandom associations (Fig. 5), 
and repeated associations over periods of up to 15 yr, all imply that false killer whales 
have relatively stable bonds among individuals. Thus social organization of false 
killer whales appears more similar to that of killer whales (Bigg et at. 1990, Baird 
and Whitehead 2000) or pilot whales (Ottens meyer and Whitehead 2003), rather 
than exhibiting a fission-fusion social organization as documented for some other 
odontocete species (e.g., Connor et al. 2000). Large groups encountered in the field 
likely represent temporary associations among a number of smaller, relatively stable 
subgroups (see e.g., Fig. 5), however, determining the composition of these more 
stable subgroups will require repeated encounters with a number of groups. 

In theory, sociality is likely driven either by predation pressure or in relation 
to foraging, although such forces would not necessarily lead to the apparently long
term and at least somewhat stable associations we documented. For false killer whales, 
predators should include killer whales and large sharks, although predation on this 
species has not been reported. What might lead to stable long-term associations are 
the benefits of cooperative hunting. As noted, false killer whales in Hawaiian waters 
appear to feed primarily on large pelagic fish such as mahi mahi, yellowfin tuna 
and occasionally, swordfish, and prey are regularly shared among individuals. All of 
these species are extremely fast swimming and potentially difficult to capture, and 
at least in the case of swordfish may also pose a risk to a predator. As with mammal
eating killer whales, the benefits of cooperatively hunting large, difficult-to-capture, 
or potentially dangerous prey (Baird and Dill 1996) with familiar and consistent 
hunting partners may lead to stable associations (Baird and Whitehead 2000). It 
is also possible that provisioning related individuals, as has been documented for 
fish-eating killer whales (Ford and Ellis 2006), or assisting with the care of related 
calves within groups, could result in selection for stable groups. With a species 
encountered as infrequently as false killer whales, understanding social organization 
in more detail will require long-term studies. While false killer whales do exhibit 
some sexual dimorphism in head shape (Mead 1975), it is not possible to determine 
sex in the field or from typical photographs obtained in encounters. Assessment of 
the genetic relatedness of individuals within groups from remote skin biopsies would 
help in teasing apart the details of social structure. 

Despite the low encounter rates and apparent preference for deep (> 3,000 m) 
waters, our results indicate a relatively small population of false killer whales that 
exhibit long-term fidelity to the main Hawaiian Islands. As noted, there is genetic 
evidence that this population is demographically isolated from false killer whales in 
offshore waters of the Hawaiian EEZ and the broader waters of the tropical Pacific 
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(Chivers et at. 2007). These features combined indicate that this population is sus
ceptible to impacts from anthropogenic activities (e.g., Warkentin and Hernandez 
1996, Brager et at. 2002). The high degree of dorsal fin disfigurements documented 
for this population (Baird and Gorgone 2005) suggests that, at least at some point 
in the past, individuals within the population likely have interacted with the long
line fishery. While the extent of their offshore movements are unknown, individuals 
have been documented moving up to 283 km among the main Hawaiian Islands, 
thus it is certainly possible that they may move far enough offshore ('"'-'46 km) to 
interact with the longline fishery. Additionally, interactions with inshore troll and 
hand-line fisheries may also occur (Nitta and Henderson 1993). Assessing trends in 
abundance will be problematic for the island-associated population due to the dif
ficulty in accurately estimating the abundance for a small population (Taylor et at. 
2007). Abundance estimates from line-transect surveys have especially high variance 
when encounter rates are low. Capture-recapture estimates of abundance based on 
photo-identification would be more precise. With the high resighting rates we have 
documented, the variance associated with capture-recapture estimates would be lower 
than that of line-transect estimates, thus increasing the likelihood of being able to 
detect population trends. 

CONCLUSION 

False killer whales around the main Hawaiian Islands clearly form a distinct, island
associated population. This conclusion is supported both by the high rate at which 
individuals are resighted and the long time period over which the same individuals 
have been seen. These results are also supported by previous genetic studies (Chivers 
et at. 2007). Inter-island movements were common and individuals were found to 
move up to 283 km between subsequent sightings. However, we found that one group 
of animals encountered only 42 km offshore showed no associations with those seen 
closer to the islands. It appears that false killer whales are another of the growing list 
of pelagic cetacean species that can form strong associations with island ecosystems, 
and local populations of these species can essentially become island specialists. 
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Toothed whales (Odontoceti) use biosonar for orientation
and echolocation of prey by emission of short sound pulses,
and subsequent reception and processing of returning echoes.
The last 30 years of research have provided a wealth of
information about the production, transmission and reception
of sound in dolphin sonar systems along with insights in their
detection and discrimination capabilities (for a review, see Au,
1993).

These studies have not only demonstrated that the
production and transmission of toothed whale sonar clicks
show considerable interspecific variation, but also that
conspecifics may produce very different signals, depending on
the detection task and the acoustic umwelt (Au, 1993). The
latter is exemplified by the fact that signals from echolocating
bottlenose dolphins Tursiops truncatusincreased by 40·dB in
source level (SL) and one octave in frequency emphasis when
their signals were measured in open pens (Au et al., 1974) as

compared to measurements of animals in concrete tanks
(Evans, 1973). Target detection experiments in pens have
subsequently provided a multitude of physiological data about
the maximum sonar system capabilities of a limited number of
delphinid species so that comparison with bats (Au, 1997) and
ideal receivers (Au and Pawloski, 1989) can be made.

While such controlled experiments with trained animals are
vital for understanding the basic properties and performance of
odontocete sonar systems, they may not provide data that fully
reflect the properties and use of biosonar signals in natural
habitats with conspecifics, predators and prey (Au, 1993). This
reservation has been confirmed in a terrestrial echolocator, the
big brown bat Eptesicus fuscus. Sonar signals recorded in the
field were significantly longer, with longer interpulse intervals
and greater variability in bandwidth than signals recorded in
the laboratory (Surlykke and Moss, 2000). Therefore, data
from controlled experiments with trained animals should be
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Toothed whales (Odontoceti, Cetacea) navigate and
locate prey by means of active echolocation. Studies
on captive animals have accumulated a large body of
knowledge concerning the production, reception and
processing of sound in odontocete biosonars, but there is
little information about the properties and use of biosonar
clicks of free-ranging animals in offshore habitats. This
study presents the first source parameter estimates of
biosonar clicks from two free-ranging oceanic delphinids,
the opportunistically foraging Pseudorca crassidensand
the cephalopod eating Grampus griseus. Pseudorca
produces short duration (30·µs), broadband (Q=2–3)
signals with peak frequencies around 40·kHz, centroid
frequencies of 30–70·kHz, and source levels between
201–225·dB·re.·1·µPa (peak to peak, pp). Grampus also
produces short (40·µs), broadband (Q=2–3) signals with
peak frequencies around 50·kHz, centroid frequencies
of 60–90·kHz, and source levels between 202 and
222·dB·re.·1·µPa (pp). On-axis clicks from both species

had centroid frequencies in the frequency range of most
sensitive hearing, and lower peak frequencies and higher
source levels than reported from captive animals. It is
demonstrated that sound production in these two free-
ranging echolocators is dynamic, and that free-ranging
animals may not always employ biosonar signals
comparable to the extreme signal properties reported
from captive animals in long-range detection tasks.
Similarities in source parameters suggest that
evolutionary factors other than prey type determine the
properties of biosonar signals of the two species.
Modelling shows that interspecific detection ranges of prey
types differ from 80 to 300·m for Grampus and Pseudorca,
respectively.

Key words: false killer whale, Pseudorca crassidens, Risso’s
dolphin, Grampus griseus, biosonar, echolocation, target detection,
sound production, source level, click.
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complemented by field data from wild animals to understand
the ecophysiological, behavioral and evolutionary significance
of odontocete biosonar systems.

Collection of relevant acoustic data from free-ranging
odontocetes has inherent logistical and practical problems
(Watkins and Daher, 1992). In recent years, sound recording
tags, attached to the clicking animal, have provided promising
data pertaining to sound production, acoustic behaviour and
biosonar involvement in orientation and prey location (Madsen
et al., 2002; Johnson and Tyack, 2003). While sound recording
tags have their advantages in terms of monitoring the acoustic
behaviour and changes in sound production of the tagged
animal, they cannot provide information about the source
properties of highly directional biosonar signals. The latter
calls for deployment of calibrated wideband recording gear
with hydrophones in the far field in front of the phonating
animals. Because the spectral content and amplitudes of
odontocete clicks change with aspect (Au et al., 1986) and
acoustic output (Au et al., 1995), it is essential that source
parameters of biosonar signals are derived from the acoustic
axis, and that they include reliable estimates of source level
(Au and Herzing, 2003).

Estimation of source levels requires, among other things,
knowledge about the range between the receiving hydrophones
and the clicking animals, along with information about the
transmission properties of the medium. Range estimates can be
derived from time-of-arrival differences of the same signal at
synchronized receivers with sufficient spacing (Watkins and
Schevill, 1972; Spiesberger and Fristrup, 1990; Wahlberg et
al., 2001). The study by Møhl et al. (1990) on narwhals was
the first to report that click source levels from a free-ranging
odontocete in some cases are comparable to the highest source
levels measured from trained dolphins, and thereby to show
that maximum source parameters can be quantified for free-
ranging odontocetes.

For large species such as sperm whales, which can be
detected acoustically at ranges in the order of kilometres, large
aperture arrays of independent receivers have proved useful in
estimating source parameters (Møhl et al., 2003). In the case
of inquisitive delphinids repeatedly making close approaches
towards the recording gear in calm coastal waters, a star-
shaped array of four hydrophones with a video camera can be
used. This has recently been done successfully with Atlantic
spotted dolphins (Au and Herzing, 2003), spinner dolphins and
pantropical spotted dolphins (Schotten et al., 2003), killer
whales (Au et al., 2004) and white beaked dolphins
(Rasmussen et al., 2002). However, large offshore delphinids
seldom approach deployed recording gear, and they travel too
fast in heaving seas to allow for small aperture arrays with
video cameras to work optimally.

False killer whales Pseudorca crassidensand Risso’s
dolphins Grampus griseusare examples of such species. Both
species are pelagic, social odontocetes living in tropical and
temperate seas. Pseudorcasare opportunistic predators feeding
on a variety of squid and large fish, including tuna (Odell and
McClune, 1999), and may in some cases target other marine

mammals (Odell and McClune, 1999). The biosonar
capabilities of captive Pseudorcashave been studied in terms
of hearing threshold (Thomas et al., 1988a), masking (Thomas
et al., 1990), discrimination (Brill et al., 1992), target detection
(Thomas and Turl, 1990) and sound transmission (Au et al.,
1995), but the echolocation clicks and the acoustic
performance of free-ranging animals have not been
investigated. Grampusdiffer from Pseudorcasin that they feed
almost entirely on cephalopod prey during nocturnal foraging
bouts (Kruse et al., 1999). Only a few preliminary studies have
been undertaken on the sound production (Au, 1993), hearing
(Nachtigall et al., 1995) and biosonar (Philips et al., 2003)
capabilities of Grampus, but no data has been published about
the biosonar signals of free-ranging specimens.

Estimation of source parameters of biosonar signals from
such pelagic species calls for a multi-hydrophone, wide
bandwidth array that can be rapidly deployed and with an
aperture large enough to allow for localization at ranges up to
at least 100·m. In an attempt to meet such requirements we
designed a vertical array of three hydrophones connected to a
wideband digital recording system that was deployed during
research in the offshore waters of the Maldives and Sri Lanka
in the spring of 2003.

Here we present acoustic field data from a free-ranging,
opportunistically foraging, pelagic delphinid, the false killer
whale Pseudorca crassidens (Owen 1846), which has been
studied extensively in captivity, and data from a less studied,
free-ranging, cephalopod-eating, pelagic delphinid, Risso’s
dolphin Grampus griseus (Cuvier 1812). We quantify
estimated source parameters of biosonar signals from these two
species, and we outline and discuss interspecific differences
and similarities in acoustic performance, ecophysiology and
prey localization potential in the light of data from captive
animals.

Materials and methods
Study area and platform

The recordings were conducted in oceanic deep water in the
waters of the Republic of the Maldives and Sri Lanka from
February through May 2003. The recording platform was a
28·m steel ketch, R/V Odyssey, research vessel of the Ocean
Alliance, fitted for long periods of offshore cetacean research.
In daylight hours a visual lookout was maintained from a
platform 5·m above sea level. When a group of animals were
located visually, the research vessel was maneuvered to a
parallel course. If the animals got within range, the boat was
turned into the wind with the engine off, and the recording gear
was deployed within 2·min on the windward side of the boat.
Recordings were performed in sea state 2 or below, and only
used in instances in which no other species were detected.

Hydrophone array

The array consisted of three modified hydrophones (Reson
TC4032, Slangerup, Denmark) with 20·m low-noise, two-pair
shielded cable. The hydrophones had a nominal sensitivity
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(calibrated before and after the research period) of –220·dBV
re. 1·µPa, a flat frequency response (±2·dB) from 0.01 to
250·kHz, and omni-directional receiving characteristics
(spherical element) from 0.01 to 180·kHz (±2·dB). To
minimize flow and surface noise, the 8·m aperture array with
4·m between the hydrophones was suspended vertically
between a buoy and a 10·kg lead weight (Fig.·1). The
hydrophones were connected to a custom-built band pass and
amplifier unit with a low impedance output. The gain and filter
settings of this unit were clamped at 40·dB gain, high pass (HP)
at 1·kHz (–24·dB/octave) and low pass (LP) at 100·kHz
(–24·dB/octave). The latter LP cut-off was chosen well before
the Nyquist frequency (160·kHz) in order to have a gently
sloping anti-alias filter before the digitising system. The
increasing LP-filter attenuation in the band from 100 to
160·kHz was compensated for during analysis, leaving an
overall flat frequency response (±2·dB) of the recording system
in the frequency range from 1 to 160·kHz.

Digitisation

The analogue signals from the amplifier unit were fed to a
Wavebook 512 (IOtech, Cleveland, OH, USA) recorder for
digitisation. The Wavebook 512 is an 8-channel digital
recorder with a 12-bit analog to digital converter (ADC),
sampling at 1·MHz. For this application, three channels were
each sampling at 320·kHz, thus yielding a Nyquist frequency
of 160·kHz. Digitization of the three channels was multiplexed
into a single file with a maximal 3·µs off-set between channels.
The Wavebook was controlled by a laptop PC using Waveview
software (IOtech). The software allows the operator to adjust
sampling rate, clipping and pre-trigger levels in between
recording sessions. Clipping levels were set at received sound
pressures between 180 and 200·dB·re.·1·µPa (peak to peak,

pp). Each recording session lasted 20·s (with 6.4·mega samples
acquired for each channel) and was triggered when the
received level (RL) at one of the hydrophones exceeded
160·dB·re.·1·µPa (pp) with a 5·s pre-triggering window. Due
to an additional off-load time of 5·s from the Wavebook
WBK30 memory buffer to the laptop, the maximum duty cycle
during continuous triggering was 80%. The recordings were
subsequently stored on CDs along with information about
settings, animal behaviour and general comments.

Localization

Acoustic localization techniques use time of arrival
differences (TOAD) of the same signal at receivers in known
positions. Subsequently, source parameters such as source
level can be estimated on the assumption of a set of
propagation criteria. In the present study, a sound speed of
1543·m·s–1 was calculated from the Leroy equation (Urick,
1983) using a salinity value of 35·p.p.m. and an average
measured temperature of 29.5°C. The range (R) between the
phonating animal and the receiving hydrophones was
estimated from TOADs at the three receivers. The TOADs
between the receivers were measured as the time difference
between the well defined peaks of the clicks (sensuAu and
Herzing, 2003). Acoustic ranging with receivers in a two-
dimensional system can be done with trigonometric methods
(Watkins and Schevill, 1972; Spiesberger and Fristrup, 1991;
Wahlberg et al., 2001). The range between the source and the
receivers was calculated from the Pythagorean theorem, and
the angles between the different receivers were derived from
the cosine rule, assuming that the line between the clicking
animal and the ensonified hydrophone was 0° relative the
acoustic axis of the sound beam. Because of the linear receiver
configuration the calculated location of the sound sources was

A
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4 m

Conditioning
box

Wavebook 512
12 bit ADC

PC-laptop

S(x,y)H1

H2

Ship
Buoy

Lead weight

Fig.·1. The experimental set up consists of
a linear array of three hydrophones (A, B,
C) suspended between a buoy and a lead
weight. The distance between the
hydrophones is 4·m, and the first
hydrophone is at a depth of 4·m. The
clicking animal is localized from the time-
of-arrival differences (t1, t2) of the same
signal at the three receivers. The
rotationally symmetric position of the
sound source S(x,y) is given by the
interception of the two hyperboloid
surfaces (H1, H2). Analogue signals are
amplified and band-pass filtered in the
conditioning box before digitisation in the
Wavebook 512, writing to the memory of a
laptop.
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rotationally symmetric around the axis of the array. Source
levels (SL) were calculated from the following equation:
SL=RL+TL. Transmission loss (TL) was estimated by
TL=20log(R)+Rα, with α being the frequency dependent
absorption at the centroid frequency of the received click.

On- or off-axis?

All odontocete sonar clicks investigated show a pronounced
directionality of amplitude, duration and frequency (Au, 1993).
While the off-axis part of sonar clicks may play an important
role in eavesdropping by conspecifics, predators and prey, it
has probably little relevance to the performance of the sonar.
According to Au (1993), because directionality of the hearing
system is forward-oriented, only the source properties derived
on or close to the acoustic axis are significant for the dolphin’s
sonar system.

In experiments with trained animals resting on a bite plate
or in a hoop while echolocating, it can be ensured that signals
are recorded from the beam of the sound generator. In free-
ranging animals, however, it is more complicated to ensure that
the clicks are recorded on-axis due to the combined effects of
a directional, but dynamic, sound generator and rapid changes
in the heading of the animals. At present, this analytical
problem precludes derivation of stringent criteria for a signal
being on- or off- the acoustic axis.

The term ‘apparent source level’ (ASL) has been adopted to
emphasize that RL+TL equals the back-calculated sound
pressure level at a distance of 1·m from a directional source of
unknown orientation. The term source level (SL) can only be
used where the recording aspect equals the axis of the sound
beam. It is seen from Fig.·2 that ASL of the same clicks
recorded with different hydrophones from different aspects
varies considerably with time. This changing ensonification of
hydrophones is presumably the result of scanning movements
of the sound beam as it passes different parts of the array. In
such click trains, the clicks with the highest ASL values are
likely to represent the properties of sonar signals close to or on
the acoustic axis of the phonating animal. Accordingly, we
went through all recordings by hand, and classified signals that
had maximal, relative amplitude in ensonifications as being
close to or on the acoustic axis. This is a rather conservative
approach as only a small fraction of the recorded clicks are
being considered to be on-axis. However, in our view, there is
no practical alternative at present.

Signal analysis

Analysis was performed with Cool Edit Pro (Syntrillium,
Adobe) and custom written routines in Matlab 6.0 (Mathworks,
Natick, MA, USA). Signal duration (τ, µs) was determined
from the relative signal energy derived by integrating the
squared pressure over an interpolated (10 steps) 64·point
window, symmetrical around the peak of the signal envelope.
Onset of the signal was defined as the point at which 1.5% of
the relative signal energy was reached, and the termination of
the signal was defined as the point at which 98.5% of the
relative signal energy was reached. Received levels at the

hydrophones were calculated relative to a recorded calibration
signal with a known RMS level. Peak–peak (pp) sound
pressure level (dB·re.·1·µPa, pp) was given by the pp amplitude
difference between the signal and the pp value of the
calibration signal +9·dB. The RMS sound pressure level
(dB·re.·1·µPa, rms) was calculated by integrating the square of
the instantaneous pressure as a function of time over the time
window τ relative to the same integral over the same time τof
the calibration signal. Energy flux density (dB·re.·1·µPa2·s)
was defined as the RMS sound pressure level (in dB)+10log(τ)
(sensuAu, 1993).

The spectral characteristics of the signals were quantified
from a 256-point Fast Fourier Transform (FFT) on Hanning
windowed data symmetrical around the peak of the envelopes.
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1 s

Fig.·2. Example of an ensonification event, during which an
echolocating Grampusscans each of the three receivers (A,B,C).
Note how the ensonification moves from hydrophone C to B to A.
Full amplitude of the y-axes corresponds to an apparent source level
(ASL) of 222·dB·re.·1·µPa (pp). Local maxima on each of the three
channels are likely to represent signals on or close to the acoustic
axis of the sound beam. X marks a single click displayed in detail in
Fig.·3.
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The peak frequency (fp, kHz) was defined as the center
frequency of the band with the highest amplitude of the
interpolated (10 step) spectrum. Interpolation was performed
using the Matlab 6.0 low-pass interpolation routine with a
symmetric filter. The centroid frequency (f0, kHz) was defined
as the point dividing the interpolated spectrum in halves of
equal energy (Au, 1993). The bandwidth (BW) of the signals
was described by the –3·dB·BW (kHz) and –10·dB·BW (kHz)
and by the centralized root mean square bandwidth (RMS-BW,
kHz) (Au, 1993), describing the spectral standard deviation
around the centroid frequency (f0) of the spectrum. The
resonant properties of clicks were expressed by the Q-value
given by the centroid frequency divided by the centralized
RMS-BW. Interclick interval (ICI, ms) was defined as the
interval between successive clicks in a click train. Repetition
rate (clicks·s–1) was defined as the inverse of the ICI at any
given time, and thereby used as a measure of the instantaneous
repetition rate instead of the actual number of clicks per second
in a given click train.

Results
Grampus

Recordings of Grampuswere obtained on two occasions. On
March 31, 2003, a group of slowly travelling Grampuswere
encountered SW of Sri Lanka at the position N5°56′/E81°30′
(water depth 1200·m). The second recording of Grampustook
place on April 25, off Sri Lanka at the position N6°20′/E81°40′
(water depth 800·m). The two recording sessions yielded a total
number of more than 3000 clicks on each of the three recording
channels. Click trains were selected for detailed analysis in the
sessions in which one or more of the hydrophones were
illuminated by the sound beam of the animals (Fig.·2).
Nineteen of such illuminating click trains provided un-clipped
data with sufficient signal-to-noise ratio where the animal
could be localized from TOADs at the three hydrophones.

Grampusclicks were predominantly part of long click trains
that rose out of, and faded back into, the noise floor of the
recordings. Repetition rates of the click trains were generally
between 5 and 40·clicks·s–1, but during click bursts, the
repetition rates rose to values approaching 400·clicks·s–1. A
total of 11 well-defined, short click trains were also recorded
containing 5–8 clicks with quite stable ICI values of 20·ms.

The importance of selecting on-axis clicks for analysis is
demonstrated in Fig.·3, where the waveforms and spectra of
the same click recorded from different aspects are displayed.
It is seen that the click with the highest ASL of
220·dB·re.·1·µPa (pp) has a waveform and spectral content
quite different from the same click recorded in an aspect 6°
off-axis (Fig.·3B), and markedly different from the same click
recorded at an aspect 16° off-axis (Fig.·3C). The click with the
highest ASL is considered to be recorded close to or on the
acoustic axis. It consists of a few cycles with a sharp rise and
fall time and a duration of 30·µs. This putative on-axis click is
broadband with a –3·dB·BW/–10·dB·BW of 30·kHz/60·kHz,
Q=2.5, and a centroid frequency of 78·kHz (Fig.·3A). In the

clicks recorded off the acoustic axis, it is seen that there is a
low-pass filter effect as a function of increasing azimuth in that
the centroid frequency (f0) of the –6° click is reduced to
53·kHz, and the f0 of the –16° click is further reduced (to
50·kHz). While the peak frequency (fp) is constant around
45·kHz irrespective of aspect, it is seen that the spectrum of
the off-axis clicks is distorted by an increasing number of
notches in the spectrum (Fig.·3B,C). Distortion is also seen in
the time domain of the off-axis clicks that are longer with more
cycles compared to the on-axis signal.

This off-axis distortion in the spectral and time domains is
seen in all click trains analysed irrespective of the source level
of the assumed on-axis clicks. On top of the effects of off-axis
distortion, there is also an effect of reduced source levels in
that the f0 and RMS-BW of on-axis clicks decrease with source
level. Analyses of clicks selected from ensonification events as
seen in Fig.·2 support the general picture of the source
parameters of on-axis Grampusclicks summarized in Table·1.
An on-axis click has a SL of about 200–222·dB·re.·1·µPa (pp)
with an RMS sound pressure some 13·dB lower, and energy
flux densities between 145 and 163·dB·re.·1·µPa2s. The
duration is 30–50·µs and the spectral properties are broadband
(Q=2–3), RMS-BW around 25·kHz, fp around 50·kHz and f0

around 75·kHz. No whistles were detected in the recordings.

Pseudorca

Recordings of Pseudorcaswere obtained on two occasions.
The first recording session commenced SW of the Maldivian
archipelago (N2°24′/E71°53′) on February 20, 2003, at a
location that had a water depth of 3700·m. A mixed group of
approximately 14 animals circled the boat for 20·min. The
second recording session commenced in the vicinity of a group
of 7–8 animals south west of Sri Lanka (N6°04′/E79°53′) on
April 3, 2003, at a location with a water depth of 1500·m.

The vast majority of clicks from this species were recorded
from long click trains that rose from the noise floor of the
recording during ensonification of the array until the amplitudes
of the clicks faded back into the noise again. A total of more
than 4000 clicks from such click trains were recorded on each
of the three channels. The repetition rate varied between 5 and
40·clicks·s–1 in most of the click trains, but during bursts or
buzzes, click rates of more than 300·clicks·s–1 were observed.
A few of the recordings contained very short click trains of 5–8
clicks similar to the ones in Grampusrecordings. In those short
click trains the ICI was more constant at around 25·ms, i.e. an
instantaneous repetition rate of around 40·click·s–1. Equivalent
to the situation with the Grampusdatasets, only clicks with
relative maxima during ensonifications were considered to be
recordings from or close to the acoustic axis. Twenty-two of the
ensonification events provided non-clipped clicks with
sufficient S/N that could be localized using TOAD at the three
receivers. Such clicks are dominated by a single cycle followed
by minor oscillations, having durations of around 30·µ·s and
estimated source levels between 201 and 225·dB·re.·1·µPa (pp).
The clicks are broadband with an RMS-BW around 20·kHz,
–3·dB·BW/–10·dB·BW of 30/60·kHz, Q=2–3, and with peak
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frequencies around 40·kHz and centroid frequencies in the
range 33–68·kHz. When analysing the off-axis versions of the
same clicks, a pattern similar to the one for Grampusclicks
emerges. ASL, f0 and bandwidths drop as a function of
increasing azimuth, and the off-axis spectra show deep notches.

Presumed on-axis clicks not only differ in SL, but also with
respect to their spectral properties. Fig.·4 gives three examples
of on-axis clicks with different source levels from 200 to
225·dB·re.·1·µPa (pp). It is seen that there is a low-pass filter
effect with decreasing source level, even though fp is more
variable. This effect is also demonstrated in a reduced

bandwidth and f0 with decreasing source level. However, the
spectra of the on-axis clicks are smooth and lack the notches
seen in off-axis clicks with similar ASL values. Representative
properties of on-axis Pseudorcaclicks are summarized in
Table·1. A large number of frequency modulated whistles were
also recorded, but analysis of these is beyond the scope of this
study.

Discussion
Philips et al. (2003) conducted an echolocation experiment
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with a blindfolded Grampusthat was trained to discriminate
between two different sonar targets at ranges of 2–6·m. Sonar
clicks believed to be recorded close to the acoustic axis of
this animal showed estimated source levels as high as

216·dB·re.·1·µPa (pp), durations between 40–70·µs and
bimodal spectra with peak frequencies around 50·kHz and f0
around 60·kHz (see Table·1). Such properties closely resemble
the source properties derived from free-ranging specimens in

Table·1. Source parameters from wild and trainedGrampus andPseudorca with maximum values from trained Tursiopsfor
comparison

Grampus Pseudorca Tursiops

Parameters Wild Trained Wild Trained Trained

SLpp (dB·re.·1·µPa, pp) 220 (202–222) 200 (170–216) 220 (201–225) 220 (155–225) 225
SLrms (dB·re.·1·µPa, rms) 207 (190–210) NA 208 (190–215) NA 210
SLE (dB·re.·1·µPa2·s) 164 (147–166) NA 163 (145–168) NA 167
τ (µ) 40 (30–75) 50 (40–70) 30 (18–55) 30–50 50
f0 (kHz) 75 (58–91) 57 (53–83) 49 (33–68) NA 100
fp (kHz) 49 (42–110) 48 (27–104) 40 (26–79) 30–125 115
RMS-BW (kHz) 25 (19–31) 25 20 (12–29) NA 25
–3·dB·BW (kHz) 27 (15–84) 40 (30–84) 35 (15–76) 5–80 50
–10·dB·BW (kHz) 66 (20–124) 100 63 (39–89) NA 60

Values give range. NA, not available.
SL, source level; pp, peak to peak; rms, root mean square; E, energy flux density; τ, signal duration; f0, centroid frequency; fp, peak

frequency; RMS-BW, rms bandwidth.
Data for the trained Grampusare from Philips et al. (2003). 
Data for the trained Pseudorcasare from Thomas et al. (1988a), Thomas and Turl (1990), Brill et al. (1992) and Au et al. (1995).
Data for Tursiopsare from Au (1993). 
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this study, except for lower SL values and longer click
durations in the study by Philips et al. (2003).

The lower estimated source levels in the captive animal
might be explained by the fact that the ranges between the
animal and the target were small compared to the situation with
the free-ranging Grampus. This is supported by the fact that
the repetition rate of the captive animal was 20–100·clicks·s–1

compared to 5–50·clicks·s–1 in the present study, suggesting a
longer target range for the free-ranging animals, and thereby
also a potential need for higher SL values. This is corroborated
by a recent study demonstrating that several free-ranging
odontocetes adjust their SL to the target range when
echolocating on deployed recording gear (Au and Benoit-Bird,
2003).

Philips et al. (2003) observed only a few high peak
frequencies of more than 100·kHz, which is different from the
consistently high peak frequencies in clicks obtained from
other similar sized delphinids such as Tursiopsand beluga
when echolocating in pens in the same environment (Au,
1993). Philips et al. surmised that this lack of high peak
frequencies may relate to the lower source levels from the
Grampus during the short-range echolocation task, and that a
Grampusproducing higher source levels will have high peak
frequencies comparable to clicks from Tursiopsand Beluga.
Although a single click with an fp of 105·kHz was recorded
from the free-ranging Grampus, we generally recorded fp in the
same frequency range between 40 and 50·kHz, despite the fact
that the source levels of some clicks were twice as high
(Table·1) as the maximum SL reported from the captive
Grampus.

However, in bimodal spectra with low Q values, the peak
frequency is not a very good measure of the spectral emphasis
since very small shifts in the spectral energy distribution will
lead to peak frequencies differing by more than an octave (see
Fig.·3A). The centroid frequency is a much more robust
measure of spectral emphasis than fp, and it appears that the
centroid frequencies of the captive and the free-ranging
animals are generally alike in that they range from 50 to
70·kHz, despite their source level differences. It is therefore
evident that free-ranging Grampususe biosonar clicks with
source levels similar to trained Tursiopsand Belugasduring
long range echolocation tasks, but with centroid frequencies
almost one octave lower.

Centroid frequencies in the range 50–70·kHz match the
frequency of best hearing from a trained Grampusinvolved in
a psychophysical experiment (Fig.·5) (Nachtigall et al., 1995).
Thus, free-ranging Grampusproduce and hear biosonar pulses
with a lower frequency emphasis than clicks from trained
Tursiopsand Beluga. It should be noted, however, that the
most powerful clicks from the free-ranging Grampushave f0
close to 80·kHz, which is right at the high frequency cut-off in
the only available audiogram for Grampus(see Fig.·5). If the
returning echo has the same spectral distribution as the emitted
pulse, the consequence will be that the animal cannot detect
half of the energy in the returning sonar pulse. High frequency
components are the byproduct of high acoustic outputs in

odontocete sound production (Au et al., 1995), but the apparent
50% energy loss in the case of Grampusclicks with high SL
values may be explained by the fact that the old Grampusused
for the psychophysical experiment may have suffered from a
hearing disability at higher frequencies, as seen in some old
Tursiops(Ridgway and Carder, 1997). If so, the super-audial
energy fraction in high-powered clicks may be considerably
lower in young animals that have normal high frequency
hearing.

Much data exists concerning properties of clicks produced
by captive Pseudorcasin various setups. Thomas et al. (1988b)
made the first study on echolocation in Pseudorca, when they
trained a blindfolded animal to look for a spherical target at a
short range of 4·m. The echolocation clicks from this animal
had source levels around 150·dB·re.·1·µPa (pp) and peak
frequencies between 17 and 56·kHz. To test the maximum
detection range, Thomas and Turl (1990) performed another
study with a Pseudorcathat was trained to echolocate a target
at ranges between 40 and 120·m. Clicks recorded from this
animal had high SL values of 200–225·dB·re.·1·µPa (pp), short
durations of 50–70·µs, and spectra with peak frequencies
between 95 and 125·kHz and little energy below 50·kHz.

Brill et al. (1992) conducted a discrimination test at short
range, in which a young Pseudorcawas trained to discriminate
between a spherical and a cylindrical target. Signals produced
during this activity had source levels around 175·dB·re.·1·µPa
(pp), peak frequencies around 38·kHz and –3·dB·BW around
40·kHz. Peak frequencies around 100·kHz were observed in
those cases in which the animal produced clicks with source
levels above 185·dB·re.·1·µPa (pp). Au et al. (1995) recorded
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Fig.·5. Audiograms of Grampus(blue line) and Pseudorca(red line)
along with representative spectra of on-axis clicks from each species
on a relative dB scale. Note that high ambient noise levels masked
the maximum sensitivity of the Grampusaudiogram, which explains
the large difference in threshold between the two species (Nachtigall
et al., 1995). Coloured bars signify frequency range of the centroid
frequencies of on-axis clicks from the two species recorded in the
wild. The Grampusaudiogram is from Nachtigall et al. (1995) and
the Pseudorcaaudiogram from Thomas et al. (1988a).
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signals from an echolocating Pseudorcawith an array of
hydrophones to quantify the directional properties of the sound
beam. They classified the recorded signals in four groups,
based on source level and spectra. This ranged from group 1
signals with a single, low-frequency peak around 40·kHz and
source levels around 200·dB·re.·1·µPa (pp) to group 4 signals
with a single high-frequency peak around 100·kHz and source
levels around 215·dB·re.·1·µPa (pp). The two intermediate
click groups had source levels that lay between these values
and included bimodal spectra dominated by a low spectral peak
(group 2) and a high spectral peak (group 3), respectively.
Au et al. (1995) found a forward directed beam with a
directionality index (DI) varying from 22 to 29·dB, depending
on the centroid frequencies of the signals.

Thus, estimated source properties from trained Pseudorcas
in various contexts show considerable differences in source
level (50·dB) and spectral dominance (1–2 octaves). The
source properties from free-ranging Pseudorcasalso show
some plasticity, but certain features are much more stable than
is the case for signals from the various captive animal settings.
The source levels of clicks from free-ranging Pseudorcas vary
between 200 and 225·dB·re.·1·µPa (pp), and the centroid
frequencies are positively correlated with the source level, and
range from 40 to 60·kHz. With a single exception of 78·kHz,
the peak frequencies are quite stable around 35·kHz.

Hence, free-ranging Pseudorcasproduce SLs in the same
range of 200–225·dB·re.·1·µPa (pp) as observed for a trained
Pseudorcaduring a long-range target detection experiment, but
the peak frequencies of the clicks from the free-ranging
animals are 2 octaves lower than those made by a captive
animal that was echolocating for a steel sphere at long range.
Instead, the free-ranging animals produce clicks with spectral
properties similar to the clicks in the discrimination study by
Brill et al. (1992) and the type 2 clicks in the Au et al. (1995)
study. However, as is the case with the broadband Grampus
clicks, peak frequencies are not a very good measure of the
spectral emphasis, and when using the more appropriate
centroid frequency as a measure (Au et al., 1995) it becomes
evident that f0 for free-ranging Pseudorcaslies between 40 and
60·kHz. This frequency range fits the frequency range of
best hearing (Fig.·5) measured from a young animal in a
psychophysical experiment (Thomas et al., 1988a).

It is seen from Fig.·5 that a powerful Pseudorcaclick with
a centroid frequency of 60·kHz has a –10·dB·BW that matches
the –10·dB·BW of highest sensitivity in an audiogram from a
young, healthy Pseudorca. However, in the long-range, target-
detection experiment by Thomas et al. (1990), the animal
consistently produced clicks that had peak frequencies around
100·kHz, beyond the upper limit of best hearing. Available
physiological data suggest that the audiometric system of
odontocetes is characterized by a low-pass (LP) filter with a
very high cut-off of more than 100·dB/octave. If the audiogram
of the young Pseudorcais representative for the species, it is
surprising at first glance to find that the spectral peaks of some
clicks are found well above the upper hearing limit. However,
when employing a sharp LP filter (100·dB/octave) at 85·kHz

of an on-axis Pseudorcaclick with an fp at 78·kHz, it appears
that the overall amplitude of the click is reduced by only
1.5·dB, whereby 85% of the click energy is retained and
available for detection in the returning echo. Reductions of the
same small order of magnitude can be expected from clicks
with higher peak frequencies, but with the same approximate
centroid frequency.

Thus, the present data lend weight to the contention by Au
et al. (1995) that spectral energy at high frequencies is the
byproduct of high source levels, and that the overall gain in
audible energy from the returning echo is large compared to
the non-detectable energy at high frequencies produced as a
byproduct of high SL values. The important thing is that the
centroid frequencies of the clicks are within the frequency
range of best hearing (Fig.·5). This is consistently the case for
the free-ranging Pseudorcas, and apparently also for captive
conspecifics.

A remarkable feature of the source properties of odontocete
sonar signals both in captivity and in the present study is the
variable centroid frequencies. A physical consequence of this
phenomenon is that the transmitting and receiving beam widths
are affected (Au et al., 1995), so that a doubling in centroid
frequency will double the directionality. It means that
generation of low amplitude clicks with low centroid
frequencies leads to a broader beam, i.e. a larger cone in front
of the animal will be ensonified by the half-power beam. On
the other hand, when high SL clicks are generated with higher
centroid frequencies, the transmission beam will be narrower
and the half power sound beam will cover a smaller cone in
front of the animal. So the sonar beam will perform in a fashion
similar to a flashlight with a variable light cone.

The results from the present study leave no doubt that free-
ranging Pseudorcaand Grampusdo have a dynamic sound
generator with variable SL and centroid frequencies.
Transmitting and receiving beams estimated from clicks
with high SL values and centroid frequencies represent the
maximum properties of the sonar system. The present study
shows that the biosonar of free-ranging animals is evidently
not implemented by a static high-powered system with fixed
beams, and what the functional consequences of this plastic
modus operandi are in the wild remains to be investigated.

It appears that the source parameters of clicks from
Pseudorcaand Grampusare quite similar in terms of duration
and source level range. The waveform of Pseudorcaclicks is
slightly shorter and simpler than the waveform of Grampus
clicks, whereas the centroid frequencies of Grampusare some
25·kHz higher than those of Pseudorca. The higher centroid
frequencies may relate to the fact that Grampusare smaller than
Pseudorcawith smaller sound producing structures, and that
higher frequencies are needed to achieve the same directionality
as found in Pseudorcaclicks. It has been suggested that the
sharp and unique indentation of the Grampusmelon may affect
its transmitting properties (Nachtigall et al., 1995; Philips et al.,
2003), but there are at present no data to test this conjecture.

The source properties reported here for Grampusand
Pseudorcaare generally consistent with the sonar signal
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properties of a very large group of delphinid odontocetes that
produce short (<100·µs) broadband (Q=1–3) transients with
source levels up to around 225·dB·re.·1·µPa (pp) (Au, 1993).
Both species in this study produce signals with amplitudes,
energy flux densities, and durations that are comparable to
Tursiops(see Table·1 for comparison). It is striking, though,
that both the audiograms from the captive animals and the
analysis of spectra from free-ranging specimens suggest that
Pseudorcaand Grampusproduce and detect sonar signals with
centroid frequencies almost one octave below those of the
powerful clicks made by Tursiopsand beluga (Delphinapterus
leucas). Watkins (1980) has proposed that there is a link
between the size of the animal, and thereby the size of the
sound producing structures, and frequency emphasis of the
clicks. While this holds true when comparing Pseudorcaand
Grampuswith the slightly smaller Tursiops, size differences
cannot account for the spectral differences if the comparison
is made to the similar sized beluga. Additional data on signals,
habitats, prey and behavior of other free-ranging odontocetes
is needed before the shaping factors of odontocete sonar
signals can be fully uncovered.

Analysis of click trains from a trained beluga in target
detection experiments has shown that this animal, contrary to
Tursiopsand Pseudorca, emits packets of 4–5 clicks with ICI
values (40·ms) that are shorter than the two-way-travel times
between animal and target (Turl and Penner, 1989). Au (1993)
speculated that this might relate to unknown adaptations to a
life in a highly reverberant ice-covered habitat, or that the
animal simply had a unique and peculiar echolocation pattern.
In two of the recording sessions with the free-ranging
Pseudorcaand Grampus, similar short click trains of 5–8
clicks with ICI values of 20·ms were observed. There are no
clues to determine whether they serve the same function and
are produced in the same behavioral context as the packets of
clicks from the captive beluga. We can only note their
existence and point out that free-ranging species other than the
single, captive beluga do produce short packets of clicks with
constant ICI values. Hopefully, future studies will be able to
uncover the functional significance of this type of apparent
echolocation pattern, given that it is so very different from
normal, longer trains of clicks.

From the above discussion it is evident that the signals used
for echolocation are identical in Grampusand Pseudorca,
despite their preferences for different prey. This suggest in turn
that differences in size, foraging behaviour and use of habitat
may play a more dominant role in shaping the properties of
odontocete sonar signals than the size, distribution and acoustic
properties of prey items. It should be recognized that the source
parameters presented in this study are from animals
echolocating on deployed recording gear rather than prey items,
and we cannot be sure that the source properties would be the
same when these same animals use their biosonar for foraging.
We nevertheless feel confident that the properties reported here
reflect the minimum capabilities of the sound production system
of these two species, and that models for detection of prey can
be made on this basis.

Evans (1973) advanced the idea that there is an inverse
relationship between fp and prey size, as detection of smaller
prey requires higher frequencies for adequate resolution. To
yield efficient backscatter, a sonar target must be in the
geometric scatter zone where the effective circumference of the
target is larger than the dominating wavelengths of the sonar
pulse (Medwin and Clay, 1998). With minimum centroid
frequencies of 40–50·kHz in Pseudorcaand Grampusclicks,
sonar targets with radii larger than 0.7·cm will thus provide
geometric backscatter. Hence, all biologically relevant prey
items, whether cephalopods or fish, will be in the geometric
scatter zone. But the target strength changes with the size and
properties of the target. Fish with swim bladders have a much
higher target strength than similar-sized animals such as
cephalopods, which have no air cavities. It is therefore relevant
to evaluate the detection potential of the sonar clicks collected
from free-ranging specimens in the light of the properties of
representative prey items.

In a range detection experiment in the noisy environment of
Kaneohe Bay in Hawaii, a female false killer whale was trained
to echolocate a 7.62·cm spherical target with a target strength
(TS) of –30·dB. The distance to the target was increased until
detection fell to chance. Using an average SL of
221·dB·re.·1·µPa (pp) the animal had a 75% correct detection
of the sphere at a range of some 98·m (Thomas and Turl, 1988).
The ambient spectral noise level in Kaneohe Bay in the
frequency range of the centroid frequency of Pseudorcaclicks
is around 50·dB·re.·1·µPa2·Hz–1 (Thomas et al., 1988a). Hence
using the sonar equation (Urick, 1983), and assuming that all
variables are equal except for SL, ambient noise level and
target strength, the detection range of biological targets by
free-ranging Pseudorcascan be estimated. Using a SL value
from this study of 220·dB·re.·1·µPa (pp) (Table·1) and a
spectral noise density in the open ocean away from the surface
at sea state 3 of 35·dB·re.·1·µPa2·Hz–1 at 50·kHz (Urick, 1983),
the echo to noise ratio has been improved by 14·dB compared
to the situation for the trained animal in Kaneohe Bay. 

In the following, it is assumed that detection is limited by
ambient noise. On that basis, we have tabulated the detection
ranges at 75% level of prey items with different TS in Table·2.
It is seen that Pseudorcasshould be able to detect a medium-
sized (1·m) yellowfin tuna Thunnus albacaresat 75% level at
ranges up to 200·m if both prey and predator are away from
the noisy surface. This range is increased if the SL is increased,
and it is decreased if the noise levels rise due to near-surface
foraging, or deteriorating weather including rain and increased
wave action. Prey items such as larger fish and other delphinids
may be detected at even greater ranges (up to 300·m). However
in the latter case, hunting tactics may involve a stealthy
approach as has been indicated in transient killer whales
(Barret-Lennard et al., 1996). In contrast, when hunting for
squid, it is seen that Pseudorca’sestimated detection range
drops to ranges comparable to those of Grampuswhen it is
searching the same prey (Table·2). Recently, Au et al. (2004)
made a foraging model for echolocating killer whales Orcinus
orca, based on psychophysical data from captive specimens
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and source properties of clicks from free ranging specimens,
and modelled scatter properties of moving salmonid prey. They
estimated that foraging Orcasshould be able to detect a salmon
at a range of 100·m in sea state 4 noise conditions with a
recognition differential of more than 9·dB. Thus, the estimated
detection ranges of tunas by Pseudorcasin the present study
are larger than estimated for Orcas foraging on chinook salmon
(Au et al., 2004). The difference is likely to relate to the
estimated recognition differential for the Orcascompared to
the measured values for the Pseudorca, and the lower target
strength estimates for the salmon compared to a 1·m tuna.

Although echolocation has been demonstrated in Grampus
(Philips et al., 2003) there is no information about the
maximum detection capabilities for this species. Making the
crude assumption that the performance of the detection system
matches that of Pseudorca, the detection ranges of cephalopod
prey by Grampuscan be evaluated. A spectral noise level of
32·dB·re.·1·µPa2·Hz–1 at 75·kHz, being slightly lower than that
used for Pseudorca, has been adopted because of the higher
centroid frequencies of the Grampusclicks. Main prey items
of Grampusinclude medium-sized squid with mantle lengths
on the order of 30·cm (Clarke and Pascoe, 1985). The target
strength of squids of this size is approximately –50·dB
(Medwin and Clay, 1998). Under the outlined set of
assumptions, it can be estimated that an echolocating Grampus
can detect a single medium-sized squid at a range of some 80·m
if both the source and the target are at the same depth. This is
considerably less than the estimated maximal detection range
for the primary prey of Pseudorca, and it relates primarily to
the scatter properties of the prey targets and not to differences
in the biosonar signals of the two odontocetes.

The behaviour and movements of the different prey types
may in part compensate for the discrepancy between the ranges
at which Grampusand Pseudorca can detect their primary
prey. While larger fish may hold a distance in a school that
maintains them as individual sonar targets, the schooling
behaviour of mesopelagic squids may yield better scatter,
because they are close enough to act as a single sonar target
having a higher target strength than individual squid (Benoit-

Bird and Au, 2001), and thereby increase the potential
detection range.

While the listed estimates of detection ranges for different
prey types are indeed based on a number of unknowns, they
are robust enough to suggest that free-ranging Grampusand
Pseudorcasin a natural habitat can detect their primary prey
at ranges of 100·m or more, and thereby at ranges similar to
those at which trained animals can detect steel spheres in a
noisy shallow water environment. Thus, source properties
derived from free-ranging animals suggest that both
odontocete species have evolved a sonar system that allows
them to derive information about their habitat and prey at
considerable ranges. Pseudorcais expected to detect large fish
at ranges twice as far away as Grampuscan searching for
medium sized squids, which relates to different target
properties rather than to different source properties. Neither of
these species has the potential for long range biosonar that has
been indicated for the sperm whale, which under equivalent
noise conditions should be able to detect similar sized
cephalopod prey at ranges of more than 500·m (Møhl et al.,
2003). This is due to the fact that the sperm whale emits
directional biosonar clicks with little attenuation at centroid
frequencies 1–2 octaves lower than the centroid frequencies in
the delphinid clicks. Also, the large and specialized sound
generating mechanism in the nose of the sperm whale
generates source levels that are five times higher than measured
for smaller odontocetes (Møhl et al., 2003).

The capture of a wild, well-nourished, but deaf and mute
dolphin (Ridgway and Carder, 1997) is a sobering reminder
that biosonar may indeed not be the only sensory modality used
by odontocetes for locating and capturing food. So although
biosonar undoubtedly plays an important role in foraging, and
in the successful evolutionary radiation of the entire odontocete
suborder (Norris, 1968), there is a great need to understand the
extent by which biosonar is assisted by other cues, and what
the behavioral contexts of different sensory modalities are.
Biosonar detection of a prey item at a certain range does not
necessarily mean that the animal will pursue, if cost-benefit
analyses render such engagement as futile.

Table·2. Estimated detection ranges of different prey items based on detection capabilities of a captivePseudorca, and the source
parameters derived in the present study

Detection 
SL f0 Noise TS range

Predator (dB·re.·1·µPa, pp) (kHz) (dB·re.·1·µPa2·Hz–1) Prey (dB) (m)

Pseudorca 220 50 35 Tuna (1·m) –301 210
Pseudorca 220 50 35 Dolphin (Tursiops) –202 320
Pseudorca 220 50 35 Small squid (20·cm) –503 80
Grampus 220 75 32 Small squid (20·cm) –503 85
Grampus 220 75 32 Large squid (80·cm) –403 130

SL, source level; f0, centroid frequency; TS, target strength.
It is assumed that detection is limited by ambient noise, and that the receiving system of a Grampusperforms like that of a Pseudorca. 
TS for a Tursiopsmay not represent TS for smaller delphinids preyed upon by Pseudorca, but it is the only available TS for a dolphin. 
1Bertrand et al. (1999); 2Au (1996); 3Medwin and Clay (1998).
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One of the next challenges in this area of experimental field
biology is to shed light on how and when biosonar signals of
free-ranging odontocetes are used to locate prey, and how
predators and prey interact acoustically. A relevant path in
such research would be to combine knowledge of the source
parameters of biosonar clicks from free-ranging species with
information about 3-D movement patterns derived from
onboard multisensor tags (Johnson and Tyack, 2003). This
would make it possible to put the sound production dynamics
in biosonar-based foraging systems into a relevant behavioral
context.

In conclusion, this study has shown that source parameters
can be estimated from free-ranging delphinids in oceanic
waters. The source properties of Grampusand Pseudorcaare
generally in line with source properties from trained animals,
but show less variation, higher source levels and lower centroid
and peak frequencies. Click characteristics for both species are
much alike, but Grampusclicks have centroid frequencies
25·kHz above those of Pseudorca. Both species exhibit
dynamic sound production in terms of source level and spectral
content, supporting the view that maximum source properties
from trained animals are not fully representative of the
production of biosonar signals in free-ranging conspecifics.
The dynamics of the source parameters, linking centroid
frequency and source levels, will affect the transmitting and
receiving beams of these animals, but it is not clear at present
what the biological implications are.

We have presented foraging models that utilize the
synergistic effect of integrating psychophysical data from
captive animals with source parameters of free-ranging
animals. We estimate that Grampuscan detect its primary prey,
cephalopods, at ranges on the order of 100·m, and that
Pseudorcacan detect large fish at twice that range. The
differences in detection ranges of prey for the two species
relate to the acoustic properties of the prey rather than to the
source parameters of the biosonar systems. The present results
lend weight to the view that the physics of sound production,
and foraging behaviour rather than acoustic prey properties
have been the primary factors shaping the evolution of
biosonar signals in these two delphinid species.

List of abbreviations
ADC analogue-to-digital converter
ASL apparent source level
BW band width
DI directionality index
E energy flux density
f0 centroid frequency
FFT fast Fourier Transform
fp peak frequency
HP high pass
ICI interclick interval
LP low pass
pp peak to peak
R range

RL received level
RMS root mean square
SL source level
TL transmission loss
TOAD time-of-arrival difference
TS target strength
α frequency dependent absorption
τ signal duration
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Behavioral and auditory evoked potential audiograms of a false
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Behavioral and auditory evoked potential �AEP� audiograms of a false killer whale were measured
using the same subject and experimental conditions. The objective was to compare and assess the
correspondence of auditory thresholds collected by behavioral and electrophysiological techniques.
Behavioral audiograms used 3-s pure-tone stimuli from 4 to 45 kHz, and were conducted with
a go/no-go modified staircase procedure. AEP audiograms used 20-ms sinusoidally
amplitude-modulated tone bursts from 4 to 45 kHz, and the electrophysiological responses were
received through gold disc electrodes in rubber suction cups. The behavioral data were reliable and
repeatable, with the region of best sensitivity between 16 and 24 kHz and peak sensitivity at
20 kHz. The AEP audiograms produced thresholds that were also consistent over time, with range
of best sensitivity from 16 to 22.5 kHz and peak sensitivity at 22.5 kHz. Behavioral thresholds were
always lower than AEP thresholds. However, AEP audiograms were completed in a shorter amount
of time with minimum participation from the animal. These data indicated that behavioral and AEP
techniques can be used successfully and interchangeably to measure cetacean hearing sensitivity.
© 2005 Acoustical Society of America. �DOI: 10.1121/1.2010350�
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I. INTRODUCTION

In 1966, Johnson measured the first complete audiogram
of an individual Atlantic bottlenose dolphin, Tursiops
truncatus �Johnson, 1966�. The results indicated that the
animal’s range of sensitivity to pure tones was from
75 Hz to 150 kHz, an exceptionally wide range covering
more than 100 kHz and 11 octaves. The significant data col-
lected were considered to be an innovative breakthrough in
marine mammal science, where a single animal can be used
to demonstrate the capability that may exist within a species.
The use of behavioral, psychometric techniques became the
standard to investigate hearing thresholds of captive odonto-
cetes. Since this experiment, behavioral audiograms measur-
ing the auditory sensitivity have been collected for the harbor
porpoise, Phocoena phocoena �Andersen, 1970; Kastelein et
al., 2002�, killer whale, Orcinus orca �Hall and Johnson,
1972�, Amazon River dolphin, Inia geoffrensis �Jacobs and
Hall, 1972�, beluga whale, Delphinapterus leucas �White et
al., 1978�, Eastern Pacific bottlenose dolphin, Tursiops spp.
�Ljungblad et al., 1982�, false killer whale, P. crassidens
�Thomas et al., 1988�, Chinese River dolphin, Lipotes vexil-
lifer �Wang et al., 1992�, Risso’s dolphin, Grampus griseus
�Nachtigall et al., 1995�, tucuxi, Sotalia fluviatilis guianensis
�Sauerland and Dehnhardt, 1998�, and the striped dolphin,
Stenella coeruleoalba �Kastelein et al., 2003�.

a�
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For more than 30 years, psychometric research with ma-
rine mammals developed based on the success using a single
or few research subjects. Considerable hearing threshold dif-
ferences between individual animals of different ages and
sexes have been demonstrated in previous behavioral hearing
research �Ridgway and Carder, 1997�, differences that may
not be evident when only a single animal subject is used.
Such psychometric analysis was constrained by the signifi-
cant investment to train the subjects for the behavioral para-
digm and to maintain the animals in captive environments to
conduct thorough research.

An alternative to the psychometric methods of measur-
ing behavioral audiograms was the collection of auditory
evoked potentials �AEP�. When an acoustic stimulus is pre-
sented, the cells within the auditory pathway are excited.
When this occurs, AEPs are the far-field electrophysiological
recording of the resulting small voltages generated by the
brain’s neural activity. Measuring the evoked responses to
stimuli became a valuable and advantageous method to col-
lect auditory data, requiring minimal training and reduced
time. The characteristics of AEPs were first described using
invasive, intracranial electrodes in the dolphin brainstem
�Bullock et al., 1968� and in the cerebral cortex �Popov et
al., 1986�, and using noninvasive extracranial electrodes
�Ridgway et al., 1981�. In more recent times, noninvasive
techniques have been employed to investigate auditory brain-
stem responses �ABR�, a type of AEP involving a series of
five to seven “waves” evoked by clicks or short tone bursts

of acoustic stimuli. ABRs to tone pips were successfully
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used to measure hearing thresholds and collect audiograms
in dolphins �Popov and Supin, 1990a, 1990c�.

Measuring hearing thresholds was more precise when
using envelope-following responses �EFR�, the occurrence in
which ABRs follow the envelope of a sinusoidally
amplitude-modulated �SAM� tone burst �Dolphin et al.,
1995; Supin and Popov, 1995�. The advantages of using
SAM stimuli instead of brief tone pips were: �1� the intensity
of a long tone burst was characterized by its rms sound pres-
sure, which could provide a basis for correct comparison of
behavioral and AEP data, and �2� EFRs contained many
evoked potential cycles instead of one, increasing the preci-
sion of the response detection, in particular, by the use of
Fourier analysis.

ABR- and EFR-based audiograms were collected in a
number of odontocetes, including the beluga whale, D. leu-
cas �Popov and Supin, 1987�, bottlenose dolphin, T. trunca-
tus �Popov and Supin, 1990a�, Amazon River dolphin, I.
geoffrensis �Popov and Supin, 1990b�, false killer whale, P.
crassidens �Dolphin et al., 1995�, common dolphin, Delphi-
nus delphis �Popov and Klishin, 1998�, and killer whale, O.
orca �Szymanski et al., 1999�.

Although measuring AEPs has proven to be a reliable
technique for investigating the hearing sensitivity of odonto-
cetes, it remained unresolved how the electrophysiological
thresholds compared with the thresholds collected by behav-
ioral techniques. Some analyses attempted to compare data
gathered using the two different methods �Szymanski et al.,
1999�. In that study, two killer whales were used to measure
both ABR and behavioral audiograms. The stimuli used for
the electrophysiological measurements were cosine-gated
tone bursts, and ABR thresholds were determined by calcu-
lating the minimum amount of stimulus power needed to
generate an adequate ABR response. EFRs were not used in
that experiment, and the frequency ambiguity of ABR thresh-
olds was described. The behavioral methods varied slightly
to maintain the motivation of the animal subjects, and the
final thresholds were the average of four reversals.

In the current study, the hearing capability of a false
killer whale was measured using both behavioral and AEP
techniques, using the same animal subject as well as the
same experimental and acoustical conditions. The objective
of this project was to investigate and compare auditory
thresholds collected by psychometric and AEP techniques,
more specifically, EFR procedures. Based on the paradigm
differences and the conservative nature of the animal subject,
it was expected that the behavioral methods would produce
thresholds lower than the ABR thresholds.

II. METHODS

A. Animal subject

Both the behavioral and AEP data were collected from a
single animal subject named Kina, an approximately 30 year
old, female false killer whale �Pseudorca crassidens�. Kina
was about 3.7 m in length and weighed 487 kg. The animal
was housed in floating pens at the HI Institute of Marine
Biology on Oahu, HI, and had been the subject of previous

hearing and echolocation research, including a masked hear-
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ing study �Thomas et al., 1990�, the measurement of echolo-
cation transmission beam patterns �Au et al., 1995� and ex-
periments collecting ABRs during echolocation �Supin et al.,
2003; Supin et al., 2004�.

B. Electronic equipment

The pure-tone stimuli used during the behavioral mea-
surements were created with a Wavetek FG3B Sweep Func-
tion Generator. The frequencies tested were 4, 5, 7, 8, 10, 14,
16, 19, 20, 22.5, 27, 32, 38, and 45 kHz. The input voltage of
the stimulus was 3 V peak-to-peak. The stimulus was sent to
a custom-built signal shaping box that could attenuate the
tone in 1-dB decrements, control the trial sequence and trial
condition, and turn the signal on and off with a 20-ms rise
and fall time. The signal was then projected through an ITC
1042 60 mm spherical piezoceramic transducer. A Techtronix
TDS 1002 Oscilloscope was used to monitor the signal sent
from the signal-shaping box to the transducer. A Biomon
8235 hydrophone that had a flat frequency response �±3 dB�
up to 200 kHz was used to calibrate the frequency levels of
the signal as it was received in the center of the hoop where
the animal would be positioned during the stimulus presen-
tation. The calibrations were conducted before the data were
collected and not during the trials.

In AEP experiments, SAM tone bursts were digitally
synthesized with a customized LABVIEW 6I data acquisition
program from a desktop computer implemented with a Na-
tional Instruments PCI-MIO-16E-1 DAQ card, using an up-
date rate of 200 kHz. The SAM tone bursts were 20 ms long,
with a modulation rate of 875 Hz, a modulation depth of
100%, and a variable carrier frequency. The stimulus was
sent from the DAQ card to the same amplification, attenua-
tion, monitoring, and projection equipment as in the behav-
ioral experiments.

The AEPs were received through 10-mm gold disc elec-
trodes that were mounted in rubber suction cups and placed
on the animal’s skin along the dorsal midline, with the active
electrode about 5 cm behind the blowhole and the reference
electrode on the animal’s back, anterior to the dorsal fin.
These responses were amplified by �10 000 with an Iso-
Dam Isolated Biological Amplifier, bandpass filtered �for
anti-aliasing protection� with a Krohn-Hite Model 3103 filter
�bandpass of 200–3000 Hz�, and transferred to an analog
input of the PCI-MIO-16E-1 DAQ card. To extract the re-
corded AEP from noise, the signal was digitized at a rate of
16 kHz, and 1000 samples were averaged to stimuli pre-
sented at a rate of 20/s, thereby extending the entire trial to
about 1 min.

C. Experimental setup

The experimental conditions were nearly the same for
both the behavioral and the AEP experiments. Both kinds of
experiments were conducted within the same test pen, a 6
�9 m floating pen in Kaneohe Bay, off the island of Oahu,
HI �Fig. 1�. This wire-fence enclosed pen was supported by
floating buoys under the pen’s wooden frame. The transmit-
ting hydrophone was suspended 1 m below the water surface

and secured at one corner of the pen deck. An acoustic baffle
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was made of a 0.6�0.9 m aluminum sheet that was covered
with neoprene on the side facing the transducer, and was
hung at the surface of the water at the half-distance between
the transducer and the animal �Fig. 2�. The water’s surface
will reflect additional sound underwater, and the baffle was
used to reduce and block some of this surface reflection that
could have reached the animal. The hoop was placed 2 m
from the sound source and fixed firmly from a wooden beam
that stretched across the pen deck. A Styrofoam ball response
paddle was attached to the wooden beam directly above the
hoop and the surface of the water. During the intertrial inter-
vals, the animal was trained to station on a Styrofoam float at
the water surface about 3 m away from the transducer, and
about 5 m away from the hoop. A small transmitting hydro-
phone was placed in the water near this float and projected

FIG. 2. Underwater profile of the experimental configuration with the false
killer whale in the hoop 1 m below the surface, 1 m away from the acoustic

baffle, and 2 m away from the spherical transducer.
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only a 7-kHz tone. This tone was used as a signal to send the
animal to the hoop at the beginning of each trial.

D. Behavioral audiogram measurements

The behavioral audiogram of the false killer whale was
measured by using a go/no-go modified staircase procedure
�Schusterman, 1980� in 2001 and 2004. The 7-kHz tone was
played to send the whale to an underwater hoop. When the
whale was positioned correctly with her pec fins touching the
hoop, a 3-s, pure-tone test stimulus was transmitted under-
water from the spherical transducer. If the whale heard this
sound, she exited the hoop and touched a response paddle
that was located directly above the hoop and the surface of
the water. This correct “go” response was followed by the
trainer’s whistle and fish reinforcement. For a correct rejec-
tion or a “no-go” response, no sound was projected, and the
whale was required to remain in the hoop for the full 10-s
trial, after which the trainer whistled to signal to the whale
that she had performed the correct response. The whale was
again rewarded with fish. For an incorrect detection or a
“false alarm,” the whale would indicate that she heard a
sound and touch the paddle. However, no sound was played
and therefore, no reward or whistle was given. The whale
returned to her stationing float, and the next trial proceeded.
When an incorrect rejection, or “miss” occurred, the whale
remained in the hoop and did not respond to the sound that
was played. The trainer would call the animal back to her

FIG. 1. Experimental configuration for
the audiogram measurements of a
false killer whale.
stationing float with no reward at the end of the 10-s trial.
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Ten warm-up trials were presented before each session
to gauge the whale’s response behavior with five of the trials
with a sound transmitted and five without. The sounds played
in the warm-up trials were at intensity levels that were at
least 20 dB above the presumed threshold based on pub-
lished audiograms, loud enough for the whale to detect with-
out difficulties. The session only proceeded if 80% of the
warm-up trials were correct. The trials following warm-ups
were conducted in blocks of ten, with 50% of each block
containing a signal present and the other 50% with a signal
absent. The sequence of the trials was randomized based on
a modified Gellermann series �Gellermann, 1933�, with no
more than three consecutive trials of the signal present or
absent to avoid any bias of the whale to respond the same
way to every trial.

Every correct go-response was followed by a stimulus
intensity reduction of 2 dB, until the animal made a miss
response, after which the intensity was increased by 2 dB.
This change in direction of intensity level was defined as a
reversal. The intensity continued to be increased until there
was another correct go-response, which was followed by an
intensity decrease, another change of direction or reversal.

For each session, one frequency threshold was tested,
and the value of that threshold was the average intensity
level of five reversals. It was determined from a preliminary
study that there was no significant difference between a
threshold calculated from five reversals versus a threshold
calculated from ten reversals. Thresholds were equivalent
and completed within a shorter amount of time if only five
reversals were used. The final threshold for each frequency
was calculated when two consecutive sessions contained re-
versal thresholds within 3 dB. Finally, this entire staircase
procedure was repeated to determine the thresholds at 4, 5, 7,
8, 10, 14, 15, 16, 19, 20, 21, 22.5, 24, 27, 32, 38, and
45 kHz. The animal’s hearing sensitivity was tested at
64 kHz, and demonstrated that she was not able to hear this
high frequency when it was played at the highest intensity
level possible for the equipment available, which was
132 dB. As a result, no further testing was conducted at fre-
quencies above 45 kHz.

E. AEP audiogram measurements

There were three main differences in the experimental
procedure between the AEP and behavioral audiograms. One
was that gold disc electrodes in rubber suction cups were
placed on the animal. The second difference was that no
behavioral reporting response was required from the animal.
The animal remained in the hoop for a trial length of about
1 min while the stimulus was projected underwater and the
AEP was recorded. The final difference was the stimulus
type that was presented, in this case being a 20-ms SAM
tone-burst repeated 1000 times, as opposed to the 3-s pure-
tones generated for the behavioral audiogram.

Following the application of the suction cups, the animal
was sent to the underwater hoop from a stationing float by a
7-kHz tone. When the animal was positioned correctly with
her pectoral fins touching the hoop, the SAM tone bursts

were projected through the transducer. After about 1 min, the
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trainer whistled to indicate the end of the trial, and the ani-
mal was rewarded with fish. The amplitude of the signal was
reduced in 5-dB steps, until the EFR response recorded on
the computer could no longer be distinguished from the
background noise. An average of five stimulus intensities
were presented at each frequency, and an average of three
frequencies was tested in 1-h sessions. Sessions were con-
ducted twice a day. The frequencies tested were in quarter-
octave steps: 4, 4.7, 5.6, 6.7, 8, 9.5, 11.2, 13.5, 16, 19, 22.5,
27, 32, 38, and 45 kHz. A total of three AEP audiograms
were measured, one in May 2001, a second in August 2001,
and a third in April 2004. An average of two weeks of con-
secutive days was needed to complete each of these audio-
grams.

No additional training was required for the whale when
the task was switched from behavioral to AEP experiments.
The very rapid transfer between paradigms was most likely
due to the differences in the experimental setup, the most
obvious of which included the suction cups attached to the
animal and the SAM tone-bursts. It is possible that these
distinct features allowed for the whale to easily discriminate
between the two experimental tasks.

III. RESULTS

A. Behavioral audiograms

The first behavioral audiogram from 2001 was a prelimi-
nary study that included only a partial audiogram with
thresholds for only five frequencies. The behavioral audio-
gram from 2004 was much more complete, with 16 frequen-
cies covering at least 4 octaves �Fig 3�. The complete audio-
gram from 2004 had the U-shape curve characteristic of
mammalian hearing. The thresholds were very similar over
the 3-yr gap, with some values differing by as little at 2.6 dB
at 32 kHz, and as great as 12.1 dB at 38 kHz �Table I�. How-
ever, the shapes of the two curves were very consistent, with
comparable regions of best sensitivity and steep high fre-
quency range. The region of best sensitivity was from
16 to 24 kHz, with the lowest threshold of 69 dB at 20 kHz.
Above 24 kHz, the thresholds increased significantly at a

FIG. 3. Behavioral audiograms of a false killer whale collected in 2001 and
2004.
rate of about 28 dB per octave, with a high frequency cutoff
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at 45 kHz. The low frequency thresholds decreased as the
frequencies increased, at a rate of about 5–17 dB per octave.

A total of 16 frequencies were tested for the 2004 au-
diogram, 11 of which required only two consecutive sessions
that resulted with reversal averages within 3 dB. Three fre-
quencies needed three sessions to meet this requirement, one
frequency �21 kHz� needed four sessions, and one frequency
�8 kHz� needed five sessions. There was a very low false
alarm rate throughout the experiment. Over 76% of the ses-
sions consisted of zero false alarms, and of the remaining
sessions �24%� with false alarms, the rate was about 5%.

B. AEP audiograms

The electrophysiological responses from the AEP collec-
tion is presented in Fig. 4 and depicts how EFRs recorded at
different stimulus intensities decreased from 125 to 90 dB
by 5-dB steps. As the intensity decreased, the EFR amplitude
synchronously decreased until the response disappeared in
noise. For a better evaluation of the response amplitude,
these wave forms were Fourier transformed to obtain their
frequency spectra �Fig. 4�b��. The spectra contained a defi-
nite peak at the stimulus-modulation frequency of 875 Hz.
The magnitude of this peak was taken as a measure of the
response magnitude. It was plotted as a function of stimulus
intensity �Fig. 5� and approximated by a regression line. The
crossing point of this line with the zero-magnitude level was
calculated as the threshold estimate for that frequency.

The three AEP audiograms were consistent over time
�Fig. 6�. All three had a range of best hearing sensitivity from
16 to 22.5 kHz with the lowest threshold of 80.9 dB at
22.5 kHz �Table II�. The thresholds at lower frequencies all
had a slope that declined gradually as frequency increased,
about 8–18 dB per octave. The thresholds at higher frequen-
cies sharply increased, about 32 dB per octave, and quickly
reached higher intensity at 45 kHz. All three AEP audio-

TABLE I. Auditory threshold values from two behavioral audiograms of a
false killer whale. Each threshold is an average of the reversal values of two
consecutive sessions that were within 3 dB.

Freq
�kHz�

Threshold 2001
�dB re: 1 �Pa�

Threshold 2004
�dB re: 1 �Pa�

Difference
�dB re: 1 �Pa�

Average
�dB re: 1 �Pa�

4 ¯ 99.5 ¯ ¯

5 ¯ 94.4 ¯ ¯

7 ¯ 89.3 ¯ ¯

8 ¯ 82.7 ¯ ¯

10 ¯ 84.5 ¯ ¯

14 ¯ 87.3 ¯ ¯

15 ¯ 78.6 ¯ ¯

16 82.4 77 5.4 79.7
19 ¯ 71.6 ¯ ¯

20 ¯ 69.5 ¯ ¯

22.5 80.1 72.2 7.9 76.1
24 ¯ 71.3 ¯ ¯

27 ¯ 80.2 ¯ ¯

32 102.9 105.5 2.6 104.2
38 118.4 106.3 12.1 112.3
45 127.6 116.7 10.9 122.1
grams had relatively consistent threshold values at the lower
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frequencies, some with differences less than 1 dB. The May
2001 and April 2004 thresholds for the higher frequencies
were closer, with some thresholds fluctuating by as little as
0.2 dB. However, the August 2001 AEP audiogram had the
highest thresholds for the higher frequencies that were no-
ticeably different, despite the consistency of the lower fre-
quencies with the other two AEP audiograms.

IV. DISCUSSION

A. Comparison of behavioral and AEP audiograms

The results of the behavioral audiograms demonstrated
that the data accumulated from psychometric methods were

FIG. 4. Examples of �a� EFR wave forms and �b� their frequency spectra for
a threshold determination at 27 kHz.

FIG. 5. EFR magnitude dependence on stimulus intensity �by the records

presented in Fig. 2�.
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reliable and repeatable. It was not necessary to retrain the
animal. She was able to repeat an experiment that was con-
ducted over 3 years prior, with precise and accurate re-
sponses and no behavioral difficulties.

For the AEP audiograms, the low frequency thresholds
were also quite reliable and constant. From 4 through
22.5 kHz, the threshold values varied only slightly, indicat-
ing that this technique provided consistent results for esti-
mating auditory sensitivity values. When compared with the
low frequency thresholds of the behavioral audiograms, the
data collected from the behavioral methods were always
lower than those using AEPs, with differences as small as
4.8 dB at 22.5 kHz, and as large as 11 dB at 4 kHz �Fig. 7�.

In the high frequency regions, both the behavioral and
AEP audiograms shared the common feature of steep in-
creases in threshold values as frequency also increased.
However, the thresholds measured with AEPs were less sen-
sitive by 11 to 15.5 dB from those collected behaviorally.
With such discrepancies, it was evident that behavioral re-
sults consistently indicated more sensitive auditory threshold
levels for the subject.

FIG. 6. Three AEP false killer whale audiograms measured over three years.
Also included is a curve of the average value of all three audiograms.

TABLE II. Auditory thresholds and average value of three AEP audiograms
of a false killer whale. Also included are the averaged values of all three
auditory thresholds for each frequency. Units are in dB re: 1 �Pa.

Freq
�kHz�

Threshold
May 01

�dB re: 1 �Pa�

Threshold
August 01

�dB re: 1 �Pa�

Threshold
April 04

�dB re: 1 �Pa�
Average

�dB re: 1 �Pa�

4 106.9 107.0 117.7 110.5
4.7 104.6 100.0 ¯ 102.3
5.6 99.5 100.7 109.9 103.4
6.7 92.0 89.3 109.4 96.9
8 90.8 88.1 98.1 92.3

9.5 86.8 86.6 98.2 90.5
11.2 88.0 86.1 94.4 89.5
13.5 86.7 84.2 84.6 85.2
16 82.4 79.2 90.2 83.9
19 83.5 77.9 83.1 81.5

22.5 80.1 82.0 80.7 80.9
27 85.0 115.5 86.6 95.7
32 102.9 129.2 117.5 116.5
38 118.4 ¯ 129.6 124.0
45 127.6 ¯ 138.7 133.1
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A similar gap between AEP and behavioral threshold
estimates was found in two killer whales O. orca �Szymanski
et al., 1999�, with an average of 12 dB more sensitive be-
havioral thresholds. However, there were some technical dif-
ferences between that and the present study. The tone burst
stimuli used were not SAM tone bursts, and ABRs not EFRs
were measured. As mentioned earlier, the advantages of us-
ing SAM stimuli instead of brief tone pips were that the
intensity of the longer tone burst could be characterized by
its rms sound pressure, thereby providing a basis for correct
comparison of behavioral and AEP data, and that the many
evoked potential cycles contained within an EFR increased
the response detection precision and analysis. Despite these
discrepancies, the final conclusions in the 1999 study were
somewhat similar to those of the present study, that both the
behavioral and ABR audiograms had consistent shapes with
higher ABR threshold levels.

The significant feature of the different stimulus types
clearly distinguished each technique and possibly contrib-
uted to the data differences. SAM tone bursts of 875-Hz
modulation rate and 20 ms long were necessary to collect
AEPs. Contrary to this, behavioral methods involved pure-
tone signals with a duration of about 3 s. The longer pure-
tone may have been more detectable and unambiguous, and
consequently allowed for a clearer response by the subject.
For EFR responses, temporal summation was limited by
SAM cycle duration which can be as short as 1.14 ms. As
shown by Johnson �1968�, hearing thresholds decreased as
stimulus duration increased from a fraction of milliseconds
to hundreds of milliseconds. Thus, the threshold difference
between behavioral measurements and AEP measurements
reflected the real temporal summation processes in the audi-
tory system rather than an imprecision of one or another
method.

It is important to remember that any estimate of a
threshold, AEP or behavioral, was arbitrary, and that the re-
sults depended on the used threshold criterion. However, the
good correspondence of behavioral and AEP thresholds, with

FIG. 7. Comparison of both the behavioral and AEP audiograms of a false
killer whale. The threshold values are averaged over all audiograms col-
lected for each method in this study.
different summation times taken into account and with the
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use of the above-described criteria, indicated that both meth-
ods provided good estimates of the real sensitivity of the
auditory system.

One of the practical differences between the psycho-
physical and AEP techniques was the shorter amount of time
required to complete the AEP audiogram. For the behavioral
audiogram, each session lasted approximately 30 min, and a
total of 42 sessions were needed to test all of the frequencies.
The time invested for data collection in this portion was
about 2 months with a well trained and experienced animal
subject. This amount of time does not include the years of
behavioral training that was initially dedicated and required
for this subject.

One session for an AEP audiogram lasted about 45 min,
during which three frequencies could be tested. Therefore,
one AEP session tested three frequencies in about the same
amount of time that one behavioral session tested one fre-
quency. When these sessions were conducted twice a day, the
total time dedicated to this phase was an average of two
weeks, remarkably more condensed and still with results
comparably robust to the behavioral paradigm. With such a
reduced time and training requirement, and the minimum
participation required by the animal subject, the AEP tech-
nique for measuring auditory thresholds appeared more suit-
able and convenient to a wider number of research opportu-
nities that include untrained or stranded animals.

ABR audiograms served as a resource for evaluating the
sensitivity and functionality of auditory systems for many
vertebrate species, including birds �Brittan-Powell et al.,
2002�, bats �Wenstrup, 1984�, fish �Kenyon et al., 1998�, and
humans �van der Drift et al., 1987; Mitchell et al., 1989;
Watson, 1996�. When the data from the AEP audiograms
were compared to behavioral audiograms, most AEP thresh-
olds were higher than behavioral thresholds, although the
differences were usually not significant. There was a com-
mon conclusion that the advantages of the electrophysiologi-
cal technique included the rapid evaluations and reliability of
data, allowing for good predictions of basic audiogram
shape.

B. Manifestation of hearing loss

When the results from our study were compared with the
behavioral audiogram of another false killer whale �Thomas
et al., 1988�, the thresholds diverged considerably, with two
distinguishing features. The first was that the animal subject
from the 1988 study heard frequencies as high as 115 kHz
reasonably well, and at about the same SPL that Kina heard
45 kHz. The high frequency cutoff for the current audiogram
was about 70 kHz lower than the previous audiogram. The
second feature was the different frequency region of best
sensitivity and the corresponding sensitivity thresholds. In
this 2004 study, the region was between 16 and 24 kHz with
the lowest threshold at 69 dB at 20 kHz. However, in the
1988 study, the region of best sensitivity was between 32 and
64 kHz, and with thresholds as low as 39 dB at 64 kHz.
Therefore, the current audiogram had a lower high frequency
cutoff, in addition to the region of best sensitivity shifted to

lower frequencies and heard only at higher threshold levels,
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clearly indicating that the whale hearing sensitivity lessened
when compared to the subject of the previous study. Not only
could the whale not hear higher frequencies, but also her best
hearing was at lower frequencies and higher amplitudes.

Both audiograms were made using standard psychomet-
ric techniques and pure-tone stimuli. Despite similar para-
digms, such discrepancies could have resulted from the dif-
ferent locations of each experiment, where the earlier subject
lived in a concrete and virtually quiet tank, and the current
subject resided in the open waters of Kaneohe Bay where the
ambient noise level has been documented, in particular the
noise produced snapping shrimp �Au and Banks, 1998�. This
noise has an extremely broad frequency spectrum with en-
ergy beyond 200 kHz with a peak frequency at about 2 kHz.
It does not follow from those data that the ambient noise in
Kaneohe Bay may specifically mask sounds above 45 kHz.

In 1990, the same false killer whale as the present study
was also the experimental subject for a masked hearing study
also situated in Kaneohe Bay, HI �Thomas et al., 1990�. That
experiment was conducted 14 years prior to the current
study, and at that time, the whale’s masked hearing audio-
gram depicted exceptional hearing capabilities, indicating
good hearing sensitivity. Therefore, it has been hypothesized
that this animal probably suffered some hearing loss associ-
ated with age or presbycusis, an occurrence demonstrated
among older bottlenose dolphins �Ridgway and Carder,
1997; Ketten et al., 2001� and a beluga whale �Finneran et
al., 2003�.

C. Perspectives for future studies

Auditory threshold information exists for only about
12% of odontocete species, creating a significant deficiency
of scientific evidence for the potential hearing damage and
behavioral impacts of anthropogenic noise on marine mam-
mals. There is a serious need for additional research on more
cetacean species, especially since the accessibility of marine
mammals for behavioral research is rare. Research opportu-
nities are limited because there are very few laboratory fa-
cilities in the world where marine mammals are available for
scientific research. The behavioral and electrophysiological
techniques to investigate hearing are conducted very differ-
ently, one with considerable time and effort involved in train-
ing psychometric methods, versus the other with very limited
subject participation required to collect AEPs, an advantage
that may strengthen the need for AEP techniques by broad-
ening its applicability to untrained animal subjects. There are
differences with signal type used in the behavioral and AEP
techniques that may influence the research outcomes. How-
ever, with these differences taken correctly into account, both
techniques give comparable results.
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Documentation and classification of fishing gear and technology 
on board pelagic longline vessels – Hawaii module 

 
Tom Swenarton and Steve Beverly 

 
1.  Introduction 
 
At the 16th Sixteenth Meeting of the Standing Committee on Tuna and Billfish (SCTB16), 
held in Mooloolaba, Queensland, Australia (9–16 July 2003), a paper was presented 
documenting the variety and current status of tuna purse seine technology in a well illustrated 
format (Itano 2003). The purposes of the document were to inform the meeting of recent 
advances in purse seine technology influencing fishing power of vessels and to serve as a 
training aid for regional observers, port samplers and enforcement agencies. It was agreed 
that observer trainees benefit from graphic rich training aids. Additionally, inexperienced 
observers often fail to recognize new gear or innovative equipment due to a lack of 
experience with the history of gear development and use. The plenary recommended that 
similar work be conducted for longline gear and technology. The Fishing Technology 
Working Group was asked to complete the following task: 
 

3. Documentation and classification of fishing gears and practices of major DWFN1 
and PICT2 fleets 
 
 e.  Document the development, gear and current status of longline technology and 

fishing practices for major western and central Pacific Ocean (WCPO) longline 
fleets in a well illustrated format (SPC3, FFA4, regional and national observer 
programs, PICT and DWFN agencies). 

 
This paper is a preliminary attempt to document fishing gear and technology that has been or 
is currently used by the Hawaii-based pelagic longline fishery targeting tuna and swordfish 
(Xiphias gladius). Subsequent additions to this work will describe the important DWFN, joint 
venture and domestic longline fisheries of the WCPO.  
 
2.  The Hawaii longline fishery 
 
Longline fishing was introduced to Hawaii by Japanese immigrants soon after the turn of the 
century, using wooden sampans-style boats and basket-style gear on tarred rope mainline. 
Large yellowfin (Thunnus albacares) and bigeye tuna (T. obesus) were landed for domestic 
markets, but during this period the fishery was second in importance to the skipjack 
(Katsuwonus pelamis) pole and line industry, referred to in Hawaii as “aku sampan” fishing. 
The early “flagline” fishery as it was then called declined steadily into the 1970s c.f. (Boggs 
and Ito 1993). June (1950) provides an interesting description of the early fishery.  
 
Longline fishing in Hawaii underwent revitalization during the 1980s, fueled by demand for 
sashimi grade tuna and expanding markets. The fishery concentrated on bigeye tuna with 
substantial amounts of albacore, (Thunnus alalunga) and yellowfin tuna also landed. By 
1985, longline landings surpassed those of the pole and line skipjack fishery and remains to 
                                                            
1 Distant water fishing nations 
2 Pacific island countries and territories 
3 Secretariat of the Pacific Community 
4 Forum Fisheries Agency 
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this day Hawaii’s largest and most economically important fishery (WPRFMC 2003). By the 
early 1990s, the fishery changed significantly with a rapid expansion of swordfish effort 
initiated by large steel vessels arriving from U.S. Atlantic swordfish and Gulf of Mexico 
fisheries. Tuna remained a primary target but a segment of the fishery targeted swordfish or 
landed both swordfish and tuna. Swordfish effort declined in importance following the mid-
1990s, as swordfish boats began to leave Hawaii for a variety of reasons; including declining 
swordfish catches and high operational costs, increasing restrictions on fishing effort 
resulting from environmental issues, new fishing opportunities in the South Pacific, and to 
maintain fishing permits elsewhere in the U.S. (Ito pers. comm.). The fleet gradually shifted 
effort back to a fishery concentrating on tunas.  
 
Hawaii-based longline vessels now operate under a federally managed limited access 
program allowing for 164 transferable longline permits, limited to vessels of less than 101 
feet in overall length. The fishery is monitored by an at sea observer program and an 
electronic Vessel Monitoring System (VMS) administered by the National Marine Fisheries 
Service (NOAA Fisheries). Longline vessels are restricted from areas surrounding the 
Northwest Hawaiian Islands to avoid interactions with protected species and is further 
restricted from nearshore areas surrounding the main Hawaiian Islands to separate longline 
gear from small vessel fisheries using troll and handline gear. Shark finning was effectively 
eliminated in 2001 by federal and state regulations requiring the landing of the entire shark 
carcass if fins are to be taken.  
 
Issues related to longline interactions with species protected by U.S. federal law, such as 
marine turtles, seabirds and marine mammals have significantly influenced the fishery in 
recent years. Swordfish directed effort was essentially eliminated in 2001 because of 
concerns over potential longline impacts on marine turtles. However, swordfish effort was re-
opened in mid-2004 on a limited basis. Only 2,120 swordfish style “shallow sets” are 
currently allowed annually5. These measures were put in place to insure Hawaii based 
longline vessels operate in a way to limit interactions with sea turtles.  Swordfish targeting 
boats are required to use size 18/0 circle hooks and mackerel type bait instead of squid that 
was found to be preferable to sea turtles.  Other restrictions also apply.  Swordfish effort 
generally takes place to the north of the Hawaiian Islands, centered on the Subtropical 
Convergence Zone (SCTZ), in a broad east/west band around 30 to 40 degrees North latitude. 
 
Despite the re-opening of swordfish target longline effort in 2004, bigeye tuna is the mainstay 
of the fishery that operates in all directions and up to 1000 nautical miles from the home port 
of Honolulu. The fishery is active throughout the year, shifting north and south depending on 
the season and year. Although 164 permits are issued, active vessel participation in recent 
years has ranged from a high of 125 in 2000, dropping to 101 in 2000 and rising to 110 in 
2003. Annual landings ranging from 11,000 mt in 2000, dropping to 7,000 mt in 2001 and 
then rising slightly to 8,000 mt in 2003.  Generally, catches are kept whole and on ice, with 
limited or no mechanical refrigeration supplied. A detailed description of the Hawaii-based 
longline fishery is provided in NMFS (2001) and annual landings are summarized and 
reported by the Pacific Islands Fisheries Science Center, and compiled by the Western Pacific 
Regional Fisheries Management Council and NOAA Fisheries (WPRFMC 2003). 
                                                            
5 “Deep sets” have been defined in the federal register based on four criteria: float lines must be 20 meters or 
longer, 15 or more branchlines used per basket, (10 per basket for basket gear), no lightsticks may be used, and 
no more than 10 swordfish may be possessed or landed at any time in the trip.  If any one of these criteria are 
not met, the set is defined as shallow and the vessel must possess a certificate for that set and must have 
declared the intent to go swordfishing prior to departure.   
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3. The longline 
 
Pelagic longline gear is composed of a long length of mainline deployed across ocean 
attached to numerous baited “branchlines” that are suspended in the water column between 
regularly spaced floats. Each branchline connects the mainline to a single, baited hook with 
anywhere from 4 to 30 or more branchlines (baited hooks) set between floats. The floats may 
be attached directly to the mainline for a shallower set or connected to “floatlines” to target 
deeper-dwelling species. Each section of mainline with its branchlines between two adjacent 
floats is defined as a “basket” of gear as traditional style “basket gear” was composed of 
mainline sections that were stored in baskets when not in use. 
 
A combination of the number of hooks set per basket, setting speed, vessel speed, floatline 
length, branchline length, mainline material, bait type and other factors combine to influence 
the depth at which a longline will effectively “fish” or “target” most of its hooks. For 
example, longline gear can be set very shallow to concentrate on species that inhabit the 
upper mixed layer of the ocean or very deep to concentrate on deep dwelling species. Figure 
1 shows a longline vessel setting gear with short floatlines and six hooks per basket. The 
figure is not to scale as the length between hooks is much greater than depicted. 
 

 
Figure 1.  Hypothetical longline vessel setting six hooks per basket (not to scale) 
 
Until recently, one vessel continued to use the traditional style “basket gear” in the Hawaii-
based fishery. Currently, longline fishing in Hawaii is conducted with the newer style 
monofilament mainline gear.  Monofilament longlining employs a large hydraulic reel that 
stores many miles of continuous heavy monofilament. Baited branchlines are quickly 
snapped to the mainline as the boat moves forward interspersed with floats at regular 
intervals. At the end of the set, the mainline is cut allowed to drift free, attached to marker 
buoys. The end result is the same as for basket style gear: many miles of baited hooks are 
deployed across the ocean, suspended from the surface at a desired target depth.  
Monofilament style longlining is considered more time efficient allowing for more fishing 
effort per day. However, basket style gear tends to “fish” deeper than monofilament gear due 
to the greater density of the mainline material. 
 
Swordfish targeted longline gear, categorized in the Hawaii-based fishery as “shallow set” 
fishing deploys surface gear by using only three to five hooks per basket, no weight on the 
branchlines and the absence of a line shooter; a hydraulic device used in tuna targeted 
longlining that throws the mainline off the vessel at a higher rate than the vessel speed to 
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ensure greater mainline depths between floats. Swordfish vessels make ample use of light 
emitting devices to attract fish.  Chemical lightsticks, battery powered light emitting diodes 
(LED’s) and luminescent plastic chafing gear such as line tubes, thimbles and beads are 
placed near the hooks.  Currently, lighted devices are prohibited on Hawaii longline gear due 
to sea turtle interaction concerns as it is believed that glowing items may attract the turtles. 
 
To target deep-dwelling species such as bigeye tuna, more hooks are set per basket, a small 
weight may be attached to each branchline, longer floatlines are used and the boat is slowed 
down during the set while the mainline is expelled from the boat at a high rate using the line 
shooter. This gear configuration essentially defines Hawaiian “deep set” tuna targeted gear, 
with hooks reaching depths of 300 m or more. The shallow set swordfish style gear is set at 
night to catch the swordfish as they rise to surface waters to feed at night with the gear hauled 
in the day. Deep set tuna gear normally sets in the day and hauls gear at night. 
 
All Hawaii-based longline boats use radio buoys, with four or five attached to the mainline in 
place of floats at regular intervals, usually one at each end and a few in the middle.  A radio 
direction finder in the wheelhouse is used to track down the gear when it is time to haul and if 
sections of the gear break away.    Figure 2 depicts setting and hauling of the gear (not to 
scale). 
 

 
 
 

Figure 2.  “Shallow set”  gear with four hooks per basket. This picture is also not to 
scale, as the hooks are spread out over much greater distances than depicted here. 
(Source: FAO/UN) 
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3.1  Basket-style  and monofilament mainline gear descriptions 
 
Basket-style gear is not currently in use in Hawaii; the last boat using it left the fishery in 
2003. Beverly (2001) provides a detailed description of basket and monofilament gear that is 
not specific to the Hawaii fishery but clearly explains the different gear configurations: 
 

Basket gear is made from tarred rope.  The mainline for basket gear can range 
from 4 to 8 mm dia, but 6.4 mm (1/4 in) is about average.  Branchlines range 
from 15 to 30 m in length, and baskets can contain from 5 to 15 branchlines.  
Branchlines are usually spaced about 50 m apart on the mainline, and are 
attached at specific joints made with two eye splices and a sheet bend.  
Branchlines are made from tarred rope, a sekiyama or middle wire, a leaded 
swivel, a tsurimoto (galvanized trace wire) and a hook.  Floatlines with floats are 
attached between the baskets, also on joints.  The floatlines are usually made 
from the same tarred rope as the mainline and can range from 10 to 30 m in 
length. 
 
Traditional basket gear is set manually.  The three main crewmen during setting 
operation are the baiter, the line thrower, and the float man.  The baiter baits the 
hooks and throws the baited branchlines at regular intervals.  The line thrower 
throws the coils of mainline off the stern from a setting table at a regular pace.  
The float man throws the floats and floatlines.  The other men pass coils of 
mainline back to the thrower, tie baskets of mainline together, pass floats and 
bait, etc.  The depth of set is regulated by how fast the thrower tosses out the coils 
of line.  There can be a lot of uncertainty and variation in manually set basket 
gear. 
 
Basket gear is usually hauled with a hydraulic line hauler, and the branchlines 
are coiled by hand.  The baskets are either coiled into some type of basket or tub 
or are tied up into a bundle, and then stowed in a cage or in bins.  Branchlines 
are usually left connected to the mainline and are placed on top of each 
successive coil of mainline.   
 
Monofilament gear is similar to basket gear, but there are some fundamental 
differences.  Basket gear uses short floatlines and long branchlines to achieve a 
deep set.  Monofilament gear uses long floatlines and short branchlines to 
achieve the same depth of set. This can be done because monofilament mainline is 
easier to haul from deep water as it gives less resistance in the water than tarred 
mainline.  The result is that monofilament gear can get more hooks in the water 
over a given length of mainline.  Another advantage that monofilament gear has 
over basket gear is that monofilament gear is less labour intensive.  Monofilament 
gear is also easier for the crew to learn.  The techniques can be mastered in a few 
trips, while basket gear may take several seasons to master.  Monofilament gear 
is also easier to maintain.  New branchlines can be made up, and branchlines and 
mainline can be repaired easily during hauling operations. 
 
Monofilament gear is set from the stern of the boat usually with the aid of a line 
setter, although it can be set without a line setter.  As the line is paid out over the 
stern during setting, baited branchlines and floatlines with floats are attached at 
intervals usually controlled by an audible signal from a hook timer.  If the line is 
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set without a line setter-this is called towing the line-then the length of mainline 
set is equal to the distance that the vessel travels, and the baited branchlines do 
not reach into very deep water.  With a line setter the depth of the set can be 
increased, because the length of mainline paid out is greater than the distance 
traveled by the boat. 
 
The line setter throws out the mainline at a greater speed than the vessel is 
traveling so that a catenary will be formed in the line and the set will be deep.  
Depths of 200 to 300 m or more can be reached.  This is important when bigeye 
and albacore are the target species.  Some fisheries scientists have described the 
ratio of boat speed to line speed as “sagging rate”, or SR.  Towing the line would 
correspond to an SR of 1.0 while a very deep set would have an SR of 0.5.  An 
average SR would be about 0.75.  There are many ways a fisherman can calculate 
the SR, some using sophisticated hook timers and tachometers on the line setter, 
others using more intuitive methods such as grabbing the line and counting 
seconds until it becomes too tight to hold. 
 
The branchlines, also called snoods or gangions, can be made from monofilament 
or tarred line, or a combination of these materials.  Branchlines are suspended 
from the mainline with swivel snaps, also called clips.  Branchlines can also have 
a lead swivel near the hook end and a trace, or leader made of monofilament or 
wire.  Hooks can be Japan tuna hooks with brazed rings, tuna circle hooks, or big 
game style “J” hooks.  Connections on branchlines are usually made with 
crimped sleeves, but sometimes knots are used.  Eye loops are protected from 
chafing with thimbles, green springs, or plastic tubes.  Floatlines are usually 
made with tarred rope; either polyvinyl chloride or polyester-polypropylene is not 
as good for floatlines as it is a floating rope and will float the mainline up 
towards the surface.  Floats are usually hard plastic balls.  As the mainline is 
hauled it is stored directly back onto the reel.  Branchline are unsnapped as the 
mainline is moving and are coiled into branchline bins or tubs.  Floats and 
floatlines are also detached.  Floats are usually stowed in a cage or bin and 
coiled floatlines are stored in tubs. 
 
Length of floatlines can range from 10 m to as much as 60 m.  A typical 
monofilament tuna longline has 30 to 40 m floatlines and 20 to 30 branchlines in 
a basket.  The branchlines are 10 to 12 m long.  A typical broadbill swordfish 
longline has 10 m floatlines and 5 to 10 branchlines in each basket.  The 
branchlines are the same length as the tuna branchlines and the basket length is 
usually the same too.  This means that there is a greater interval between 
swordfish branchlines than tuna branchlines. 
 
Monofilament systems do not usually use fair-lead rollers at the rail during 
hauling like basket gear systems do.  The line is guided to the reel by a longline 
block hanging from a davit.  This is usually an open block made of aluminum with 
a stainless steel sheave and roller bearings.  The block is usually hung at about 
head level so that the operator can position one hand on the mainline before they 
reach the block.  The line isn’t stopped-the snaps are made so that they slide on 
the moving line.  They are stopped as they strike the rollerman’s hand, 
unsnapped, and pulled down, away from the mainline.  The reel is stopped only 
for fish or for problems such as tangles. 
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3.2  Th longline clip 
 
The longline clip allows easy attachment and removal of branchlines, floatlines, radio buoys 
and other gear from the mainline.  When setting, branchlines and floats are attached as the 
line travels off the vessel.  When hauling, the clip permits easy removal of gear and catch. 
Figure 3 showing the attachment of the longline clip to the mainline 
 

     
NOAA FISHERIES, PIR (Pacific Islands Region)      
   
 

    
Figure 3.  Attachment of a branchline clip to monofilament mainline. (NOAA 
FISHERIES, PIR) 
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3.3  The branchline 
 
Figure 4 shows a typical tuna branchline: this one employs a wire leader, ring eye tuna hook 
and a weighted swivel. Swordfish gear is usually rigged without the weight and wire leader 
and a “J” style hook is employed. However, by law Hawaii vessels targeting swordfish must 
now use 18/0 circle hooks as they are believed to reduce chances of deep hooking sea turtles. 
 

 
Figure 4.  Typical tuna branchline. ((NOAA FISHERIES, PIR) 
 
3.4  The hooks: 
 
Figure 5 shows the common hooks used by Hawaii-based longliners: 

 
Figure 5.  Clockwise from tip: 18/0 stainles circle, 14/0 circle hook, 8/0 “J” style hook, 3.8 
ringed tuna, 3.6 ringed tuna hook. (NOAA FISHERIES PIR (Pacific Islands Region) 
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4.  Gear storage 
 
Floats are typically stored as close as possible to the setting and hauling areas. For 
monofilament gear as many as 90 floats may need to be attached and removed from the 
mainline each day.  The branchlines are stored in special bins pictured below.  Approximately 
500 or more branchlines can be neatly stored and deployed with each bin.  Figure 6 shows 
typical storage of gear. Note the radio buoys at center and the rack for storing floats on the 
right. 
 

 
Figure 6.  Back deck of a Hawaii longline vessel with hook bin and floats (NOAA 
FISHERIES, PIR) 
 
Figure 7 shows a typical hook bin. 

 
Figure 7.  Hook bin (NOAA FISHERIES, PIR) 
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Figure 8 shows the hook bin in detail. Each hook is stored in its longline clip. This bin is 
rigged with tuna style hooks and a mix of straight monofilament and wire leaders. 
 

 
Figure 8. Hook bin detail (NOAA FISHERIES, PIR) 
 
4.1  The hydraulic reel or spool 
 
The hydraulically operated longline reel hauls and stores the nylon monofilament mainline. 
Hawaii-based boats typically use longline reels that hold about 40 to 50 miles of mainline.  
Depending on the size of the boat, smaller or larger spools are used with some boats using 
two spools.  A traveling block runs the length of the spool slowly guiding the line from one 
end of the spool to the other when hauling to ensure a level wind.  Figure 9 shows a typical 
monofilament longline reel.  
 

 
Figure 9. Monofilament mainline reel. (NOAA FISHERIES PIR (Pacific Islands Region) 
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4.2  The line shooter 
 
The monofilament mainline is fed through the line shooter that pushes the line off the boat for 
deeper sets. The mainline is paid out from the back of the boat normally, although some boats 
are now setting from the side in an effort to reduce seabird interactions. It has been 
demonstrated by Hawaii-based vessels that side setting gives the bait time to sink out of the 
reach of birds before leaving the vicinity of the boat (Gilman et al. in review).  Figure 10 
shows a typical line shooter. 
 

 
Figure 10.  A typical line shooter on the stern of a Hawaii-based longline vessel (NOAA 
FISHERIES, PIR) 
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5.  Electronics and wheelhouse equipment 
 
A typical Hawaii-based based longliner is equipped with standard marine electronics such as 
Global Positioning System (GPS) chart plotters, radio direction finder, autopilot, VHF radio 
and single side band radios.  Some boats also employ computers, weather facsimile receivers, 
radar, and satellite phones.  Satellite imagery (for sea surface temperature and altimetry) was 
utilized by some segments of the fleet, (typical for swordfish targeting vessels). Figure 11 
shows a typical pilothouse with marine electronics mounted to the bulkhead. Pictured top to 
bottom on shelves: radio direction finder, single side band radio, weather fax: 

 
Figure 11.  Marine electronics in wheelhouse. (NOAA FISHERIES, PIR) 
 
Figure 12 of a typical pilothouse showing radar, GPS chartplotter, VHF radio, sounder, and 
engine controls, and auto pilot. 

 
Figure 12. Wheelhouse controls and instruments. (NOAA FISHERIES, PIR)
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6.  The boats 
 
In 2003, there were 110 vessels active in the fishery ranging in size from 46 to 98 feet.  Most 
are of steel construction with some fiberglass and older wooden boats in the smaller sizes. 
There is a wide range of vessel types with some purpose built tuna or swordfish longline 
vessels and many boats adapted from other fisheries, such as the US Gulf of Mexico shrimp 
fleet. Figure 12 shows some typical Hawaii-based longliners: 
 

  
Figure 12. Hawaii-based longline vessels in Kewalo Basin, Honolulu. (NOAA FISHERIES, 
PIR) 
 
7.  Bait 
 
Hawaii-based longliners rely primarily on saury bait Cololabis saira, although sardine 
species (primarily California sardine, Sardinops sagax) have seen an increase in use recently.  
Large Illex sp squid was formerly used for swordfish bait. Currently, squid is no longer to be 
longline bait on any Hawaii-based vessels as part of regulations put in place to reduce 
interactions with protected sea turtles. For the model swordfish targeted fishery currently 
underway (2004), only mackerel or mackerel-like baits may be used. 
 
8.  Catch 
 
Tuna vessels target bigeye, yellowfin and albacore tuna with deep-set gear,and swordfish 
vessels target broadbill swordfish with shallow-gear, but a variety of fish are retained by all 
vessels.  Dolphinfish (Coryphaena hippurus), wahoo (Acanthocybium solandri), pomfrets 
(FAMILY BRAMIDAE), opah (Lampris regius), shark, billfish, escolar (Lepidocybium 
flavobrunneum), and oilfish (Ruvettus pretiosus) are also retained.  Hawaii seafood 
consumers represent many diverse ethnic groups creating demand for many species that 
would be discarded elsewhere. Almost all of the longline landings are auctioned to seafood 
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wholesalers through the United Fishing Agency, now the only fish auction in Hawaii. Most of 
the seafood retailers, supermarket buyers and distributors to Hawaii restaurants purchase their 
fish through the UFA auction or from a wholesaler who buys there. A great deal of the catch 
is also exported to the US mainland where it ends up in fine restaurants and retail markets. 
 
9.  The fishing operation 
 
The setting of the gear typically starts in the early morning for tuna fishermen, and the early 
evening for swordfish targeting boats.  A radio buoy is clipped to the bitter end of the 
mainline and lowered over the side.  The boat moves forward at about seven knots and the 
mainline is pulled off the reel by the forward motion of the boat.  Deep-set tuna fishermen 
use the line shooter to “push” the mainline out faster than the boat speed to achieve a deep 
sag between the floats 
 
Mainline is normally paid out from the stern of the vessel, although some are now setting 
from the side to reduce seabird interactions.  The side set allows the bait to sink before 
leaving the vicinity of the boat, inhibiting interactions and lost baits.  Branchlines with baited 
hooks are clipped onto the mainline at regular intervals and interspersed with floats to fish a 
targeted depth.  Swordfish gear uses four to six hooks per basket. Tuna fishermen will use up 
to 30 hooks or more per basket.  Some vessels use adjustable timers that alert the crew to clip 
on gear, helping to space the hooks at regular intervals.  Additional radio buoys are attached 
in place of floats along the mainline and one is attached at the very end. The longline is then 
detached from the vessel and allowed to drift free, with the boat moving a distance away to 
let the gear soak.  The vessel operator and crew take a break for a few hours and prepare for 
the haul. 
 
When the “haulback”, or retrieval of the line begins, the radio direction finder is used to find 
the last radio buoy set, and the haulback is started where the set was ended. Occasionally a 
vessel will steam back to the beginning set position and start hauling there.  The mainline is 
run through a block or series of blocks back to the spool.  The vessel operator drives along 
the mainline while carefully controlling the speed of the vessel and mainline reel, while 
unclipping the gear as it comes up and handing it to the crew to be dealt with.  The hauling 
station is located close to the middle of the boat on the side. The vessel operator has controls 
to operate the boat and control the reel, and is positioned next to the first block through which 
the mainline passes.  Figure 13 shows the hauling station, note the vessel controls and block 

where the vessel operator unclips the gear. 
Usually the operator will leave his gloved 
hand in contact with the mainline so that the 
clips are stopped by his waiting hand as the 
clip slides along the smooth monofilament 
mainline. His other hand controls the boat and 
spool.  Once a clip is felt it is released and 
passed to the crew to land any catch, remove 
any unused bait and stow the gear. Some 
boats save the used bait to be reused the next 
day, with coarse salt sprinkled over the used 
bait to keep it firm. 

 
 Figure 13.  Work station where the vessel operator controls the vessel and mainline reel 
during the haulback.   (NOAA FISHERIES, PIR) 
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When a fish is encountered the crew gaffs it aboard.  Figure 14 sghows a large swordfish 
being landed onboard a Hawaii-based longline vessel. The vessel operator may slow or stop 
the boat for large fish or tangles.  The fish killed, bled are placed in the ice hold as soon as 
possible. Longline fishermen in Hawaii do not head and gut the catch except for swordfish 
and retained shark species. These species are headed, finned and gutted prior to icing as soon 
as possible after landing. Tuna are “spiked” with a special stainless steel tool to preserve 
quality and extend shelf life. The spike is pushed into the brain and serves to kill the fish 
quickly and destroy the central nervous system that slows decomposition.  The spike is then 
used to tear the gills on both sides of the head which is flushed with a seawater deck hose to 
promote bleeding.  Soon after, the deck hose is inserted into the mouth to flush out the 
stomach, as it is believed that stomach contents and stomach acids will increase spoilage.  
Some boats will insert a thin plastic rod or section of mainline into the brain hole left by the 
spike. The rod is pushed all the way down the spine, destroying the spinal chord in a process 
known as “rodding”. This procedure is believed to prevent breakdown of the meat in what is 
called “burnt tuna syndrome6” and increase the quality and shelf life of sashimi grade tuna. 
The fish are packed in the ice to cool and are later repacked during the trip as the surrounding 
ice melts.  
 

 
 
Figure 14.  Landing a large swordfish during the haulback. (NOAA FISHERIES, PIR) 
 

                                                            
6 Burnt tuna syndrome is caused by the oveheating of muscle tissues by excessive exercise as may occur when a 
fish is hooked. 
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Hawaii's Marine Fisheries: 
Some History, Long-term Trends, and Recent Developments 

Introduction 

Recently Hawaii's commercial ma
rine fishery has experienced a period 
of rapid growth and structural change, 
and its characteristics are quite differ
ent from what they were a decade ago. 
Some of these changes are the result of 
governmental and private-sector deci
sions on fishery development in Ha
waii, but many have occurred because 
of increasingly competitive pressures, 
particularly as they have affected main
land U.S. commercial fishing fleets. 
Further changes are anticipated as di
verse fishing interests (including both 
large-scale and small-scale commer
cial, indigenous, and recreational fish
ing interests, as well as nonconsump
tive marine resource interests) are 
worked out in fishery, marine, and 
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sustained development in the 1980's. At 
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direct competition. This paper provides 
new estimates of commercial landings for 
the 1977-90 period, and summarizes lim
ited information on recreational and sub
sistence fisheries in the 1980's. It also 
provides some historical context which may 
be useful in evaluating fishery develop
ment and management options. 

55(2), 1993 

SAMUEL G. POOLEY 

coastal zone management processes. 
This paper concentrates on the eco
nomic development of the offshore 
commercial fishery, and places some
what greater emphasis on the large
scale fisheries. Biological and manage
ment features of Hawaii's marine fish
eries are considered in other papers in 
this number (Mar. Fish. Rev. 55(2)). 

Hawaii's marine fisheries can be di
vided into three geographical areas 
(Fig. I): 

1) The inhabited main Hawaiian Is
lands (MHI), with their surrounding 
reefs and offshore banks (the island of 
Hawaii to Niihau and Kauai); 

2) The Northwestern Hawaiian Is
lands (NWHI), a 1,200 mile string of 
basically uninhabited reefs , shoals, and 
islets ranging west northwest from the 
main Hawaiian Islands (i.e., west of 
Niihau and Kauai); 

3) The mid-North Pacific Ocean, 
ranging from lat. 400 N to the Equator, 
and from long.145°W to long. 175°E. 

Hawaii's fishing fleets can also be 
divided into three somewhat overlap
ping or interconnected segments: 

1) Large-scale commercial fishing. 
Although termed "large-scale" in 

Hawaii, by mainland U.S. and foreign 
fishing fleet standards almost all the 
vessels in this segment would be con
sidered small. Most "large-scale" com
mercial fishing vessels in Hawaii are 
less than 100 feet in overall length. 
These include the older aku boats (pole
and-line sampans 1 fishing for skipjack 

IThe term "sampan" in Hawaii refers primarily 
to wooden-hulled fishing craft of a design in
troduced by Japanese fishermen in the early 
1900's. The vessels range from 35 to 75 feet 
with a flared bow, a low stern, and a deep profile 
to maintain seaworthiness in Hawaii's rough 
waters. 

Table 1.-List of common and scientific names of 
frequently caught commercial species in Hawaii. 

Common name 

Bottomfish 
Snappers 

Onaga 
Opakapaka 
Ehu 
Kalekale 
Gindai 
Uku 
Lehi 
Yellowtail kale kale 
Taape 

Grouper 
Hapuupuu 

Jacks 
White ulua 
Black ulua 
Butaguchi 
Kahala 

Other 
Lobster 

Spiny 
Slipper 

Scientific name 

Etelis coruscans 
Pristipomoides filamenlosus 
E. carbunculus 
P. seiboldii 
P. zonalus 
Aprion virescens 
Aphareus rUlilans 
P. auricilla 
Lutjanus kasmira 

Epinephelus quemus 

Caranx ignobiJis 
C.lugubris 
Pseudocaranx dentex 
Seriola dumerili 

Panulirus marginatu$ 
Scyl/arides squammosus 

Pelagic Management Unit Species 
Blue marlin Makaira mazara 
Striped marlin Tetrapturus audax 
Broadbill swordfish Xiphias gladius 
Shortbill spearfish T. angustirastris 
Black marlin M. indica 
Indo· Pacific sailfish Istiophorus platypterus 
Mahimahi Coryphaena hippurus 
Ono (wahoo) Acanthocybium solandri 

Blue shark Prionace glauca 
Mako shark (short· fin) Isurus oxyrinchus 
Mako shark (long-fin) I. paucus 
Oceanic whitetip shark Carcharhinus longimanus 
Thresher shark Alopias superciliosus 
Tiger shark GaJeocerdo cuvieri 

Tunas 
Bigeye Tuna 
Yellowfin tuna 
Albacore 
Skipjack tuna (Aku) 
Kawakawa 
Frigate tunas 

Thunnus obesus 
T. albacares 
T. alalunga 
Katsuwonus pelamis 
Euthynnus affinis 
Auxis spp. 

tuna2) (Table 1) and tuna long line sam
pans (also wooden but of a different 
design), as well as modem tuna and 
swordfish longline vessels, distant-wa-

2Hawaii common names for commercial marine 
fish and shellfish species are used throughout this 
paper. Scientific names and corresponding Ha
waii, names are found in Table 1. 
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ter albacore trollers, and multipurpose 
vessels which fish for bottomfish 
(deepwater snappers, groupers, and 
jacks) and spiny and slipper lobster in 
the NWHI. These vessels can operate 
as far as 1,000 nautical miles from 
Hawaii throughout the mid-North Pa
cific, and some span the South Pacific. 
Most operate within 200 miles of the 
MHI or within the NWHI. 

2) Small-scale commercial fishing. 
The vessels in this segment include 

a wide variety of trailered and moored 
boats between 12 and 45 feet in length. 
These vessels primarily use trolling and 
handline techniques, although some 
traps and surrounding nets are used. 
The target species include tunas, bill
fish, mahimahi, ono (wahoo), bottom
fish for the trollers and handliners; 
bottomfish, reef fish, and crustaceans 
for the trap vessels; and small mid
water scads (known locally as akule 
and opelu) for the surrounding-net fish
ery. These vessels operate almost ex
clusively in the MHI. 

3) Small-scale recreational, part-time 

8 

Figure I.- Hawaii map, including WH1. 

commercial, and subsistence fishing. 
This segment includes the same kind 

of vessels as found in the small-scale 
commercial fleet, as well as some very 
small boats (including surf boards and 
sail boards), charter fishing boats and 
dive fishing boats. Although charter 
fi shing is a commercial operation, its 
clients are oriented toward recreational 
opportunities and thus it is distin
guished from commercial fishing. The 
target species for this segment of the 
fishery are more v'aried than those of 
the commercial segments, and include 
a variety of reef species, as well as the 
more familiar tunas, billfish, mahimahi 
and ono (wahoo), bottomfish, and crus
taceans. The fishing methods used are 
also considerably more varied. 

The issue of categorizing Hawaii ' s 
small-boat fisheries is a difficult one, 
and is discussed later in this paper. For 
the moment we would categorize this 
segment as one where the fishery has 
limited fishing power and its fisher
men have mixed motivations in terms 
of fishing activity. 

ISLANDS 

KAUAI '. 

Hawaii's Traditional Commercial 
Marine Fisheries 

Shortly after Statehood, a U.S. De
partment of Interior, Bureau of Com
mercial Fisheries proposal labeled the 
Hawaii fishery as "dying" (Iversen3). 

Hawaii 's major commercial fisheries 
had been dominated by traditional prac
tices that reflected Hawaii's Japanese 
immigrant heritage and its impact on 
the local fishery and seafood markets. 
The predominant commercial fishery 
was aku (skipjack tuna) , which was 
caught by a live-bait, pole-and-line, 
wooden sampan fleet, known as aku 
boats (Fig. 2), and which was landed 
primarily for canning. In 1960, over 
60% of Hawaii's total recorded com
mercial fishery landings (by weight) 
was aku, and the percentage remained 
over 50% until 1970. 

By the mid-1970's the number of 
aku boats and their companion sam-

3R. T . B. Iversen, 45-626 Halekou Pl ace , 
Kaneohe , HI 96744. Personal commun ., 1991. 
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65 to 80 feet 

Figure 2.-Drawing of typical Hawaii aku (skipjack tuna pole-and-line) boat. 

45 to 65 feet 

Figure 3.-Drawing of typical Hawaii flagline (longline sampan) boat. 

pans, the longline tuna boats (known 
locally as flagline boats, Fig. 3), had 
decreased substantially, and the condi
tion of many of the boats was poor. 
Fishing remained close to the main 
Hawaiian islands, although some older 
bottomfish boats fished the NWHI. 
Volume of fish in the fresh fish market 
had declined, and few improvements 
in marketing were apparent. Most fresh 
seafood appeared to be consumed in 
the home, and ethnic identification with 
particular species was very strong. 
Nearshore reef and schooling fish were 
still relatively abundant, but Hawaii ' s 
commercial fishery reached its nadir 
in 1975.4 

Figures 4 and 5 provide estimates of 
Hawaii's long-term commercial fish
ing landings and revenue.s Revenues 
throughout this paper are inflation-ad-

4In terms of inflation-adjusted revenue. The 
lowest landings were in 1969 using NMFS esti
mates, but 1975 was the second lowest year. 
5Estimates are required because official records 
of commercial fisheries landings were not com
prehensive in some years during that period. 
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justed values to a 1990 base year. Fig
ures on landings and revenue for the 
period 1948-76 are based entirely on 
the Hawaii Division of Aquatic Re
sources (HDAR) commercial fishing 
landings reports. Figures for the pe
riod 1986-90 are based largely on 
NMFS estimates of Hawaii's commer
cial landings and on our own whole
sale market monitoring program. The 
period 1977-85 is a combination of 
the HDAR data with NMFS estimates 
of particular gear types (longline and 
NWHI lobster).6 Table 2 provides a 
breakdown of the NMFS data for 1990 
by gear type. 

Figure 4 differentiates the aku boat 
fishery (skipjack tuna) from the rest of 
the fishery (identified as "non-aku") 
because the aku fleet has been the 
source of most annual variation in land-

6Appendix A, available from the author, pro
vides additional detail on the NMFS estimates 
for the period 1979-90, as well as time-series 
for individual gear types (aku boat, longline, 
NWHI lobster, NWHI bottomfish, main Hawai
ian Islands, and other gears) from 1948 to 90. 

Table 2.-Hawaii commercial fisheries, 1990. NMFS 
estimates based on logbooks and shoreside moni· 
toring. MHI = main Hawaiian Islands; NWHI = North-
western Hawaiian Islands. 

Weight (1,000 lb.) 
Thousand 

Fleel Caught Sold dollars 

Longline 13,090 12,200 $28 ,800 

Troll and handline 
pelagics 4,460 4,050 6,980 

Aku boat 1,005 1,005 1,838 

MHI boltomfish 830 810 3,300 

NWHI boltomfish 420 400 1,070 

NWHI lobster 949 949 4,887 

Other 1,700 1,594 3,513 

Tolal 22 ,454 21,008 50,388 

ings. The average annual variation in 
detrended aku landings was 164% 
(compared with 27% for non-aku land
ings) in the period 1948-90.7 Any 
analysis of the overall Hawaii com
mercial fishery over time must differ
entiate the overall trend from these 
fluctuations in the aku fishery. 

Aku landings declined through the 
mid-1970's to the closing of the can
nery in 1984, and then continued to 
fall through 1990. Aku landings fell as 
a percentage of total landings (by 
weight) from over 70% in the 1960's 
to less than 20% in the last five years 
of the 1980' s, and to only 4.5% in 
1990. However aku revenue has not 
fallen as appreciably because of the 
higher market price of fresh aku (com
pared with the cannery price in the 
pre-1985 period). 

Major Developments Since 
the Mid·1970's 

The nature and value of Hawaii's 
present day fisheries and seafood in
dustry have changed dramatically since 
the 1970's. The commercial fishery has 
more than doubled in inflation-adjusted 
ex-vessel value since 1970 to $50 mil
lion in 1990 and $60 million in 1991. 
The seafood market is probably worth 
over $100 million (including imported 
seafood), there is a $10-15 million char-

7Detrending is a simple statistical procedure to 
remove the long-term change (growth or de
cline) in a time series. The resulting figures 
then reflect more accurately the shorter-term 
variation, in this case, the year-to-year varia
tion, in the 1948 to 1990 time period. 
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Figure 5,-Hawaii commercial fishery revenue, 1948-90. NMFS estimates, total, aku boat 
(pole-n-line skipjack tuna) , and all other gears. Revenue adjusted for inflation to 1990 
U.S . $ base. 

ter boat industry, probably an equiva
lently valued tournament fishery, and 
there is a recreational and subsistence 
marine fishery with direct expenditures 
of $24 million.8 Figure 6 displays our 
estimate of the Hawaii seafood market 
supply in 1990, with 20 million pounds 
($50 million) from commercial fish
ing, 9 million pounds from recreational 
fishing, 15 million pounds ($30 mil
lion) from foreign imports, 24 million 
pounds ($45 million) from the main
land U.S., and 3.5 million pounds ($10 
million) exported.9 

Perhaps the most notable long-term 
trend in Hawaii's overall commercial 

10 

fishery is the dramatic increase in in
flation-adjusted ex-vessel revenue in 
the 1980's (Fig. 5). The increase in 
revenue (240%), which is reflected in 

8The definition and determination of "value" 
for recreational and subsistence fisheries is a 
complex methodological issue. Direct compari
son of the expressed dollar values of commer
cial vs . recreational fi sheries is generally not 
appropriate; see Edwards (1990) for a primer 
on these issues. Meyer (footnote 20) estimated 
the nonmarket value of small-boat noncommer
cial fishing in Hawaii at $200 million, using 
hedonic valuation methods, compared to actual 
direct expenditures of $24 million. 
9Hawaii ' s seafood marketing sector is described 
in: J. C. Cooper and S. G. Pooley. 1982. Total 
seafood volume in Hawaii's wholesale fish 

the increased value of the marketing 
sector, is even greater than the increase 
in pounds landed (200%), although less 
than the increase in non-aku landings 
(300%). The increase in average ag
gregate price reflects a substantially 
growing demand, particularly in the 
restaurant and export (U.S. mainland 
and foreign) markets, more than match
ing the increased supply for most spe
cies during the period. 

There are many elements to these 
recent changes in Hawaii's seafood in
dustry. Perhaps the first harbinger of 
change was the arrival of albacore troll
ers from the west coast en route to 
newly discovered fishing grounds north 
of Midway Islands late in the 1970's. 
This caused a new perspective on the 
nature of Hawaii's role in the Pacific
wide fishery and led to some substan
tial changes on the Honolulu water
front. Not the least of these changes 
was the technological demonstration 
effect of the mere presence of these 
distant-water, highly mobile vessels lO. 

In 1985, there were 75 albacore troll
ers in the U.S. North Pacific fishery 
(Hawaii Division of Aquatic Re
sources, 1986). Landings peaked at 3.8 
million pounds, but because of logis
tics, the closure of the Honolulu can
nery, and the changing world tuna mar
ket, Hawaii did not become the tuna 
processing and transshipment center 
that was anticipated. Eventually less 
than 20 albacore vessels chose to make 
Honolulu their home port. 

Also in the 1980's, the Northwest
ern Hawaiian Islands spiny lobster fish
ery began to bloom. The NWHI possess 
a large EEZ but have relatively limited 
fishing grounds for nonpelagic species. 
During a cooperative research effort of 
the NMFS, HDAR, University of Ha
waii, and U.S. Fish and Wildlife Ser
vice in the 1970' s (Grigg and Tanoue, 

markets . Southwest Fish. Cent. Admin. Rep.H-
82-15 , 12 p.; J. C. Cooper and S. G. Pooley. 
1983. Characteristics of Hawaii's wholesale 
seafood market. Southwest Fish. Cent. Admin. 
Rep. H-83-22, 33 p. ; W. K. Higuchi and S. G. 
Pooley. 1985. Hawaii' s retail seafood volume. 
Southwest Fish. Cent. Admin. Rep. H-85-06, 
16 p.; and MacDonald and Deese (1988). 
l<Jorhe demonstration effect relects indirect learn
ing initiated by the presence of a new technol
ogy or methodology, usually introduced into a 
culture or a society from outside. 
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Figure 6.-Hawai i seafood market shares, 1990. NMFS estimates. 
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Figure 7.-NWHI lobster landings, pounds and revenue, 1977-90. NMFS estimates and 
figures. Revenue adjusted for inflation to 1990 U.S. $ base. 

1984), scientists discovered substan
tial quantities of spiny lobster in the 
NWHI. By the mid-1980' s, with the 
additional discovery of slipper lobster, 
NWHI lobster was one of Hawaii's 
largest fisheries in terms of ex-vessel 
revenue (Fig. 7). To develop the lob
ster fishery, new fishermen and new 
boats came to Hawaii, primarily from 
the Pacific Northwest (Fig. 8). Large 
vessels, some over 100 feet in length, 
with advanced technology freezing 
and processing equipment, entered the 
fishery. New traps were introduced 
from California which made fishing not 
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only more efficient but also allowed the 
slipper lobster to be caught commercially. 

Although the first lobsters were sold 
locally as a live product, soon almost 
all were produced as a frozen tail prod
uct and sold to mainland U.S. buyers. 
This was the first premium product of 
Hawaii's new commercial fisheries, 
with prices ranging up to $13.50 per 
pound for the tails. However, neither 
the albacore nor the lobster fishery 
changed the basic structure of the Ha
waii fresh fish market. 

The NWHI also proved to be a good 
location for bottom fishing (mecha-

nized "handline" fishing for snappers, 
groupers, and jacks), which required a 
medium-scale modem fishing vessel 
(Fig. 9) similar to those used in the 
lobster and albacore fisheries. The ex
panding supply of pink and red snap
pers (opakapaka and onaga) locally 
made possible the expansion of the res
taurant market by allowing a regular 
and consistent supply of relatively fresh 
fish (Fig. to) . At the same time, the 
restaurant market for fresh mahimahi 
also expanded, providing a new source 
of income for local trollers (Taken aka 
et al. II). Local wholesale dealers were 
able to promote fresh local mahimahi 
as a substitute for some of the large 
imports of frozen mahimahi. Since both 
bottom fish and mahimahi were landed 
fresh and sold primarily at the Hono
lulu auction, this marked an important 
change in the local fishery and rein
vigorated the local fresh fish market. 

With a much larger restaurant mar
ket in Honolulu, bottomfish fishermen 
from the main Hawaiian Islands were 
able to obtain premium prices for their 
considerably fresher catch, and thus 
were motivated to increase their land
ings (Fig. II). Finally, some whole
sale seafood dealers began sending 
opakapaka and mahimahi to the main
land, establishing a distinctively Ha
waiian seafood presence linked to 
Hawaii's tourism market. 

In the late 1970's and early 1980's 
the traditional Hawaiian tuna handline 
fisheries, known as ika shibi (Ikehara I2) 

and palu ahi, revived owing to fuel
efficient small-scale vessels (Fig. 12). 
These fisheries , which targeted yellow
fin and bigeye tuna (both known lo
cally as ahi, along with albacore), were 
centered on the Big Island (Hawaii), 
but much of the product at the time 
was shipped to Honolulu for the res
taurant market. This was a useful de-

" B. Takenaka, L. Toricer, S. G. Pooley, and J . 
C. Cooper. 1984. Recent trends in the commer
cial fishery and marketing of mahimahi and 
ono in Hawaii . U.S. Dep. Commer. , NOAA, 
Natl. Mar. Fish . Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-84-9, 20 p. 
12W. Ikehara. 1981. A survey of the ika-shibi 
fishery in the state of Hawaii , 1980. U.S. Dep. 
Commer. , NOAA, Natl. Mar. Fish. Serv., South
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin Rep. H-82-4C, IIp. 
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Figure 8.-Drawing of typical NWHI lobster boat. 

40 to 65 feet 

Figure 9.-Drawing of typical NWHI bottomfish boat. 

velopment for the neighbor islands 
whose commercial fishery appeared to 
be left behind by the growth of the 
large-scale fishing fleets based in Ho
nolulu. Today, there are strong local 
markets for fresh fish on the neighbor 
islands, associated with the expansion 
of the tourist trade on those islands, 
and there is considerable "export" of 
fresh fish to the U.S. mainland. How
ever, access by handline boats to the 
higher value-added market has been 
limited on account of a phenomenon 
known as the "burnt tuna phenom-

12 

enon," a condition in which the meat 
of handline and troll caught yellowfin 
tuna is metabolically degraded during 
fishing when not offset by rapid icing. 
Nonetheless, landings of tuna and other 
pelagics (primarily billfish, mahimahi , 
and ono) by troll, handline, and mis
cellaneous gears (i.e., excluding 
longline and aku boat) increased by 
elevenfold from 1970 to 1990 (Fig. 13). 

In 1984 the tuna cannery Hawaiian 
Tuna Packers closed, coinciding with 
a period of substantial reorganization 
in the multinational canned tuna in-

dustry. As a result, the aku boat fleet 
declined from 12 active boats in 1979 
(Hudgins, 1980) to just 7 active boats 
in 1986, selling solely to the fresh mar
ket (Boggs and Pooley, 1987; Pooley 
et al. 13). Attempting to expand that 
market was a major project of State 
government in the 1980' s (MacDonald 
et a\., 1991), but current conditions in 
the fishery suggest that an entirely new 
start will be required, including a solu
tion to the perceived bait problem and 
limitations on market penetration (pri
marily due to limited shelf life), if the 
potential yield of the skipjack resource 
is to be achieved in the future (Boggs 
and Pooley, 1987). Landings in the past 
five years have averaged less than 5 
million pounds, with only 4 full-time 
aku boats active in the fishery. 

By the mid-1980's, the export mar
ket for Hawaii's fresh bigeye tuna rose 
dramatically, largely as a result of mar
keting efforts by major wholesale deal
ers and the favorable exchange rate 
between the dollar and the yen. This 
marked the early resurgence of 
Hawaii ' s traditionallongline tuna fleet, 
which produces a superior-grade tuna 
for sashimi (raw tuna). In the late 
1980's, both NWHI bottomfish and 
lobster boats began facing lower catch 
rates and increased regulation, so that 
a number of these vessels began to 
transfer to the longline fishery. 

In the early 1980' s, perhaps as few 
as 15 vessels were fishing with longline 
gear in Hawaii. Today, over ISO ves
sels are in the longline fleet. Most of 
the vessels are newer and larger. 
Whereas the older sampans are about 
45 feet, the new steel-hulled vessels 
range from 65 to 115 feet (Fig. 14). 
Many of the older vessels have new 
owners and have been refurbished. The 
longline crews have been trying a num
ber of different fishing strategies, from 
fishing as far as 1,200 miles from Ho
nolulu to fishing right off the reef, 14 

13S . G. Pooley, S. Teramoto, and A. C. Todoki. 
1988. Hawaii 's aku fi shery in 1986 and 1987. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv. , Southwesl Fish . Cent. Admin. Rep . H-
88-16,15 p. 
14Fishing off the reef provides a major fisheries 
management controversy. The Western Pacific 
Fishery Management Council has closed the 
waters around the main Hawaiian Islands to 

Continued 
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from fishing for the high-valued big
eye tuna to fishing for the lower-val
ued but more abundant yellowfin tuna, 
to long-distance fishing for swordfish 
destined for export to the east coast. 
The new vessels deployed a new gear 
which has now become the predomi
nant gear throughout the Hawaiian 

longline fishing and has imposed a moratorium 
on new entry into the Hawaii -based longline 
fishery from 1991 through 1994 (Amendments 
2, 4, and 5 to the Fishery Management Plan for 
the Pelagic Fisheries of the Western Pacific 
Region, Western Pacific Regional Fishery Man
agement Council, Honolulu, Hawaii 1986, as 
amended in 1991.) 
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longline fishery, the more efficient 
monofilament mainlines stored on 
reels , frequently set by powered line 
throwers (Kawamoto et al. I5 ) . The 
growth of the long line fishery is de
picted in Figure 15. 

Hawaii 's market for fresh tuna (and 
other pelagics such as mahimahi) is 
now highly competitive, with compe
tition in supply from Florida to Aus
tralia. The local fish market must now 

15K. E. Kawamoto, R. Y. Ito, R. P. Clarke, and 
A. Chun. 1989. Status of the Hawaiian tuna 
longline fishery 1987-88. U.S. Dep. Commer. , 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 

compete with the Tskuji market in To
kyo for the raw product, and local con
sumers must compete with the local 
restaurant trade and the export market. 

If we take a brief look in retrospect, 
in 1979 the Hawaii Fisheries Develop
ment Plan predicted commercial fish
eries growth to 50 million pounds in 
1990 and 85 million pounds in the year 
2000 (Department of Land and Natu
ral Resources, 1979b). As one of the 
Plan's co-authors, I would say we failed 
to anticipate the likelihood and poten
tial consequences of the collapse of 
U.S. production of canned tuna (the 
closure of the California and Hawaii 
canneries, and the emphasis on purse
seine tuna processing at the American 
Samoa and Puerto Rico canneries), and 
thus our forecasts for skipjack and al
bacore tuna landings were far afield. 
We also expected a rapid development 
of the oceanic shrimp fishery, but ulti
mately the resource did not support 
large-scale development (Tag ami and 
Ralston 16) . But for ahi, NWHllobster 
and bottomfish, the projections for 
growth have been quite reasonable. The 
prospects for further development in 
pelagics remain strong, although de
velopment must now be tempered by 
fisheries management considerations. 17 

Fleets and Current Landings 

Hawaii 's commercial fishery ex
ceeds $50 million in ex-vessel rev
enues, from 22 million pounds of 
landings in 1990. The longline tuna 

Cent. , Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-89- 1 0, 33 p. 
160 . T. Tagami and S. Ralston. 1988. An as
sessment of exploi table biomass and projection 
of max imum sustainable yield for Heterocarpus 
laevigatus (shrimp) in the Hawaiian Islands. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Cent., Honolulu Lab., 
Southwest Fish. Cent. Admin. Rep. H-88- 14, 
22 p. 
17The relationship, or lack thereof, of fishery 
development and fishery management has been 
a difficult one. The Western Pacific Fishery 
Management Counci l initially tried to bridge 
the gap, bu t it had few resources which could 
be placed on fi shery development issues. Within 
the State of Hawaii government, the two func
tions exist in different departments , while within 
NMFS , fishery development functions have 
been phased out since the late 1970' s except 
for awards to private sec tor projects (the 
Saltonstall-Kennedy grants) . Most State of Ha
waii fishery 
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Figure 12.-Drawing of typical MHI (A) bottomfish, (B) pelagic handline, and (C) trolling boats. 

fishery is the largest commercial fish
ery in Hawaii, valued at $29 million. 
The smaller-scale troll and handline 
fisheries for tuna and mixed pelagics, 
such as mahimahi, are next in value, at 

Continued 
17 Continued 
conservation aClivllies are oriented toward 
nearshore fisheries. The State 's 1985 fishery 
development plan added an emphasis toward 
the noncommercial sectors Hawaii 's fishery and 
warned: "Fisheries development can only be 
promoted for those fishery resources that can 
withstand increased fishing pressure without 
damaging the integrity of the resource .... " 
(Hawaii Division of Aquatic Resources , 1986). 
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$7 million, while lobster, aku (skip
jack tuna), and bottomfish (snappers, 
groupers, and jacks) are the other ma
jor commercial fisheries (Table 2). 

While there were 15,000 boats reg
istered (or documented) in Hawaii in 
the 1980's, only from 7,500 to 5,000 
were used for fishing (Skillman and 
Louie l8 , Sumida, et al. l9 ; Meyer Re
sources Inc.2o). Less than 2,000 ves
sels are presently registered for 
commercial fishing and, while there 
are less than 3,500 people holding com-

mercial fishing licenses (issued to in
dividuals), most commercial fishing li
cense holders make minimal record of 
landings. There are perhaps only 750-
500 boats that could be considered full
time commercial and charter-boat 
fishing operations. Almost all the fish
ing boats in Hawaii are less than 100 
feet overall; only a portion of the 
longline fleet is longer than 75 feet. 

This mixture of small and medium
sized fishing vessels has been relatively 
beneficial for Hawaii 's fisheries 
(Pooley21). Large vessels can easily 
overharvest many of the nonpelagic 
resources while having a hard time 
making ends meet over the long run in 
such limited fisheries22. Many of the 
medium-sized vessels have the ad
vanced technology and mobility to 
make switching between fisheries a vi
able business strategy23, while at the 
same time not having a strongly nega
tive impact on the small-scale com
mercial and recreational fishermen. 
Indeed, it was believed that Hawaii's 
offshore pelagic fisheries, which are 
substantially less susceptible to over
fishing by small and medium-sized 

ISR. A. Skillman and D. K. H. Louie. 1984. 
Inventory of U.S. vessels in the central and 
western Pacific: Phase 2-verification and clas
sification. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent., Hono
lulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-84-12, 21 p. 
19R. F. Sumida, B. M. Ito, and J. P. Draper. 
1985. Inventory and uses of vessels in Hawaii , 
1984. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab. , nontechnical report. 
20Meyer Resources Inc. (P. A. Meyer.) 1987. A 
report on resident fishing in the Hawaiian is
lands. (A project to determine the economic 
value of recreational fishing in Hawaii .) U.S. 
Dep. Cornmer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-87-8C, 74 p. 
21S. G. Pooley. 1985. The hopelessness of the 
invisible hand: small versus large fishing ves
sels in Hawaii . U.S. Dep. Commer. , NOAA, 
Natl. Mar. Fish. Serv., Honolulu Lab., South
west Fish. Cent. Admin . Rep. H-85-02, 16 p. 
22For example, Clarke and Pooley (1988) found 
that mid-sized vessels (65 feet overall length) 
were the most profitable in the NWHI lobster 
fishery, while the larger vessels (greater than 
75 feet in overall length) were not profitable. 
However, the larger lobster vessels have par
ticipated in the NWHI lobster fishery and have 
a dramatic impact on available stocks of lobsters. 
23 A strategy increasingly constrained by the 
implementation of limited entry in Hawaii 's 
major commercial fisheries. 
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Figure 14.-Drawing of typical modern Hawaii longline boat. 
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fishing vessels, would be an attractive 
avenue for future growth. Unfortu
nately the recent development of the 
longline fishery has been less benign, 
with substantial disputes amongst par
ticipants (Pooley, 1990). 

The structure of Hawaii's seafood 
markets has encouraged value-added 
fisheries development (i.e., the produc
tion of a higher quality and higher
priced product through improved 
handling and marketing and the in
creased utilization of lower valued spe
cies), but with some definite side effects 
for Hawaii consumers (i.e., higher 
prices and lower availability). Whereas 
many mainland U.S. fisheries are "in
dustrial-strength" with poor reputations 
for quality, low fresh fish prices, and 
poor incomes for fishermen, in Hawaii 
the combination of auctions and direct 
purchases from outside sources has 
meant a consistently high-quality prod
uct. However, fresh fish prices have 
risen considerably since 1970, even 
adjusted for the general rate of con
sumer price inflation (Fig. 16). This 
has been prompted by the explosion of 
restaurant demand, where fresh 
mahimahi can be found on local res
taurant menus from Moiliili to 
Kaanapali, and on the U.S. mainland 
from Seattle to Des Moines to Boston. 
For local consumers, the loss of the 
aku (skipjack tuna) fleet has produced 
higher retail prices for fresh tuna. Our 
analysis of the price structure of Ha
waii fresh fish prices (Pooley, 1987; 
Pooley24, 25) indicates that the market 
provides strong quality premiums and 
is thus a competitive forum for most 
major fishery producers. However, as 
the export market develops from the 
sashimi "niche" to the swordfish "seg
ment," transshipping operations are in
creasing. This reduces the "local 
content" of Hawaii's fishery landings, 
at some detriment to Hawaii's economy 
and to local consumers. 

24S . G. Pooley. 1986. Competitive markets and 
bilateral exchange: the wholesale seafood mar
ket in Hawaii. U.S . Dep. Com mer. , NOAA, 
Nat!. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish . Cent. Admin. 
Rep. H-86-08 , 14 p. 
25S. G. Pooley. 1991. Revised market analysis: 
Hawaii yellowfin tuna. NMFS Southwest Fish. 
Cent., Honolulu Lab. manuscr. 003-9IH-MRF. 
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Recreational Fisheries 

The distinction between "recre
ational" and "commercial" marine fish
ing in Hawaii's small boat fleets is 
extremely tenuous. As opposed to most 
mainland U.S . states, there is relatively 
easy access to most fishing locations 
by most residents of Hawaii. Further
more, and perhaps most important, 
Hawaii's seafood market is not as cen
tralized and industrialized as mainland 
fisheries, so that it has always been 
feasible for small-scale fishermen to 
sell any or all of their catch for a re
spectable price. Many people sell a 
portion of their catch to offset fishing 
costs, while division of the catch 
amongst fami ly and friends is also a 
common practice and indeed in some 
circles, an important cultural and so
cial obligation. Many people who might 
be considered "commercial" fishermen 
in fact hold a full-time or part-time job 
which provides more income than fish
ing. Furthermore, charter-fishing boat 
captains generally retain their catch for 
sale in the local market, unless explici t 
arrangements are made to the con
trary .26 Even the catch at major sports 

26Reporting of catch by charter boats to the 
Hawaii Division of Aquatic Resources was for
malized in 1985. Prior to that, some charter 
boats reported their catch , and others did not. 
Charter boats are not explicitly differentiated 
in the State commercial fi sh catch reports, al 
though the commercial fi shing license identi 
fies these vessels. 
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fishing tournaments is frequently sold 
by the charter captains. Not only are 
there overlapping structural factors in 
commercial and recreational fishing, 
but the legalistic differentiation is not 
particularly helpful. People who catch 
and sell at least a part of their catch are 
required to have a State of Hawaii com
mercial fi shing license. However these 
licenses cost only $25 ($50 to nonresi
dents), and there is no marine recre
ational fishing license. Furthermore, 
there is no active dealer-reporting sys
tem, and Federal fisheries management 
has yet to require permits for the small
boat bottomfish and pelagic fleets. 

Because of the lack of information 
on the small-boat fisheries, a number 
of survey approaches have been taken 
to estimate the extent of Hawaii's "rec
reational" fisheries. The most compre
hensive was the NMFS Marine Recre
ational Fi shing Stati stical Survey 
(1979-81) which was a combined tele
phone and creel intercept survey.27 The 
intercept included all modes of marine 
fishing : shoreline; piers and jetties, pri
vate vessel ; and charter boat. The tele
phone and intercepts were fielded by a 
local company under contract to NMFS 

27Data and methodology for the NMFS Marine 
Recreational Fishing Statistical Survey in the 
wes tern Pacific were never published offic ially. 
These interpretations are based on project docu
ments obtained by the Honolulu Laboratory sev
eral years after the survey was completed . 

headquarters (with minimal actual in
volvement by NMFS staff in Hawaii), 
but the statistical expansions were un
dertaken by a firm on the mainland 
and delivered only to NMFS headquar
ters. For reasons not entirely under
stood, the expansions provided incon
sistent estimates of various species and 
the results were never published. How
ever, if we assume the major source of 
error was in individual species extrapo
lation, rather than in total participation 
and total or aggregate landings, then 
the following results can be derived. 

The 1980 estimates of participation 
were 2.1 million fishing trips (620,000 
by private boats and 88,000 by charter 
boats, the remainder being shoreside 
fishing) taken by 235,200 residents and 
82,200 visitors (tourists). This 
amounted to 24% of the de facto resi
dent population. The estimated weight 
of "recreational" fish caught was 4.4 
million pounds, of which 94% was 
from boat fi shing.28 

In 1984, the Honolulu Laboratory, 
NMFS, and the Division of Aquatic 
Resources, State of Hawaii, conducted 
a survey of vessel owners registered 
with the State of Hawaii 's Department 
of Transportation29 (Skillman and 
Louie30 ; Sumida et al. 31) . Of the re
spondents who indicated they fi shed 
during the year, 70% said they never 
sold any of their catch, and only 16% 
sold at least half their catchY 

28These es timates were based on samples taken 
from the 8,033 people who were " intercepted" 
(sampled) in Hawaii . "Recreational" was not 
well defined, but is be lieved to indicate the fish 
weighed at the sample location were not to be 
sold . The expansion was based on 4,593 te le
phone interviews to Hawaii househo lds , of 
which 15% contained people who went fishing . 
290f the approximately 14,500 vessels regis
tered in 1984 with the State Department of 
Transportation (or documented with the Coast 
Guard in Hawaii), 12,578 were deemed to have 
fishing vessel characteristics (crui se liners were 
excluded, for example). Sixty percent of the 
questionnaires were completed, with 5,496 ves
sel owners reporting their vessel was used for 
fishing. No examination of the nonrespondents 
was made, so it is not known to what extent 
returns on this survey were self-selected from 
fishing vessel owners or not. Presumably 9,200 
vessels (60% of the initial population of ves
sels) could have been used for fishing, but we 
have tended to use the lower figure as more 
rea li stic on the expectation that many people 
who did not use thei r boat fo r fi shing would not 
bother to answer and return a survey oriented 

Continued 
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In 1987 the Hawaii Division of 
Aquatic Resources surveyed its license 
holders on a number of issues. Al
though the response rate was low (30% 
of the 2,529 license holders responded), 
the survey appears to confirm the im
pression that most "commercial" fish
ing license holders in Hawaii do not 
make their livelihood from fishing: 
80% or more of the respondents on 
each island indicated they earned less 
than 51 % of their gross income from 
fishing. 

Karl Samples, University of Hawaii, 
prepared a series of studies on charter 
boat fishing during the early 1980' s 
for NMFS. Samples found that the 
charter boat fleet consisted of 119 boats 
in 1982 (Samples et aP3). These ves
sels are almost entirely 2-6 passenger 
vessels where half-day and whole-day 
charters are sold to the group, rather 
than to individuals (as in U.S. main
land "head" and "party" boats). This 
fleet generated 73,780 passenger trips 
with a direct income of $8.1 million34. 
Total fish catch by the charter boat 
fleet was 2.2 million pounds. It was 
also estimated that charter boat patrons 
spent $39 million directly related to 
charter fishing as a vacation or leisure 
activity (Samples and Schug35). 

29 Continued 
towards fishing . We also noted through inspec
tion of the respondents that most of the full
time commercial fishing boats also did not 
respond. 
30R. A. Skillman and D. K. H. Louie. 1984. 
Inventory of U.S. vessels in the central and 
western Pacific : Phase 2-verification and clas
sification . U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent. Admin. 
Rep. H-84-12, 21 p. 
3J R. F. Sumida, B. M. Ito, and J. D Draper. 
1985. Inventory and uses of vessels in Hawaii , 
1984. NMFS Southwest Fish. Cent., Honolulu 
Lab ., nontechnical rep. 
320nly 3% of the respondents said they made 
half their income from fishing, suggesting that 
the survey returns were biased toward small
scale recreational fishermen . 
33 K. C. Samples, J. N. Kusakabe , and J. T. 
Sproul. 1984. A description and economic ap
praisa l of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., South
west Fish. Cent. Admin . Rep. H-84-6C, 130 p. 
34Income from charter fees was approximately 
$5.8 million while income from selling fish 
was $2.3 million. 
35K. C. Samples and D. M. Schug. 1985. Char
ter fishing patrons in Hawaii : a study of their 
demographics, motivations, expenditures and 
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The only major study of the eco
nomics of recreational fishing in Ha
waii was undertaken by Meyer 
Resources Inc.2o for NMFS. This study 
used a variation of the contingent (non
market) valuation technique on focus 
groups composed of recreational fish
ing clubs in Hawaii . Meyer estimated 
that there were 6,684 small boats used 
for "resident" fishing (defined as: "per
sons who are not making their primary 
living from commercial fishing," 
Meyer20, p. 1) in Hawaii, with direct 
expenditures of $24 million. Total catch 
by these vessels was 21 million pounds, 
of which 47% was sold. The remain
der was used for home consumption 
(23%), given away to friends and fam
ily (21%), or otherwise used. Using 
contingent valuation techniques, Meyer 
estimated that the non market value of 
these fishing trips to Hawaii resident 
fishermen was $239 million.36 

Finally, in 1990 and early 1991 the 
State of Hawaii, with the assistance of 
NMFS, conducted a survey of small 
boat launch sites and harbors on Oahu 
(the island on which Honolulu and 80% 
of the population is situated) to under
stand better offshore fishing by recre
ational and subsistence fishermen. The 
results from this survey may provide a 
stronger basis for estimating current 
recreational and part-time commercial 
fishing activity (Hamm and Lum37). 

Recent Issues 

Naturally, the transition from the old 
style to the new in Hawaii's offshore 
fisheries has not occurred without bio
logical , economic, and social impacts. 
Hawaii's commercial and recreational 

35 Continued 
fishing values. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-85-8C, 95 p. 
36Nonmarket value means in this case what the 
participants thought their fishing "experience" 
was worth in market terms. Frequently this is 
termed "willingness to pay," as in "How much 
would you be willing to pay to continue fishing 
.... ?" although that is not the precise approach 
used by Meyer. 
37D. C. Hamm and H. K. Lum. 1992. Prelimi
nary results of the Hawaii small-boat fisheries 
survey. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv. , Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. H-
92-08,35 p. 

fisheries are no longer what they were, 
and the relationship between Hawaii's 
people and the sea has changed. We 
have already mentioned the change in 
availability and price of locally caught 
fish for Hawaii's resident consumers, 
but there have been changes in the wa
ter and on the docks too. 

Recognition that nearshore fish re
sources have diminished (as well as 
consumer fears concerning ciguatera 
toxins), combined with the rise in tour
ism-related ocean recreation, means 
that there will be more pressure for 
nearshore marine environment manage
ment, with a premium on noncon
sumptive uses of marine resources. A 
number of State of Hawaii initiatives 
have focused on this recognition, in
cluding the Main Hawaiian Islands -
Marine Resources Investigation 
(Pooley38 and Hawaii Division of 
Aquatic Resources, 1988), and there 
has been a broad strategic planning 
approach to coastal zone management 
and development (Hawaii Ocean and 
Marine Resources Council, 1991). Fur
thermore, rights of native Hawaiians 
to fishery resources are being explored, 
primarily through the offices of the 
Western Pacific Fishery Management 
Council (Iversen et aI., 1989), and these 
will undoubtedly affect the ultimate 
resolution to fishery management is
sues. How Hawaii balances ail of these 
interests may be a major political issue 
for the 1990's. 

There are also some direct competi
tive pressures accompanying the rapid 
growth of the longline fishery. The 
Western Pacific Regional Fishery Man
agement Council (Council) is the cen
ter of commercial fisheries manage
ment in Hawaii, whereas the state 
government is concentrating on near
shore fishing issues. The early years of 
the Council involved laying out a fish
ery management structure with rela
tively little emphasis on the distribu
tive issues which were central on the 

38S. G. Pooley (Editor). 1988. Recommenda
tions for a five-year scientific investigation on 
the marine resources and environment of the 
main Hawaiian islands . U.S. Dep. Commer. , 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-88-2, 22 p. 
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U.S. mainland. The NWHI lobster and 
bottomfish fishery management plans 
(FMP's) addressed limited fisheries 
with limited interaction with other fish
eries. The pelagic species FMP's orien
tation was simply toward displacing for
eign longline fishing in the Council areas. 
However, with the growth of the domes
tic longline fishery in the late 1980' s, the 
Council was suddenly faced with com
peting domestic issues. 

Resolving these pressures has in
volved a real trade-off between the cost 
of regulation, in terms of the cost of 
biological and economic research and 
in terms of changes in life-styles, and 
the potential benefits of well-managed 
natural resources . People who go fish
ing are frequently very independent, 
more so than most. All one needs to do 
is examine the vastness and isolation 
of their working environment. They 
are also our most accessible observers 
of oceanographic conditions and ma
rine biology. It seems that more needs 
to be done to encourage their commu
nity of interests with the rest of 
Hawaii's ocean and coastal users. 

Foreign and U.S. mainland fisheries 
and markets are also influencing 
Hawaii 's marine fisheries either 
through biological resource pressure 
and environmental effects which have 
led to displaced fleets or changes in 
market conditions, or through more di
rect changes in seafood markets. For
eign longline and baitboat fisheries for 
tuna have fished the central Pacific for 
decades . Although foreign longline 
vessels are effectively precluded from 
fishing within 200 miles of Hawaii (in
cluding the NWHI), the tuna and bill
fish stocks they seek probably are 
sufficiently migratory to hypothesize 
an interaction between their distant
water capture and fishing conditions 
in Hawaii. Furthermore, a number of 
local entrepreneurs have been explor
ing the importation of fresh fish di
rectly into Honolulu from foreign 
longline vessels fishing just outside the 
U.S. Exclusive Economic Zone. The 
U.S. purse seine tuna fleet has ex
panded dramatically into the South Pa
cific, and the U.S. albacore trollers are 
now fishing the South Pacific, both 
using American Samoa as a base. Guam 
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and the Northern Mariana Islands are 
also used as transshipment centers for 
purse seine and longline fisheries. The 
apparent closing down of the Japanese, 
South Korean, and Taiwanese drift 
gillnet fleets fishing for squid and al
bacore tuna, due to their impact on sea 
birds and marine mammals, may af
fect both the commercial fisheries of 
the central Pacific and seafood mar
kets. In addition, there are the poten
tial impacts of ocean mining and other 
nonfishery related marine developments. 

Ironically, perhaps one of the most 
important economic components of 
Hawaii 's commercial fishing industry 
is not fishing at all; it is the resupply 
operations for the hundreds of foreign 
fishing boats and refrigerated transports 
which stop in Honolulu harbor for sup
plies. The direct economic impact of 
these vessels is $46 million annually 
(Hudgins and Iversen, 1990). The 
whole question of harbor infrastruc
ture has been a thorny one even before 
the original fisheries development plan 
(Department of Land and Natural Re
sources, 1979b). Similarly, the rela
tionship between fisheries development 
and fisheries management and between 
fisheries and other coastal zone activi
ties (cf. Department of Land and Natu
ral Resources, 1979a) are central to 
Hawaii's political agenda in the 1990' s. 

Commercial fishing and the expen
ditures of the recreational and subsis
tence fisheries do not comprise a large 
industry in Hawaii , not even as a per
centage of the overall ocean sector, 
although they are larger than many sec
tors of diversified agriculture and 
manufacturing. But fishing has a num
ber of important linkages to Hawaii 's 
current industrial and commercial 
structure and to Hawaii' s cultural heri
tage. The commercial, recreational, and 
subsistence fisheries of Hawaii are im
portant barometers of conditions in the 
ocean environment. Those of us whose 
job it is to monitor the marine fisheries 
and to conduct applied research on 
those fisheries are constantly fascinated 
by the variation which is displayed. 
The purpose of this paper has been to 
provide a better historical framework 
with which policy makers and the pub
lic can assess Hawaii's marine fisheries. 
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Hawaii's Pelagic Fisheries 

CHRISTOFER H. BOGGS and RUSSELL Y. ITO 

Introduction 

Hawaii's pelagic fisheries are small 
in comparison with other Pacific pe
lagic fisheries (NMFS, 1991), but they 
are the largest fisheries in the State 
(Pooley, 1993b), and much larger than 
other U.S. island-based fisheries in the 
western Pacific (Hamm et al. I ). Stocks 
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Quach. 1992. Fishery stati stics of the western 
Pacific. Vol. VII. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Sci. 
Cent., Honolulu Lab., Southwest Fish. Sci . Cent. 
Admin. Rep H-92-06, var. pag. 
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NOAA. 

ABSTRACT-Hawaii's diverse pelagic 
fisheries supply the bulk of the State's to
tal catch. The largest Hawaiifishery is the 
recently expanded long line fishery, which 
now lands about 4,400 metric tons (t) of 
broadbill swordfish, Xiphias gladius; 
1,500 t of bigeye tuna, Thunnus obesus, 
and 3,000 t of other pelagic species annu
ally. The increased catch of these other 
species has raised concerns regarding the 
continued availability of yellowfin tuna, 
T. albacares; blue marlin, Makaira mazara; 
and mahimahi, Coryphaena hippurus, in 
the small-vessel troll and handline fisher
ies which target those species. 

Analysis of catch per unit effort (CPU E) 
statistics from Hawaii's fisheries did not 
provide strong evidence of recent declines 
in availability related to local fishery ex
pansion. A more influential factor was 
variation in Pacific-wide CPUE, repre
senting overall population abundance and 
catchability. Exogenous factors, including 
Pacific-wide fishing pressure, may over
whelm the influence of local fishing pres
sure on fish availability. 
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of tuna, billfish, and other tropical pe
lagic species supply most of the fish 
consumed by Hawaii residents and sup
port popular recreational fisheries . 

In recent years (1987-91) the com
position and magnitude of Hawaii's 
commercial pelagic fisheries have 
changed. The longline fishery greatly 
expanded and the troll, handline, and 
pole-and- line fisheries declined (It02). 
The expansion of the longline fishery 
was consistent with fishery develop
ment plans that viewed pelagic fish 
resources as underexploited (State of 
Hawaii Division of Aquatic Resources 
(HDAR) 1985). Pelagic fish resources 
available to Hawaii fisheries may be 
capable of sustaining even greater 
yields. However, the decline of the troll 
and handline fisheries has raised con
cerns regarding the continued avail
ability of pelagic species and local 
overfishing (Boggs3, It02) . 

Pelagic fish availability is synony
mous with local abundance, here de
fined as the amount of fish present 
within the range of the local fishery. 
Overall abundance refers to popula
tion size, which is greater than local 
abundance unless the entire popula
tion resides within range of the local 
fishery. The stock structure of large 
pelagic species is unclear, but a com
mon assumption is that pelagic popu
lations extend over much wider areas 

2R. Y. Ito. 1992. Western Pac ific pelagic fish
eries in 1991. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Sci . Cent., 
Honolulu Lab., Southwest Fish. Sci. Cent. 
Admin. Rep. H-92-15, 38 p. 
3c. H. Boggs. 1991 . A preliminary examina
tion of catch rates in Hawaii ' s troll and handline 
fisheries over a period of domestic longline 
fishery expansion. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish . Serv., Southwest Fish. Sci. 
Cent., Honolulu Lab., Southwest Fish. Sci. Cent. 
Admin Rep. H-91-05 , 62 p. 

than are covered by Hawaii's fisheries 
(Skillman, 1989a, 1989b; Suzuki, 1989, 
In press; Miyabe, In press). 

A vailability probably depends on 
overall abundance, but the availability 
of fish to Hawaii's pelagic fisheries is 
also highly seasonal (Shomura, 1959; 
Yoshida, 1974; Skillman and Kamer4), 
suggesting that highly mobile pelagic 
fish change their distribution in re
sponse to environmental conditions 
(Seckel, 1972; Mendelssohn and Roy, 
1986), or to enter different areas for 
reproduction. Availability may also be 
confounded with catchability, defined 
as the vulnerability of fish to being 
caught by a given type of fishing gear. 
Catchability is also influenced by en
vironmental conditions (Sharp, 1978; 
Hanamoto, 1987). 

The limited mobility of most island 
fishermen causes yield to be poor when 
availability is low. Intense local fish
ing effort is not likely to cause a de
cline in overall abundance unless there 
are discrete stocks residing in, or peri
odically returning to, island waters. 
Otherwise, the fishing mortality caused 
by Hawaii fisheries is minor compared 
with overall fishing mortality caused by 
larger Pacific fisheries . Thus, local fish
ing pressure is unlikely to cause a signifi
cant reduction in overall abundance. 

Even though locally exploited pe
lagic stocks may be wide-ranging, and 
relatively invulnerable to local fishing 
pressure, catch per unit effort (CPUE) 
in local fisheries may decline if local 
fishing effort is so intense that most 

4R. A. Skillman and G. L. Kamer. 1992. A 
correlation analysis of Hawaii and foreign fish
ery statistics for billfishes, mahimahi, wahoo, 
and pelagic sharks, 1962-78 . U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South
west Fish. Sci. Cent., Honolulu Lab., Southwest 
Fish. Sci. Cent. Admin. Rep. H-92-05, 44 p. 
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fish entering the local area are soon 
caught. It is hypothesized (Sathien
drakumar and Tisdell, 1987; Boggs, In 
press) that if fish availability depends 
on immigration, increases in local fish
ing effort result in an asymptotic yield, 
beyond which further increases in lo
cal effort do not increase the catch, 
and local CPUE declines. The possible 
impact of local fishing effort on the 
CPUE and profitability of Hawaii's 
pelagic fisheries is currently an issue 
of great concern to Hawaii's fishery 
managers (Boggs3, In press) . 

This paper describes Hawaii's 
longline, troll, and handline fisheries 
for pelagic species, trends in landings 
and CPUE over time, and problems 
with the data used to monitor these 
fisheries. Changes in the apparent rela
tive availability of fish (local CPUE) 
are reviewed in relation to local fish
ery expansion and overall abundance 
(Pacific-wide CPUE). Current attempts 
at managing for optimum yield and the 
outlook for these fisheries are de
scribed. The Hawaii skipjack tuna fish
ery is covered in a separate paper 
(Boggs and Kikkawa, 1993). 

Synopsis of the Fisheries 

The fishing methods, target species, 
vessel sizes, yields, and operational ar
eas of Hawaii's domestic pelagic fish 
eries are diverse. The commercial 
sectors are largely composed of the 
pole-and-line and longline fisheries uti
lizing large (> 12 m) vessels. The small
vessel troll and handline fisheries in
clude poorly differentiated commercial, 
recreational, and subsistence compo
nents. The pole-and-line fishery tar
gets skipjack tuna, Katsuwonus pelamis, 
and lands about 1,000 metric tons (t), 
(2.2 million Ib) annually for sale to the 
local market (Boggs and Kikkawa, 
1993). The long line fishery targets 
broadbill swordfish, Xiphias gladius; 
and bigeye tuna, Thunnus obesus, and 
now lands about 9,000 t (20 million lb, 
including all species) much of which 
is exported. The commercial, recre
ational, and subsistence troll and 
handline fleets primarily target yellow
fin tuna, T. albacares; mahimahi, 
Coryphaena hippurus; and blue mar-
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lin, Makaira mazara; annual commer
ciallandings (all species) now average 
about 2,300 t (5.2 million Ib) . No valid 
estimates exist for current recreational 
or subsistence landings (Pooley, 
1993a). 

Up until 1980 distant-water 
longliners from Japan caught between 
1,300 and 5,000 t of tuna and billfish 
annually within the Exclusive Eco
nomic Zone (EEZ) around Hawaii 
(Yong and Wetherall, 1980) but since 
1980 there has been no legal foreign 
longline fishing conducted in the EEZ. 
The Fishery Management Plan (FMP) 
enacted by the Western Pacific Re
gional Fishery Management Council 
(WPRFMC) was designed to regulate 
billfish catches by these foreign dis
tant-water longliners (WPRFMC5). The 
Japanese distant-water pole-and-line 
fishery for skipjack tuna that operated 
in the Northwestern Hawaiian Islands 
(NWHI) through 1992 was the only 
foreign fishery operating legally within 
the EEZ after 1980 (Boggs and 
Kikkawa, 1993). 

Although the primary target species 
of the domestic longline fishery are 
different from those of the troll and 
handline fisheries, the longline fishery 
also catches about 1,300 t (2.8 million 
Ib) of yellowfin tuna, blue marlin, and 
mahimahi (combined). This creates a 
potential for fishery interaction be
tween the long line and small-vessel 
troll and handline fisheries. Potential 
interactions, impacts on endangered 
species, the possibility of localized 
overfishing, and gear conflicts (Pooley, 
1990) prompted the WPRFMC to es
tablish regulations for the domestic 
longline fishery in 1990 (Dollar and 
Yoshimot06). A moratorium on entry 
oflongline vessels into the Hawaii fish
ery and prohibited areas for longline 
fishing were established in 1991. 

5WPRFMC. 1986. Fisheries management plan 
for the pelagic fisheries of the western Pacific 
Region. Western Pacific Regional Fisheries 
Management Council (WPRFMC), Honolulu, 
HI 96813,380 p. 
6R. A. Dollar and S. S. Yoshimoto. 1991. The 
federally mandated longline fishing log collec
tion system in the western Pacific. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South
west Fish . Sci. Cent., Honolulu Lab., Southwest 
Fish. Sci. Cent. Admin. Rep. H-91-12, 35 p. 

The Longline Fishery 

Fishing Methods 

Longline fishing gear consists of a 
main line strung horizontally across 
1- 100 Ian of ocean, supported at regu
lar intervals by vertical float lines con
nected to surface floats. Descending 
from the main line are branch lines, 
each ending in a single, baited hook. 
The main line droops in a curve from 
one float line to the next and bears 
some number (2-25) of branch lines 
between floats. Fishing depth depends 
on 1) the lengths of the float lines and 
branch lines, 2) the sag in the main 
line, and 3) the position of the branch 
line, the deepest branch line positions 
being in the middle of the droop. Fish
ing depth affects the efficiency with 
which different species are captured 
(Hanamoto, 1976, 1987; Suzuki et a\., 
1977; Boggs, 1992). 

One longline "set" is made per day 
of fishing, and for long main lines the 
deployment and retrieval may take al
most 24 hours. Often the end of the 
line deployed first is retrieved last, so 
individual hooks may fish for a few 
hours, or all day (average ca. 12 hours). 
Traditionally the gear was set so that it 
fished primarily during daylight. For 
bait, Hawaii longliners used locally 
caught scad, Decapterus and Selar spp.; 
imported squid, Loligo sp.; sardines, 
Sardinops caerulea; herring, Clupea 
pallasi; and saury, Cololabis saira. 

The Hawaii longline fishery began 
in 1917 off Waianae, Oahu, using tech
niques imported from Japan. Hawaii 
longline vessels evolved from the 
wooden sampan-style baitboats used 
in the pole-and-line fishery for skip
jack tuna (June, 1950). The sampans 
used in the early years of the fishery 
(ca. 1950) were 12-19 m (40-63 ft) in 
length, high-bowed, and diesel-pow
ered. They carried about 12 t of ice to 
chill an average catch of about 3 t 
(7,000 Ib) of fish caught over an aver
age trip of 10.5 days (June, 1950). 

Old-style longlines were made of 
rope and composed of individual units 
called "baskets" named for the bam
boo containers they were stowed in 
(June, 1950). Each basket was made 
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up of the float line, main line, and 
branch lines necessary for one segment 
of longline (one droop of the line). 
Poles with flags were attached to the 
floats to mark the gear, and longlining 
was generally referred to as "flagline" 
fishing. 

Historical Development 
and Decline 

Historically, the longline fishery was 
the second largest commercial fishery 
in the state after the pole-and-line fish
ery. By the 1930's longliners landed 
most of the 1,000 t (ca. 2 million Ib) of 
yellowfin tuna, bigeye tuna, and alba
core, Thunnus alalunga, landed in the 
Territory of Hawaii (June, 1950). Af
ter a hiatus during World War II the 
fishery quickly recovered, landing 900 t 
(2 million lb) of tuna, and 700 t (l.5 
million lb) of billfish and other species in 
1948. Landings continued to rise, reach
ing a record level of 2,000 t (4.4 million 
lb) in 1954 (Fig. lA). The longline fish
ery declined in the late 1950's through 
the mid-1970's to reach a similar level of 
landings as the commercial troll (Fig. 2) 
and handline (Fig. 3) fisheries. 

5 
A 
~ Other species 

? EJ Yellowfin tuna 
"0 4 

~ ~ Bigeye tuna 

lSI ~ Blue marlin 

~ -- 3 ~ Striped marlin 

fIl 
bO 

~ 
~ 2 -0 

~ 
c:= 

~ 

0 

1950 1955 1960 

In the early years most of the catch 
was reported to have been in HDAR 
statistical areas 2-20 n.mi. (3.7-37 km) 
off Waianae, Oahu, and off Kona, Hilo, 
and Hamakua, Hawaii (June, 1950). 
Shomura (1959) reported greatly im
proved catch rates for bigeye tuna by 
longline vessels fishing off the wind
ward coasts (i.e., Hilo) in winter as 
opposed to the traditional practice of 
fishing off sheltered leeward coasts 
(i.e., Waianae, Kona). Hida (1966) re
ported a growing number of longliners 
extending their range 100-400 n.mi. 
south of Oahu, and noted that CPUE was 
better than average in the southern area. 

The species composition of longline 
landings changed over time. During 
1951-64, more than 50% of longline 
landings (by weight) were bigeye tuna, 
also called ahi (a Hawaiian name), ahi 
mebachi, or "bluefin." True bluefin 
tuna, Thunnus thynnus, are rarely 
caught by Hawaii fishermen. Before 
1950 and in the 1970's bigeye tuna 
and yellowfin tuna (also called ahi) 
made up roughly equal proportions of 
the catch (Fig. lA). The proportion of 
blue marlin in the catch was higher 
than that of striped marlin, Tetrapturus 

1965 1970 1975 1980 1985 

Year 

audax, in the early 1950's but striped 
marlin became more predominant from 
the early 1960' s to the present (Fig. 
1 A). Both marlin species are also called 
au (the Hawaiian name) or "sword
fish," but they should not be confused 
with broadbill swordfish (Fig. IB), 
which became the primary target spe
cies in the 1990's (Dollar7). Local com
mon names for the pelagic species are 
often used for reporting catch statis
tics, resulting in some confusion. 

The decline of the Hawaii longline 
fishery in the late 1950's through mid-
1970's was characterized by a lack of 
new investment. Only a few new steel 
or fiberglass boats were built or added 
to the fleet between 1950 and 1982. 
Only 3 out of 11 boats surveyed in 
1982 were built after 1970 (Hawaii 
OpinionS). Most longline vessels oper-

7R. A. Dollar. 1992. Annual report of the 1991 
western Pacific longline fishery. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South
west Fish. Sci. Cent., Honolulu Lab., South
west Fish. Sci. Cent. Admin. Rep. H-92-II, 26 p. 
8Hawaii Opinion, Inc. 1984. A cost earn ings 
study of the longline and handline fishing fleets 
in Hawaii, a summary of the survey. Prepared 
for NMFS, 2570 Dole St., Honolulu, HI 96822-
2396, contract number 81-ABC-00267, 113 p. 
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Figure 1.- Longline landings (in t and Ib) in Hawaii from 1948-91, including A) component species except broadbill swordfish and B) 
broadbill swordfish. Total landings are the sum of stacked components. Dashed lines show corrected 1979-86 estimates for total landings , 
other species (0), ye llowfin tuna (Yf) , and bigeye tuna (Be). Sources: 1948- 86, HDAR data; 1987- 91, NMFS estimates. 
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Figure 2.- Troll landings in metric tons (t) and pounds (lb) in Hawaii 
from 1970-91. Total landings are the sum of stacked components. Source : 
HOAR data. 

ating through 1982 were veterans of 
the 1940' s and 1950's. Low profitabil
ity probably contributed to the lack of 
investment in new vessels. 

Local sale of fresh fish, mostly for 
raw consumption, provided a limited 
market that was easy to saturate, driv
ing down the price (Otsu, 1954). The 
Hawaii fresh-fish market was the only 
outlet, because mainland U.S. consum
ers did not accept tuna as a fresh prod
uct. The Japan "sashimi" market was 
distant and exacted hard-to-meet prod
uct standards. Prices offered by tuna 
canneries were too low to provide ad
equate profits. 

years is difficult to document because 
many vessels fished part-time while 
participating in other Hawaii fisheries. 
June (1950) identified 49 vessels as 
primarily longliners (30 in Honolulu), 
whereas Hawaii Division of Aquatic 
Resources (HDAR) records indicate 76 
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registered long line vessels in 1950. 
Yoshida (1974) states that participa
tion declined from 42 vessels in 1952 
to 31 in 1964, and to 20 in 1970. Yuen9 

reported that the longline fleet in Ho
nolulu numbered 15 in 1977, and by 
1983 HDAR records showed only l3 
registered longline vessels (10 in Ho
nolulu). 

The decline in vessels corresponded 
with the declining trend in longline 
landings reported to HDAR between 
1954 and 1982 (Fig. lA). However, 
visual inspection of the Honolulu fleet 
in 1983 found 37 vessels carrying 
longline gear (Honda 10) as opposed to 
10 registered with HDAR. Incomplete 
reporting to HDAR prompted the es
tablishment of a NMFS market sam
pling program in late 1986 (Pooley, 
1993b) and a Federallongline logbook 
program (Dollar and Yoshimot06) was 
instituted by the WPRFMC in 1990 to 
coHect more detailed data. A compari-

9H. S. H. Yuen. 1977. Overview of fisheries for 
the bill fishes in Hawaii . U.S. Oep. Commer., 
NOAA, Natl. Mar. Fish . Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin Rep. H-77- 19H, 14 p. 
IOY.A. Honda. 1985. An updated description of 
the Hawaiian tuna longline fishery. NMFS , 300 
Ala Moana Blvd ., Honolulu, HI 96850-4982, 
unpubl. manuscri. 

2.4 

,......." 

2.0 
:9 
c:: 
0 

1.6 ~ 
'-' 
rJl 
OIl 

1.2 .S 
't:I 

~ -0.8 Q) 

;§ 
't:I 

0.4 ~ 
::r: 

0 

1985 1990 

Although the number of vessels de
clined, the amount of fishing gear de
ployed in an average trip nearly 
doubled between the 1950's (Shomura, 
1959) and the early 1980's (Hawaii 
Opinion8). The number of hooks per 
basket, and consequently the length of 
main line between float lines, also in
creased, resulting in a deeper gear con
figuration. A similar shift in gear 
configuration characterized the distant
water long line fleets of Japan and Ko
rea (Suzuki et aI., 1977; Yang and 
Gong, 1988). 

Year 

The number of vessels participating 
in the Hawaii longline fishery over the 
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Figure 3.- Handline landings in metric tons (t) and pounds (lb) in Hawaii 
from 1970 to 1991. Total landings are the sum of stacked components. 
Source : HOAR data. 
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son between NMFS estimates of 
longline landings at wholesale markets 
and landings reported to HDAR in 1987 
showed that less than 20% of longline 
landings were reported (H02). 

The best available estimates of Ha
waii longline landings over time (Fig. 
1 A) are based on three data sources 
and a correction to account for 
underreporting (Pooley, 1993b) . 
HDAR longline data are believed to be 
relati vely complete through 1978 
(Pooley, 1993b) . NMFS estimates 
based on market sampling and log
books (H02; Pooley, 1993b) are used 
for 1987-91 (Fig. IA and IB). Esti
mates for 1979-86 (dashed lines , Fig. 
1 A) are interpolated values between 
HDAR reported landings in 1978 and 
NMFS estimates for 1987 (Pooley, 
1993b). In contrast, HDAR troll (Fig. 
2) and handline (Fig. 3) landings re
ported to HDAR through 1991 are very 
similar to NMFS estimates (Pooley, 
1993b), and HDAR troll and handline 
data are used in this paper without cor
rection. The corrected longline data 
indicate that the nadir of the longline 
fishery occured in 1975 (not 1982, 
Fig. lA). 

Revitalization and Expansion 

The longline fishery expanded rap
idly in the late 1980's to become the 
largest fishery in the state. The revital
ization was due to the development of 
the local markets and export markets 
for fresh tuna on the U.S. mainland 
and in Japan (Kawamoto et aLII) and 
the introduction of new swordfish fish
ing methods in the late 1980's (Dol
lar7). Participation in the Hawaii 
longline fishery approximately doubled 
from 37 vessels in 1987 to 75 in 1989 
(1t02) and doubled again to 156 (ves
sels with permits) by the end of 1991 
(Dollar and Yoshimot06) . Permits were 
required by the Federal moratorium on 
new entrants established in 1991. Only 
140 of the vessels with permits were 
active in 1991. In 1988 landings data 

"K. E. Kawamoto, R. Y. Ito, R. P. Clarke, and 
A. E. Chun. 1989. Status of the tuna longline 
fishery in Hawaii, 1987-88. U.S. Oep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-89-1O, 34 p. 
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first exceeded the record set in 1954 
(Fig. I A) and by 1991 landings reached 
9,000 t (20 million Ib), including 4,400 t 
(9.6 million Ib) of swordfish (Fig. IB). 

New entrants in the longline fishery 
were mostly steel-hulled vessels up to 
33 m (107 ft) in length, and the major
ity of these vessels and their operators 
were former participants in U.S. east 
coast tuna and swordfish fisheries (Dol
lar7) . The present fleet uses modem 
electronics (Radar, Loran, Global Po
si tioning System (GPS)) to navigate, 
and uses radio beacons, strobe lights, 
and radar reflectors to mark the gear. 
Some vessels obtain sea-surface tem
perature maps by radio-facsimile 
(FAX) and most have electronic ther
mometers for use in finding fish asso
ciated with temperature fronts. 

Changes in fishing methods and 
greater amounts of fishing gear char
acterized the expansion of the longline 
fleet. In 1988 most vessels still used 
basket-type, rope longline gear, but 
they deployed over 3 times as much 
gear on an average trip as vessels in 
1982 (Hawaii Opinion8, Kawamoto et 
aLII) . A few vessels used "bin" gear in 
which the rope mainline is continuous, 
rather than composed of baskets , and 
these vessels deployed similar amounts 
of gear as those using basket gear 
(Kawamoto et aLII) . Continuous ny
lon monofilament main lines stored on 
spools and used with snap-on 
monofilament branch lines were first 
used in 1985, and by the end of 1988, 
29% of the fleet used this new system 
(Kawamoto et aLII). Monofilament 
gear was popular among new entrants 
to the Hawaii fishery and became the 
most prevalent gear type in the fleet. 
Longliners using monofilament gear 
tended to deploy over four times as 
much gear per trip in 1988 (Kawamoto 
et al. II) as was typical of the fleet in 
1982 (Hawaii Opinion8). 

Monofilament longline gear is more 
flexible in configuration and can be 
used to target various depths more eas
ily than basket gear because the amount 
of main line, the number of branch 
lines, and the sag between floats are 
adjustable. This flexibility was dem
onstrated by the switch from traditional 
deep daytime fishing for bigeye tuna 

to shallow nighttime fishing, targeting 
broadbill swordfish in the 1990's (It02). 
Both daytime and nighttime methods 
are still practiced using the same 
monofilament longline system. In tar
geting bigeye tuna 12-25 hooks are 
deployed between floats with lots of 
sag to reach as deep as 400 m (Boggs, 
1992), whereas in targeting swordfish 
only a few hooks are deployed between 
floats and the line is kept relatively taut 
so that it stays in the upper 30-90 m of 
water. Night fishing employs lumines
cent "light sticks" which attract broad bill 
swordfish and bigeye tuna or their prey 
(Berkley et aI., 1981). Large imported 
squid, Illex sp., are used for bait. 

A special "line thrower" is required 
to put sag into a monofilament longline 
as it is deployed (Kawamoto et al. II; 
Boggs, 1992) so that it can fish deeply 
for bigeye tuna. Many new entrants to 
the fishery in 1989-91 did not invest 
in line throwers . These vessels fished 
shallow even when targeting tuna (day
time fishing) and probably contributed 
to the increase in the relative propor
tions of yellowfin tuna, blue marlin, 
and other shallow-swimming species 
caught by longliners in recent years 
(Fig. lA). The increasing longline catch 
of these species was cause for concern 
by the small-vessel troll and handline 
fisheries that target them (Boggs3). 

The fishing grounds of the Hawaii 
longline fishery expanded in the 1980's 
and 1990' s. Hawaii fishermen inter
viewed in 1982 reported that they had 
to fish farther away from port in order 
to make good catches (Hawaii Opin
ion8). In 1986 Hawaii longliners began 
exploring fishing grounds up to 800 
n.mi. from the main Hawaiian Islands, 
and distant-water fishing is becoming 
more common in the 1990's. Logbook 
data from the first quarter of 1991 in
dicate that over half of longline sets 
were more than 50 n.mi. away from 
the main Hawaiian Islands, and <2% 
of sets were made outside the EEZ 
(NMFS I2). 

Conflicts with other fisheries and 
interactions with protected species led 
to the exclusion of the longline fishery 

12NMFS Honolulu Laboratory, 2570 Dole St., 
Honolulu HI 96822-2396, unpubl. longline log
book data . 
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from nearshore waters in the 1990' s. 
In early 1991 longline fishing was pro
hibited within a radius of 50 n.mi. off 
the NWHI (Dollar?) to prevent inter
actions between endangered Hawaiian 
monk seals, Monachus schauinslandi, 
and surface-fi shing longliners that tar
geted aggregations of swordfish near 
those islands. In 1989 an informal 
agreement was negotiated between 
small-vessel fishermen and longline 
fishermen whereby longliners would 
keep >20 n.mi. from the coasts of the 
main Hawaiian Islands and> 10 n.mi. 
from fish aggregating devices (FAD's). 
Some vessels, especially subsequent 
entrants to the fishery, did not comply 
with the agreement. To mitigate con
flicts between longliners and smail-ves
sel troll and handline fishermen, the 
WPRFMC in mid-1991 established a 
buffer zone prohibiting longline fish
ing within a radius of 75 n.mi. off the 
coasts of Kauai and Oahu, or within a 
radius of 50 n.mi. off the coasts of 
Maui, Molokai, Lanai, Kahoolawe, and 
Hawaii (Dollar and Yoshimot06). 

The Troll Fishery 

Troll and handline fisheries in Ha
waii have not been studied as exten
sively as the longline fishery. Trolling 
involves towing lures or baited hooks 
behind a moving vessel, whereas 
handlining involves dangling baited 
hooks from a stationary or drifting ves
sel. The evolution and operation of the 
Hawaii troll fishery are poorly docu
mented. Trolling with lures for pelagic 
species was a traditional Polynesian 
fishing method, and Hawaii has since 
been the site of important innovations 
in big-game troll fishing techniques 
(Rizzuto, 1983). 

The troll fishery has several compo
nents: 1) a recreational-subsistence sec
tor which is poorly differentiated from 
a part-time commercial sector, 2) a 
charter sector which is recreational for 
its patrons but commercial for the op
erators who sell the catch, 3) a part
time commercial sector, and 4) a full
time commercial sector. Most troll 
vessels are small (5-8 m, 15-25 ft in 
length), although charter boats range 
up to 18 m (59 ft) . In the mid-1980's 
large (20-26 m, 65-85 ft) troll vessels 
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transiting the Hawaii EEZ to fish for 
albacore, Thunnus alalunga, in the 
North Pacific participated briefly in the 
Hawaii troll fishery, and vessels from 
the lobster and bottomfish fisheries also 
participate intermittently in the Hawaii 
troll fishery. Troll fishing is conducted 
throughout the Hawaiian islands, gen
erally within 20 n.mi. of shore. 

Commercial catch reports to HDAR 
do not distinguish between different 
types of troll fishing (i.e., part-time, 
charter); only fishermen who sell their 
catch are required to file reports. Re
ported annual commercial troll catches 
were <200 t (0.4 million lb) until 1974 
(Fig. 2). During 1975-84 catches 
ranged between 540-790 t (1.2-1.7 
million lb) per year, and then the catch 
rose to a record peak of almost 1,700 t 
in 1987. Annual catches declined after 
1987 but remained >1,000 t (2.2 mil
lion lb) through 1991 (Fig. 2). 

The troll fishery catches more 
mahimahi and wahoo, Acanthocybium 
solandri, than all the other Hawaii pe
lagic fisheries, about half the blue mar
lin, and about 20% of the yellowfin 
tuna landed. Yellowfin tuna composed 
almost half the commercial troll catch 
from 1975 to 1980, after which its pro
portion in the catch declined. The pro
portion of mahimahi and skipjack tuna 
in the troll catch increased through the 
1980's and 1990's. The charter sector 
of the troll fishery targets blue marlin, 
and this species accounted for 54% 
and 39% of estimated charter catches 
in 1976 (Cooper and Adams l3) and 
1982 (Samples et al. I4), respectively. 
In contrast, 87% of full-time commer
cial troll catches were yellowfin tuna 
(Cooper and Adams I3) . Changes in the 
relative size of the different commer
cial sectors (i.e., charter, part-time) may 

13J. C. Cooper and M. F. G. Adams. 1978. 
Preliminary estimates of catch, sales, and rev
enue of game fish for the fishing conservation 
zone around the main Hawaiian Islands, by 
types of troll and longline vessels and by spe
cies. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. 24H, 
10 p. 
14K. C. Samples, J. N. Kusakabe, and J. T. 
Sproul. 1984. A description and economic ap
praisal of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish . Serv ., 
Southwest Fish . Cent., Honolulu Lab., South
west Fish. Cent. Admin. Rep. H-84-6C, 130 p. 

influence the species composition of 
the total reported catch (Fig. 2). 

Charter vessels in the troll fishery 
numbered 102 and 119 in 1976 and 
1982, respectively (Cooper and 
Adams 13; Samples et al. 14), compared 
to an estimated 160 full-time commer
cial, and 1,544 part-time and recre
ational-subsistence trollers (combined) 
in 1976 (Cooper and Adams I3). Pro
portions of the total troll catch by these 
sectors in 1976 were 21 % charter, 44% 
part-time commercial and recreational
subsistence (combined), and 35% full
time commercial. About 70% of the 
charter catch and 60% of the part-time 
commercial and recreational-subsis
tence catch was sold (Cooper and 
Adams I3) . Growth of the troll fishery 
makes it unlikely that these propor
tions represent the current situation but 
the charter fishery is believed to have 
grown with the expansion of tourism, 
and the recreational-subsistence fishery 
remains important (Pooley, 1993a). 

The Handline Fishery 

There are several types of pelagic 
handline fishing in Hawaii today. Day
handline fishing is a revitalization of 
an ancient Hawaiian method called 
"palu-ahi" for the use of "palu" (chum) 
to attract and hook ahi (yellowfin tuna). 
Palu-ahi fishing is also called "drop 
stone" fishing. A baited hook on the 
end of the handline is laid against a 
stone and the line wound around it. 
Additional pieces of chum are also 
wound into the bundle which is then 
tied in a slip knot (Rizzuto, 1983). The 
bundle is lowered to the preferred depth 
(commonly 20-30 m). Then the line is 
jerked to untie the knot so that the 
baited hook and chum are released. 

Night-handline fishing is called "ika
shibi" from the Japanese names for 
squid (ika) and tuna (shibi). The ika
shibi fishery is an outgrowth of a squid 
fishery that probably began in the 
1920' s and did not target tuna until 
after World War II (Yuen, 1979). Ika
shibi fishermen attract squid to the fish
ing vessel with a light and catch the 
squid on jigs or with a gaff. The squid 
are then used as bait. Ika-shibi or palu
ahi were not distinguished as separate 
fishing methods in HDAR statistics 
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prior to 1982. Subsequently (1982- 91) 
only a fraction of handline landings 
were reported as palu-ahi or ika-shibi , 
and so the handline catch statistics have 
been combined for this report (Fig. 3) . 

All handline catches were sold on 
the Island of Hawaii where the fishery 
was primarily located until 1971 when 
the rising price for tuna and reduced 
shipping costs made air shipment to 
Honolulu economically feasible . The 
increasing market for fresh fish boosted 
the development of Hawaii 's fi sheries 
in the mid-1970 ' s (Pooley, 1993a). 
Annual commercial handline landings 
reported to HDAR increased from 45 t 
to almost 1,000 t between 1970 and 
1981. Since 1981 commercial handline 
landings have ranged between 500 and 
1,000 t (1.1-2.2 million pounds) with 
major peaks in 1981, 1983, 1986, and 
1991 (Fig. 3). The magnitude of the 
recreational-subsistence sector of the 
handline fishery is unquantified, but 
important (Pooley, 1993a). 

The composition of the handline 
catch is almost exclusively tuna; yel
lowfin tuna is the predominant species 
(Fig. 3). Mahimahi and other nontuna 
species make up less than 10% of the 
catch. Bigeye tuna are an important 
component of the handline catch (Yuen, 
1979) that is not reflected in HDAR 
statistics. The ika-shibi catch of big
eye tuna ranged from 63 to 120 t (139-
265 thousand Ib) in 1973-75 (Yuen, 
1979), but HDAR records indicate <23 
t of tuna other than yellowfin landed 
by all handline fishing gears in 1973-
75 (Fig. 3). This may represent a lack 
of reporting, but it is also likely that 
handline fishermen are lumping both 
bigeye and yellowfin catches as ahi in 
their catch reports since these species 
have the same Hawaiian name. 

Most handline vessels are 6-9 m in 
length and are often crewed by 1- 2 
persons. Surveys by Yuen (1979) and 
Ikehara 15 indicate that the ika-shibi 
fishery grew from 30-40 boats in 1976 
to at least 230 boats by 1980. In recent 
years some of the smaller longline ves-

ISW. N. Ikehara. 1981. A survey of the ika
shibi fishery in the State of Hawaii , 1980. U.S. 
Dep. Commer. , NOAA, Natl. Mar. Fish. Serv. , 
Southwest Fi sh. Cent. , Honolulu Lab., South
west Fish. Cent. Admin . Rep. H-82-4C, 12 p. 
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sels and larger commercial troll vessels 
have also done some handline fishing. 

Day-handline fishing was concen
trated around the Island of Hawaii and 
ika-shibi fishing was concentrated off 
the Hilo coast of Hawaii in the mid-
1980' s. Traditionally, handline fishing 
was conducted within a few km of the 
coast at locations called "ahi koas" 
where yellowfin and bigeye tuna were 
especially available. The State (HDAR) 
encouraged expansion into new areas 
in the late 1980' s. Handline fi shing 
techniques have spread and are now 
practiced on Kauai and Maui. Some of 
the largest handline vessels have ex
tended their range to fish around sea
mounts and weather buoys 100-200 
n.mi. from the coast. This new expan
sion of the fishery may have contrib
uted substantially to the peak in catch 
reported in 1991, which followed four 
years of continuous decline (1987-90, 
Fig. 3). Some fi shermen feel that there 
may soon be too many participants in 
the handline fishery, and the WPRFMC 
has been asked to institute a control 
date for this fishery in anticipation of 
possible limited-entry management. 

The increasing cost of insurance has 
been a problem for small-vessel com
mercial fishermen . Many operators 
could not afford to keep up with rising 
insurance costs in the late 1980's and 
some, who weren ' t willing to risk their 
assets, stopped fishing . Another eco
nomic problem for the commercial troll 
and handline fisheries is a condition 
called burnt tuna syndrome (BTS) 
which discolors and gives a bad taste 
to sashimi as well as reduces its shelf 
life (Nakamura et a!., 1987). BTS is 
prevalent in troll and handline-caught 
fish over 35 kg and uncommon in 
longline-caught fish . Proper handling 
can ameliorate BTS (Nakamura et aI., 
1987) and research is under way to 
find means to prevent it (Watson et aI., 
1988). 

Abundance and Availability 

Background 

The primary concern in Hawaii 's 
pelagic fi sheries today is whether fi sh
ing effort should be limited to protect 
the local abundance or availability of 

fish (Pooley, 1990; Boggs3, In press; 
Skillman et aI., 1993). Increased 
catches by Hawaii 's pelagic fisheries 
over the last two decades could hypo
thetically have reduced the abundance 
of local stocks, if such stocks exist. It 
is more likely that Hawaii ' s fi sheries 
exploit locally available fractions of 
Pacific-wide stocks (Wetherall and 
Yong l6; Skillman and Kamer4 ; Boggs, 
In press). In the latter case immigra
tion may limit yields and excessive 
fishing effort might result in reduced 
CPUE (Sathiendrakumar and Tisdell, 
1987; Boggs3, In press). In either case, 
excessive local fishing pressure should 
be evidenced by corresponding declines 
in local CPUE. 

Several studies suggest that local 
fi shing pressure can reduce local CPUE 
for wide-ranging pelagic species 
(Wetherall and Yong 16, Squire and Au, 
1990; Boggs3, In press; Skillman and 
Kamer4). Many of these studies also 
found that the relative abundance 
(CPUE) of fish over a wider geographic 
area could statistically account for 
much of the variation in local CPUE. 
Relative abundance estimated as CPUE 
is confounded with catchability, so that 
widespread environmental effects on 
catchability, as well as true changes in 
stock-wide abundance, could explain 
the statistical relationships between 
Pacific-wide CPUE and local CPUE. 

The following examination of Ha
waii CPUE time series extending from 
the early years of each fishery to the 
present was undertaken to show 
whether or not the expansion of 
Hawaii' s pelagic fisheries over the last 
two decades, 1970-91, corresponded 
with declines in local CPUE. Major 
declines in local CPUE were often 
found to predate local fisheries expan
sion and corresponded with declines in 
the CPUE of more widespread fisher
ies. Over the last few decades the time 
series indicated much interannual varia
tion and little net change in CPUE. 

16J. A. Wetherall and M. Y. Y. Yong. 1983. An 
analysis of some factors affecting the abun
dance of blue marlin in Hawaiian waters. U.S. 
Dep. Commer. , NOAA, Natl. Mar. Fish. Serv. , 
Southwest Fish. Cent. , Honolulu Lab. , South
west Fi sh. Cent. Admin . Rep. H-83-16, 33 p. 
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Calculation of Hawaii CPUE 

Longline CPUE was calculated from 
a combination of data sources includ
ing published literature, HDAR data 
summaries, and NMFS market sample 
estimates. Troll and handline CPUE 
was calculated solely from HDAR data 
summaries because these data identify 
troll and handline gears (NMFS esti
mates do not). HDAR summaries do 
not differ substantially (in total) from 
NMFS estimates for combined troll and 
handline (Pooley, 1993b). All avail
able summary statistics (HDAR and 
NMFS) were used in the present study, 
but no new analyses of raw data were 
conducted. 

To calculate CPUE in the early long
line fishery (e.g., Fig. 4A), Hawaii 
longline data on two size-classes of 
vessels for 1948-56 (Shomura, 1959) 
were combined, and catch was con
verted from number of fish to weight. 
The results were similar to 1948- 52 
CPUE data published by Otsu (1954). 
The CPUE based on combined data 
differed little from the data for large 
vessels (Shomura, 1959), and although 
vessel size is important, it was ignored 
in the present study because data sum
maries by vessel size for subsequent 
years were not available. 

Longline data summaries for 1959-
89 and NMFS market sample longline 
estimates for 1987-89 (H02; Pooley, 
1993b) were used to calculate longline 
CPUE for later years (e.g., Fig. 4A). 
HDAR longline data after 1978 are be
lieved to represent only a fraction (ca. 
<20% Fig. lA) of the fishery, but com
plete coverage is not required to calcu
late a representative CPUE index. No 
other data were available for 1979-86. 

Two longline CPUE indices for 
1987-89 were calculated, one from 
HDAR data, and another from NMFS 
estimates (e.g., Fig. 4A). The HDAR 
series from 1979 through 1989 best 
indicates the longline CPUE trend for 
those years, whereas the 1987-89 
NMFS data best indicate recent CPUE 
for comparison with the earlier years 
1947-78 (e.g., Fig . 4A) . Longline 
CPUE was not calculated for 1990-9 1 
because in these years a fraction of the 
longline fishery changed fishing meth
ods to target broadbill swordfish, and 
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additional work is needed to catego
rize the subset of the longline trips in 
1990-91 that targeted tuna. The Ha
waii swordfish fishery has developed 
too recently (Fig. lB) for any trend in 
CPUE to be indicative of availability. 

HDAR data summaries for the troll 
and handline fisheries from 1970 to 
1991 were used to calculate CPUE time 
series for these fisheries (e.g., Fig. 4B). 
Prior data are not very important be
cause the troll and handline fisheries 
were so small before 1970. 

CPUE was calculated as the total 
annuallongline, troll, or handline catch 
(by weight) of a species divided by 
total annual effort. Effort was estimated 
either as the annual number of fishing 
trips (troll and handline fisheries) or 
the annual number of hooks (longline 
fishery). Longline hook totals were cal
culated from the number of trips mul
tiplied by estimates of hooks per trip 
(Boggs and Hawn l7). Changes in the 
amount of gear deployed per trip ob
tained from descriptions of the fishery 
(June, 1950; Otsu, 1954; Shomura, 
1959; Hida, 1966; Yoshida, 1974; Ha
waii Opinion8; Kawamoto et al. II; H02) 

were used to estimate and interpolate 
the typical quantity of hooks per trip 
from 1947-89 (Boggs and Hawn I7) . 

Corrections for changes in efficiency 
with fishing depth are being developed 
(Boggs, 1992; Boggs and Hawn 17) but 
are not used here. 

The NMFS market sampling pro
gram counted fishing trips as each oc
casion that a vessel landed and sold its 
catch. HDAR data summaries included 
each unique date of landing for each 
unique license number in the records 
as a trip if any pelagic species were 
caught. Trip counts from both NMFS 
a~d HDAR data did not include trips 
with no catch of any pelagic species 
(prior to 1992). Such trips were sel
dom reported. For any given species 
the count of trips did include trips that 
did not catch that species but caught 
another pelagic species. 

17c.. H. Boggs and D: R. Hawn. Changes in 
flshmg power and estimates of fishing effort 
for the Hawalliongltne fishery, 1948-91. NMFS 
Honolulu Laboratory, 2570 Dole St., Honolulu 
HI 96822-2396, unpubl. man user. 

The lack of data on the number of 
trips that caught no pelagic species may 
have caused errors in the effort esti
mates, but the CPUE time series based 
on those data may still be indicative of 
relative changes in availability. The 
number of zero-catch trips should have 
been negatively correlated with catch 
per successful trip (CPUE) since both 
were dependent on fish availability. 
Thus, the CPUE time series should still 
reflect real trends, especially if zero
catch trips represented a modest frac
tion of total effort. No bias was caused 
by changes in the fraction of zero-catch 
trips reported because none were 
counted. Uchida (1976) found a high 
correlation between Hawaii pole-and
line CPUE including zero-catch trips 
and CPUE excluding zero-catch trips . 

The effort data for the troll and 
handline fisheries contained no stan
dardization of trips as a unit of effort, 
and the longline effort data were stan
dardized only to account for changes 
in the number of hooks per trip (Boggs 
and Hawn 17). Changes in troll or 
handline fishing power, (number of 
lines, hooks, or hours, per trip, etc.) or 
changes in longline, troll, or handline 
efficiency (class of vessel, gear type, 
target depth , fishing strategy) may have 
resulted in biases in the CPUE time 
series, obscuring trends or giving the 
appearance of trends where none ex
isted. Although much of the data pre
sented here are decades old, the es
timates of CPUE must be considered 
preliminary until the raw data are re
analyzed and effort standardized to ac
count for changes in efficiency (e.g. , 
Uchida, 1976; Suzuki, 1989). 

Despite problems with the nonstan
dardized CPUE indices, they are the 
only data currently available. Nonstan
dardized Hawaii CPUE data for sev
eral different gear types often show a 
similar pattern (Skillman and Kamer4

) 

or reflect a pattern similar to that of 
more sophisticated CPUE indices from 
nearby fisheries (Wetherall and 
Yong I6). These examples suggest that 
some true information on relative avail
ability is represented by nonstandard
ized CPUE indices for Hawaii' s 
fisheries . 
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Figure 4.- Yellowfin tuna CPUE time seri es showing A) Hawaii longline CPUE (kg and Ib per 1,000 
hooks) from 1948-55 (Shomura, 1959), 1959- 89 (HDAR data), and 1987- 89 (NMFS est imates); B) 
Hawaii handline and troll CPUE (in kg and Ib per trip) from 1970 to 1991 (HDAR data), and C) western 
Pacific longline CPUE (in no. fish per 1,000 hooks) in the Japanese fishery from 1952 to 1986 (Suzuki, 
In press). 

CPUE Time Series 

Yellowfin tuna CPUE in the Hawaii 
longline fishery declined between the 
1950's and the early 1960's and then 
ranged between 90-210 kg/ I ,000 hooks 
with no clear trend from 1959- 81 (Fig. 
4A). Yellow fin tuna CPUE based on 
HDAR longline data declined from 
1980-87, recovering somewhat in 
1988-89. The more accurate longline 
CPUE index based on NMFS estimates 
indicated a return to average longline 
CPUE in 1988- 89 (Fig. 4A). 
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The 1980- 87 decline in yellowfin 
tuna CPUE for the Hawaii longline 
fishery occurred during a period of troll 
(Fig. 2) and longline (Fig. lA) fishery 
expansion. However, the subsequent 
increase in longline CPUE in 1988- 89 
occurred during the period of greatest 
longline fishery expansion, while troll 
and handline fishing levels remained very 
high. Thus low levels of Hawaii longline 
CPUE did not correspond consistently 
with periods of higher fishing pressure. 

Yellowfin CPUE in the Hawaii troll 
and handline fisheries (Fig. 4B) in-

creased from 1970 to 1978 and subse
quently declined through 1984. After 
1984 Hawaii handline and troll CPUE 
increased to peaks in 1986 and 1987, 
respectively, and then declined (Fig. 
4B). These declines coincided with ex
pansion of Hawaii's longline, troll, and 
handline fisheries. However, handline 
CPUE subsequently increased from 
1884 to 1986 and troll CPUE increased 
from 1984 to 1987 despite continued 
expansion of the troll and longline fish
eries. During the period of greatest ex
pansion of the longline fishery 
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(1987-89) troll and handline CPUE 
declined (Boggs3). However, troll 
CPUE returned to a typical level in 
1990 and handline CPUE reached a 
high level in 1991 (Fig. 4B) despite 
continued high levels of fishing by all 
three pelagic fisheries. Thus availabil
ity (CPUE) of yellowfin tuna in Ha
waii did not appear to be closely related 
to changes in local fishing pressure. 

Local availability of yellowfin tuna 
seemed to follow patterns in the over
all abundance or catchability of the 
stock as indicated by CPUE in wide
ranging Japanese longline and purse 
seine fisheries . Standardized yellow
fin tuna CPUE in the longline fishery 
of Japan in the western Pacific from 
1952 to 1986 (Suzuki, In press) indi
cated a drop in CPUE between the 
1950' s and early 1960' s, and a decline 
in the early 1980's (Fig. 4C) similar to 
that seen in Hawaii longline CPUE data 

(Fig. 4A). In more recent years (1983-
88), Hawaii troll CPUE followed a pat
tern that was similar to Japanese 
western Pacific purse-sei ne CPUE 
(Suzuki, In press; Boggs, In press; 
Skillman et ai., \993). Environmental 
anomalies affecting catchability may 
contribute much of the corresponding 
variation seen in CPUE time series, 
such as the peak in yellowfin tuna CPUE 
that occurred in 1978 (Fig. 4A and 4B). 

An initial increase in bigeye tuna 
CPUE in the early years of the Hawaii 
fishery (Fig. 5A) was explained by 
Shomura (1959) as the result of a 
change in the area fished during winter 
as fishermen learned to target bigeye 
tuna. Set depth also changed between 
the late 1940' s and early 1950's as the 
practice of buoying up the middle of 
each basket of gear with an extra float 
(J une, 1950) was abandoned. Deep gear 
has been shown to be more efficient 
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than shallow gear in catching bigeye 
tuna (Hanamoto, 1976; Suzuki et ai., 
1977; Boggs, 1992). 

Bigeye tuna CPUE in the Hawaii 
longline fishery (Fig. 5A) and in the 
wide-ranging Japanese long line fish
ery (Fig. 5B) (Miyabe, In press) both 
showed downward trends from the late 
1950' s through the 1960' s, a distinct 
drop in CPUE in 1970, a stable period 
in the mid-1970's , record low levels in 
1980-81 , and a slight recovery in the 
mid 1980' s. The correspondence be
tween the bigeye tuna CPUE statistics 
for the entire Pacific and for Hawaii is 
remarkable, and strongly suggests that 
local pelagic fish availability is linked 
to the abundance of a widespread popu
lation. An alternative hypothesis that 
could apply to all of the pelagic spe
cies is that CPUE variation is due to 
widespread changes in catchability as
sociated with environmental trends. 
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Figure 5.- Bigeye tuna CPUE time-series showing A) Hawaii longline CPUE (in kg and Ib per 1,000 
hooks) from 1949 to 1956 (fiscal years ending in June, Shomura, 1959), 1959- 89 (HDAR data), and 1987-
89 (NMFS estimates), and B) Pacific-wide longline CPUE (in no. fi sh per 1,000 hooks) in the Japanese 
fishery from 1952 to 1987 (Miyabe, In press). 
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For bigeye tuna, the Hawaii longline 
CPUE continued to recover in the late 
1980' s (Fig. SA), whereas Japanese 
CPUE declined (Fig. SB). The increas
ing trend in Hawaii bigeye tuna CPUE 
in the 1980's brought the CPUE index 
based on NMFS wholesale market 
sample back up to a level slightly higher 
than the average for 1970-78 (Fig. 5A) 
suggesting that local longline fishery 
expansion in the 1980' s did not nega
tively affect bigeye tuna availability. 

The blue marlin CPUE time series 
for the Hawaii longline fishery (Fig. 

I 

60 

6A) showed peaks and minima for the 
same years as the Hawaii troll CPUE 
time series (Fig. 6B). The close corre
spondence between blue marlin CPUE 
in these two fisheries suggests that both 
CPUE time series reflected true 
changes in availability or catchability 
despite the limitations of the available 
statistics. 

Blue marlin (Fig. 6A) and striped 
marlin (Fig. 7 A) CPUE in the Hawaii 
longline fishery followed a pattern 
similar to Japanese longline CPUE data 
(Fig. 6C and 7B), as noted by Wetherall 

A 
I I 

HDARdata 
NMFS estimates 

............... 
.... 

B 

I I 

and Yong l6 and Skillman and Kamer4
. 

This correspondence was not limited 
to the long-term decline in CPUE char
acteristic of longline fisheries in all 
oceans. Rather, for striped marlin both 
increases and decreases in CPUE in 
the Hawaii longline fishery (Fig. 7 A) 
corresponded with CPUE changes in 
the North Pacific Japanese longline 
fishery (Fig. 7B). 

The sharp increase in longline CPUE 
for blue and striped marlin in 1989 
probably reflected the increased use of 
monofilament longline gear without 
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Figure 6.- Blue marlin CPUE time-series showing A) Hawaii longline CPUE (kg and Ib per 1,000 
hooks) from 1959 to 1989 (HDAR data), and 1987- 89 (NMFS estimates), B) Hawaii troll CPUE (in kg 
and Ib per trip) from 1970 to 1991 (HDAR data) , and C) Pacific-wide longline CPUE (in t per 1,000 
hooks per 5° square) in the Japanese fishery from 1955 to 1985 (Suzuki, 1989) . 

79 



200-

160 -

120 -

80- ..... 

40- ... ..... 

1960 1965 1970 1975 

Year 

HDARdata 
NMFS estimates 

1980 1985 

f\ 

1990 

- 400 ~ 

o 
- 300 ] 

§ 
- 200 ..... ~ 

~ 
- 100 

Figure 7.- Striped marlin CPUE time series showing A) Hawai i longline CPUE (in kg and Ib per 1,000 
hooks) from 1959 to 1989 (HOAR data) , and 1987-89 (NMFS esti mates), and B) North Pacific longline 
CPUE (in t per 1,000 hooks per 5 ' square) in the Japanese fi shery from 1955 to 1985 (Suzuki , 1989). 

line-throwers, which resulted in shal
lower sets and increased the efficiency 
of the gear for marlin (Suzuki, 1989; 
Boggs, 1992). Blue marlin CPUE in 
the troll fishery appears to be at a nor
ma] level and relatively stable (Fig. 
6B) despite the expansion of Hawaii 's 
pelagic fisheries. 

Mahimahi CPUE in the Hawaii 
longline fishery (Fig. 8A) reached a 
peak in 1972 and a minimum in 1988 
that were mirrored in the Hawaii troll 
and handline CPUE data (Fig. 8B). Troll 
and handline CPUE data corresponded 
with each other very closely. Mahimahi 
CPUE appears to be increasing in both 
the troll and handline fisheries. 

Outlook for the Pelagic Fisheries 

The absence of clear declining trends 
in local CPUE associated with local 
fishery expansion, combined with dis
tinctly seasonal variations in CPUE 

80 

(Shomura, 1959; Yoshida, 1974; 
Skillman and Kamer4) , suggests that 
pelagic fish availability in Hawaii was 
most strongly affected by factors other 
than local fishing pressure. Anomalies 
in whatever factors control seasonal 
availabi lity could also be the major 
source of interannual variation in 
CPUE. Research leading to an ability 
to forecast changes in pelagic fish avail
ability could ameliorate fi shermen's 
concerns that local fishing pressure has 
decreased fish availability. Develop
ment of new methods to locate or pre
dict productive fi shing areas could 
increase the yield and efficiency of 
Hawaii's pelagic fisheries . However, 
greatly increased fishing efficiency and 
yield might then have some negative 
impact on local fish availability. 

Decreases in fish availability caused 
by local fishing pressure may have been 
obscured by biases such as increased 

fishing power, expansion into more 
productive fishing grounds, economic 
influences on fishing operations , and 
environmental influences on local 
abundance and catchability. Further 
analysis of catch and effort data as 
well as an improved data collection 
system are needed to attempt to ac
count for such biases. However, the 
parsimonious explanation of the avail
able data is that locally exploited stocks 
have not yet been impacted by the ex
pansion of Hawaii's pelagic fisheries. 

Long-term declines in the overall 
apparent abundance of many pelagic 
species occurred several decades ago 
(Figs. 4C, 5C, and 6C), before the lat
est (1970-91) expansion of Hawaii 's 
pelagic fisheries. Pacific-wide declines 
in CPUE do seem to affect Hawaii 's 
fisheries, and could reflect full exploi
tation or even overexploitation of the 
stocks. However, reduction of local 
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Figure 8.- Mahimahi CPUE time series showing (A) Hawaii longline CPUE (kg and Ib per 1,000 
hooks) from 1962 to 1989 (HOAR data), and 1987-89 (NMFS estimates) , and (B) Hawaii troll and 
handline CPUE (in kg and Ib per trip) from 1970 to 1991 (HOAR data). 

fishing effort from current levels would 
not substantially affect stock-wide 
abundance because of the relatively 
small scale of Hawaii's pelagic fisher
ies. An exception might be the night
time longline fishery for broadbill 
swordfish, which has been operating 
for too short a time to evaluate. How
ever, with annual landings of 4,400 t 
and continued growth, the Hawaii 
swordfish fishery may be expected to 
contribute significantly to total fishing 
mortality on the stock. Historically, 
maximum total Pacific yields of sword
fish have been on the order of 20,000 t 
per year (Bartoo and Coan, 1989). 

If fishery managers can prevent 
physical conflicts between the longline 
and small-vessel troll and handline fish
eries in Hawaii (Pooley, 1990; Skillman 
et aI., 1993), and if adequate markets 
continue to support the profitable op-

55(2), 1993 

eration of all fishery sectors, then 
Hawaii's pelagic fisheries should con
tinue to expand. No strong evidence 
suggests that the local availability of 
fish is a factor limiting further expan
sion. However, this optimistic assess
ment is based on statistics and analyses 
that may be inadequate; therefore, bet
ter fishery monitoring systems are 
needed. 

Acknowledgments 

We thank Reggie Kokubun of 
HDAR for producing the data summa
ries for Hawaii's longline, troll, and 
handline fisheries for 1970-9 1. This 
paper is dedicated to Justin Rutka, long
time member of the WPRFMC's Pe
lagic Fishery Management Plan Team, 
in response to his unswerving quest to 
examine local pelagic CPUE time series. 

Literature Cited 

Bartoo, N. W., and A. L. Coan. 1989. An as
sessment of the Pacific swordfish resource. 
In R. H. Stroud (Editor), Planning the fu
ture of bill fishes, research and management 
in the 90' s and beyond. Part 1. Fishery and 
stock synopses, data needs, and management. 
Mar. Rec. Fish. 13:137-151. Natl. Coalition 
Mar. Conserv., Savannah, Ga. 

Berkley, S. A., E. W. Irby, Jr. , and J. W. Jolley, 
Jr. 1981. Florida's commercial swordfish 
fishery : Longline gear and methods. Florida 
Sea Grant College and Florida Cooperative 
Extension Service, Marine Advisory Pro
gram Bulletin MAP-14, 21 p. 

Boggs, C. H. 1992. Depth, capture time, and 
hooked longevity of longline-caught pelagic 
fish: timing bites of fish with chips . Fish. 
Bull. 90:642-658. 

_:--_ . In press. Methods for analyzing 
interactions of limited-range fisheries: 
Hawaii's pelagic fisheries. In R. S. Sho
mura, J. Majkowski and S. Langi (Editors), 
Proceedings of the FAO expert consultation 
on interactions of Pacific tuna fisheries, 
Noumea, New Caledonia, 3-11 December 
1991. Food and Agric . Organ. U.N., FAO 
Fish. Tech . Pap. 

81 



____ and B. S. Kikkawa. 1993. The devel
opment and decline of Hawaii 's skipjack 
tuna fishery. Mar. Fish. Rev . 55(2):61-68. 

HDAR (Hawaii Division of Aquatic Resources). 
1985. Hawaii fisheries plan. Department of 
Land and Natural Resources, Division of 
Aquatic Resources, State of Hawaii, Hono
lulu , HI, 163 p. 

Hanamoto, E. 1976. The swimming layer of 
bigeye tuna. Bull. Jpn. Soc. Fish . Oceanogr. 
29:41-44. (Translation No. 21 , 7 p.; avail
able from Honolulu Lab. , Southwest Fish. 
Sci . Cent. , Natl. Mar. Fish. Serv ., NOAA, 
Honolulu , HI 96822-2396.) 

____ . 1987 Effect of oceanographic envi
ronment on bigeye tuna distribution . Bull. 
Jpn . Soc. Fish. Oceanogr. 51 :203-2 16. 

Hida, T. S . 1966. Catches of bigeye and yel
lowfin tunas in the Hawaiian longline fish
ery. In T. A. Manar (Editor), Proceedings, 
governor's conference on central Pacific fish
ery resources, Honolulu-Hilo, 28 February-
12 March, 1966, p. 161-167. State of Ha
waii, Honolulu . 

June, F. C. 1950. Preliminary fisheries survey 
of the Hawaiian-Line Islands area. Part l. 
The Hawai ian longline fishery. Com mer. 
Fish. Rev. 12(1): 1-23. 

Mendelssohn, R., and C. Roy. 1986. Environ
mental influences on the French, Ivory Coast, 
Senegalese and Moroccan tuna catches in 
the Gulf of Guinea. In P. E. K. Symons, P. 
M. Miyake, and G. T . Sakagawa (Editors), 
Proceedings of the Int. Comm. Conserv. Atl. 
tunas (ICCA T) conference on the interna
tional skipjack year program, p. 170-188. 
ICCA T, Madrid. 

Miyabe, N. In press . General review paper of 
Pacific bigeye tuna Thunnus obesus.ln R. S. 
Shomura, J. Majkowski , and S. Langi (Edi
tors), Proceedings of the FAO expert con
sultation on interactions of Pacific tuna fish
eries, Noumea, New Caledonia, 3-11 De
cember 1991. Food and Agric . Organ., U.N., 
FAO Fish. Tech. Pap. 

Nakamura, R. M., J. S. Akamine, D. E . 
Coleman, and S. N. Takashima. 1987. The 
management of yellowfin tuna in the 
handline fishing industry of Hawaii , a fish 
handling handbook. University of Hawaii 
Sea Grant Advisory Report, Contribution No. 
36, UNIHI-SEAGRANT-AR-88-0I, 32 p. 

NMFS (National Marine Fisheries Service). 
1991. Status of Pacific oceanic living ma
rine resources of interest to the USA for 
1991. U.S. Dep. Commer., NOAA Tech. 

82 

Memo. NMFS-SWFSC-165, 78 p. 
Otsu, T. 1954. Analysis of the Hawaiian long

line fishery, 1948-52. U.S. Fish. Wildl. Serv., 
Com mer. Fish. Rev. 16(9):1-17. 

Pooley, S. G. 1990. Hawaii longline fishing 
controversy . Southwest Fish. Sci. Cent., Natl. 
Mar. Fish. Serv., La Jolla, CA 92038, Tuna 
Newsletter 97:6-9. 

. 1993a. Economics and Hawaii's ma
-n-:-·n-e---;fi=-Isheries. Mar. Fish. Rev. 55(2)93-101. 
_-:::-_-: ' 1993b. Hawaii 's mari ne fisheries: 

Some history, long-term trends, and recent 
developments. Mar. Fish. Rev. 55(2) :7-19. 

Rizzuto, J. 1983. Fishing Hawaii style. Vol. I. 
A guide to saltwater angling. Fishing Ha
waii Style, Ltd ., Honolulu, 145 p. 

Sathiendrakumar, R., and C.A. Tisdell. 1987. 
Optimal economic fishery effort in the 
Maldivian tuna fishery: an appropriate 
model. Mar. Res . Econ. 4: 15-44 

Seckel, G. R. 1972. Hawaiian-caught skipjack 
tuna and their physical environment. Fish. 
Bull. 72:763-787. 

Sharp, G. D. 1978. Behavioral and physiologi
cal properties of tuna and their effects on 
vulnerability to fishing gear. In G. D. Sharp 
and A. E. Dizon (Editors), The physiologi
cal ecology of tunas , p. 379-449. Academic 
Press, New York. 

Shomura. R. S. 1959. Changes in the landings 
of the Hawaiian longline fishery, 1948-56. 
Fish. Bull., 60:87- 106. 

Skillman, R. A. 1989a. Stock Identification and 
Billfish Management. In R. H. Stroud (Edi
tor), Planning the future of billfishes, re
search and management in the 90's and be
yond . Part I. Fishery and stock synopses, 
data needs, and management. Mar. Rec . Fish. 
13:207-214. Natl. Coalition Mar. Conserv., 
Savannah, Ga. 

. 1989b. Status of Paci fic billfish stocks. 
~R. H. Stroud (Editor), Planning the fu

ture of billfishes, research and management 
in the 90's and beyond. Part I. Fishery and 
stock synopses, data needs, and management. 
Mar. Rec. Fish. 13:179-195. Natl. Coalition 
Mar. Conserv., Savannah, Ga. 

--;-OO~~ , C. H. Boggs, and S. G. Pooley. 
1993. Fishery interaction between the tuna 
longline and other pelagic fisheries in Ha
waii. U.S . Dep. Commer., NOAA Tech. 
Memo. NMFS-SWFSC- 189, 46 p. 

Squire, J. L., and D. W . K. Au. 1990. Striped 
marlin in the northeast Pacific - a case for 
local depletion and core area management. 
In R. H. Stroud (Editor), Planning the future 

of billfishes, research and management in 
the 90 's and beyond. Part 2. Contributed 
papers. Mar. Rec. Fish . 13: 199-214. Natl. 
Coalition Mar. Conserv., Savannah, Ga. 

Suzuki, Z. 1989. Catch and fishing effort rela
tionships for striped marlin, blue marlin, and 
black marlin in the Pacific Ocean, 1952-
1985. In R. H. Stroud (Editor) , Planning the 
future of bill fishes, research and manage
ment in the 90' s and beyond. Part I. Fishery 
and stock synopses, data needs, and man
agement. Mar. Rec . Fish. 13:165-177. Natl. 
Coalition Mar. Conserv. , Savannah, Ga. 

___ . In press . A brief review of biology and 
fisheries for yellowfin tuna Thunnus albacares 
in the western and central Pacific Oceans. In 
R. S. Shomura, J. Majkowski, and S. Langi 
(Editors), Proceedings of the FAO expert con
sultation on interactions of Pacific tuna fisher
ies, Noumea, New Caledonia, 3-1 I December 
1991. Food and Agric. Organ., U.N., FAO 
Fish. Tech. Pap. 

Suzuki, Z., Y. Warashina, and M. Kishida. 1977. 
The comparison of catches by regular and 
deep tuna longline gears in the western and 
central equatorial Pacific. Bull. Far Seas Fish. 
Res. Lab. 15:51-83. 

Uchida. R. N. 1976. Reevaluation of fishing 
effort and apparent abundance in the Hawai
ian fishery for skipjack tuna, Katsuwonus 
pelamis, 1948-70. Fish Bull. 74:59-69. 

Watson, C., R. E. Bourke, and R. W. Brill. 
1988. A comprehensive theory on the etiol
ogy of burnt tuna. Fish. Bull. 86:367-372. 

Yang, W. S. , and Y. Gong. 1988. The vertical 
distribution of tunas and billfishes, and fish
ing efficiency between Korean regular and 
deep longlines in the Atlantic Ocean . Bulle
tin of National Fisheries Research and Devel
opment Agency [Pusan, Korea] 42:39-42. 

Yong, M. Y. Y., and J. Wetherall. 1980. Esti
mates of the catch and effort by foreign 
longliners and baitboats in the fishery con
servation zone of the central and western 
Pacific, 1955-77. NOAA Tech. Memo . 
NMFS-SWFC-2, 103 p. 

Yoshida, H. O. 1974. Landings of billfishes in 
the Hawaiian longline fishery. In R. S. 
Shomura and F. Williams (Editors), Proceed
ings of the international bill fish symposium, 
Kailua-Kona, Hawaii, 9-12 August 1972. 
Part 2. Review and contributed papers, p. 
297- 301. NOAA Tech. Rep. NMFS- 675. 

Yuen, H. S. H. 1979. A night handline fishery 
for tunas in Hawai i. Mar. Fish. Rev . 
41:7-14. 

Marine Fisheries Review 



Pacific Pelagic Fisheries Overview 
 

Excerpted from: http://wpcouncil.org/pelagic-fisheriestoday.html 

Tuna fisheries in the Pacific Ocean as a whole catch 
about 2.7 million mt of fish, with US fisheries 
catching about 5 percent of the total. Most of the catch
is taken by fleets of high seas longliners and purse 
seiners from countries such as Japan, Taiwan, Korea 
and the nations of Central and South America. More 
recently, Pacific Island countries such as Papua N
Guinea have grown in importance in terms of thei
large scale purse-seine and longline fisheries. S
scale artisanal longlining is also conducted in Pacific 
Island countries like Samoa and in South America, 

where there are thousands of small scale longline vessels fishing in coastal w
 
The largest US pelagic fisheries in terms of tonnage of fish landed is the US purse-seine fishery, 
with catches of tuna amounting to about 90,000 mt. The US fleet of albacore trollers, based at West 
Coast ports, amounts to about 400 vessels, fishing primarily in the North Pacific and landing about 
12,000 to 14,000 mt. Some vessels from this fleet also fish seasonally for albacore in the South 
Pacific, catching up to 1,500 mt. 
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aters. 

Of all fisheries managed under the Pacific Pelagic Fishery Ecosystem Plan (FEP), the Hawaii-based 
longline fishery is the largest accounting for the majority of Hawaii’s commercial pelagic landings. 
Troll fishing for pelagics is the most common recreational fishery in the islands of the Western 
Pacific Region (American Samoa, Guam, Hawaii, Northern Mariana Islands and US Pacific remote 
island area). The definition of recreational fishing, however, continues to be problematic in a region 
where many fishermen who are fishing primarily for non-commercial purposes may sell their fish to 
cover their expenses. 

Hawaii 
Hawaii’s pelagic fisheries, which include the longline, main Hawaiian Islands troll and handline, 
offshore handline, and the aku boat (pole and line) fisheries; are the state’s largest and most 
valuable fishery sector. A total of 3,150 fishermen were licensed in 2007 by the State of Hawaii, 
including 2,164 (69%) who indicated that their primary fishing method and gear were intended to 
catch pelagic fish. Most licenses that indicated pelagic fishing as their primary method were issued 
to trollers (65%) and longline fishermen (28%). The remainder was issued to ika shibi and palu ahi 
(handline) (6%) and aku boat fishers (1%). 

Longline Fishery: The Hawaii-based longline fishery’s catches account for the majority of 
Hawaii’s commercial pelagic landings with nearly 25 million lbs resulting in revenue exceeding 
$62.7 million in 2007. This fishery began around 1917 and was based on fishing techniques brought 
to Hawaii by Japanese immigrants. The early Hawaiian sampan-style flagline boats targeted large 
yellowfin and bigeye tuna using traditional basket gear with tarred rope mainline. This early phase 

http://wpcouncil.org/pelagic-fisheriestoday.html#as#as
http://wpcouncil.org/pelagic-fisheriestoday.html#guam#guam
http://wpcouncil.org/pelagic-fisheriestoday.html#hawaii#hawaii
http://wpcouncil.org/pelagic-fisheriestoday.html#mariana#mariana
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of Hawaii longline fishing declined steadily into the 1970s due to low profitability and lack of 
investment in an aging fleet. 

Currently, the Hawaii longline fishery is a limited entry 
fishery with a maximum of 164 permits available. Current 
participation is about 125 vessels which target a range of 
pelagic species. The fleet includes many newer steel 
longliners that were previously engaged in fisheries off the 
U.S. mainland. Vessels are limited to 101 ft in length. All 
vessels carry mandatory vessel monitoring system (VMS) 
monitored by NMFS and must submit Federal logsheets at 
the completion of every trip. Vessel sizes range up to 
nearly the maximum 100 foot limit, but the average size is 

closer to 65 – 70 ft. Almost all of the vessels are of steel construction and use flake ice to hold catch 
ooden boats persist in the fishery.  in fresh/chilled condition. A few older w

The longline fleet has historically operated in two distinct 

 

surface, 

s 

modes based on gear deployment: deep-set longline by 
vessels that target primarily bigeye tuna and shallow-set
longlines by those that target swordfish or have mixed 
target trips including albacore and yellowfin tuna. 
Swordfish and mixed target sets are buoyed to the 
have few hooks between floats, and are relatively shallow. 
These sets are primarily targeting swordfish at night. Tuna 
sets use a different type of float placed much further apart, 
have more hooks per foot between the floats and the hook

are set much deeper in the water column. 

Tuna vessels may currently range out to 1,000 nautical miles (nm) but generally make trips within 
500 nm from Honolulu. Prime tuna fishing grounds lie to the south of the MHI and towards 
Johnston Atoll. The swordfish grounds center around the sub-tropical convergence zone that forms 
north of the Hawaiian N. Catches by the Hawaii fleet also include mahimahiΕarchipelago near 35 
(dorado), wahoo, blue and striped marlins, opah (moonfish) and monchong (pomfret). The Hawaii 
fishery does not freeze its catch, which is sold for the fresh fish and sashimi market in Hawaii, 
Japan and the U.S. mainland. Almost all of the Hawaii-based longline catch is sold at the United 
Fishing Agency auction in Honolulu. It is believed that very little of the longline catch is directly 
marketed to retailers or exported by the fishermen; however, there are significant exports by 
wholesalers and retailers. 

Pelagic longline fishing around Hawaii is restricted from use within a buffer zone surrounding the 
main Hawaiian Islands which ranges from 50-75 nm to reduce gear interaction between small and 
large scale fishing methods. Further buffer zones were established within a 50 nm radius of the 
Northwest Hawaiian Islands to minimize interactions with the endangered Hawaiian monk seals, 
although these waters are now encompassed by the recently established Papahānaumokuākea 
Marine National Monument-- the single largest conservation area under the U.S. flag, encompassing 
139,792 square miles of the Pacific Ocean - an area larger than all the country's national parks 
combined.  



U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Pacific Islands Regional Office 
1601 Kapiolani Blvd., Suite 1110 
Honolulu, Hawaii 96814-4700 
(808) 944-2200  ●  Fax (808) 973-2941 

 
Summary of Hawaii Longline Fishing Regulations 

Revised January 28, 2010 
 

Fishing Permits and Certificates 
 
If you use longline gear1 to catch tunas, swordfish, and other federally-managed pelagic species, or land or 
transship longline-caught fish, in the Exclusive Economic Zone (EEZ) around Hawaii, you must have the 
following permits and certificates, and they must be current and on board the vessel. A legible copy of 
the original permit or certificate on board the vessel is usually acceptable. Please contact the National 
Marine Fisheries Service (NMFS, NOAA Fisheries) Pacific Islands Regional Office (PIRO) to obtain the 
Federal permits or certificates. 
• Hawaii Longline Limited Entry Permit registered to the vessel under the name of the vessel owner. 

Expires on March 3rd of each calendar year. 
• Marine Mammal Authorization Program Certificate issued and registered to the vessel owner. Expires 

on March 3rd of each calendar year. 
• High Seas Fishing Compliance Act Permit registered to the vessel and the vessel owner, if fishing 

outside the U.S. EEZ in international waters. Expires five years from date issued. 
o WCPFC Area Endorsement – a supplemental registration is required to fish in the Western and 

Central Pacific Fisheries Commission (WCPFC) Convention Area. Contact PIRO for 
information. 

• Protected Species Workshop Certificate in the name of the vessel operator. (See Protected Species 
Workshop section below for details.)  Expires one year from date of issuance. 

• Western Pacific Receiving Vessel Permit is required if a vessel receives (transshipped) pelagic fish 
caught with longline gear from another longline vessel and intends to land or transship the catch 
anywhere within the western Pacific region. Expires March 3rd of each calendar year. 

• State of Hawaii Commercial Marine License from the Hawaii Division of Aquatic Resources (see 
Contact Information). 

 

Reporting, Monitoring, and Vessel and Gear Identification 
 

• Logbook. The vessel operator must write a complete and accurate record of longline catch, effort and 
other data on a NMFS Western Pacific Daily Longline Fishing logsheet for each longline set, within 24 
hours after completion of each fishing day, and maintain the record on board the vessel. The vessel 
operator must submit the completed and signed logsheet to the NOAA Fisheries Pacific Islands Fisheries 
Science Center (PIFSC) within 72 hours of returning to port. Logbooks are available from PIFSC (see 
contact information). If you engage in non-longline fishing activity, you may be required to report that 
activity on State of Hawaii fishing report forms (contact Hawaii Division of Aquatic Resources). 

• Transshipment Logbook. Vessel operators with a Western Pacific Receiving Vessel Permit must submit 
a NMFS transshipment logbook form for each day of transshipment activity to PIFSC within 72 hours of 
each landing of Pacific pelagic management unit species. Logbooks available from PIFSC. 

                                                 
1 Longline gear means a type of fishing gear consisting of a main line that exceeds 1 nm in length, is suspended horizontally in the 
water column either anchored, floating, or attached to a vessel, and from which branch or dropper lines with hooks are attached; 
except that, within the protected species zone, longline gear means a type of fishing gear consisting of a main line of any length that is 
suspended horizontally in the water column either anchored, floating, or attached to a vessel, and from which branch or dropper lines 
with hooks are attached.  
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• Marine Mammal Authorization Program (MMAP) Mortality/Injury Reporting Form. If any marine 
mammal interaction (hooking or entanglement) occurs, the vessel operator must complete and mail this 
pre-addressed, postage paid form to NOAA Fisheries (in Silver Spring, MD) within 48 hours of the end 
of the trip. Forms available from PIRO. 

• Vessel Monitoring System. The vessel must have an operational NOAA Enforcement-owned and 
installed vessel monitoring system (VMS) unit on board whenever the vessel is at sea. Please contact the 
NOAA Office for Law Enforcement for information and installation (see contact information). 

• Vessel Identification. Display the vessel’s official number on both sides of the deckhouse or hull and on 
an appropriate weather deck in block numbers at least 18 inches tall for vessels 65 feet long or longer, or 
10 inches tall for all other vessels. The markings must be clearly visible in a contrasting color to the 
background. 

o Starting February 22, 2010, vessels fishing on the high seas in the WCPFC Convention Area will 
be required to be identified per WCPFC requirements. See the separate compliance guide for 
Vessel Identification – Western Pacific Pelagic Fishing from the PIRO website for details (see 
Contact Information). 

• Gear Identification. All longline buoys and floats must be marked with the vessel’s official number (US 
Coast Guard documentation number or state/territory vessel registration number). 

 
Notification Requirement and Observer Placement 

 

• The vessel owner or operator must notify the PIRO Observer Program contractor (see Contact 
Information) at least 72 hours before departure on a fishing trip (not including weekends or Federal 
holidays), and declare the intended trip type (shallow-set or deep-set). Once a trip type has been declared 
and the fishing trip begins, the operator must make sets only of the declared type. 

• The vessel is required to carry an observer if one is assigned to your trip. The PIRO Observer Program 
contractor will notify you if an observer has been assigned at least 24 hours before departing on the trip. 

• You must follow the observer guidelines provided to you at the pre-trip observer placement meeting. 
 

Shallow-set Fishery Sea Turtle Interaction Limits 
 

• The maximum annual limits on sea turtle interactions for the Hawaii shallow-set longline fishery are:  
o 16 leatherback sea turtles 
o 46 loggerhead sea turtles 

• The Regional Administrator will publish a notice in the Federal Register by January 31 of each year of 
the annual sea turtle interaction limits.  

• If either of the two sea turtle interaction limits is reached, the shallow-set fishery will be closed for the 
remainder of the calendar year. Vessel owners and operators will be notified of the closure and must 
stop shallow-set longline fishing operations north of the Equator (0˚ Lat.) immediately when the 
shallow-set fishery is declared closed by NOAA Fisheries. The interaction tally will be posted on the 
PIRO website(see Contact Information). 

• If the annual limit for either turtle species is exceeded in any year, the annual limit for the following year 
will be reduced by the number by which the limit was exceeded. 

. 

Prohibited Areas 
 

• Northwestern Hawaiian Islands (NWHI) Longline Protected Species Zone. Longline fishing is 
prohibited within a 50 nautical mile (nm) radius from the geographic centers of the islands and atolls 
shown on the map below and within the 100 nm corridor shown on the map (please see map on the next 
page for center coordinates). 
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The Papahanaumokuakea (NWHI) Marine National Monument was established in August 2006, and the 
boundary of the Monument is similar to the longline Protected Species Zone, but there are differences. 
Commercial fishing is prohibited within the Monument. Fishing vessels may transit through the Monument, but 
entering and leaving the Monument require notifying the Monument office. Please see the Code of Federal 
Regulations, Title 50, Part 404, for the coordinates and a map of the boundary and other requirements, or 
contact the Monument office (see Contact Information). 
 

• Main Hawaiian Islands Longline Fishing Prohibited Area. Longline fishing is prohibited within the areas 
bounded by straight lines connecting the points listed below (see map on the next page). 

 
Feb. 1 through Sep. 30,  
within the straight line boundaries  
connecting the following points: 
------------------------------ 
Point   N. Lat.    W. Lon. 
------------------------------ 
A     18°05’    155°40’ 
B     18°20’    156°25’ 
C     20°00’    157°30’ 
D     20°40’    161°40’ 
E     21°40’    161°55’ 
F     23°00’    161°30’ 
G     23°05’    159°30’ 
H     22°55’    157°30’ 
I.     21°30’    155°30’ 
J     19°50’    153°50’ 
K     19°00’    154°05’ 
A     18°05’    155°40’ 
------------------------------ 

 

Oct. 1 through Jan. 31,  
within the straight line boundaries  
connecting the following points: 
--------------------------------------- 
Point   N. Lat.   W. Lon. 
------------------------------ 
A   18°05’   155°40’ 
L   18°25’    155°40’ 
M   19°00’   154°45’ 
N   19°15’   154°25’ 
O   19°40’   154°20’ 
P   20°20’   154°55’ 
Q   20°35’   155°30’ 
R   21°00’   155°35’ 
S   22°30’   157°35’ 
------------------------------ 

 
 
Continued 
----------------------------- 
Point   N. Lat.   W. Lon. 
----------------------------- 
T   22°40’   159°35’ 
U   22°25’   160°20’ 
V   21°55’   160°55’ 
W   21°40’   161°00’ 
E   21°40’   161°55’ 
D   20°40’    161°40’ 
C   20°00’   157°30’ 
B   18°20’   156°25’ 
A   18°05’   155°40’ 
----------------------------- 
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• Guam Longline Fishing Prohibited Area. Longline fishing is prohibited in the area bounded by straight 
lines connecting the following points in order from A to I: 

 
 

Point N. Lat. E. Lon. 
A 14° 25’ 144° 00’ 
B 14° 00’ 143° 38’ 
C 13° 41’ 143° 33’ 33” 
D 13° 00’ 143° 25’ 30” 
E 12° 20’ 143° 37’ 
F 11° 40’  144° 09’ 
G 12° 00’ 145° 00’ 
H 13° 00’ 145° 42’ 
I 13° 27’ 145° 51’ 

   
 
 
 
 

• No-Take Marine Protected Areas: 
o Longline fishing is prohibited shoreward of the 50-fathom curve at Jarvis, Howland, and Baker 

Islands, and Kingman Reef. 
o Longline fishing is prohibited shoreward of the 50-fathom curve around Rose Atoll in American 

Samoa. 
• Marine National Monuments: Commercial fishing is prohibited within the Pacific Remote Islands 

Marine National Monument, Rose Atoll Marine National Monument, and the Islands Unit of the 
Marianas Trench Marine National Monument. See the Monument proclamation on the PIRO website 
(see Contact Information). 
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Protected Species Workshop 
 

• Each year, owners and operators of longline vessels registered to a Hawaii longline limited entry permit 
must attend and be certified in the Protected Species Workshop (PSW) conducted by PIRO on 
mitigation, handling, and release techniques for sea turtles, seabirds and marine mammals. 

• The PSW is offered in person and online. 
• Owners and operators who have never been certified must attend a classroom workshop before taking 

the online course. After the initial classroom session, owners may take the online course indefinitely. 
Operators (captains) may take the online course for two years in a row before being required to take a 
classroom course, as a review, to show they understand protected species handling techniques. In other 
words, operators must take a classroom course every three years. 

• PIRO will issue a PSW certificate, valid for one year, to anyone who completes the entire workshop. 
The certificate can be renewed at any time before the expiration date. 

• The owner of a vessel registered for use under a Hawaii Longline Limited Entry Permit must maintain 
and have on file a valid PSW certificate to maintain or renew their permit. 

• The operator of a permitted vessel engaged in longline fishing must have a valid PSW certificate (or a 
readable copy) in his/her name, on board the vessel. 

 

Sea Turtle Handling and Mitigation Measures 
 

• Vessel owners and operators must follow specific guidelines for handling, dehooking, resuscitating, and 
releasing sea turtles that interact with longline fishing gear. Refer to the sea turtle handling guidelines 
provided at the PSW. If there is a NOAA Fisheries observer on board, the observer will take charge of 
handling of hooked sea turtles, with the assistance of the vessel crew. 

• The vessel owner and operator must have the following turtle handling/dehooking gear on board the 
vessel:  
1) Long-handled line clipper 
2) Long-handled dip net 
3) Long-handled dehooker for ingested hooks (may substitute for item 4) 
4) Long-handled dehooker for external hooks 
5) Long-handled device to pull an “inverted V” 
6) Tire 
7) Short-handled dehooker with bite guard for ingested hooks (may substitute for item 8) 
8) Short-handled dehooker for external hooks 
9) Long-nose or needle-nose pliers 
10) Wire or bolt cutters 
11) Monofilament line cutters 
12) At least two of the following mouth openers and gags: 

o Block of hard wood 
o Set of three canine mouth gags 
o Set of two sturdy canine chew bones 
o Set of two rope loops covered with hose 
o Hank of rope 
o Set of four PVC splice couplings 
o Large avian oral speculum (to be used to hold a turtle's mouth open and control the head with 

one hand while removing a hook with the other) 
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Seabird Handling and Mitigation Measures 

 

• You must handle and release hooked or entangled seabirds in a way that maximizes their survival. 
Follow the seabirds handling guidelines provided at the PSW. 

• Follow additional requirements for special handling of a short-tailed albatross. These guidelines are 
issued at the PSW. 

• Additional requirements are listed on the next page. 
 

List of Requirements for Seabird and Sea Turtle Mitigation and Handling 
 

The following requirements apply to all Hawaii longline limited entry permitted vessels. The 
requirements change, depending on where you fish and what type of fishing trip you declare. For 
example, Deep-Set Requirement A applies everywhere to vessels on a deep-set trip. If you are on a 
deep-set trip north of 23° N. latitude, both Deep-Set Requirements A and B apply. If you are on a 
shallow-set trip, then the Shallow-set Requirements apply everywhere. 

 
 

Deep-Set  Shallow-Set 
A. Required Everywhere  Required Everywhere 

Carry and use line clipper, dip net, and dehooker 
(see Sea Turtle Handling and Mitigation Measures 
for handling/dehooking gear) 

 Carry and use line clipper, dip net, and dehooker 
(see Sea Turtle Handling and Mitigation Measures 
for handling/dehooking gear) 

Float lines at least 20 m (65 ft 7 in) or longer on 
board 

 Must use 18/0 or larger circle hooks (no smaller 
than 50 mm (1.97 in) outer diameter) with hook 
offset of zero to 10° 

Minimum of 15 branch lines between any two 
floats, except for basket gear, which has a 
minimum of 10 branch lines between any two 
floats  

 Must use mackerel-type bait – no squid 

No light sticks (light-emitting devices) on board   
No more than ten (10) swordfish landed or 
possessed on a deep-set fishing trip 

  
 
 

 
B. Additional Requirements when Fishing 

North of 23° N. Latitude 
 

In Addition: 

Use 1) or 2)  Use 3) or 4) 
1) Side-set  3) Side-set 
Mainline deployed as far forward as possible from 
port or starboard side, at least 1 m (3 ft 3 in) from 
stern 

 Mainline deployed as far forward as possible from 
port or starboard side, at least 1 m (3 ft 3 in) from 
stern 

If line shooter used, mount as far forward as 
possible, at least 1 m from stern 

 If line shooter used, mount as far forward as 
possible, at least 1 m from stern 

Branch lines must have 45 g (1.6 oz) weight within 
1 m of each hook 

 Branch lines must have 45 g (1.6 oz) weight within 
1 m of each hook 

When seabirds are present, deploy gear so hooks 
remain submerged 

 When seabirds are present, deploy gear so hooks 
remain submerged 

Deploy a bird curtain (see 50 CFR 665 for details)  Deploy a bird curtain (see 50 CFR 665 for details) 
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2) Alternative to side-setting (i.e., stern-setting)  4) Alternative to side-setting (i.e., stern-setting) 
Strategic Offal Discharge - When birds are present, 
discharge fish, fish parts, or spent bait while setting 
or hauling, on opposite side of the vessel 

 Strategic Offal Discharge - When birds are present, 
discharge fish, fish parts, or spent bait while setting 
or hauling, on opposite side of the vessel 

Retain sufficient quantities of fish, fish parts, or 
spent bait between sets of longline gear for 
strategic offal discharge  

 Retain sufficient quantities of fish, fish parts, or 
spent bait between sets of longline gear for strategic 
offal discharge  

Remove all hooks from fish, fish parts, or spent 
bait prior to strategic offal discharge 

 Remove all hooks from fish, fish parts, or spent bait 
prior to strategic offal discharge 

Remove bill and liver from any swordfish, sever 
head from trunk and split in half vertically, and 
periodically discharge butchered heads and livers 
for strategic offal discharge 

 Remove bill and liver from any swordfish, sever 
head from trunk and split in half vertically, and 
periodically discharge butchered heads and livers 
for strategic offal discharge 

When using basket-style gear, ensure mainline is 
set slack 

 When using basket-style gear, ensure mainline is 
set slack 

Use completely-thawed bait and dye all bait to 
match NOAA Fisheries-issued color control card 

 Use completely-thawed bait and dye all bait to 
match NOAA Fisheries-issued color control card 

Maintain a minimum of two cans of blue dye on 
board vessel 

 Maintain a minimum of two cans of blue dye on 
board vessel 

Use a line shooter  Deploy set at least 1 hour after sunset and complete 
deployment before sunrise, using minimum vessel 
lights necessary for navigation and safety 

Branch lines must have 45 g weight within 1 m of 
each hook 

  

 
 

Marine Mammal Handling and Release 
 
Recommended guidelines for handling of marine mammals are provided at the PSW. After any accidental 
marine mammal interaction, the animal must be carefully handled while minimizing further injury, and returned 
to the ocean, unless directed otherwise by NOAA Fisheries personnel, contractor or official observer, or 
otherwise authorized by a scientific research permit held by the operator. Submit the MMAP Mortality/Injury 
Reporting Form to NOAA Fisheries to report any interactions with marine mammals. 
 
Shark Finning and Landings 
 

• You may not remove the fins, including the tail, from a shark and dispose of the carcass (body of the 
shark) at sea.  

• You may remove, possess, land, or sell shark fins if you keep the corresponding carcasses. If you intend 
to sell the fins, you must have the fins and the carcass(es) weighed at the same time. 

• If you receive shark fins from another vessel, you must also keep the corresponding carcass(es).  
• The total weight of shark fins landed may not exceed 5 percent of the total dressed weight of shark 

carcasses on board or landed from the vessel. 
• You must allow NOAA Fisheries personnel access to, and inspection and copying of, any records 

relating to the weighing, landing, sale, purchase, or other disposition of shark fins or carcasses.  
 

(For more information, see the Code of Federal Regulations, Title 50, Part 600, Subpart N, and the Small-Entity Compliance 
Guide on the Implementation of the Shark Finning Prohibition Act.) 
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Disclaimer 
 

This regulatory summary is intended to help fishermen comply with certain regulations that govern the Hawaii 
longline limited entry fisheries. The summary does not cover permit renewal, transfer, permit appeal 
procedures, or observer requirements in detail. Protected species handling procedures are covered in detail in 
the Protected Species Workshop. The summary does not replace more detailed compliance guides provided by 
PIRO. For the complete set of official regulations, see the Code of Federal Regulations, Title 50, Parts 300, 404, 
600, and 665. Regulations are subject to change, so this summary may become out of date. Any discrepancy 
between the contents of this summary and regulations published in the Code of Federal Regulations or the 
Federal Register will be resolved in favor of the Code of Federal Regulations or the Federal Register. 
     

Contact Information 
 
For Permits, Certificates, MMAP report forms, PSWs, Compliance Guides and other information (PIRO) 
 
NOAA Fisheries Pacific Islands Regional Office Ph: (808) 944-2275 for permits  
1601 Kapiolani Blvd., Suite 1110     (808) 944-2200 for protected species workshops 
Honolulu, HI  96814-4700    Fax: (808) 973-2940 for permits 
       Web: www.fpir.noaa.gov 

Email: PIRO-permits@noaa.gov (permits only); piropsw@noaa.gov (PSW only) 
 
 

For Vessel Departure Notification or Observer Placement 
 
PIRO Observer Program contractor:   Ph: (808) 949-1141 (vessel call-ins) 
Saltwater, Inc. (attn: Josee Vincent)   Ph: (808) 282-5318 (office cell) 
1023 Pensacola St., Unit G     Fax: (808) 593-9212 
Honolulu, HI 96814     Email: josee@saltwaterinc.com 
 
 
To Obtain or Submit Logbooks (PIFSC) 
 
NOAA Fisheries Pacific Islands Fisheries Science Center Ph: (808) 983-5325 
ATTN: FMSD       Fax: (808) 983-2902 
2570 Dole St.       Web: www.pifsc.noaa.gov 
Honolulu, HI  96822-2396     
    
     
For VMS, Other Enforcement Information, or To Report a Violation 
 
NOAA Office for Law Enforcement   Ph: (808) 203-2500, (808) 203-2503 for VMS 
1601 Kapiolani Blvd., Suite 950   Ph: (800) 853-1964 (confidential toll-free hotline) 
Honolulu, HI  96814-4700    Fax: (808) 203-2599 
 
 
About Fishing in National Wildlife Refuges - U.S. Fish and Wildlife Service    
 
Pacific Remote Islands National Wildlife Refuge Manager   
300 Ala Moana Blvd., Suite 5-231   Ph:   (808) 792-9550 
P.O. Box 50167     Fax:  (808) 792-9585 
Honolulu, HI  96850     Web:   www.fws.gov/pacificislands/wnwr/nwrindex.html 

http://www.fpir.noaa.gov
mailto:PIRO-permits@noaa.gov
mailto:piropsw@noaa.gov
mailto:josee@saltwaterinc.com
http://www.pifsc.noaa.gov
http://www.fws.gov/pacificislands/wnwr/nwrindex.html
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State of Hawaii Commercial Marine Licenses and Reports 
 
Hawaii Division of Aquatic Resources  Ph:  (808) 587-0103 licenses, (808) 587-0100 general  
1151 Punchbowl St., Rm. 330   Fax: (808) 587-0115 
Honolulu, HI  96813     Web: www.hawaii.gov/dlnr/dar 
 
 
Papahanaumokuakea Marine National Monument 
 
NOAA      Ph:   (808) 397-2657 (info.), (866) 478-6944 (notification) 
6600 Kalanianaole Hwy., Suite 300  Fax: (808) 397-2662 
Honolulu, HI  96825    Web: papahanaumokuakea.gov  
      Email: nwhi.notifications@noaa.gov (notification) 
 
 
About fishing in the Pacific Remote Islands, Marianas Trench, and Rose Atoll Marine National Monuments 
 
NOAA Fisheries Pacific Islands Regional Office Ph: (808) 944-2200 
Sustainable Fisheries Division   Fax: (808) 973-2941 
1601 Kapiolani Blvd., Suite 1110   Web: www.fpir.noaa.gov 
Honolulu, HI  96814-4700       
 
 
 
 
 

http://www.hawaii.gov/dlnr/dar
mailto:nwhi.notifications@noaa.gov
http://www.fpir.noaa.gov


U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Pacific Islands Regional Office 
1601 Kapiolani Blvd., Suite 1110 
Honolulu, Hawaii 96814-4700 
(808) 944-2200 ● Fax (808) 973-2941 

 

 
 

SEABIRD COMPLIANCE GUIDE1 
 

Guide for Complying with Regulations to Reduce and Mitigate Interactions between 
Seabirds and Hawaii-Based Longline Vessels  

 
(revised October 2009) 

 
This guide summarizes how to comply with seabird regulations published in the Federal 
Register on December 19, 2005 (70 FR 75075). These measures are intended to reduce 
interactions between seabirds and Hawaii-based longline fishing vessels.  
 
This guide provides information only about the rule published on December 19, 2005. There are 
additional requirements for seabird avoidance and mitigation. For the complete set of applicable 
Federal fishing regulations, please refer to Title 50 of the Code of Federal Regulations, Parts 600 
and 665 (50 CFR parts 600 and 665). 
 
Regulations are subject to change, so fishermen must familiarize themselves with the most recent 
changes and are responsible to comply with them. Any discrepancies between this compliance 
guide and the regulations will be resolved in the favor of the regulations published in the Federal 
Register (70 FR 75075, December 19, 2005). 
 
Q1. Who is affected by the regulations?  
 
The regulations apply to owners and operators of vessels that are registered for use under a 
Hawaii longline limited access permit.  
 
Q2. When did the regulations take effect, and for how long are they effective?  
 
The seabird regulations took effect on January 18, 2006, and will remain in effect until they are 
revised or removed by the National Marine Fisheries Service (NMFS).  
 
Q3. What is the purpose of these regulations?  
 
The regulations are intended to reduce interactions between seabirds and longline fishing. The 
regulations implement fishing gear and operational requirements to reduce the likelihood of birds 
being accidentally hooked, entangled, and killed during fishing operations. NMFS, the Western 
Pacific Fishery Management Council, and the fishing industry collaborated on research to test 
these seabird deterrent measures, and NMFS has approved and implemented them. 

                                                 
1 This compliance guide is issued in accordance with Section 212 of the Small Business Regulatory Enforcement  
Fairness Act of 1996: title II of Public Law 104-121. 
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Q4. What general types of requirements does this final rule contain?  
 

• Implementation of a requirement to either side-set, or use a combination of other seabird 
mitigation measures; and 

• Modification to the requirement for strategic offal discards.  
 
Q5. Where do the regulations apply?  
 
The regulations apply to those vessels that shallow-set (targeting swordfish) anywhere, and to 
those vessels that deep-set (targeting tuna) north of 23º N latitude.  
 
Q6. What are the regulations?  
 
Vessel owners and operators must either side-set their fishing gear following NMFS 
specifications described below or, if not side-setting, use the suite of alternative measures 
described below.  
 
Q7. What are the side-setting requirements?  
 
Side-setting deploys longline gear from the side of the vessel rather than from the stern. Permit 
holders that choose to side-set may do so with no additional seabird deterrents. However, all side 
setting vessels must conform to the following specifications:  
 

• The mainline must be deployed as far forward on the vessel as practicable, but at least 1 
m (3.3 ft) forward from the stern of the vessel;  

• The mainline and branch lines must be set from the port or the starboard side of the 
vessel;  

• If a mainline shooter is used, the mainline shooter must be mounted as far forward on the 
vessel as practicable, but at least 1 m (3.3 ft) forward from the stern of the vessel;  

• Branch lines must have weights with a minimum weight of 45 g (1.6 oz);  
• Weights must be placed on all branch lines within 1 m (3.3 ft) of each hook;  
• When seabirds are present, the longline gear must be deployed so that baited hooks 

remain submerged and do not rise to the sea surface; and  
• A bird curtain must be deployed (see figures for examples of construction design). Each 

bird curtain must consist of the following components: 
o A pole that is fixed to the side of the vessel aft of the line shooter and that is at least 3 

m (9.8 ft) long;  
o At least three main streamers attached at regular intervals to the upper 2 m (6.6 ft) of 

the pole and each of which has a minimum diameter of 20 mm (0.8 in); and  
o Branch streamers attached to each main streamer at the end opposite from the pole, 

each of which is long enough to drag on the sea surface in the absence of wind, and 
each of which has a minimum diameter of 10 mm (0.4 in).  
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Examples of design elements for the bird curtain. Modified from Gilman et al. (2003) and 
Brothers and Gilman (2005). 
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Q8. What is the alternative to side-setting? 
 
The alternative to side-setting is to use a combination of currently-required measures specified 
by NMFS. This combination includes all of the following:  
 

● Strategic Offal Discards. Discharge fish and fish parts (offal) or spent bait while setting 
and hauling longline gear on the opposite side of the vessel from where the longline gear 
is being set and hauled, when seabirds are present; and  

● Thawed and Blue Dyed Bait.  
○ Use completely thawed bait that has been dyed blue to an intensity level specified by 

a color quality control card issued by NMFS; and  
○ Maintain a minimum of two cans (each sold as 0.45 kg or 1 lb size) containing blue 

dye on board the vessel.  
 
Q9. What additional requirements apply to vessels that do not side-set?  
 
The following additional requirements apply to vessels that do not side set.  
 

For vessels that deep-set north of 23º N. latitude:  
 
● Use basket-style mainline gear, OR  
● If using monofilament nylon mainline gear, employ a line shooter; AND  
● Attach at least 45 g (1.6 oz) of weight to each branch line within 1 m (3.3 ft) of each 

hook.  
 

 4
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For vessels that shallow-set anywhere:  
 
● Night set. Begin deployment of longline gear at least 1 hr after local sunset and complete 

the deployment no later than 1 hr before local sunrise, using the minimum vessel lights 
necessary to conform to navigation rules and best safety practices.  

 
Q10. What modification was made to the requirement for strategic offal discards?  
 
The requirements were modified to specify that offal must be strategically discarded only when 
seabirds are present.  
 
Q11. What are the penalties for the operator or owner of a vessel who does not follow these 
regulations?  
 
Penalties are determined on a case-by-case basis; they can include significant administrative, 
civil, or criminal penalties.  
 
Q12. Where can I obtain additional copies of this guide or receive more information about 
these regulations? 
 
  Sustainable Fisheries Division 
 Pacific Islands Regional Office  

NOAA National Marine Fisheries Service  
1601 Kapiolani Blvd., Suite 1110  
Honolulu, HI 96814  
Phone: (808) 944-2200 

 
http://fpir.noaa.gov/SFD/SFD_regs_2.html 
 
You can also read the Federal Register notice for this rule (Federal Register vol. 70, No. 242, pp. 
75075-75080, December 19, 2005).  
 
 

http://fpir.noaa.gov/SFD/SFD_regs_2.html


U.S. DEPARTMENT OF COMMERCE 
National Oceanic and Atmospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Pacific Islands Regional Office 
1601 Kapiolani Blvd., Suite 1110 
Honolulu, Hawaii 96814-4700 
(808) 944-2200 ● Fax (808) 973-2941 

 

 
 

SEA TURTLE COMPLIANCE GUIDE1 
 

Guide for Complying with Regulations to Reduce and Mitigate Interactions between  
Sea Turtles and Pelagic Fisheries of the Western Pacific Region  

 
(revised October 2009) 

 
This guide summarizes how to comply with sea turtle regulations that were published in the 
Federal Register on November 15, 2005 (70 FR 69282). These measures are intended to reduce 
interactions between sea turtles and fisheries in the western Pacific region.  
 
This guide provides information only about the final rule published on November 15, 2005. 
There are additional requirements for sea turtle avoidance and mitigation. For the complete set of 
applicable federal fishing regulations, please refer to Title 50 of the Code of Federal Regulations, 
Parts 600 and 665 (50 CFR parts 600 and 665).  
 
Regulations are subject to change, so fishermen must familiarize themselves with the most recent 
changes and are responsible to comply with them. Any discrepancies between this compliance 
guide and the regulations will be resolved in favor of the regulations published in the Federal 
Register (70 FR 69282, November 15, 2005).  
 
Q1. Who is affected by the regulations?  
 
The regulations apply to fishing vessels that operate in federal waters (in the U.S. EEZ, 3-200 
nautical miles offshore) around Hawaii, American Samoa, Guam, the Northern Mariana Islands 
and other U.S. remote island areas in the Pacific2, or that are used to land fish into the region. 
These measures apply to owners and operators of vessels that are registered for use with all 
western Pacific longline permits (western Pacific longline vessels), as well as owners and 
operators of domestic non-longline vessels, both commercial and recreational, that use hooks to 
target pelagic management unit species (PMUS), for example, tunas, marlins, mahi-mahi, and 
related open-ocean species. A complete list of PMUS is found at 50 CFR 665.12. Non-longline 
fishing vessels include troll, handline and pole-and-line vessels.  
 
Q2. When did the regulations take effect, and for how long are they effective?  
 
The sea turtle regulations took effect on December 15, 2005, and will remain in effect until they 
are revised or removed by the National Marine Fisheries Service (NMFS).  

                                                 
1 This compliance guide is issued in accordance with Section 212 of the Small Business Regulatory Enforcement  
Fairness Act of 1996: title II of Public Law 104-121. 
 
2 Howland, Baker, Jarvis, Wake, and Palmyra Islands, Johnston Atoll and Kingman Reef. 
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Q3. What is the purpose of these regulations?  
 
The regulations are intended to reduce interactions between sea turtles and fishing activities, and 
to increase the survival of any turtle that is accidentally caught. The regulations focus on the 
handling, resuscitation, and release of sea turtles. The Western Pacific Fishery Management 
Council recommended these sea turtle measures, and NMFS approved and implemented them.  
 
Q4. What general types of requirements does this final rule contain?  

 
• Equipment specified by NMFS for use on board longline fishing vessels;  
• Sea turtle handling guidelines for all fishermen who target pelagic species;  
• Protected species workshops for longline vessel owners and operators; and  
• Requirements for shallow-set longline fishing.  

 
Q5. What equipment must be aboard western Pacific longline vessels?  
 
With some exceptions, fishermen on western Pacific longline vessels must carry and use NMFS-
specified line clippers, dip nets, and dehookers. The NMFS specifications governing these gears 
can be found in 50 CFR 665.32 paragraphs (a)(5), (a)(6), and (a)(7), respectively.  
 
Q6. Who is exempted from carrying and using this equipment?  
 
Owners and operators of longline vessels with freeboards 3 ft or less in length are not required to 
carry the dip nets. Freeboard is the distance between the vessel’s deck and the sea surface. 
Fishermen on handline, troll, pole-and-line, and other non-longline vessels that use hooks to 
target PMUS are not required to carry mitigation gear.  
 
Q7. Who is required to follow sea turtle handling, resuscitation, and release procedures for 
accidentally hooked or entangled sea turtles?  
 
All fishermen who use hooks to target PMUS are required to follow these procedures. This 
includes all commercial and recreational longline, trolling, and handline vessels, and pole-and-
line fishermen.  
 
Q8. What are the requirements for sea turtle handling?  
 
If a sea turtle is hooked or entangled in fishing gear, owners and operators of longline vessels 
must use the required mitigation gear, and other fishermen must follow the guidelines. Any 
hooked or entangled sea turtle must be handled in a manner that minimizes injury and promotes 
survival.  
 
Sea turtles that cannot be brought aboard the vessel: When a turtle is too large to bring 
aboard, or the turtle cannot be brought aboard without causing it further injury, the vessel owner 
or operator must disentangle and remove the gear, or cut the line as close as possible to the hook 
or entanglement to remove as much gear as possible from the turtle.  
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Sea turtles that can be brought aboard the vessel: When a sea turtle is not too large to bring 
aboard, or the sea turtle can be brought aboard without causing further injury to it, the vessel 
owner or operator must do the following:  

●  Immediately bring the sea turtle aboard;  
● Disentangle and remove the gear, or cut the line as close as possible to the hook or 

entanglement, to remove as much gear as possible from the turtle.  
● Resuscitate and release the sea turtle, as prescribed.  

 
Q9. What are the requirements for resuscitating a sea turtle?  
 
If a sea turtle appears dead or comatose, the following actions must be taken:  

● Place the turtle on its belly so that its hindquarters are elevated at least 6 inches from the 
ground for a period of no less than 4 hours and no more than 24 hours;  

● Administer a reflex test at least once every 3 hours. This test is performed by gently  
touching the eye and/or pinching the tail of the turtle in order to determine if it is  
responsive;  

● Keep the turtle shaded, and moist with a wet towel on the shell and flippers; and  
● Return a revived turtle to the sea. Turtles that fail to revive within 24 hours must also be 

returned to the sea in the same manner as if they were alive.  
 
Q10. What are the requirements for releasing a sea turtle?  
 
After handling a sea turtle as required, the turtle must be identified and returned to the ocean, 
unless NMFS requests the retention of a dead turtle for research. When a turtle is released into 
the ocean, the vessel owner or operator must:  

● Place the vessel engine in neutral gear so that the propeller is disengaged and the vessel is 
stopped. Release the turtle away from any deployed fishing gear.  

● Observe that the turtle is safely away from the vessel before engaging the propeller and 
continuing operations.  

 
Q11. What other requirements are there for sea turtles?  
 
No sea turtle, including a dead turtle, may be consumed or sold, regardless of its condition. A 
turtle that is caught during fishing operations may be landed, offloaded, transshipped or kept 
below deck, only if NMFS requests the retention of a dead turtle.  
 
Q12. Who is required to attend the protected species workshops conducted by NMFS and 
how often?  
 
Each calendar year, both the operator and owner of any vessel registered for use under any 
western Pacific longline permit must attend, and receive a certification of completion of a 
protected species workshop conducted by NMFS. This annual requirement is intended to make 
sure that fishermen have the most current information about protected resources. A valid 
protected species workshop certificate must be on board the vessel at all times.  
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Q13. What are the gear requirements when shallow-setting?  
 
When shallow-setting north of the Equator, longline vessels must use size 18/0 or larger circle 
hooks with a 10 degree offset, mackerel-type bait (no squid bait), and specified turtle dehooking 
devices.  
 
Q14. Who is affected by these restrictions on shallow-setting?  
 
All operators of U.S. longline vessels fishing around, or landing fish in the western Pacific 
region.  
 
Q15. What are the penalties for the operator or owner of a vessel who does not follow these 
regulations?  
 
Penalties are determined on a case-by-case basis, and they can include significant administrative, 
civil, or criminal penalties.  
 
Q16. Where can I obtain additional copies of this guide or receive more information on 
these regulations?  
 
 Sustainable Fisheries Division 
 Pacific Islands Regional Office 
 NOAA National Marine Fisheries Service 
 1601 Kapiolani Blvd., Suite 1110 
 Honolulu, HI 96814 
 Phone: (808) 944-2200 
 
http://fpir.noaa.gov/SFD/SFD_regs_2.html 
 
You can also read the Federal Register notice for this rule (Federal Register vol. 70, no. 219, pp. 
69282-69285, November 15, 2005).  
 

http://fpir.noaa.gov/SFD/SFD_regs_2.html


5.b.iv. 

 
Protected Species Placards 

 
The following pages are the informational placards for protected species in the Pacific Islands 
Region. They are currently being revised by NMFS PIRO Sustainable Fisheries Division (SFD) 
staff.  These information sheets are printed double-sided, laminated, and bound together with a 
metal ring. These placards are not required to be carried or posted on longline vessels; however, 
they are made available to longline vessel owners and operators at the required Protected Species 
Workshops.  
 
Owners and the operators of vessels registered for use under any Federal longline permit in the 
western Pacific region must attend and be certified for completion of annual Protected Species 
Workshops. A valid workshop certificate (card) is necessary for owners to renew their permits. 
While conducting longline fishing operations at sea, vessel operators are required to possess a 
valid workshop card. Each year, over 200 fishermen and vessel owners are trained in Hawaii, 
and almost 100 are trained in American Samoa. 
 
SFD staff conducts these workshops. This training includes protected species identification; 
handling and release techniques; and regulatory requirements. The protected species that are 
covered in the workshops include sea turtles, marine mammals, and seabirds. Classroom training 
uses various techniques and materials to convey critical knowledge to fishermen, including 
verbal presentations, hands-on demonstrations, videos, and printed reference materials.   
 
An online training web site has been developed to facilitate learning and as a more flexible 
option to the classroom training sessions. Owners and operators who have never been certified 
must attend a classroom first before taking the online course. After the initial classroom session, 
owners may take the online course indefinitely. Operators (captains) may take the online course 
for two years in a row before being required to take a classroom course, as a review, to show 
they understand protected species handling techniques, at least every three years. 
 
 
 
 



~RINFj MAMMA T jS 
anilling!Re1ease~ GUlaellnes 

PELAGIC LONGLINE GEAR 

STAND BY WITH AN IDENTITY GUIDE, 
PAPER AND CAMERA. 

Document as much information as possible to 
describe the marine mammaL .. particularly 
physical appearance, behavior, and potential 
injuries. Be sure to take several photographs 
from different angles. 

eAnimals's length 
Animal's features to be used for 
species identification purposes. 
Any gear that could not be removed 
from the animal (type, placement, color, 
size, etc.). 

eAny existing tags on the animal (description and number). 

L RGE WHALES: 

If a large whale is alive and on the line, immediately 
contact the Disentanglement Hotline at: (888) 256-9840 or 
US Coast Guard: VHF Ch.16 for instructions. 

~OI>TMO~ 

' • • " 'T'he data show that if you have one marine mammae interaction, there is a 
' . . . . \ high risk that you wire have additiona{ encounters if you remain fishing in 
~ ~ the same area. ~fert others via radio communication, and 1VtOVP 

c;.. c-
.J'o<".o-1J/r o~~ .. q; rather than riskfurther interactions. 

MENT Of G 

In Hawaii, Contact: Pacific Islands Regional Office (808) 944-2200 
Revised May 17, 2007 
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ALL MARINE MAMMALS 
(DOLPHIN TO PILOT WHALE SIZE): 

_ Alert crew to standby the rail- their assistance 
will be needed. Two long gaffs should be used 
to recover the opposite side of the mainline as 
soon as it is available. 

_ Proceed cautiously and smoothly and STOP 
vessel within range of the marine mammal. 

_ Gently bring the animal alongside the vessel. 

_ If a tangle exists, gaff the other side of mainline 
and attach it to the vessel or float ball in order to 
isolate the vessel and the marine mammal from 
any tension on the remaining gear in the water. 

_ Work tangle off the marine mammal as smoothly 
and quickly as possible, avoiding abrupt actions 
that may panic the animal. When a hook is 
involved, if feasible cut off the barb of the hook 
with long handled bolt cutters, and then cut the 
line as close to the hook as possible. 

_ Remove all line from the marine mammal. 

_ After the animal has been released, secure the 
remainder of gear in the water, and then promptly 
record all pertinent information concerning this 
interaction on your Marine Mammal Reporting Form. 

In Hawaii, Contact: Pacific Islands Regional Office (808) 944-2200 



 

Green Sea Turtle 
(Chelonia mydas) 

• Smooth oval shell 
 
• 4 pairs of lateral 

scutes 
 
• 5 central scutes 
 
• 2 prefrontal scales 
 
• Serrated lower jaw 
 

Pacific Islands Regional Office 

Lower jaw 
Dorsal view 

Dorsal view of head Ventral view 

Prefrontal scales 

5 central 
scutes 

4 lateral 
scutes

4 inframarginal 
scutes

2 prefrontal scales 



 
 
 

Dorsal view of head Ventral view 

Dorsal view 

4 prefrontal scales 

4 lateral 
scutes 

4 inframarginal 
scutes 

5 central 
scutes 

Hawksbill Sea Turtle 

 (Eretmochelys imbricata) 

Pacific Islands Regional Office 

• Overlapping scutes 
 
• Narrow shell 
 
• Hawk-like beak 
 
• 4 pairs of lateral 

scutes 
 
• 5 central scutes 
 
• 4 prefrontal scales 



 
 
 
 
 
 

Dorsal View 
(Top) 

W-shaped 
beak 

Dorsal 
ridges 

• Dark gray or black 
with white spotting 

 
• 5-7 dorsal ridges from 

head to tail 
 
• No hard shell 
 
• No scutes or scales 
 
• W-shaped upper jaw 

or beak 
 
• Can grow very large 

Pacific Islands Regional Office 

Leatherback Sea Turtle 
 (Dermochelys coriacea)



 
 
 
 
 
 
 

Loggerhead Sea Turtle 
  (Caretta caretta) 

• Heart shaped shell 
 
• Reddish/orange 

color 
 
• 5 pairs of lateral 

scutes 
 
• 5 central scutes 
 
• 4 prefrontal scales 
 
• 3 inframarginal 

scutes 

Pacific Islands Regional Office Dorsal view of head Ventral view 

3 inframarginal 
scutes

4 prefrontal scales 

5 lateral 
scutes

5 central 
scutes 



 
 
 
 
 

Olive Ridley Sea Turtle 
(Lepidochelys olivacea)

• Almost round-shaped 
shell 

 
• Olive/grayish-green 

color 
 
• Between 5-9 pairs of 

lateral scutes 
 
• 4 prefrontal scales 
 
• 4 pairs inframarginal 

scutes with pores 

Pacific Islands Regional Office Dorsal view of head Ventral view 

Dorsal view 

4 prefrontal scales 

4 inframarginal 
scutes 

Central 
scutes 

5 – 9 lateral 
scutes 



Sea Turtle Identification 

HARD SHELL? 

No hard carapace 
5-7 Longitudinal ridges on back 
Mature individuals attain greater size 

LEATHERBACK 

__ ------(IHARDSHELLTURTLES~ 

FOUR PAIRS 
OF COASTAL SCUTES 

One pair of prefrontal scales 
Non-overlapping scutes 
Serrated lower jaw 

GREEN/BLACK 

Two or more pairs of frontal scutes 
Overlapping costal scutes 

HAWKSBILL 

FIVE OR MORE PAIRS 
OF COSTAL SCUTES 

Usually five pairs of costal scutes 
Three inframarginals without pores 
Usually red-orange color 

LOGGERHEAD 

Five to nine pairs of costal scutes 
Four inframarginals with pores 
Gray-green color 

OLIVE RIDLEY 



1. Determine if turtle is small enough to bring aboard 
Turtle too big to bring aboard 
Identify turtle species 
Record interaction in the logbook 
Assess location of the hook to choose 
the proper dehooking device 

Turtle small enough to bring aboard 
Use dip net to bring the turtle aboard 
DO NOT use a gaff 
DO NOT pull on leader line 
DO NOT grasp the eye sockets to board 
animal 
Assess location of the hook to choose the 
proper dehooking device 

2. Determine if the turtle is lightly or deeply hooked and 
decide on the gear and method to use 
If the turtle is lightly hooked in 
the mouth, beak, or flipper 
Use a dehooker for external hooks 
(long handled for non boated, short 
handled for boated turtles) 

See page 2 

If the turtle is deeply hooked in 
the mouth or throat 
Use a pigstail dehooker for ingested hooks 
(long handled for non boated turtle, short 
handled bite block version for boated turtles) 

See page 3 

3. Determine if turtle is unconscious or conscious 
UNCONSCIOUS 
Place the sea turtle on its belly and elevate its hindquarters at least 6 inches for at least 4 hours 
Perform a reflex test every 3 hours, by gently touching the eye, or lightly pulling on tail 
Keep the turtle secure and moist 
If there is a response, begin to treat the turtle as conscious 
If there is NO RESPONSE AFTER 24 HOURS return the turtle to the ocean 

CONSCIOUS 
Keep the turtle secure and moist with wet towels, occasionally spraying the turtle with a deck hose 
Monitor the turtle on board for a minimum of 4 hours 

RETURN TURTLE TO OCEAN 
Make sure the vessel is stopped and out of gear 
Gently slide the turtle HEAD FIRST back into the water 
Ensure that the turtle is clear of the vessel before motoring away 



Hold the leader with your left hand, dehooking device in your right hand 

(1) Place the dehooker (2&3) Draw the dehooker back towards you like (4) Rotate dehooker 
perpendicular to the a bow and arrow until you engage the line. 1/4 turn clockwise. 
leader, making sure This puts the leader in 
the open end of the the center of the curl. 
pigtail is facing up. 

(5-7) Follow the leader down until it engages the shank of the hook. 

(8) Make sure the 
leader is tight and 
parallel with the 
dehooking device. 
Give a slight thrust 
downward with the 
dehooking device 
until the hook 
disengages, 

(9) Pullout the dehooker 
with the hook. 



Hold the leader with your left hand, dehooking device in your right hand 

(1) With the J Bend 
facing you, Place the 
dehooking device on 
the leader. 

(4) Pull the dehooking 
device and leader 
apart with constant 
pressure until device 
is at 2 o'clock position 
and leader is at 
8 o'clock position. 

(2) Follow the leader 
down. 

(5) With a slight twist 
and shake the hook 
will be disengaged. 

(3) Engage the hook. 



Laysan Albatross 
Plumage .White head, neck and stomach 

.Dark upper wings and back 

.Dark around the eyes 

Legs/Peet .Fleshy to gray 
Color 

Bill Color .Fleshy with a 
gray tip 

Black-footed Albatross 
Plumage .Dark head, body, and wings 

.White ring around base of bill 

.White patch behind the eyes 

Juveniles - dark at base of tail 
Adults - white at base of tail 

Legs/Peet .Black-brown 
Color 
Bill Color .Black-brown 

Short-tailed Albatross 
Plumage .Juvenile - dark head, body and wings 

.Sub adult - white neck, stomach and LJu,,,-''" ... .... 

- dark cap and nape 
- white patches on wings 

.Adult - golden cap and nape 

Legs/Peet .Juvenile - dark 
Color .Sub adult and adult - Fleshy pink 

Bill Color .Juvenile - dark 
.Sub adults and adults- bright pink with a thin 

black line around the base of the bill 

In Hawaii, Contact: Pacific Islands Regional Office (808) 944-2200 



Seabird ready to 
be released 

 
Hooked Seabirds 

Handling Guidelines* 
 
1. Gently lift the bird on board with a long handled dip net 

and cover it with a clean towel or blanket. Do not wrap 
the bird’s body too tightly as this will prevent the bird 
from breathing. Do not obstruct the nasal openings 
because this will prevent the bird from breathing. 

 
2. Working in teams of two, secure the bird’s head and 

isolate the hooked or entangled area while another 
person removes the bird from the net. Fold the bird’s 
wings to their natural resting position against the body. 
Wear gloves, long sleeves and protective eyewear 
when handling seabirds. They have sharp beaks and 
painful bites.  

 
3. Cut all fishing line and remove it from the bird. If the bird 

is lightly hooked in the bill, leg or wing and the barbed 
end of the hook is visible, use BOLT CUTTERS to pare 
the hook barb and then thread the hook out backwards. 
If the bird has been deeply hooked, cut the line as close 
to the hook as possible and leave the hook in place. 
Never attempt to remove a hook from anywhere on a 
bird by pulling on the leader line. 

 
4. Allow the bird to dry (between 30 min to 4 hrs). The bird 

should be able to stand on its feet, hold its head erect, 
respond to sound, breathe without noise and retract its 
wings into a normal folding position. 

 
5. Record numbers from any leg bands. Send band 

numbers and information on type of seabird, date, 
location of capture, name of vessel and seabird 
mitigation methods to the National Marine Fisheries 
Service, Pacific Islands Regional Office, 1601 Kapiolani 
Blvd., Suite 1110, Honolulu, HI 96814.   

 
6. Before releasing the bird, stop the boat. Gently ease the 

bird onto the water. Do not throw it into the air. Do not 
motor away until the bird is clear of the vessel. 

 
*Approved by the International Bird Rescue Research Center 

Seabird NOT ready 
to be released 

If the bird is a short-tailed 
albatross, call USCG to 
reach NMFS for handling 
instructions. —H.

If the bird is a short-tailed albatross, follow the 
guidelines for the short-tailed albatross (see over) 



IMMEDIATELY contact the NMFS, U.S. Coast Guard,
or U.S. Fish and Wildlife Service.  They will contact an
expert to give you advice in the release and handling of
the short-tailed albatross.

National Marine Fisheries Service:
Honolulu (808) 944-2200 

Coast Guard: (808) 541-2500
Contact frequency:
Daytime ITU Channel
08240.0 KHz (ITU Channel 816)
12242.0 KHz (ITU Channel 1205)
Nighttime ITU Channel
04134.0KHz (ITU Channel 424)
06200.0 KHz (ITU Channel 601)

U.S. Fish and Wildlife Service, French Frigate
Shoals: Contact frequency: 10.0054
Call signs: KOJ638 Tern Island or KOJ639 Honolulu

  or

Release Criteria

1. Can it hold its head

erect?

2.  Does it respond to

stimulus and noise?

3. Does it breathe

without noise?

4.  Is it able to flap and

retract its wings to a

normal folded

position?

5. Can it stand on both

feet, with the toes

pointed forward?

If you answer NO to

any of these

questions, the bird is

NOT ready to be 

released.  Please keep

the bird on the boat.

1. What should I do if I catch a short- 
tailed albatross that is alive?

Monitor the health of
the bird

   Short-tailed     
Albatross Handling

Guidelines

Medium Hooked

If the hook is located
in the mouth or

throat and the barb
of the hook is

exposed

2. Where is the hook?  Is it lightly     
hooked, medium, or deeply hooked?

Lightly Hooked

If the hook is on
beak, leg, wing or

foot

Deeply hooked

If the hook has
been swallowed
and is inside the
body below the

neck

$

• Attempt to contact
NMFS, USCG and
USFWS for 48 hours.
 
• If unable to make
contact, remove hook
by cutting the barb
and pulling hook
through.

• Place bird in a box
in a dry safe place for
4-24 hours.

• Do not release bird
unless it meets the

Release Criteria. 

• Attempt to contact NMFS, USCG or USFWS

immediately.
• Place the bird in a box in a dry safe place until you receive  

 instructions on the handling and dehooking of the bird.

• Do NOT release the bird. 

Notify NMFS if you

catch a dead short-

tail albatross.  Dead

birds should be

labeled, placed in a

plastic bag, and

stored in the freezer. 

Dead birds should

be given to NMFS

once you return to

port.

Adult short-tailed albatross

$

If the bird is dead?

Pacific Islands Regional Office

Sustainable Fisheries Division



SIDE     
SETTING 

STERN 
SETTING

Shallow Set 
Anywhere Deep Set >23° N

Shallow Set 
Anywhere Deep Set >23°N

Deploy mainline from port or starboard side at 
least 1 m forward of stern corner Yes Yes

When using basket gear, deploy with slack in 
mainline Yes

If line shooter is used, mount it at least 1 m 
forward of stern corner Yes Yes

Deploy gear so that hooks do not resurface Yes Yes

Use specified bird curtain Yes Yes

Attach minimum 45 g weights within 1 m of hook 
of each hook Yes Yes Yes

Use thawed blue-dyed  bait Yes Yes

Maintain two 1 pound containers of blue dye Yes Yes

Use line shooter Yes

Retain fish parts and spent bait with hooks 
removed including swordfish heads and livers for 
strategic offal discard

Yes Yes

Retain and prepare swordfish head and liver Yes Yes

Night set (begin set 1 hr after sunset and complete 
1 hr before dawn) Yes

Seabird Regulations
Effective Date:  January 18, 2006

Important Note: All longliners must follow seabird handling procedures
everywhere

Revised May 16, 2007



The Hawaii-based Longline Logbook Summary Report 
January–December 20081 

 
Pacific Islands Fisheries Science Center 

Fisheries Monitoring and Socioeconomics Division 
 

This annual report summarizes data on fish catch and fishing effort by Hawaii-based 
longline vessels for calendar year 2008.  Results are based on the date gear was hauled, as 
reported by vessel operators to the National Marine Fisheries Service in Federal logbooks of 
daily fishing activity.  The report covers longline operations for fishing trips completed in 2008 
and most, but not all, data from trips that began late in the fourth quarter of 2008 and continued 
into the first quarter of 2009.  Therefore, the 2008 summary statistics reported here are 
preliminary. 

 
During 2008, 129 vessels were active in the Hawaii-based fleet, the same number of 

vessels as in 2007 (Table 1, Fig. A1); participation in the fishery has been nearly constant over 
the past five years.  Longline fishers made 1,470 longline trips in 2008 (45 less than in 2007), 
including 1,380 using deep-set gear to target tuna (down 46 trips) and 90 using shallow-set gear 
to target swordfish (up 11 trips) (Table 1, Fig. A2).  A record 41.6 million hooks were deployed 
in 2008, 1.4 million more than in 2007 (Table 1, Fig. A3);  the number of hooks set has increased 
steadily since 1994.  A growing proportion of hooks are being set outside the U.S. Exclusive 
Economic Zone (EEZ) — 59% of total hooks set in 2008.  The remainder were deployed in the 
main Hawaiian Islands EEZ (27%), Northwestern Hawaiian Islands EEZ (11%), and in the EEZ 
of the Pacific Remote Islands Area (PRIA, consisting of U.S. possessions Wake Island, Jarvis 
Island, Howland Island, Baker Island, Kingman Reef, Palmyra Atoll, and Johnston Atoll) (3%). 
 

In 2008, the Hawaii longline fleet caught 152,323 bigeye tuna (Table 1, Fig. A4). Bigeye 
tuna catches have been on an increasing trend since the first year of logbook monitoring in 1991.  
In contrast, the trend in albacore catches has been downward since 1997, reaching a low in 2007; 
however, the albacore catch in 2008 was 16,637 fish, an increase of 53% from 2007 and the 
highest catch since 2004. The catch of yellowfin tuna in 2008 was 34,526 fish, an increase of 
31% compared to 2007.  Yellowfin tuna catches have remained relatively steady since 2003. 

 
The 2008 swordfish catch was 23,919 fish (Table 1, Fig. A5). This was 1.4% lower than 

the swordfish catch in 2007 despite an increase in the number of hooks deployed in shallow sets 
targeting swordfish in 2008.  The catch of striped marlin was 14,409 fish in 2008, an increase of 
76% compared to 2007; it has continued to vary within a relatively constant range during the 
18-year period of logbook records.  Similarly, the catch of blue marlin in 2008 (4,225 fish) was 
higher than in 2007 by 28%.  

 
In 2008, the Hawaii longline fleet caught 62,367 sharks and kept 4% of them (Table 1, 

Fig. A6).  Blue shark comprised 85% of the total shark catch (52,912 fish).  In 2008, the fleet 
caught 3,694 mako sharks and 4,438 thresher sharks.  Catches of mako shark have steadily 
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increased, whereas those of blue shark and thresher sharks have been relatively steady during the 
last several years (Fig. A6). 

 
In 2008, the Hawaii longline catch of other key pelagic species included 67,239 

mahimahi, 43,068 pomfret, 30,066 oilfish, 15,122 moonfish, and 14,239 wahoo (Table 1, Fig. 
A7).  Catches of all these species are higher than levels in the 1990s, but those of wahoo and 
pomfret have declined slightly over the last several years. 
 

The longline logbook statistics reported above refer to all fishing areas combined. 
Summary catch and effort for 2008 were also compiled by several geographical sub-areas 
including: the MHI EEZ; the NWHI EEZ; the PRIA EEZ; the combined EEZ of MHI, NWHI 
and PRIA; and waters outside the U.S. EEZ. These statistics are presented in Tables 2-6. 
Summary statistics for the entire fishing area in 2008 are also presented for each distinct trip 
type: swordfish-targeted trips using shallow-set gear (Table 7) and tuna-targeted trips deploying 
deep-set gear (Table 8). 
 

This report is available in PDF format on the PIFSC Web site at 
http://www.pifsc.noaa.gov/fmsd/reports.php. The Web site also provides quarterly and yearly 
charts and an archive of quarterly and annual summary tables of fish catch and fishing effort 
from 1991 to the present. The statistics in the online graphs and archived tables are updated 
periodically as new records are added to the database and corrections are made. 
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

All Areas

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 1.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  41,564,853
 19,468

 1,470

 129

2008

Billfishes

 49 4,176 4,225Blue marlin  0.10

 143 14,266 14,409Striped marlin  0.35

 157 15,308 15,465Shortbill spearfish  0.37

 2,111 21,808 23,919Swordfish  0.58

 7 459 466Other billfishes  0.01

 58,484  56,017  2,467  1.41Total

Sharks

 52,730 182 52,912Blue shark  1.27

 2,141 1,553 3,694Mako sharks  0.09

 3,972 466 4,438Thresher sharks  0.11

 784 53 837Oceanic whitetip shark  0.02

 60 1 61Silky shark  0.00

 394 31 425Other sharks  0.01

 62,367  2,286  60,081  1.50Total

Tunas

 1,170 15,467 16,637Albacore  0.40

 2,760 149,563 152,323Bigeye tuna  3.66

 1,765 32,761 34,526Yellowfin tuna  0.83

 0 4 4Bluefin tuna  0.00

 1,446 15,043 16,489Skipjack tuna  0.40

 5 27 32Other tunas  0.00

 220,011  212,865  7,146  5.29Total

Other PMUS

 1,180 66,059 67,239Mahimahi  1.62

 75 15,047 15,122Moonfish  0.36

 60 14,179 14,239Wahoo  0.34

 615 29,451 30,066Oilfish  0.72

 188 42,880 43,068Pomfret  1.04

 169,734  167,616  2,118  4.08Total

 71,812 438,784 510,596Total PMUS  12.28

 2,643 1,778 4,421Total Non-PMUS  0.11

 4,421 515,017Total All Species  12.39 440,562
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

Main Hawaiian Islands EEZ

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 2.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  11,249,293
 5,188

 772

 126

2008

Billfishes

 6 985 991Blue marlin  0.09

 21 3,376 3,397Striped marlin  0.30

 29 4,759 4,788Shortbill spearfish  0.43

 148 1,062 1,210Swordfish  0.11

 2 127 129Other billfishes  0.01

 10,515  10,309  206  0.93Total

Sharks

 11,217 39 11,256Blue shark  1.00

 242 446 688Mako sharks  0.06

 787 215 1,002Thresher sharks  0.09

 120 20 140Oceanic whitetip shark  0.01

 2 0 2Silky shark  0.00

 84 11 95Other sharks  0.01

 13,183  731  12,452  1.17Total

Tunas

 6 1,297 1,303Albacore  0.12

 859 33,948 34,807Bigeye tuna  3.09

 872 12,218 13,090Yellowfin tuna  1.16

 0 1 1Bluefin tuna  0.00

 425 5,360 5,785Skipjack tuna  0.51

 0 0 0Other tunas  0.00

 54,986  52,824  2,162  4.89Total

Other PMUS

 178 14,613 14,791Mahimahi  1.31

 6 2,450 2,456Moonfish  0.22

 14 2,548 2,562Wahoo  0.23

 54 7,578 7,632Oilfish  0.68

 41 9,817 9,858Pomfret  0.88

 37,299  37,006  293  3.32Total

 15,113 100,870 115,983Total PMUS  10.31

 992 1,156 2,148Total Non-PMUS  0.19

 2,148 118,131Total All Species  10.50 102,026
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

Northwestern Hawaiian Islands EEZ

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 3.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  4,581,724
 2,137

 290

 116

2008

Billfishes

 19 894 913Blue marlin  0.20

 41 3,898 3,939Striped marlin  0.86

 49 2,472 2,521Shortbill spearfish  0.55

 419 2,281 2,700Swordfish  0.59

 2 99 101Other billfishes  0.02

 10,174  9,644  530  2.22Total

Sharks

 7,936 41 7,977Blue shark  1.74

 189 174 363Mako sharks  0.08

 539 66 605Thresher sharks  0.13

 92 13 105Oceanic whitetip shark  0.02

 2 0 2Silky shark  0.00

 72 7 79Other sharks  0.02

 9,131  301  8,830  1.99Total

Tunas

 6 1,265 1,271Albacore  0.28

 325 18,053 18,378Bigeye tuna  4.01

 376 7,686 8,062Yellowfin tuna  1.76

 0 0 0Bluefin tuna  0.00

 88 1,835 1,923Skipjack tuna  0.42

 0 1 1Other tunas  0.00

 29,635  28,840  795  6.47Total

Other PMUS

 101 6,940 7,041Mahimahi  1.54

 3 1,381 1,384Moonfish  0.30

 10 1,580 1,590Wahoo  0.35

 41 4,750 4,791Oilfish  1.05

 13 3,757 3,770Pomfret  0.82

 18,576  18,408  168  4.05Total

 10,323 57,193 67,516Total PMUS  14.74

 30 136 166Total Non-PMUS  0.04

 166 67,682Total All Species  14.77 57,329
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

Pacific Remote Island Areas (PRIA) EEZ

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 4.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  1,318,835
 576

 82

 56

2008

Billfishes

 2 308 310Blue marlin  0.24

 3 289 292Striped marlin  0.22

 2 574 576Shortbill spearfish  0.44

 4 116 120Swordfish  0.09

 0 27 27Other billfishes  0.02

 1,325  1,314  11  1.00Total

Sharks

 1,611 10 1,621Blue shark  1.23

 30 30 60Mako sharks  0.05

 472 12 484Thresher sharks  0.37

 434 3 437Oceanic whitetip shark  0.33

 49 0 49Silky shark  0.04

 14 0 14Other sharks  0.01

 2,665  55  2,610  2.02Total

Tunas

 3 2,418 2,421Albacore  1.84

 126 5,851 5,977Bigeye tuna  4.53

 130 2,115 2,245Yellowfin tuna  1.70

 0 0 0Bluefin tuna  0.00

 76 1,127 1,203Skipjack tuna  0.91

 0 2 2Other tunas  0.00

 11,848  11,513  335  8.98Total

Other PMUS

 12 1,518 1,530Mahimahi  1.16

 0 126 126Moonfish  0.10

 4 1,114 1,118Wahoo  0.85

 2 623 625Oilfish  0.47

 4 940 944Pomfret  0.72

 4,343  4,321  22  3.29Total

 2,978 17,203 20,181Total PMUS  15.30

 6 17 23Total Non-PMUS  0.02

 23 20,204Total All Species  15.32 17,220
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

Hawaiian Islands EEZ + PRIA EEZ

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 5.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  17,149,852
 7,901

 956

 126

2008

Billfishes

 27 2,187 2,214Blue marlin  0.13

 65 7,563 7,628Striped marlin  0.44

 80 7,805 7,885Shortbill spearfish  0.46

 571 3,459 4,030Swordfish  0.23

 4 253 257Other billfishes  0.01

 22,014  21,267  747  1.28Total

Sharks

 20,764 90 20,854Blue shark  1.22

 461 650 1,111Mako sharks  0.06

 1,798 293 2,091Thresher sharks  0.12

 646 36 682Oceanic whitetip shark  0.04

 53 0 53Silky shark  0.00

 170 18 188Other sharks  0.01

 24,979  1,087  23,892  1.46Total

Tunas

 15 4,980 4,995Albacore  0.29

 1,310 57,852 59,162Bigeye tuna  3.45

 1,378 22,019 23,397Yellowfin tuna  1.36

 0 1 1Bluefin tuna  0.00

 589 8,322 8,911Skipjack tuna  0.52

 0 3 3Other tunas  0.00

 96,469  93,177  3,292  5.63Total

Other PMUS

 291 23,071 23,362Mahimahi  1.36

 9 3,957 3,966Moonfish  0.23

 28 5,242 5,270Wahoo  0.31

 97 12,951 13,048Oilfish  0.76

 58 14,514 14,572Pomfret  0.85

 60,218  59,735  483  3.51Total

 28,414 175,266 203,680Total PMUS  11.88

 1,028 1,309 2,337Total Non-PMUS  0.14

 2,337 206,017Total All Species  12.01 176,575
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

Outside U.S. EEZ

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 6.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

All Trip Types  24,415,001
 11,567

 1,122

 127

2008

Billfishes

 22 1,989 2,011Blue marlin  0.08

 78 6,703 6,781Striped marlin  0.28

 77 7,503 7,580Shortbill spearfish  0.31

 1,540 18,349 19,889Swordfish  0.81

 3 206 209Other billfishes  0.01

 36,470  34,750  1,720  1.49Total

Sharks

 31,966 92 32,058Blue shark  1.31

 1,680 903 2,583Mako sharks  0.11

 2,174 173 2,347Thresher sharks  0.10

 138 17 155Oceanic whitetip shark  0.01

 7 1 8Silky shark  0.00

 224 13 237Other sharks  0.01

 37,388  1,199  36,189  1.53Total

Tunas

 1,155 10,487 11,642Albacore  0.48

 1,450 91,711 93,161Bigeye tuna  3.82

 387 10,742 11,129Yellowfin tuna  0.46

 0 3 3Bluefin tuna  0.00

 857 6,721 7,578Skipjack tuna  0.31

 5 24 29Other tunas  0.00

 123,542  119,688  3,854  5.06Total

Other PMUS

 889 42,988 43,877Mahimahi  1.80

 66 11,090 11,156Moonfish  0.46

 32 8,937 8,969Wahoo  0.37

 518 16,500 17,018Oilfish  0.70

 130 28,366 28,496Pomfret  1.17

 109,516  107,881  1,635  4.49Total

 43,398 263,518 306,916Total PMUS  12.57

 1,615 469 2,084Total Non-PMUS  0.09

 2,084 309,000Total All Species  12.66 263,987
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

All Areas

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 7.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

Swordfish Targeted Trips  1,486,240
 1,587

 90

 27

2008

Billfishes

 13 338 351Blue marlin  0.24

 46 891 937Striped marlin  0.63

 18 151 169Shortbill spearfish  0.11

 1,758 18,513 20,271Swordfish  13.64

 1 25 26Other billfishes  0.02

 21,754  19,918  1,836  14.64Total

Sharks

 12,393 18 12,411Blue shark  8.35

 830 118 948Mako sharks  0.64

 157 16 173Thresher sharks  0.12

 30 6 36Oceanic whitetip shark  0.02

 2 0 2Silky shark  0.00

 21 0 21Other sharks  0.01

 13,591  158  13,433  9.14Total

Tunas

 1,133 1,791 2,924Albacore  1.97

 110 1,379 1,489Bigeye tuna  1.00

 26 478 504Yellowfin tuna  0.34

 0 2 2Bluefin tuna  0.00

 18 91 109Skipjack tuna  0.07

 5 0 5Other tunas  0.00

 5,033  3,741  1,292  3.39Total

Other PMUS

 297 4,495 4,792Mahimahi  3.22

 33 72 105Moonfish  0.07

 1 133 134Wahoo  0.09

 472 2,053 2,525Oilfish  1.70

 12 65 77Pomfret  0.05

 7,633  6,818  815  5.14Total

 17,376 30,635 48,011Total PMUS  32.30

 34 10 44Total Non-PMUS  0.03

 44 48,055Total All Species  32.33 30,645
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Trip Types
Fishing Area

Time Period

Report Coverage 

Number of hooks set
Number of sets

Number of vessels active

Number of trips

All Areas

CPUE - Number 

Caught per 1000 hooks

Pelagic Management Unit

Species (PMUS)

Number 

Caught

Number

Kept

Number

Released

Table 8.  Annual summary report of fishing effort and catch statistics for U.S. longline vessels landing in 

Hawaii as derived for NMFS Western Pacific Daily Longline Fishing Log records. [PIFSC Information 

Management System, Longline Logbook Data, 2/23/2009 11:13:07AM].

Tuna Targeted Trips  40,078,613
 17,881

 1,380

 127

2008

Billfishes

 36 3,838 3,874Blue marlin  0.10

 97 13,375 13,472Striped marlin  0.34

 139 15,157 15,296Shortbill spearfish  0.38

 353 3,295 3,648Swordfish  0.09

 6 434 440Other billfishes  0.01

 36,730  36,099  631  0.92Total

Sharks

 40,337 164 40,501Blue shark  1.01

 1,311 1,435 2,746Mako sharks  0.07

 3,815 450 4,265Thresher sharks  0.11

 754 47 801Oceanic whitetip shark  0.02

 58 1 59Silky shark  0.00

 373 31 404Other sharks  0.01

 48,776  2,128  46,648  1.22Total

Tunas

 37 13,676 13,713Albacore  0.34

 2,650 148,184 150,834Bigeye tuna  3.76

 1,739 32,283 34,022Yellowfin tuna  0.85

 0 2 2Bluefin tuna  0.00

 1,428 14,952 16,380Skipjack tuna  0.41

 0 27 27Other tunas  0.00

 214,978  209,124  5,854  5.36Total

Other PMUS

 883 61,564 62,447Mahimahi  1.56

 42 14,975 15,017Moonfish  0.37

 59 14,046 14,105Wahoo  0.35

 143 27,398 27,541Oilfish  0.69

 176 42,815 42,991Pomfret  1.07

 162,101  160,798  1,303  4.04Total

 54,436 408,149 462,585Total PMUS  11.54

 2,609 1,768 4,377Total Non-PMUS  0.11

 4,377 466,962Total All Species  11.65 409,917
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Figure A1.  Number of active longline vessels based and landing in Hawaii, by 

year, 1991-2008.  [PIFSC IMS, Longline Logbook Data, 2/20/2009 10:48:26AM]
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Figure A2.  Number of fishing trips by longline vessels based and landing in 

Hawaii, by year and trip type, 1991-2008.  [PIFSC IMS, Longline Logbook Data, 

2/20/2009 10:48:26AM]
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Figure A3.  Number of hooks set by longline vessels based and landing in 

Hawaii, by year and fishing area, 1991-2008.  [PIFSC IMS, Longline Logbook 

Data, 2/20/2009 10:48:26AM]
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Figure A4.  Annual catch of albacore, bigeye tuna, and yellowfin tuna by longline 

vessels based and landing in Hawaii, 1991-2008. 2/20/2009 10:48:26AM]
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Figure A5. Annual catch of blue marlin, striped marlin, and swordfish by longline 

vessels based and landing in Hawaii, 1991-2008.  [PIFSC IMS, Longline Logbook 

Data, 2/20/2009 10:48:26AM]
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Figure A6.  Annual catch of blue shark, mako shark, thresher shark, and other 

sharks  by longline vessels based and landing in Hawaii, 1991-2008.  [PIFSC 

IMS, Longline Logbook Data, 2/20/2009 10:48:26AM]
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Figure A7.  Annual catch of mahimahi, moonfish, pomfret, and wahoo by 

longline vessels based and landing in Hawaii, 1991-2008.  [PIFSC IMS, Longline 

Logbook Data, 2/20/2009 10:48:26AM]
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INTRODUCTION 
 

This report describes a subset of the results from a socio-cultural study of 
fishermen in the Hawaii-based longline fleet. The broader study, conducted in 
2003−2004, was designed to compile a social profile of the longline fishing industry of 
Hawaii and provide information about its participants to decision makers. As the primary 
producer of Hawaii’s fresh pelagic fish, the longline fleet has been heavily regulated with 
little analysis of the socio-cultural impacts of regulations and management.  
 

Throughout the course of the broader study, fishermen described their experiences 
with observers and the program. Although experiences with observers was one of the 
topics included in the interviews, fishermen often brought up the topic before researchers 
introduced it. Observers accompany fishing trips to monitor interactions with protected 
species on the fishing grounds. Because the observers live on-board with the captain and 
crew during their 2- to 4-week fishing trips, some interesting dynamics emerge. 
Fishermen also described their interactions with the National Marine Fisheries Service 
(NMFS) observer program staff in Honolulu, who schedule observers to go on fishing 
trips and handle reimbursement of expenses associated with observers. 
 

This paper has two main objectives: 
 

1) Describe fishermen’s experiences with and reactions to the observer program; 
and 

2) Evaluate issues and patterns of interaction with observers based on the 
ethnicity of the fisherman (owner, captain, and crew) and other variables.  

 
In the course of searching for relevant literature, we came across anecdotal 

accounts of fishermen’s experiences with observers in other fisheries but did not find any 
systematic studies that described experiences with observers from the perspective of a 
full range of owners, captains, and crew from a given fleet. Therefore, another purpose of 
the study was to encourage other systematic observations of relationships between 
fishermen and observers. 
 

First, we provide overviews of the Hawaii longline fleet and the observer program, 
followed by description of the study’s methods, including the interviewers, sampling, and 
interview procedures. After describing the sample, we then present the results: first, for 
the entire sample; then for the longline owners, captains, and Hawaii-based crew (as a 
group and by ethnicity—Vietnamese-American, Korean-American, and Euro-American); 
and, finally, for the Filipino crew members.1  

 
To conclude, we summarize the main findings, discuss implications for the 

observer program, and suggest direction for future research efforts. 
 
 
 

                                                 
1 At the time of the study, Filipinos comprised the vast majority of crew on the longline vessels. 
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The Hawaii-based Longline Fleet  
 

The Hawaii-based longline fishery, which lands the vast majority of the Hawaii 
commercial catch of pelagic fish, has been a limited entry fishery since 1994 with a cap 
of 164 vessels.2 About 110 to 120 vessels were active during the time of the study. The 
longline fleet consists of vessels ranging from 50 to 110 ft in length, nearly all 
homeported at one of three sets of docks in Honolulu. Vessels are all U.S. flagged and are 
generally fished with a captain and three to five crew members.  
 

Hawaii-based longline vessels traditionally targeted bigeye tuna (Thunnus obesus), 
yellowfin tuna (Thunnus albacares), and swordfish (Xiphias gladius). Between 1994 and 
1999, the industry landed an annual average of 15.9 million pounds, with tuna comprising 
an average of 60 percent of total landings (lbs). Bigeye constituted 55 percent of the tuna 
landings, albacore 27 percent, and yellowfin 18 percent.3 The remainder of the catch was 
swordfish and mixed pelagic species. 
 

The longline industry provides fresh whole fish to the market. The most 
significant distributor for all types of fish landed in Honolulu is the local fish auction, a 
unique service not available to fishermen in many other areas. Nearly all longline vessels 
sell directly to the auction, located adjacent the longline docks, where fish are purchased 
by both export wholesalers and local retailers. The auction system brings buyers and 
sellers together and eliminates the need for additional marketing. As fish is graded by 
piece, buyers immediately purchase fish, by piece, from the auction floor. 
 

Despite relatively low landings by weight compared to ports nationwide, pelagic 
fish landed in Honolulu have substantial economic value, reflecting the high local and 
export market demand for fresh fish. The high prices also reflect social and cultural 
values that Hawaii residents and visitors, as well as Japan residents and others to whom 
Hawaii fish are exported, associate with fresh ahi (bigeye and yellowfin tuna) and other 
pelagic species. For example, in 2002−2003, Honolulu ranked 43rd among major U.S. 
ports in pounds of commercial fishery landings but ranked 10th in the value of fish landed 
(NMFS 2003). In 2003, 110 longline vessels took a total of 1,215 trips and set nearly 30 
million hooks, catching about 17 million pounds of fish yielding $38.6 million in revenue 
(Western Pacific Regional Fisheries Management Council 2004).  

 
The longliners fish both inside and outside of the U.S. Exclusive Economic Zone 

(EEZ), the area extending from 3−200 nmi offshore. Hawaii’s longline fleet includes 
vessels previously used for fishing in the Gulf of Mexico, the Atlantic, and elsewhere. 
More recently, vessels from American Samoa have become part of the Hawaii longline 
fleet. Longline owners and captains represent a number of ethnicities; at the time of the 

                                                 
2 A cap of 164 permits had actually been in effect since 1991 as a moratorium until the limited entry 
program was established in 1994.  
3 In 2002, when the Hawaii swordfishery was shut down, tuna catch made up a larger component of the 
total landings; however, distribution of tuna species was roughly the same—bigeye 50 percent, yellowfin 
21 percent, and albacore 27 percent.   
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study, roughly one-third of the owners were Vietnamese-Americans, one-third Korean-
Americans, and one-third Euro-Americans.  

 
The longline fleet operates under a number of regulations in addition to a cap on 

the number of vessels and a requirement to carry NMFS-authorized observers. In the late 
1980s, a number of longline vessels relocated to Hawaii to fish tuna, and subsequently 
swordfish, creating concern on behalf of local fishermen in the area. As the larger 
longline vessels began fishing the same waters as small-scale fishermen, regulations 
restricted these larger, commercial, longline vessels to fishing at least 25-50 miles off 
shore, so as to decrease competition.  

 
In the late 1990s, concern for protecting the leatherback, loggerhead, olive ridley, 

and green sea turtles was prompted by the frequency of sea turtle interactions with 
deployed longline fishing gear.4 In 1999, conservation groups sued NMFS on this issue. 
The suit charged that the longline industry’s incidental catch (take) of threatened and 
endangered sea turtles posed a threat to the survival of Pacific populations of these 
protected species, particularly leatherback and loggerhead turtles, and that NMFS failed 
to conduct proper environmental assessments of the regulations underlying this fishery.  
 

As a result, the Federal Court in Honolulu issued an injunction on November 23, 
1999, leading to the temporary closure of certain waters (north of Hawaii) to Hawaii-
based pelagic longline vessels. Subsequent court orders in June 2000 required NMFS to 
curtail longline fishing for swordfish and mandated NMFS to prepare an Environmental 
Impact Statement. The impact statement, prepared by NMFS, included a series of actions 
to reduce the adverse effects of fishing vessels’ interaction with sea turtles. These actions 
later became regulation consistent with the temporary closure of the swordfishery, and 
included: 

  
• Prohibition on swordfish-style longline fishing in waters south of Hawaii (from 0° 

to 15° N) 
• Seasonal area closures in areas from 145° W to 180° during April and May 

 
The final environmental impact statement (FEIS) for pelagic fisheries published 

March 30, 2001 (and implemented in 2002), contained measures that closed the Hawaii-
based longline swordfish fishery (NMFS, 2001a). This closure was a significant event for 
many fishermen, particularly the fishermen of Vietnamese ancestry who had relocated to 
Hawaii in the late 1980s, nearly all of whom had targeted swordfish (as did some Euro-
Americans who had relocated from the East Coast). Hawaii-based vessels that had 
targeted swordfish were forced to leave Hawaii, switch target species from swordfish to 
tuna, or make other adaptations. In late 2004, NMFS reopened the swordfish fishery on a 
limited basis, with caps on fishing effort and interactions with sea turtles. The new 

                                                 
4 Interactions with these species occur at a higher rate with use of  the “shallow-set” swordfish longline 
gear and at a lower rate with the “deep-set” tuna longline gear. 
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fishery regulations also required vessels targeting swordfish to carry an observer on every 
trip.5 
 

Hiring and retaining qualified crew has been another challenge for longline 
owners; the number of crew available and the composition of crew are highly dynamic. 
Some Hawaii-based crew members share the same ethnicities as owners; during the study, 
however, the vast majority consisted of temporary laborers from The Philippines, 
supplemented by crew from Indonesia and The Republic of Kiribati. These foreign 
laborers hold limited entry visas to work in the United States. In addition, some residents 
of The Federated States of Micronesia crew on Hawaii-based vessels and have their own 
unique resident status.6  
 
 

The Hawaii Longline Observer Program 
 

In the initial years of federal permitting of the Hawaii-based longline fleet, 
NOAA Fisheries relied exclusively on shoreside sampling to estimate vessel activity and 
landings (Ito, 1994). To collect more reliable data, a federal logbook system was 
implemented in 1990, requiring recording of target species and incidental catch for each 
trip. In 1994, analysis of logbook data resulted in an estimated number of sea turtle 
interactions that exceeded the level allowed by the Biological Opinion (NMFS, 2001b). 
NMFS replaced voluntary observer placement with a mandatory program in February 
1994, primarily to document interactions of longline gear with sea turtles. 
 

The authority to place observers on-board is granted by the Magnuson-Stevens 
Fishery Conservation and Management Act, under the Pelagic Fishery Management Plan 
and its biological opinion and incidental take statement resulting from Section 7 
consultation under the Endangered Species Act. The Marine Mammal Protection Act 
(MMPA) is another source of authority for observer programs.  
 

The observer program has become increasingly important to understanding the 
effects of longline fishing in the Pacific. Observer data has led to better estimates of the 
interactions between longline fishing and species considered to be at risk. Data are used 
to prepare annual reports as required by the current biological opinion, provide reports to 
the Western Pacific Fishery Management Council, and provide estimates of seabird 
mortality to the U.S. Fish and Wildlife Service. 
 

The Pacific Islands Regional Office in Honolulu is responsible for monitoring 
vessel activity and deploying observers on at least 20 percent of Hawaii-based deep-set 
longline trips targeting bigeye tuna and 100 percent of the Hawaii-based shallow-set 
longline trips targeting swordfish. Prior to departing on a fishing trip, vessel owners are 
responsible for contacting the observer program manager to arrange for placement of an 
observer when applicable. Observers are randomly assigned to vessels in the tuna fishery. 
Vessel owners are not responsible for paying any portion of observers’ salaries and are 

                                                 
5 These trips occurred after the study period and were therefore not covered by the interviews. 
6 Laborers from the Federated States of Micronesia are granted permission to access shore areas.  
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reimbursed a flat rate of $20 per day for food and accommodation expenditures during 
the fishing trip.  
 

The responsibilities of an observer on-board a vessel are defined by the Hawaii 
Longline Observer Program Field Manual (Hawaii Longline Observer Program, 2003). 
Observers collect information about vessel fishing gear characteristics and operation, 
species composition of the catch, interactions with protected species, and biological (life 
history) data. In addition to describing mission-critical activities, the manual addresses 
other responsibilities on-board, requiring observers to: 
 

Perform their duties in such a manner as to minimize interference with 
fishing operations…obtain permission from the vessel captain before 
using any vessel equipment”; and are not to “…dictate procedures or 
direct fishing operations… be involved with crew responsibilities, such as 
standing watch or helping with fishing procedures… share housekeeping 
routines such as dish washing and general clean up with the crew.  

 
The manual also specifies that the vessel captain should cooperate with the 

observer in the performance of the observer’s duties, ensure safe embarking and 
debarking of the observer, provide observers living quarters comparable to those of full 
crew members, and provide observers with meals, snacks and amenities normally 
provided to crew members.  
 

The Hawaii-based observer program is one of 14 programs nationwide, 
coordinated by a National Observer Program office created in 1999 within NMFS Office 
of Science and Technology.7   

 
 

STUDY METHODS 
 

The information presented in this report is a subset of findings from a broader 
sociological study of the Hawaii-based longline industry. For the broader study, we 
obtained information from 234 individuals—primarily longline vessel owners, captains, 
and crew— between March 2003 and October 2004. Information was obtained from one 
or more fishermen (owners, captains, and crew) on over 70 percent of the active vessels. 
Information from the 234 interviews was captured in qualitative and quantitative data 
bases. Out of the 234 interviews, 189 individuals discussed the observer program. These 
data are analyzed in this report.  
 

Because the overall study was conducted by University of Hawaii employees with 
University funding, it required review by the University’s Committee on Human Studies. 

                                                 
7 The mission of the National Observer Program is to provide a formalized mechanism for NOAA Fisheries 
to address observer issues of national importance and to develop policies and procedures to ensure that 
NOAA Fisheries observers and observer programs are fully supported. The NOP maintains a web site at:  
http://www.st.nmfs.gov/st4/nop/index.html 
 

http://www.st.nmfs.gov/st4/nop/index.html
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On November 1, 2002, the project was determined to be exempt from Department of 
Health and Human Services regulations on research with human subjects. Researchers 
subsequently obtained a waiver to the signed informed consent procedure, but all 
fishermen were informed about the study, uses of the information, confidentiality, and 
other aspects of the study and their involvement. 
 
 

Interviewers 
 

All of the interviews were conducted by the same interviewer with the assistance 
of appropriate interpreters: one Vietnamese interpreter, one Tagalog/Ilocano interpreter 
(for Filipino crew), and two Korean interpreters. The interpreters were necessary for 
talking to fishermen who spoke little or no English or who felt uncomfortable 
communicating primarily in a second language (English). Even fishermen who were 
fluent or conversational in English could communicate some sentiments more effectively 
in their native language.  
 

The interpreters also functioned as community liaisons whose presence and 
interest in the fishermen helped to create a more comfortable atmosphere even when 
interpretation was not required. This turned out to be an extremely valuable role because 
of the nature of the research, which required fishermen to trust the interviewers and talk 
openly. The first time fishermen were approached and asked if they would like to talk 
about their experiences, some were wary and refused to answer some types of questions. 
Over time, as the fishermen got to know the interviewer and interpreter they would talk 
more openly about a wider range of topics. The interviewer and interpreters also used 
participant observation as a study method. Over time they came to be perceived by many 
fishermen as part of the longline community. 
 

 
Sampling 

 
A stratified quota sampling procedure was used wherein representation was 

sought from the various roles (owner, captain, crew) and ethnicities (primarily 
Vietnamese-American, Korean-American, Euro-American, and Filipino) present in the 
industry. As the study progressed, researchers became aware of social networks within 
these strata and attempted to ensure that representatives from each major social network 
were interviewed.8  
 

Potential interviewees were identified through a sequential sampling process, 
beginning with one contact within a particular subsection of the Hawaii longline 
community. Each ethnic group was approached in this manner. Upon completion of an 
interview, respondents were asked to suggest additional fishermen with whom 
researchers could speak. For owners and captains this led to development of samples of 

                                                 
8 For example, within the Korean-American fishing community there appeared to be at least two social 
networks (groups of individuals who affiliated more with one set of fishermen than the other). We made 
sure that we interviewed individuals from each group.  
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Vietnamese-American, Korean-American, and Euro-American industry participants, 
while for crewmen this ensured adequate representation of foreign Filipino and local 
Hawaii-based crew. In many cases, previously interviewed fishermen introduced the 
interviewer to other fishermen, assuring them that the interviewer “was ok.” For example, 
Filipino crew who had already been interviewed served as a conduit to newly arrived 
crew.  
 

Very few fishermen who were approached refused to be interviewed.  Some 
fishermen did make it clear that they were not going to provide any information but there 
was no reason to believe that they represented a particular set of viewpoints or social 
groups. Some who were initially suspicious later agreed to be interviewed after becoming 
more familiar with the researcher and interpreters.  
 
 

Interview Procedures 
 

Because the study was ethnographic in nature and did not involve formal survey 
methods, standardized questionnaires were not used.9 Instead, the interviewer and 
interpreter were provided with a list of general topics for discussion and attempted to 
touch on most of them during the course of the interviews. This approach was also 
consistent with the exploratory nature of the study.  
 

Many of the interviews were not really interviews, but a series of “talk story” 
sessions conducted when fishermen were in port and available. As a result, the 
information obtained from individuals was continuously updated until all relevant topics 
had been covered and the accuracy and breadth of responses was deemed sufficient for 
analysis. In most cases multiple conversations with an individual occurred before the 
interview, which was really more of an oral history, was considered completed. 
  

Fishermen were encouraged to address social and cultural aspects or benefits of 
longline fishing and the meaning of those characteristics to their lifestyles. The fishermen 
typically provided information about their background, how they came to be involved in 
the fishery, the nature of their job, what they liked most and least about their work, 
perceptions of the industry, and their community. They talked about social networks, 
both in and outside the longline industry. They also talked, often at length, about their 
perceptions of and experiences with the many regulations affecting the longline industry, 
including observers.  
 

Nearly all interviews were conducted at or near the Honolulu fishing piers. In 
some cases, interviewees preferred meeting on their own vessel, in their home, at a 
fishing supply store or nearby central location (restaurant or park). A limited number of 

                                                 
9 We did attempt to obtain a common set of information for demographic variables such as age, religion, 
level of education, marital status, and fishing experience, as well as a limited number of attitudinal 
variables. However, the bulk of the quantitative data came from coding qualitative information into 
relevant categories. 
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interviews were conducted with both the husband and wife present, while others took 
place with just the fisherman, sometimes with other fishermen present.  
 

For portions of the interview relevant to observers, fishermen were asked if they 
had experience with the observer program. If so, they were asked about the nature of the 
experience and to characterize it as ‘no problem’, ‘a moderate problem’, or ‘a major 
problem.’ A ‘prefer’ category was subsequently included because researchers 
encountered some fishermen, predominantly Filipino crew members, who reported 
preferring trips when observers were on-board.  
 

Fishermen were then asked to explain the reasons behind their attitudes toward 
observers and whether their opinions were formed primarily as a result of a) their 
attitudes toward the observer program and its goals, b) from specific incidents with 
observers or program implementation, or c) both. Fishermen also indicated, for each of 
nine potential types of interactions with observers and the program, whether each had 
been a problem or not in their experience.  This allowed for comparison of the relative 
importance and prevalence of specific problems identified.  
 

In many cases, the interviewer did not have to broach the topic of observers. 
Owners or captains frequently brought up the issue and talked about it at great length, 
especially if they had recently had what they defined as a negative experience with an 
observer or the observer program. These discussions often revealed strong emotions 
surrounding particular incidents involving a particular observer or the observer program. 
Additionally, these discussions often revealed confusion over the role of NMFS 
enforcement, the observer program, and other monitoring agencies.  
 
 

DESCRIPTION OF THE SAMPLE 
 

Out of the sample of 234 fishermen, 199 discussed observers and the observer 
program to some extent. This included fishermen from a variety of ethnicities, 
occupations, and roles in the Hawaii longline industry. This report presents results for the 
entire sample as well as for two distinct subgroups of fishermen: (1) Hawaii-based 
owners, captains, and crew members—together and separately by ethnicity, and (2) 
foreign Filipino crew members. The sample will be described using these divisions.  
 
 

Owners, Captains and Hawaii-based Crew 
 

Seventy-six owners, captains, or Hawaii-based crew discussed observers. Of these, 
67 percent were involved as owner or operator to some extent (21 vessel owners, 11 
owner/captains, and 19 captains). Thirteen Hawaii-based crew members are included in 
this sector because a majority reported either having previous work experience as a 
captain or aspiring to work as captain. Two fishermen had previously worked as crewmen, 
but at the time of the interview were employed on land servicing the longline industry. 
Three supply store owners were included because they also owned vessels. Finally, this 
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group included seven wives of vessel owners or captains who participated in the fishing 
business and were familiar with Hawaii-based observers and the program.10  
 

Many results are presented separately for three main ethnicities in this group: 
Vietnamese-Americans; Korean-Americans; and Euro-Americans.  
 

• Vietnamese-Americans. In October, 2004, about 44 vessels in the fleet were 
owned by 35 Vietnamese-American families. The sample included 40 family 
members, 33 of whom discussed the observer program, including 8 owners, 1 
owner/supplier, 3 owner/captains, six captains, 7 wives, and 8 crew or ex-crew 
members.  

 
• Korean-Americans. About 33 vessels were owned by 25 Korean-American 

families. The sample included 19 individuals (reflecting an estimated 23 of these 
vessels); all but one shared opinions regarding the observer program. Of the 18 
who did discuss observers, 7 were owners, 6 were owner/captains, 3 were 
captains, and 2 were suppliers. Cew members were not included because the 
number of Korean-American crew working in the Hawaii longline industry is 
very limited.  

 
• Euro-Americans. About 35 Euro-American vessels are owned by some 25 

families. The sample included 25 individuals representing 25 vessels, all of whom 
discussed the observer program. Of these, 6 were owners, 2 were owner/captains, 
10 were captains, and 7 were Hawaii-based crew members.11 

 
 

Filipino Crew 
 

Vessel owners hire Hawaii-based laborers from a very small pool of people who 
work a number of vessels on a transitional basis, but frequently employ laborers from the 
Philippines and other regions. In October 2004, some 250 laborers were working as 
crewmen on the active vessels in the Hawaii-based fleet. The majority were from the 
Philippines, with Filipino crew members making up about 75 percent of crew in the 
Hawaii longline industry in October 2004. Our sample included 145 Filipino crew 
members, or about 60 percent of the overall Filipino crew population; 123 of these 
persons discussed the observer program.  
 

 
 

                                                 
10 We will refer to the interviewees as fishermen throughout the report. 
 
11 The Euro-American category includes 19 individuals born in the United States and 6 individuals of 
varied descent, born outside of the United States, who are generally now U.S. citizens.  Within Hawaii’s 
longline community, the latter individuals share opinions with and socially interact predominantly with the 
American (Euro-American) network of longline fishermen—in Hawaii considered ‘haole’.   
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STUDY RESULTS 
 

The results are presented first for the entire sample to provide a general overview. 
Next, we present the results for owners, captains and Hawaii-based crew, for the group as 
a whole and then highlighting key differences across major ethnic groups. The following 
sections then present the results in-depth, including representative quotes, for each major 
segment of the fleet: Vietnamese-Americans; Korean-Americans; and Euro-Americans.  
Finally, we discuss the results for Filipino crew members. Each of these sections is 
organized similarly, first describing the extent of problems, then the general nature of the 
problems, and then evaluations of specific aspects of observers and the observer program. 
 

In each of these sections, it is important to note that the initial tables describe the 
proportion of each group who reported having no problems with the observer program 
as well as the proportion that had problems of varying degrees. Subsequent tables in 
each section describe in greater depth the nature of the problem only for fishermen 
reporting they had some type of problem with the observer program. Those tables 
therefore do not include fishermen who reported no problems, so the sample size 
typically drops markedly.  
 
 

Entire Sample 
 

Only 8 of the fishermen reported not having experience with observers; these 
were individuals relatively new to the fleet who had not yet taken trips with observers. Of 
the 189 fishermen who discussed their experiences with observers, 48 percent reported 
having no problems, 44 percent reported having problems, and 8 percent preferred having 
observers on trips (Table 1). All of the 15 who preferred observers were Filipino crew 
members (as will be explained later). Fishermen who said they had no problem did not 
prefer trips with observers; generally they just accepted them as givens.  

 
Table 1. Extent of Problems with Observers 
 Number of fishermen 
Fishermen with experience with observers 189 
Fishermen reporting no problem with observers 91 
Fishermen reporting moderate or major problem 83 
Fishermen reporting observers preferable 15 
 

When asked about the nature of their concerns, 78 percent of those who expressed 
problems described a problem that was primarily rooted in the program and its 
implementation, 10 percent reported a problem that was grounded in experiences with 
specific individuals or incidents, and 12 percent reported problems stemming from both 
the program and specific individuals or incidents. Among fishermen expressing problems, 
69 percent described the level of the problem as moderate and 31 percent as major (Table 
2).  

 
The interviewer coded reported problems as moderate or major based on the 

description of the problem as reported by the fisherman—what they said and how they 
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said it. In most cases, this differentiation was very straightforward. For example, one 
respondent might describe a problem and then conclude, "I am so miserable over this that 
it's destroying my business, family, and life." Another fisherman might talk about the 
same issue but conclude by saying “It’s no big deal.”  
 
Table 2. Nature and Degree of Problems Reported with Observer Program (n = 83) 
Nature of problem % Fishermen  
Fishermen reporting problems with overall program and concept 78 
Fishermen reporting problems with specific individuals or incidents 10 
Fishermen reporting problems with overall program and specific individuals or incidents 12 
Degree of problem  
Fishermen reporting moderate problems with observers  69 
Fishermen reporting major problems with observers  31 
 

The degree and nature of fishermen’s concern were interrelated. Ninety percent of 
those who reported moderate problems, compared to just 54 percent of those reporting 
major problems, said the nature of their problem was with the overall program.  
 
 

Vessel Owners, Captains, and Hawaii-based Crew 
 

All but four of the owners, captains, and Hawaii-based crew reported having 
experience with observers (Table 3). Reasons for lack of experience with the program 
generally included individuals (Hawaii-based crew, captains, or owners) who were new 
to the Hawaii longline fishery or those whose role in the industry did not allow them 
direct contact with observers or the program. An additional four fishermen in this group 
reported that observers were preferable and were not asked further about problems. The 
owners, captains, and Hawaii-based crew were roughly split among those who had no 
problems, moderate problems or major problems. Roughly one-third of the fishermen 
reported that they had no problems with the observer program. 
 
Table 3. Owners, Captains, and Resident Crew Ratings of Extent of Problems with the Observer 
Program12  
  Number  Percent (%) 
No problems 25 32 
Moderate problems 23 29 
Major problems 23 29 
No experience 4 5 
Preferred observers 4 5 
Total 79 100 

 
Most of the 46 individuals citing some level of problem described a problem with 

the overall program (Table 4). The observer program was often perceived as a form of 
fishery enforcement. Although fines may have come from a variety of agencies and 
programs, fishermen commonly did not make this distinction, (incorrectly) attributing 
many types of fines to the observers, who do not have an enforcement role.  
                                                 
12 Percentages in tables in this report may not total 100 as a result of rounding. 
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Table 4. Nature of Owners’, Captains’ and Resident Crews’ Problem with the Hawaii Longline 
Observer Program 

  Number of fishermen Percent % 
Problems with overall program only 29 63 
Problems with specific individuals only 7 15 
Problems with program and individuals 10 22 
Total 46 100 

 
Attitudes and beliefs regarding observers and the program were explored by 

learning more about nine potential problem areas expressed by fishermen during a small 
number of initial interviews. Subsequently, fishermen were asked whether or not each of 
the nine had been a problem; each fisherman could list as many of the nine as they 
desired. The 46 fishermen selected 125 total problems (Table 5; the following section on 
ethnic differences defines the meaning of each of the nine categories). 

 
 
Table 5. Number of Times Owner, Captain, and Resident Crew Identified Each of the Nine Potential 
Issues as a Problem 

Problem Number of times 
problem mentioned 

Particular problem as 
proportion of all problems 

selected  
Don’t trust monitoring 24 19% 
Not reimbursed adequately 20 16% 
Decreased on-board efficiency 17 14% 
Inadequately trained observers 16 13% 
Female observers 13 10% 
No outlet for venting concerns 12 10% 
Safety concerns  9 7% 
Accommodation concerns  8 6% 
Food Requirements 6 4% 
Total problems stated 125 100% 

 
The most commonly selected problem with the observer program among vessel 

owners, captains, and Hawaii-based crew was (a) the lack of trust of monitoring in 
general, which comprised 19 percent of the problems listed, followed by (b) lack of 
adequate reimbursement, which comprised 16 percent of the problems selected. Both of 
these reflected dissatisfaction with the idea of the observer program itself, coupled with 
its implementation, rather than stemming from an on-board incident or particular 
observer. Note that some of these categories are broader than others; “lack of trust in the 
program” is an issue that could have multiple dimensions, while “food requirements” is 
very specific. 
 

 
Ethnic Differences in Perception of the Observer Program 

 
This section describes the results separately for Vietnamese-American, Korean-

American, and Euro-American owners, captains, and resident crew. Noticeable 
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differences, as well as some similarities, were evident across these three subgroups of 
owners, captains, and resident crew. 
 

Differences regarding the extent of the problem are evident across the three ethnic 
groups, with over half of all Euro-Americans reporting ‘no problem’ (Table 6). Almost 
half of the Vietnamese-American fishermen reported moderate problems, while more 
than half of the Korean-American fishermen reported major problems. 
 
Table 6. Perceptions Regarding Extent of Problems with Observer Program by Ethnic Group13  

 Vietnamese-American 
n = 33 

Korean-American 
n = 18 

Euro-American 
n = 20 

Total 
n = 71 

No problem 21% 22% 70% 25 
Moderate problems 45% 17% 25% 23 
Major problems 33% 61% 5% 23 
 

Korean-Americans and Vietnamese-Americans reported problems at a higher 
frequency, with 78 percent of fishermen in each ethnic sub-group reporting some level of 
problem. In contrast, only 30 percent of Euro-American fishermen (six fishermen) 
reported having problems with observers. 
 

Not surprisingly, the reported nature of the problem also varied by ethnicity. 
Nearly 70 percent of the Vietnamese-Americans citing problems with the observer 
program described problems with the overall program (Table 7). Korean-American and 
Euro-American vessel owners also mentioned problems associated with the overall 
program, but to a lesser extent: 57 percent and 50 percent, respectively. The Euro-
American fishermen reported problems with the program and individuals equally, but 
most had few complaints at all, with only a total of six individuals identifying any type of 
problem. 
 
Table 7. General Nature of Perceived Problems with the Observer Program, by Ethnicity  

  
Vietnamese- 

American n = 26 
Korean-American  

n = 14 
Euro-American

 n = 6 
Problem with overall program 69% 57% 50% 
Problems with specific individuals14  31% 43% 50% 

 
When asked about the nine problem areas, fishermen’s most commonly selected 

problems were a lack of trust in monitoring, decreased efficiency, lack of training among 
observers, and failure to provide adequate reimbursement to vessel operators. However, 
the range of problems identified was quite different among ethnic groups (Table 8). For 
instance, Vietnamese-American and Korean-American fishermen identified a wider range 
of problems compared to the six Euro-American fishermen, who mentioned only four 
types of problems.  
 
                                                 
13 Slight differences in the total numbers represented in report tables and figures result from non-responses. 
In addition, several fishermen who discussed the observer program did not have personal experience with 
the Hawaii-based longline observer program, and thus did not not answer some questions.    
14 This includes problems with the overall program and specific observers.  Responses have been 
considered together to distinguish those without problems with individual observer or incidents.  
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Table 8. Percentage of Individuals Selecting Particular Problem, by Ethnicity 

 Vietnamese-
American 

n = 26 

Korean-
American 

n = 14 

Euro-
American 

n = 6 

Total 
n = 46 

Don't trust monitoring  58% 33% 8% 24 
Not reimbursed adequately 70% 25% 5% 20 
Decreased on-board efficiency 53% 35% 12% 17 
Inadequately trained observers 50% 25% 25% 16 
Female observers 31% 69% 0% 13 
No outlet for venting concerns 50% 50% 0% 12 
Safety concerns 60% 40% 0% 15 
Accommodations 50% 50% 0% 8 
Food requirements 50% 50% 0% 6 

 
Of the fishermen concerned with on-board safety, the majority were Vietnamese-

Americans. Similarly, considering that less than half of the sample population was made 
up of Vietnamese-American individuals, they accounted for 70 percent of the complaints 
about reimbursements and more than half of the complaints regarding inadequately 
trained observers. Korean-American fishermen made up roughly one quarter of the 
sample but were responsible for almost 70 percent of the complaints about female 
observers. Table 9 summarizes the dominant concerns for each ethnic group; although the 
range of issues varied, all three shared a core set of concerns. 
 
Table 9: Commonly Identified Problems with the Observer Program, by Ethnicity 
 Vietnamese-

American Korean-American Euro-American 

Problem One Don’t trust monitoring Female Observers Inadequately trained 
observers 

Problem Two Lack of adequate 
reimbursement Don’t trust monitoring Don’t trust monitoring 

Problem Three Observers decrease 
on-board efficiency 

Observers decrease 
on-board efficiency 

Observers decrease 
on-board efficiency 

 
In exploring data from the overall longline study, we have found that Hawaii 

longline fishermen report variability in experiences in previous fisheries, opinions of 
fishery management, levels of interaction with others in the longline community, and 
individual preferences. While variation in such factors is common across ethnic groups in 
the sample, notable differences in observer program issues also exist within each ethnic 
category, as described below. The following sections examine, in greater detail, each 
ethnic group’s perceptions of and experiences with observers and the observer program.  
 

 
Vietnamese-American Owners, Captains, and Crew 

 
As discussed earlier, 79 percent of the Vietnamese-American fishermen reported 

having problems with the observer program and close to half described a problem that 
was ‘moderate’ in extent. Of those citing moderate problems, 93 percent cited the nature 
of the difficulty as ‘problems with the overall program’. Of those who expressed major 
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problems with the observer program, 78 percent cited the nature of the problem as 
‘problems with specific individuals or incidents’.  
 

The Vietnamese-American sample included the most diverse group (in terms of 
roles in the industry) of all the ethnicities; some are much more involved with on-board 
operations than others (Table 10). 
 
Table 10. Perceived Extent of Problems Reported by Vietnamese-American Fishermen  

On-board Not On-board  

  

Owner/Captains, 
Captains 

Hawaii-based Crew 
and ex-crew 

Owner/Captains,  
 Captains Wives Total 

No problem 3 3 0 1  7 (21%) 
Moderate problems 2 4 4 5 15 (45%) 
Major problems 4 1 5 1 11 (33%) 
No experience 0 0 0 0  0 (0%) 
Total 9 8 9 7  33 (100%) 

 
Although the Vietnamese-Americans had diverse issues with observers and the 

program, 21 percent (including both on-board and not-on-board individuals) said they 
had no problems. Positive experiences are reflected by one fisherman’s opinion:  
 

• Observers? No problem; they call me uncle, love our food—we're supposed to 
have a budget to buy their food but when they come they like ours better 
because it's fresh and healthy. They help when they can, but on the other hand 
we have to do a lot to keep them safe.  

 
Another fisherman, realizing his own experiences were more positive than those 

of others, considered himself fortunate:  
  

• We don’t have too many problems, because we’ve been lucky; the observers 
we’ve had don't pick difficult food to eat—and they even eat what we eat.  

 
When asked about the problem areas, Vietnamese-American fishermen were the 

only group to identify all nine as present to some extent. Four fishermen reported having 
just one of the specific problems while 10 identified two problems, seven identified three 
problems, three identified four problems, one identified five problems, and one identified 
all nine as problems for him. 
 

The top four problems mentioned were lack of trust of the program, lack of 
adequate reimbursement, decreased fishing efficiency, and safety issues (Table 9). 
Almost half of the Vietnamese-Americans who reported their problems stemmed from 
the overall program and its implementation also said they lacked trust and had issues with 
reimbursement.  
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Table 11. Percent of Vietnamese-American Fisherman Identifying Each Specific Area as a Problem  

Problem 
Percent of total 

problems identified 
(%) 

Number of responses 

Don't trust monitoring 42 14 
Not reimbursed adequately 42 14 
Decreased on-board efficiency 27 9 
Safety concerns 27 9 
Inadequately trained observers 24 8 
No outlet for venting concerns 18 6 
Female observers 12 4 
Accommodations 12 4 
Food requirements 9 3 

 
 
Concerns with the Program and Implementation 
 

Three of the nine problem areas reflected dissatisfaction with the overall observer 
program and are described below. Although fishermen’s experiences are organized by 
whether the concern stems from the program itself or from specific individuals or 
incidents, these two areas overlap in practice. The mutual cause-and-effect relationship 
does not allow the researcher, and in some cases the fisherman, to distinguish the origin 
of a reported problem.  
 

For example, one captain reported a strong dislike of the observer program and 
reported a number of specific incidents on-board. When asked about the nature of the 
problem, he described an incident that led to him being fined and his fish confiscated. 
This economic effect targeted the vessel owner but quickly trickled down to affect his 
own salary—as well as his relationship with the owner. In addition, he felt ‘entrapped’ by 
the particular observer. Although this incident was limited to one trip, this fisherman 
expressed a strong dislike of the observer program for various additional reasons, 
blurring any distinct lines between problems with the program or with a specific 
individual or with the enforcement issue.  
 

Trust and communication--The Vietnamese-American fishermen who said they 
lacked trust in the entire program and its methods (42 percent) closely associated the 
observer program with other monitoring agencies and programs, such as the Coast Guard 
and NMFS enforcement (which the Vietnamese-Americans do not often differentiate 
from other programs within NMFS). Quotes from the fishermen reflect their perception 
of the inherently invasive nature of external observation of fishing operations:  
 

• The big problem is they (observers) are sneaky. 
 

• I don’t like the concept of the program. . . the observers are out to get the 
fishermen. They are sneaky, permitting us to do certain things in the fishing 
grounds and then later imposing a fine. 
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• I don’t like the idea of the program; plus they (observer) also slow down the 
workers and we never get reimbursed properly. 

 
A number of fishermen said the observer program had, at its inception, functioned 

as a voluntary program. Fishermen explained that observers “asked” to accompany a 
vessel on a fishing trip to learn their fishing techniques and the nature of the catch. A 
number of fishermen reported that vessel owners agreed to bring observers on-board to 
learn, but now were facing the repercussions from their early willingness to assist the 
agency. Some reported feeling that the information gained by observers on these early 
training trips was subsequently used against fishermen to impose fines, add regulations, 
and create the justification for implementing the mandatory observer program:  

 
• We agreed from the beginning that we would let them (observers) go to watch, 

so we have to keep our agreement. But they were supposed to be there to learn 
from us and really they are in the way.  

 
• At first the observer program wasn’t enforced. Observers would beg to come 

with us, saying they wanted to learn and no one could force it on us. We’d let 
them come along. We didn’t know they’d put everything in a report and we’d 
suffer.  

 
• We agreed to bring observers to learn. Then the observers wrote bad things 

about all of us. We [now] have to face the penalties. 
 

A majority of comments, such as those provided above, were offered by 
individual fishermen talking about personal experiences, but they indicated that they were 
speaking on behalf of “us”—the larger Vietnamese-American group. One fisherman was 
extremely upset by an observer whom he claims was sleeping while the crew members 
were setting the fishing line, yet later reported that regulations were broken. Another 
individual, who no longer works on-board a vessel, reported that on his most recent trip 
the captain decided to come back to port early because of the presence of the observer. 
These experiences were related in a way that suggests the speakers believed such 
problems were commonly experienced among Vietnamese-American fishermen in the 
fleet.  
 

Some Vietnamese-American fishermen expressed dissatisfaction with the 
program from a cultural perspective. Many asserted that their culture and language were 
not considered by the observer program, and that the observers (and observer program) 
did not understand their belief system. The topic of inadvertent turtle takes exemplifies 
this viewpoint:  
 

• They don't know that our Vietnamese word for turtle is not the literal word, 
but [rather] the word for Goddess. We still have a $25,000 fine [even though] 
we don't want to catch them. We value them.  
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• They don't understand it's not just a legal issue. Because Vietnamese believe 
turtles are sacred—so we don't want to catch them.  

 
Reimbursement--Over 40 percent of Vietnamese-American fishermen expressed 

dissatisfaction with reimbursement aspects the observer program. Some expressed this 
concern individually, while others listed it in conjunction with other problems:  
 

• I would prefer that observers get money from their own program and bring their 
own food, so we don’t have to wait and worry about reimbursements. 

 
• The only problem is that I haven't been reimbursed lately. 

 
• Reimbursements are a big problem. We used to get reimbursed, but not lately. The 

last three trips there's been no money. All the observers do is eat, sleep, and 
watch television. 

 
• Cost with increased insurance is $20.00 per day [for each day] that the observer 

is on-board, and then of course food. I’m sometimes reimbursed the $20.00 a day, 
and sometimes not. It usually takes about seven to eight months. 

 
• We had observers two or three times in the last year and haven’t been reimbursed. 

 
• Observers aren't a big problem. We were reimbursed last year all right, but I 

don’t know about this year. It just depends—sometimes we have to nag, and 
sometimes it's okay. 

 
• We had problems with the company contracted by observers. A new company took 

over and there should be improvements. The old problems include too many 
inconsistencies; people with multiple boats have some boats reimbursed and some 
never get reimbursed. It’s just not worth fighting because it would cost us more 
money than we would earn back. But that’s in the past. We don’t need to talk 
about it anymore because it should be better now. 

 
A number of the Vietnamese-American fishermen had experience with the 

California observer program. As a result, some complaints or compliments were made by 
comparing the Hawaii with the California program:  
 

• We had three or four observers last year; the cost was okay and we were 
reimbursed. In California we don't get any observers because our boat has no 
shower so they don't want to come. For that reason, I’m very glad there is no 
shower. 

 
• Observers are also not a big problem for me because I’m not doing anything 

illegal. We are always reimbursed for observer expenses—but that’s not the case 
in California. 
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• On our last trip we had one, and the trip was two months [long]. He had to stay 
the whole time. So long!  In California we don't get reimbursed, and we did in 
Hawaii.  

 
Outlet for voicing concerns--Problems of how and where to voice concerns with 

the observer program were reported by 18 percent of Vietnamese-American fishermen. 
These individuals also expressed dissatisfaction with the observer program structure, 
often revealing a perception that their interaction with program administrators was not 
encouraged. Fishermen often said that family members (on land) were extensively 
involved in attempting to solve problems with the observer program. Individuals finding 
inadequate reimbursement mechanisms often also expressed trouble in voicing concerns:  
 

• My father is very dissatisfied with observers so he has tried to track down people 
to complain. But this is to no avail. We’re given the runaround when we try to 
complain. We just get answering machines, no return calls, and the language 
barrier makes it worse. 

 
• The worst part is that there is nowhere to complain. The observers never want to 

face the complaints. 
 

• Because of the language barrier our children have to try and call to get 
reimbursed, and we only get compensation if our children keep persisting. The 
people we contact about the program are just not helpful.  

 
A story told by one Vietnamese-American vessel captain illustrates many 

concerns (and the overlap between general and incident-specific issues), but also suggests 
that “lack of outlet to vent concerns” is a problem that can be overcome. The captain, 
who talked for an hour, was particularly disgruntled because of a bad incident with an 
observer. The fisherman reported that when this observer was assigned to his boat, his 
friends warned him that this observer always ‘gives you a ticket.’  
 

The captain said he began to understand those warnings and grew concerned over 
the safety of the observer, who did not communicate well and did not comply with on-
board safety regulations such as wearing appropriate footwear on deck. The captain was 
further troubled by the social behavior of the observer. For instance, he believed the 
observer was being disrespectful to his Buddhist religion, particularly when the observer 
hung his clothes on a statue of Buddha. Finally, he was confused by the observer’s slow 
pace in monitoring fishing.  
 

As problems compounded on the trip, the captain repeatedly expressed his 
concerns to the observer. He also asked a crew member to reinforce safety and other 
expectations.  Both captain and crew threatened to call the Coast Guard if the observer 
did not conform. At one point, the observer fell when rushing to see a 300-lb swordfish—
while the captain was telling him to wait because the swordfish was not dead. The captain 
said he hesitated to confront the observer; expressing worry that, given the way the 
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observer program is structured, the same observer could be reassigned to his vessel in just 
a few months. 
 

On return from the trip, the captain reported contacting the ‘agent’ for the 
observer program to discuss these problems. The fisherman said that one representative 
from NMFS and one representative from the Western Pacific Fisheries Management 
Council later visited his vessel. The representatives reportedly were very helpful, 
discussing his complaints at length. The fisherman said he felt confident that the observer 
would be fired.  
 
 
Concerns Arising from Specific Individuals or Incidents  
 

The individual observer is the point of real-time interface between the fisherman 
and overall program. As such, the experience of fishermen with individual observers 
tends to influence perceptions about the program itself. For instance, many Vietnamese-
American fishermen reported trouble with the observer program in the context of a 
particularly negative experience with one observer or a specific incident.  
 

Problems often arose from incidents including, but not limited to: decreased 
fishing efficiency resulting from observers on-board; perceptions that observers were 
inadequately trained; concerns with the safety of observers and/or crew; concerns 
associated with observers and food; concerns with accommodations; and concerns with 
female observers. These types of issues are reviewed below. 
 

Efficiency and training--Twenty-seven percent of the Vietnamese-American 
fishermen expressed concern about observers decreasing operational efficiency. This was 
sometimes mentioned in conjunction with inadequate training:  

 
• Observers really slow us down; especially if we catch a fish or shark that we can't 

keep, the observers want us to bring it all the way in so they can measure it 
because they don’t know what it is, and it's very dangerous.  

 
• The ones that are not good just don’t know what they’re doing, aren’t polite, and 

make our fishing take longer.   
 

• Observers slow us down because they don't know the rules or the fish. 
 

Food, accommodations, and safety--A concern virtually unique to Vietnamese-
American fishermen was the safety of observers and liabilities should an observer be 
injured or lost at sea. This was mentioned by 27 percent of Vietnamese-American 
fishermen.15 Some believed that observers did not know how to take care of themselves 
on-board and were often unaware of dangerous situations, increasing stress levels of the 

                                                 
15 Only one other fisherman (Korean-American) voiced this concern. 
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captain and crew. Some expressed concern that the presence of observers could affect the 
safety of their own crew:  
 

• Observers are really a problem because we don't want the liability on-board. 
They slow things down, they measure every single fish, and they are a big 
accident worry. 

 
• Like with sharks—they [sharks] are hard to bring in because the line could snap. 

The observers have their job to do, we have ours, and those responsibilities clash. 
Sometimes they tell us to stop so they can see something. [But a boat] is not a car. 
Boats have momentum and you can’t just stop. The line gains tension and it’s 
dangerous. 

 
• We had a male observer [once]. He was in the way a bit. We were slowed down 

because with sharks we have to bring them all the way in for the observer to see. 
Observers aren't trained; then we go through all this and the boat doesn't get 
reimbursed. 

 
• Not too bad, but we worry because sometimes they [observers] don't know how 

dangerous this work is. When we catch shark they run up and look over to see. 
They don't understand that maybe the line will break and they'll get hit. We're 
responsible for them, so we worry. 

 
Concerns regarding accommodations were expressed by 12 percent of 

Vietnamese-Americans, and concerns related to food mentioned by nine percent. These 
issues were generally not the reason for dislike of the observer program, but were 
compounding factors. For some, the concern over food was quite strong, reflecting 
significant cultural differences between fishermen and observers.  
 

In a number of cases, concerns over food and accommodations were considered in 
context with a general lack of trust of the monitoring programs. Fishermen reported 
fearing repercussion from an observer who was dissatisfied with the food or 
accommodations on-board. Vietnamese-American fishermen often believed that if the 
individual observer was dissatisfied, his or her reports would result in fines from an 
enforcement agency (again, often not differentiated, with fishermen stating ‘fines from 
observers’). 
 

Female observers--About 12 percent of the Vietnamese-American fishermen 
mentioned having problems with female observers.  These problems ranged from the 
cultural belief that women on-board were bad luck to concerns over the interaction 
between female observers and all-male crews. 16  Concerns with female observers were 
often explained in the context of accommodations, particularly emphasizing aspects of 
the vessel that were not conducive to male and female occupancy, including restroom and 
shower facilities, and sleeping arrangements:  
                                                 
16 Some fishermen report fearing sexual harassment lawsuits that target the crew.  This concern likely 
relates to awareness of a prominent case that previously occurred in the Hawaii longline fishery. 
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• There are just so many problems, I can't explain. There are problems with the 
men observers too. But with the women the problems are ten times more. There 
are also many problems with safety and cost; also bad luck to have women on-
board when menstruating. 
 

• The boat only has four beds, so observers don't like to come on-board. There was 
one female observer about to come on-board while the vessel was in California, 
and she looked at the boat and introduced herself. Then the day of departure she 
had the flu. 

 
Jokes were often made by vessel owners about the male crew members hoping for 

female observers, and that crew were better mannered, well-groomed, and more polite 
when female observers were on-board.  
 
 

Korean-American Owners and Captains 
 

The Korean-American sample includes individuals who work on-board 
(owner/captains and captains17) and shoreside (vessel owners, co-owners, multiple vessel 
owners, and owner/suppliers). Of those discussing observer problems, half worked on-
board (Table 12).  
 

Similar to the Vietnamese-American fishermen, a majority (78 percent) of 
Korean-Americans reported some type of problem with the observer program. Unlike the 
Vietnamese-Americans, a larger proportion (60 percent) of the Korean-Americans 
reported problems as major rather than moderate in nature. Fifty-seven percent of those 
reporting major problems said problem stemmed from basic concern with the program, 
while 43 percent said problem stemmed from individuals or isolated incidents. 
 
Table 12. Extent of Problems Reported by Korean-American Fishermen 
  On-board Not on-board Total 
No problems 2 2 4 (22%) 
Moderate problems 2 1 3 (16%) 
Major problems 5 6 11 (61%) 
Total 9 9 18 (100%) 

 
Of those on-board, 56 percent reported major problems most expressed as 

dissatisfaction stemming from specific individuals and incidents. Of those not on-board, 
67 percent reported major problems, most expressed as dissatisfaction with the overall 
program rather than problems with specific individuals or incidents. 
 

                                                 
17Korean-American individuals working on-board reflect 47% of all Korean-American individuals 
discussing the observer problem. Notably, 84% of all Korean-Americans interviewed were involved to 
varied degrees with vessel ownership. Only two individuals interviewed reported operating as ‘hired 
captain’, with no form of ownership in the present or any Hawaii longline vessel; with the strong majority 
including individuals with varied forms of ownership.  
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The top four problems reported by the Korean-Americans were the presence of 
female observers, lack of trust of the program, observers decreasing on-board efficiency, 
and lack of an outlet to vent concerns (Table 13). Half of the Korean-Americans said that 
female observers were a problem, while close to half expressed a lack of trust in the 
observer program in general. Two of the Korean-American fishermen reported having 
just one of the specific problems, while two identified two problems, four identified three 
problems, two identified four problems, one identified five problems, one identified six 
problems, and one identified eight problems. 
 
Table 13. Percent of Korean-American fishermen identifying each specific area as a problem.  

Problem Percent of total problems 
(%)  Number of responses 

Female observers 50 9 
Don't trust monitoring 44 8 
Decreased on-board efficiency 33 6 
No outlet for venting concerns 33 6 
Not reimbursed adequately 28 5 
Inadequately trained observers 22 4 
Accommodations 22 4 
Food requirements 17 3 
Safety concerns 5 1 

 
 
Concerns with the Program and Implementation 
 

Problem areas associated with the overall observer program included lack of trust 
of monitoring, inadequate reimbursements from the observer program, and a lack of 
outlet for venting concerns related to the observer program.  
 

Trust and uncertainty--Similar to opinions voiced by the Vietnamese-American 
fishermen, many Korean-American fishermen (44 percent) expressed their lack of trust of 
the observer program. A number of fishermen explained that they did not have an 
adequate understanding of the purpose of the program or how the data were used. 
Fishermen often requested answers to these types of questions from the researcher and 
interpreter. The Korean-Americans provided a number of examples of why they question 
the whole program and do not trust its implementation: 
 

• [The program is] pointless. Observers get seasick, they don't know what we're 
doing, and we don’t know why they are even there. It's a bad system. 

 
• The observer told us to bring in sharks to measure, but the captain didn't bring 

one in because it was alive and too dangerous for the crew to handle. On another 
boat, one crew member was injured while bringing in a shark for the observer. 
Where is the authority? It's our risk yet we're obligated to do what they tell us. 
They [the observers] need to exercise discretion in danger. 
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• Observers have too much power, get angry at us for something, and penalize 
things we do. They have their way and we don't have ours.  

 
• Observers get angry at us and penalize us for things when they are mad. 

 
Reimbursement--Twenty-eight percent of Korean-American fishermen 

expressed frustration about the reimbursement element of the observer program, focusing 
on the system for obtaining reimbursement. Many stated it was confusing and partial to 
particular individuals. One fisherman heatedly expressed his dissatisfaction with 
reimbursement procedures, explaining that while he had repeatedly requested payment, it 
was received only after a 6- or 7-month delay. A number of fishermen expressed a range 
of similar complaints: 
 

• Reimbursements are not timely. 
 
• There is no reimbursement system. 

  
• There is no uniform method of payment. 

 
• The food expenses add up, the reimbursement is just too slow. There is no unified 

method or timeframe for payment.  
 

Outlet for voicing concerns--Thirty-three percent of Korean-American 
fishermen asserted that the process of resolving conflicts with the observer program was 
frustrating and confusing, further leading them to believe that the observer program was, 
as one fisherman put it, a “one way street.” Korean-American fishermen often reported 
that dissatisfied observers led to unhappy observers, creating penalties imposed on the 
fishing vessel. A number of fishermen felt that complaining to the observer program 
created a similar sentiment towards a given vessel. A variety of comments were elicited 
on this issue:  
 

• We get bad reports if there's one little thing they don't like. NOAA only listens to 
the observers. It’s a bad system because NOAA only hears one side of things from 
someone who isn't trained and doesn't know what is happening on-board. 

 
• There is nowhere to complain. Observers use entrapment; first they say that 

something we do on-board is no problem, then later they write a violation for it 
and we receive a fine. 

 
• The government is out to get the Korean fishermen. We can't complain. It’s just 

like the auction, because if we try to stand up and complain, then the 
repercussions are too strong. [In the case of the observer program] we'll be fined, 
they'll write something in the notes, or we'll get sued. 

 
Korean-American fishermen also addressed the notification process for obtaining 

observers. Some were inconvenienced by having to follow procedures in order to wait for 
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an observer, and a number of fishermen felt that time spent waiting for notification led to 
loss of valuable fishing time:  
 

• Notification is very inconvenient. We have to wait too long. 
 
• Observers are a big problem. First, we have to notify them before we go out, and 

then wait to see if we get an observer assigned to us. Last year I had an observer 
almost every trip and it really creates fear among us. We used to think they were 
there to do research but now it's like they're watching us. There is a bad feeling 
about the whole arrangement.  

 
 
Concerns Arising from Specific Individuals or Incidents 
 

Efficiency and training--Korean-American fishermen also were concerned about 
the effect of observers on fishing operations. The fishermen tended to argue that poorly 
trained observers and the process of observing itself tended to diminish the efficiency of 
their operations. Diminished fishing efficiency was mentioned by 33 percent of fishermen 
in this group, and training issues by 22 percent. The following comments show the range 
of concerns: 
 

• The observers are dangerous, unskilled, and not trained, and many, many 
problems stem from the fact that we have to please observers or they'll give a bad 
report. 

 
• It slows down our work to bring fish all the way in just to be measured.  

 
• Observers have a lack of proper training; this always creates safety hazards. We 

also have so many personal differences; but worst of all the observers use sneaky 
tricks – giving us permission for things then later giving us a fine for that. What 
can we do? Nothing. There is nowhere to complain to; this is a very, very big 
problem. 

 
• The job of observers and the goals of the fishermen conflict; they don’t match; we 

are on-board performing two different tasks that don’t match. The result is slower 
work for us—then, when our goals conflict, who is in charge? 

 
  Some Korean-American fishermen also indicated that social-behavioral factors 

and cultural differences underlie some of the problems they encountered on-board:   
 

• Observers are disrespectful to crew—dancing, playing music, and exercising 
while crew work. It’s so rude. Some have short tempers and yell at the captain.  

 
One captain (laughing when he told the story) said that he told an observer to 

inform him before he went anywhere on the boat, and added that there were 10 to 12 
knots of wind and he really shouldn’t be up high. The observer didn’t obey but the 
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captain said he didn’t ask again. The captain also said that when the crew would haul in 
sets, the observer would stay on deck and listen to music, dancing and jumping around. 
The captain said his crew was very bothered because it was disrespectful; they were all 
working and this guy was dancing. The captain then told three or four stories of observers 
submitting bad reports when there were differences between the captain and the observer. 

 
More than one Korean-American fisherman felt that the observer training was 

inferior to their own, summed up by one vessel owner’s expression that ‘Haoles just don't 
know fishing.’  
 

Food, accommodations, and safety--Vessel accommodations were considered a 
problem by 22 percent of Korean-American fishermen, while 17 percent listed food 
issues. Fishermen often expressed concerns that accommodations were either unsuitable 
for both males and females or that the boat did not have room for the additional person 
(male or female). Accommodation issues were also often mentioned in conjunction with 
lack of trust in the observer program. For instance, some fishermen commented that if 
observers were unsatisfied with accommodations or food, then the observer would find a 
way to penalize the vessel in their report. Only one Korean-American fisherman voiced a 
safety concern.  
 

Female observers--Half of the Korean-American fishermen finding problems 
with the observer program expressed dissatisfaction with the on-board presence of female 
observers. This was the most commonly expressed problem among Korean-American 
vessel owners. Comments often reflected the perceived potential for inappropriate 
behavior by crew. Some fishermen believed the presence of female observers opened the 
door for potential lawsuits over sexual harassment. Vessel owners and captains expressed 
dissatisfaction that they were liable under such circumstances, as well as concern about 
potential litigation costs 
 

Of those expressing trouble with female observers, more than half explained that 
the fishing vessels were not made to accommodate males and females. Twenty percent 
simply said females should not be allowed on-board. One Korean-American fisherman 
explained that he was not willing to fish with female observers and had relayed his 
position to a representative of the observer program. He believed that his complaints were 
successful because the program no longer selected female observers to work  
on-board his vessel. A range of related issues was identified, including some positive 
effects: 

 
• Many people have had problems with female observers. It's really a problem for 

some because of the crew. 
 
• Maybe four trips of mine last year (of eight) we had observers. Luckily for me, in 

my case, they weren't too bad—with the exception of the gender problems. The 
facilities really aren't made for that; there aren't even separate facilities. 
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• Female observers on-board are really a problem. The sleeping arrangements just 
too difficult. 

 
• The vessel is just not equipped for females at all. There isn’t even a bathroom. 

 
• The best part of the observer program is female observers. The crew works 

harder and showers. Sometimes they shower so much the boat runs out of fresh 
water. If there are any problems on-board the captain always handles them. It’s 
always been successful.  

 
 

Euro-American Owners, Captains, and Hawaii-based Crew 
 

Unlike the Vietnamese-American and Korean-American fishermen, only a small 
group of Euro-American participants reported some type of problem with the observer 
program. Just 31 percent (six individuals) reported any problem at all, with 5 percent (one 
individual) identifying the problems as major (Table 14). As for the other ethnic groups, 
the Euro-American fishermen included individuals present on-board in the fishing 
grounds and those who were not. Those involved with on-board activities made up more 
than three-quarters of those interviewed.  
 
Table 14. Extent of Problems Reported by Euro-American Fishermen, By On-board Status 
  On-board Not on-board Total (%) 
No problem 11 2 68 
Moderate problems 4 1 26 
Major problems 1 0 5 
Total 16 3 100 
 

The top three problem areas mentioned were inadequately trained observers, lack 
of trust of the program, and observers decreasing efficiency. Three fishermen identified 
one problem area, three fishermen identified two and no one identified three (Table 15). 
 
 
Table 15. Percent of Euro-American Fishermen Identifying Each Specific Area as a Problem 

Problem Percent of total problems 
identified (%) 

Number of 
responses 

Inadequately trained observers 44 4 
Don't trust monitoring 22 2 
Decreased on-board efficiency 22 2 
Not reimbursed adequately  11 1 
Accommodations 0 0 
Female observers 0 0 
Food requirements  0 0 
No outlet for venting concerns 0 0 
Safety concerns 0 0 
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In contrast to the higher levels of concern reported by Vietnamese-American and 
Korean-American fishermen, problems mentioned by the Euro-Americans were often 
considered minor or relatively insignificant. In fact, when the Euro-American fishermen 
stated a problem, it was often conditioned by assertions that the problem was really “no  
big deal.” One Euro-American owner-operator indicated that while some changes in 
operations were required on his behalf, these were quite acceptable:  
 

• Oh, we have observers and there is absolutely no problem. We had two: both 
were on trips with the relief captain, not me. My wife doesn't like female 
observers on-board, so when we are assigned female observers, the relief captain 
has to go. When I do get to go with (male) observers, I like the company. Usually 
it’s just me and my foreign crew, and there are language barriers. After the 
observers, payment arrived without any problem.  

 
One hired captain’s positive evaluation was coupled with a caveat: 
 

• I like trips with observers. That gives me someone to talk to—except when they 
are nerds and drive me crazy. That happened only one time and I brought the 
observer back (early). They gave me another one because I didn’t fish enough sets. 
But the second one was much better.  

 
For the most part, Euro-American vessel owners, captains, and crew simply stated 

that the observer program was fine and posed no significant problems. More than one 
fisherman spoke of observers in an endearing way. Some individuals expressed opinions 
of what made the program acceptable, and some did not:  
 

• Observers are no problem. We had one, it was fine.  
 

• Observers are fine. We usually have lots of fun with them  
 

• Some of the people, who work with the observer program, are people I knew from 
when they were just observers themselves. I’ve watched them work their way up. 

 
• They’re mostly college graduates, taking their first job, and don’t know the 

ropes . . . Sometimes it’s hard for the female observers to be around the male 
crew, so I try to help them out.  

 
Problems with the overall observer program and with individuals were rarely 

discussed by the Euro-American fishermen interviewed. With few exceptions, the general 
attitude toward problems that were revealed was one of minor annoyance and 
inconvenience rather than major difficulty. As one fisherman explained, “observers are 
an annoyance; they never reimburse us, [but] it's more of an annoyance to deal with.”  
 

Trust and uncertainty--Lack of trust of observer monitoring was mentioned only 
twice by Euro-American fishermen. While these individuals reported dissatisfaction with 
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the concept of the observer program, this appeared to be related to a larger set of 
regulatory issues:  
 

• I remember fishing without such monitoring; I just don’t like the authority of 
institutions, reflected by the observer program and all the other enforcement 
programs out here. Observers are just another check. 

 
Reimbursement and outlets for voicing concerns--Reimbursement was 

mentioned only once (as provided above). None of the Euro-American fishermen 
complained about a lack of venue for voicing concerns about the program or individual 
observers.  
 

Efficiency, training, and other issues--The highest frequency concern for the 
Euro-American fishermen, mentioned four times, related to perceptions of observer 
training. Concerns about observers slowing fishing operations were mentioned twice. No 
Euro-American fishermen listed on-board safety, food, accommodations, or female 
observers as problems. As discussed above, training and fishing efficiency concerns were 
considered as annoyances rather than impediments:   
 

• Sometimes observers are a hassle, they slow us down, but really it's not a big deal. 
 
• Some observers themselves are okay, some are an inconvenience; just a pain. 

 
 

Filipino Crew 
 

The other major ethnic group present during the study period was the Filipino 
crew members working on 1-year contracts. Most Filipino crew reported having no 
problems with observers (Table 16). Moreover, a sizeable minority (13 percent) reported 
that they preferred having observers on-board. Analysis revealed that of the 28 percent of 
participants who reported moderate problems, most were not with particular individuals, 
but rather with the presence of any observer on-board. Just three percent reported specific 
problems with individuals. 

 
Table 16. Extent of Problems Reported by Filipino Fishermen 
Extent of problems Percent selecting  

each level (%)  
No problems 57 
Moderate problems 28 
Prefer observers 13 
Major problems 2 

 
Given that the experiences by Filipino crew members were limited to interactions 

with observers at sea, they were not asked to discuss the full range of programmatic 
issues and nine problem areas. Instead, each Filipino fisherman was asked about their 
experiences with observers in general. Many crew discussed their opinions of the 
observers while considering the perceived effect of the observer on the vessel operator. 
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Some crew noted changes in the behavior of the captain, for example, and subsequently 
attributed these changes to the observer. Personal opinions of observers were frequently 
affected by perceived on-board changes—positive or negative, drastic or subtle—that 
occurred as a result of the observer’s presence. 
 

Following is a description of some of the perceived positive aspects of observers, 
followed by a discussion of some of the perceived negative effects. Some crew reported 
both positive and negative aspects of having observers on-board.  
 
 
Preference for Observers  
 

Filipino crew members who reported a preference for having observers on-board 
typically offered one of three reasons: (1) vessel operators treated crew better with 
observers present; (2) observers were a good source of fishery information; or (3) the 
additional company was enjoyable. Although limited numbers of vessel owners, captains, 
and/or Hawaii-based crew revealed personal relationships with observers, these were 
quite commonly reported by Filipino crew. These relationships were generally highly 
valued. Crew reported turning to observers as friends and to answer questions regarding 
fishing and acculturation to Hawaii. Crew often considered particular observers as part of 
an extended social network and there were some reports of crew dating female observers.  
 

Observers improve working conditions--One of the most commonly stated 
reasons that crewmen preferred observers on-board was that vessel captains/operators 
were more polite to crew when observers were present:  
 

• No problems; try to turn to them for help regarding the captain's bad practices. 
We hope that the observer will make captain have better behavior—at least 
towards the crew.  
 

• Captain doesn't yell as frequently. Plus the food and provisions on-board are 
much better when an observer is present. 

 
• No problems; I’ve worked with observers and it’s okay—actually it’s better 

because the captain is nicer to us.  
 

• The captain is nicer when we have observers. 
 
• Owner is nicer in fishing ground when observers are with us. 
   

One Filipino crewman who favored having observers on-board because it 
improved the captain’s treatment of crew said that the physical work conducted by 
observers also was useful. He even said that some of the observers accomplished more 
fishing-related work than did some of the other foreign (non-Filipino) crew.  
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Observers provide information--A number of Filipino fishermen reported that 
the observers were a reliable source of information about fishing regulations. Crew 
working on Vietnamese-American and Korean-American vessels sometimes expressed 
difficulty communicating with vessel operators because of language barriers but reported 
more effective communication with observers. As such, some crew members reported 
feeling comfortable asking questions of observers:  
 

• No problems; observers are a great source of information about fishing 
regulations.  

 
• No problems; prefer observers on-board because they are fun, and add something 

new to the monotony of fishing. They also answer questions and provide 
information about regulations.  

 
Observers provide companionship--Filipino fishermen reported that the 

presence of observers was preferable simply because they were good company. Crew 
members often expressed boredom with their job and felt observers eased the monotony 
of fishing for long time periods. The Filipinos told stories of joking and laughing with 
observers and reported that they were sometimes uplifted by their presence: 
 

• Observers are no problem. We [Filipino crew] like to have observers around for 
company—we can talk with them, and make jokes. They are good company; no 
problems.  

 
• No problem with observers; boat has space for lots of people, so it’s no problem. 

The observers are sometimes enjoyable to have around; someone different. 
 

• Nice to have them around, more interesting to have someone new there, and if we 
ever have a bad captain it's even better to have the company.  

 
• It’s nice to have observers around, sometimes; it just makes our work less boring.                               

 
Many Filipino crew members remained in contact with certain observers after 

their trips at sea. These individuals generally took pride in their relationships with 
persons of other ethnicities (i.e., non-Filipino). The fishermen were often proud if 
observers would learn small phrases in a Filipino language, or share Filipino food or 
other aspects of the Filipino culture. Filipino crewmen often stated that observers were 
influential in assisting with continued learning of the English language and American 
culture. A number of favorable comments were specific to female observers: 
 
• Last trip there was a female observer and our boat doesn't have enough beds—so 

I offered to give the observer mine, and slept on the cot. I never would have done 
that for a male observer! 

 
• I have friends that are female observers. It’s great when females come on-board. 

Overall the observers slow us down, but that’s no problem. 
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• It just depends on the individuals. Some people are very nice to have around and 
some aren't. Some make things take too long, but that’s okay. One of the female 
observers is my good friend.       

 
• Observers decrease our catch. But overall I like the different company, 

particularly when we have female observers. I have remained friends with some 
observers and enjoy their company. 

 
• Sometimes we work harder when female observers are around. We want to look 

good!  
 
 
Problems with Observers 
 

Twenty-seven percent of Filipino crew identified decreased productivity as a 
problem stemming from the observer program. This problem constituted 90 percent of all 
complaints expressed. For most, any slowdown in operations resulted in a moderate 
financial loss; although nearly all crew were paid a monthly salary (rather than shares), 
many also received a bonus per trip based on catch. One Filipino crewman explained that 
observers decreased the speed of work on-board, adding that the situation was further 
aggravated because his captain forbade crew from talking with observers. A number of 
comments reflected this concern:  
 

• Observers slow down our work, decrease the catch—we work more and are paid 
less. 

• We just can’t make as much money, we work slower with observers.  
   

• Observers decrease what we catch, and what we earn.  
 

• The primary problem is that the observers slow down our work; but it’s also very 
dangerous because when observers are on-board we always have to bring in live 
sharks, and it’s very dangerous to do that.  

 
Some Filipino crew reported satisfaction with observers on a personal level, but 

expressed dissatisfaction about losses in fishing efficiency and associated earnings: 
  
• I have very good friends that are observers. But when they come we work slow 

on-board, and can’t earn as much money. But many observers are my friends. 
 
• When observers are on-board it slows down work. They are generally 

inconvenient to have around. Some are personally a problem, but not most. I still 
talk to some now; they come and visit because they are my friends. 

  
•  It’s very nice to have female observers. The other observers . . . sometimes the 

people are nice and fun, but mostly they are really just difficult. Overall they 
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make us catch less fish, they slow down our work, and they generally are just 
inconvenient to have around. 

                                                                                      
One individual stated that observers were no good because they lowered the catch. 

Further prompting revealed that the individual had never actually worked on a vessel 
with an observer, but had heard this from fellow crewmen.  
 

When crew members reported that the presence of observers decreased 
productivity, catch or earnings, researchers asked about relationships between the 
observers and the decreased productivity. Financial losses were felt to varied extents, 
with the smallest generally being in the form of decreased landings resulting in a 
decreased catch bonus (bonuses are generally paid to crewmen as $10 per ton). More 
substantial financial losses were felt by those on-board a limited number of vessels, 
where owners and/or captains paid with some form of incentive, generally in the form of 
a percentage of either catch or sales. Larger financial losses were faced by crew on 
vessels where shark finning took place; this currently illegal activity is not conducted 
when observers are present.  
                                                                                                                                                                              

Few Filipino crew noted that observer presence was a source of aggravation for 
the vessel owner or captain; some were indifferent about such aggravation, while some 
found it problematic.   
 
• I have no problems with observers, they are fine. Only the captain doesn't like 

them because he doesn't like to have people watching him. We (crew) don't mind. 
 
• Owner is always very unhappy when there is an observer on-board. But it's not 

too much different for our work; the vessel sleeps six so there is adequate space 
for observer. 

 
• I’ve worked with a number of observers; I have no problem with the program. 

Sometimes I don’t like particular individuals, and sometimes I notice that captain 
doesn't like observers, but I don’t mind the whole thing 

  
• No problems with observers. The captain’s wife doesn't allow female observers 

on-board so we always have male observers. They are nice, no trouble. 
 
 

CONCLUSIONS 
 

The preceding sections of this report reveal extensive variation in fishermen’s 
perspectives on the Hawaii longline observer program. Some fishermen expressed 
numerous concerns about the program and/or individual observers and indicated these 
were major problems, while others expressed satisfaction with the program and its agents. 
Of significance in the complex socio-cultural context of Hawaii’s longline industry, 
analysis revealed that variation appears to relate in large part to fishermen’s ethnic 
background and role in the industry.  
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Some concerns, particularly those relating to trust and fishing efficiency, were 
expressed to some extent by fishermen of all ethnic backgrounds. It is not surprising that 
concerns and problems exist. Fishermen and observers undertake distinct roles that are 
sometimes conflicting in nature. While the ultimate intent of the observer program is to 
yield benefits for the marine environment, their presence is not necessarily perceived by 
the fishermen as beneficial to their operations. Further, the process of observing fishing 
operations is by nature intrusive, inviting feelings of being watched. Fishermen’s 
suspicions of the program may stem from perceptions that observers are on-board 
because “the government” does not trust fishermen to report endangered species 
interactions or to properly handle species when hooked.  
 

Vietnamese-American and Korean-American fishermen expressed much greater 
concern about a broader range of aspects of the observer program than did the Euro-
American fishermen. Many participants in these former groups appeared to view the 
observer program as another indicator that NMFS is “out to get them.” As such, it may 
have been difficult for these fishermen to separate the effects of observers from the larger 
context of federal regulatory oversight. In other words, they viewed observers and the 
program through their “NMFS lenses” that predisposed them to have problems.   
 

Their difficulties with the program may also relate to additional challenges not 
faced by the Euro-American fishermen. For example, some individuals within the 
Vietnamese-American component of the fleet are still gaining familiarity with American 
culture and the English language, and with the culture and language of the observer and 
regulatory program itself.  

 
The fishermen of different ethnicities may also have had experiences with 

observer programs and regulations in other fisheries that led to differences in perceptions 
of the Hawaii-based regulations. For example, much of the Vietnamese-American fleet 
came to Hawaii from the Gulf of Mexico shrimp fishery, the only fishery in the U.S. with 
a voluntary observer program and historically minimal reporting requirements; a federal 
fishing permit was mandated only recently, and no logbook program existed as of 2005 
(Curtis 2005). In contrast, the Euro-American owners may have had a wider range of 
experience in other, more heavily regulated fisheries, making the Hawaii observer 
program and broader regulatory context seem more palatable (Curtis, 2005).  
 

Another possible explanation for the ethnic differences in responses to observers 
may relate to cultural styles of self-expression. The researcher and interpreters noticed a 
marked difference in how animated and vocal some fishermen became when talking 
about a particular incident while other fishermen, describing a similar event, would be 
much more low-key. This has some implications for interpreting “moderate” vs. “major” 
levels of concern about aspects of observers and the observer program, although we 
believe these categories remain meaningful. 
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Implications for Observer Programs 
 

The owners, captains, and Hawaii-based crew (many of whom are previous or 
potential captains) are the group of interviewees in whom the program should be most 
interested. Nearly two-thirds of this group reported having problems of some type with 
the program and/or the observers. However, this proportion, and the nature of the 
problem, varies substantially by ethnic group.  
 

An obvious and significant implication is that consideration of fishermen’s 
perceptions, concerns, experiences, and ethic-cultural backgrounds could prove useful in 
training observers to succeed in their own work while minimizing disruption of fishing 
operations and the lives of fishermen at sea. In the case of fishermen who associate 
observers and the overall program with antagonistic management, the behavior of 
individual observers may not make a difference.  
 

However, many of the fishermen’s concerns, such as those dealing with cultural 
issues and proper protocol on-board, could be addressed through greater awareness of the 
subtleties of Vietnamese, Korean, and Filipino culture and the manner in which the 
captains, crew, and vessel owners negotiate the many challenges associated with longline 
fishing in the Central and Western Pacific. With awareness and understanding then, 
individual observers have the potential to contribute positively to the at-sea experiences 
of longline fishery participants, and in so doing may change at least some fishermen’s 
attitudes toward the observer program.  
 

Additionally, consideration of inter-group variation and trends in the types and 
extent of perceived problems could prove useful to program planning and related 
outreach and communication efforts. Cultural awareness training must be specific to the 
ethnicities that the observer will encounter. Generic cultural discussions will not provide 
an observer with the information necessary to anticipate and make adjustments for 
differences specific to a particular culture.  
 

Analysis of the perspectives of Filipino crew members also provides a unique 
opportunity for observers to better understand the full range of implications of their 
presence on Hawaii longline vessels. Discussions with crew members also provided 
insight into many topics or perceptions that owner/operators may have been hesitant to 
discuss. These crewmen generally expressed satisfaction with individual observers and 
took great pride in nurturing personal relationships with them. Many crewmen considered 
observers an extension of their social network in Hawaii and valued their instruction in 
the subtleties of American culture. Filipino crewmen often acknowledged the importance 
of professionalism among observers, and many considered observers good sources of 
information about regulatory aspects of longline fishing in the region.  
  

This research may also be useful for observers or prospective observers preparing 
for or considering a voyage aboard a Hawaii longline vessel in the western or central 
Pacific. The Pacific Islands Regional Office field manual for observers (Hawaii Longline 
Observer Program, 2003) provides some indication of the nature of life at sea for 
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observers and recommendations that the observer should strive for good relations on-
board. But as noted in the following passage from the manual, there is no guidance for 
actually achieving mutually satisfactory relationships with captain and crew in a setting 
that is not only physically challenging, but, perhaps more significantly, highly 
challenging in social and cultural terms:   
 

When stepping on to a fishing vessel for one day, one week or one month, 
you the observer are entering a workplace and a home. It is a place where 
the crewmen have already established a system of communication and 
responsibilities. An individual observer’s ability to deal with the situation 
is a reflection of the person’s flexibility and resiliency. The environment 
can be lonely, unwelcoming, cramped, and sometimes hostile. Your 
sleeping and eating habits will definitely be disrupted. The quality of your 
working relationship with the crew can be more important to the overall 
nature of the trip than the nature of the vessel itself. A good working 
situation with the crew makes a good trip. A good working situation on a 
good boat makes a great trip!  
 
Analysis of the perspectives of fishermen involved in this study clearly indicates 

that the on-board relationship between fisherman and observer is a critical link between 
the agency responsible for managing pelagic fish resources in the region and the fleet 
pursuing fish. As the intent of the observer program is to enable fishing to continue with 
minimal effect on endangered species, it is in the best interest of government to facilitate 
effective communication between fishermen and observers. The longline observer 
program in Hawaii would most effectively meet its objectives by establishing means for 
observers to acquire the language and cultural skills necessary for positive and minimally 
intrusive interaction with vessel owners, captains, and crew members. This would 
improve communication between individual observers and fishermen, while also 
enhancing trust between NMFS and a population of resource users it is mandated to serve. 
Currently, observers going out on a vessel can review a file of previous observer notes for 
that vessel to get an idea of what to expect. Additional training on cultural awareness 
could supplement this type of information.  
 

The study revealed widespread confusion and uncertainty about the overall 
observer program. There was, for example, a common misconception that the observer 
program is responsible for a wide range of regulatory actions including fines, and that 
observers themselves are enforcement agents. Now that this confusion is understood, 
agencies can take further steps to reduce it through targeted communication with 
fishermen..  
 

Such communication could be part of an attempt to provide fishermen with more 
opportunities for interacting with NMFS, as recommended by a recent Office of Inspector 
General’s report (U.S. Department of Commerce 2004) and concurred with by NMFS.18 
That report noted that a number of observers and fishing industry representatives “had 
                                                 
18 This OIG audit reviewed seven regional NMFS observer programs, which did not include the Pacific 
Islands program managed out of Honolulu. 
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expressed concern that NMFS does not seem to have a comprehensive grasp of current 
concerns and issues within the fishing community” (p. 38) and that additional efforts to 
understand these concerns could help to build relationships and establish trust. Some of 
the fundamental issues fishermen have with the observer program and the placement of 
observers on fishing vessels are not likely to go away. However, several specific areas of 
concern, such as prompt reimbursement and provision of outlets for venting concerns, 
could be addressed fairly easily. 

 
 

Implications for Future Research 
 

This study has made clear that perspectives on Hawaii’s longline observer 
program are often influenced by the ethnicity, role in the industry, and experience of the 
vessel owners, captains, and crew members in question. It has also made clear that the 
behavior of the observer at sea can detrimentally affect those perspectives and the 
reported level of satisfaction with the program in total.  

 
Fishermen largely agreed that having observers on-board decreased the efficiency 

of their fishing operations. This would appear to be a testable hypothesis for tuna vessels. 
Because observers are randomly assigned to about 20 percent of the tuna fishing trips, it 
should be possible to design an analysis that compared the catch per unit effort of trips 
with observers compared to trips without observers, controlling for other variables as 
appropriate. 
 

Having systematically studied fishermen’s perceptions of observers, it may now 
prove useful to similarly study the perceptions and experiences of observers. The present 
study suggests many hypotheses about interactions among fisherman ethnicity, observer 
ethnicity and gender, and other variables that may determine the ability of fishermen and 
observers to each meet their own goals while not impeding the others’. Understanding the 
implications of these relationships can lead to the development of both improved 
observer training and improved outreach programs targeted to fishing vessel crew, 
captains, owners, and their families that stand a better chance of eliminating 
misunderstandings about the program and possibly developing mutually agreed standards 
for observer training and behavior while aboard fishing vessels and for other concerns 
that this research has identified.  
 

Certain aspects of the real-time behavioral interface between fishermen and 
observers may deserve additional attention. In this sense, at-sea observation and 
systematic description of the process of observing itself could prove useful in validating 
and/or furthering understanding the perspectives of the fishermen and the on-board 
behavior and experiences of observers. One potential problem with this approach—and 
likely also inherent in the longline observer program—is that one’s behavior often 
changes if one knows one is being observed.  
 

Given random and periodic assignment of observers to longline vessels, sustained 
work on a given vessel may be difficult to achieve in the observer program. This is 
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another reason to enhance open and effective communication and understanding among 
fishery participants, observers, and program administrators. Sustained social research in 
this arena may contribute significantly to that end. Such research, and comparative 
research with longline observer programs elsewhere, could promote clear understanding 
of the full range of implications of observer-fisher relationships. This can only benefit 
Hawaii’s longline observer program, the region’s longline industry, and the marine 
environment itself. 
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Availability of NOAA Technical Memorandum NMFS 
 
Copies of this and other documents in the NOAA Technical Memorandum NMFS series 
issued by the Pacific Islands Fisheries Science Center are available online at the PIFSC 
Web site http://www.pifsc.noaa.gov in PDF format. In addition, this series and a wide 
range of other NOAA documents are available in various formats from the National 
Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161, U.S.A. 
[Tel: (703)-605-6000]; URL: http://www.ntis.gov. A fee may be charged. 
 
Recent issues of NOAA Technical Memorandum NMFS–PIFSC are listed below: 
 
NOAA-TM-NMFS-PIFSC-2 Contingency plan for Hawaiian monk seal Unusual 
    Mortality Events. 
    P. K. YOCHEM, R. C. BRAUN, B. RYON, 
    J. D. BAKER, and G. A. ANTONELIS 
    (May 2004) 
 
           3 Modeling a very rare event to estimate sea turtle 
    bycatch: lessons learned. 
    M. L. MCCRACKEN 
    (November 2004) 
 
           4 Evaluation of time-area closures to reduce incidental 
    sea turtle take in the Hawaii-based longline fishery: 
    generalized additive model (GAM) development and 
    restrospective examination. 
    D. R. KOBAYASHI and J. J. POLOVINA 
    (March 2005) 
 
           5 The Hawaiian monk seal in the Northwestern 
    Hawaiian Islands, 2002. 
    T. C. JOHANOS and J. D. BAKER (comps. and eds.) 
    (July 2005) 
 
           6 A sociocultural assessment of Filipino crew members 
    working in the Hawaii-based longline fleet. 
    S. D. ALLEN and A. GOUGH 
    (October 2006)    
 
           7 Sea turtle and pelagic fish sensory biology: developing 
    techniques to reduce sea turtle bycatch in longline fisheries. 
    Y. SWIMMER and R. BRILL  
    (December 2006) 
 

 

http://www.pifsc.noaa.gov
http://www.ntis.gov


5.d.ii. 

 
 

Additional Sociocultural Assessment References 
 
1. Allen, S. and A. Gough. 2006. A Sociocultural Assessment of Filipino Crew Members 

Working in the Hawaii-based Longline Fleet. NOAA Tech. Memo.  NMFS-PIFSC-6, 61 pp. 
 
2. Allen, S. and A. Gough. 2006. Monitoring Environmental Justice Impacts: Vietnamese-

American Longline Fishermen Adapt to the Hawaii Swordfish Fishery Closure. Human 
Organization 65(3): 322-331. 

 



6. 

Observer Reports 
 
 
Sections 6.a through 6.c. contain annual reports from the Observer Program. They contain 
information on fishing effort, observer coverage, and protected species interactions. These 
reports can be found on the NMFS PIRO Observer Program website: 
http://www.fpir.noaa.gov/OBS/obs_qrtrly_annual_rprts.html 
 
The annual reports in section 6.a. for the years 1994 to 2001 are for combined deep-set and 
shallow-set trips. The year 2001 represents a combined shallow- and deep-set report as shallow 
set fishing occurred only during the 1st quarter of that year.  
 
The annual reports in section 6.b. for the years 2002 to 2009 are for deep-set trips only.  
 
The annual reports in section 6.c. for the years 2004 to 2009 are for shallow set trips only. The 
shallow set fishery was closed in 2001 and reopened in 2004 with restrictions on allowable gear 
used in the fishery. Due to vessel confidentiality rules, there is no annual report for 2007.  
 
Section 6.d. contains 9 representative Marine Mammal Biological Data Forms from longline 
interactions with false killer whales. This representative sample includes 5 iterations of the data 
form, showing the progression of the type and amount of data that are collected from these 
interactions. This sample also shows a variety of interaction types, including both hookings and 
entanglements.  
 
Below is a brief description of the 9 example forms: 
 
Example 1:  Hooking. Earliest incarnation of the Protected Species form (version 00). It includes 
a brief description on the reverse side. The second form is an early sighting form; this sighting of 
false killer whales occurred shortly after the interaction.  
 
Example 2: Hooking. Earliest incarnation of the Protected Species form (version 00). It includes 
an extensive description on the reverse side.  
 
Example 3: Hooking. Second form version (version 88). It has only a brief description of this 
interaction, on a separate comment form.  
 
Example 4: Hooking. New form version (version MM 04.06.). It has an extensive description of 
this interaction. The second form is a new sketch form version with additional information about 
the interaction.  
 
Example 5: Entanglement. Same as previous form (version MM 04.06.). It has an average 
description of this interaction. The second form is a new sketch form version with additional 
information about the interaction  
 
Example 6: Hooking. New form version (version MM 07.03).It has an average description of this 
interaction. The second form is a 'test version' of the next form version; the observer filled it out 

http://www.fpir.noaa.gov/OBS/obs_qrtrly_annual_rprts.html
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to help us assess it.  
 
Example 7: Entanglement. New form version ( MM 08.04). It has an good description of this 
interaction. The second form is a drawing showing the entanglement in detail.  
 
Example 8: Hooking. Same as previous form version (MM 08.04).It has a good description of 
the interaction. The second form is a sketch that shows the hooking area in detail.  
 
Example 9: Hooking and entanglement. Same as previous form version (MM0804) It has a good 
description of the interaction. This is a shallow set interaction. 



PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 LONGLINE 

ANNUAL STATUS REPORT 
 January 1, 1994 - December 31, 1994 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

December 5, 2006 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report has been revised from the original report in order to separate protected species interactions 
for each calendar year. The following table summarizes percent observer coverage for vessel departures, 
vessels arriving with observers, and protected species interactions for vessels arriving with observers during 
1994.  
 

 

Vessel Departures - 1994 (January 1, 1994 - December 31, 1994)
Departures -------------------------------------------------------------------------------- 861
Departures with observers ------------------------------------------------------------ 50
Observer coverage 1994 -------------------------------------------------------------- 5.8%

Vessels Arriving with Observers - 1994 
Departures with observers in 1994 -------------------------------------------------- 50
Observers departing in 1993 arriving in 1994 ------------------------------------ 0
Observers departing in 1994 arriving in 1995 ------------------------------------ 1  
Total vessels arriving with observers - 1994 -------------------------------------- 49

Protected Species Interactions - 1994 
Vessels arriving with observers - 1994 --------------------------------------------- 49
Trips with turtle interactions ----------------------------------------------------------- 15
Trips without turtle interactions ------------------------------------------------------- 34

Trips with marine mammal interactions -------------------------------------------- 0
Trips without marine mammal interactions ---------------------------------------- 49

Trips with seabird interactions -------------------------------------------------------- 20  
Trips without seabird interactions ---------------------------------------------------- 29

Total Sea Turtles Interactions --------------------------- 27
Released alive
   Leatherback ----------------------------------------- 2
   Loggerhead -----------------------------------------  1
Released injured
   Leatherback ----------------------------------------- 6
   Loggerhead -----------------------------------------  10
   Green ------------------------------------------------- 2
   Olive ridley ------------------------------------------  3
   Unidentified hardshell ----------------------------  2
Released unknown
   Unidentified hardshell ----------------------------  1

Total Marine Mammal Interactions --------------------- 0

Total Seabird Interactions -------------------------------- 200
Released alive  
   Laysan Albatross ----------------------------------  3
   Black-footed Albatross ---------------------------  1
Released injured
   Laysan Albatross ------------------------------------ 28
   Black-footed Albatross ----------------------------- 22
Released dead
   Unidentified Shearwater --------------------------- 1
   Laysan Albatross ------------------------------------ 42
   Black-footed Albatross ----------------------------- 103

Total Sets 509
Total Hooks Retrieved 525,372
Turtles per 1,000 Hooks 0.051
Seabirds per 1,000 Hooks 0.381
Marine Mammals per 1,000 Hooks 0.000

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 LONGLINE 

ANNUAL STATUS REPORT 
 January 1, 1995 - December 31, 1995 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

March 20, 2008 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report has been revised from the original report in order to separate protected species interactions 
for each calendar year. The following table summarizes percent observer coverage for vessel departures, 
vessels arriving with observers, and protected species interactions for vessels arriving with observers during 
1995.  
 

 

Vessel Departures - 1995 (January 1, 1995 - December 31, 1995)
Departures -------------------------------------------------------------------------------- 1108
Departures with observers ------------------------------------------------------------ 47
Observer coverage 1995 -------------------------------------------------------------- 4.2%

Vessels Arriving with Observers - 1995 
Departures with observers in 1995 ------------------------------------------------- 47
Observers departing in 1994 arriving in 1995 ------------------------------------ 1
Observers departing in 1995 arriving in 1996 ------------------------------------ 0  
Total vessels arriving with observers - 1995 ------------------------------------- 48

Protected Species Interactions - 1995 
Vessels arriving with observers - 1995 -------------------------------------------- 48
Trips with turtle interactions ---------------------------------------------------------- 14
Trips without turtle interactions ------------------------------------------------------ 34

Trips with marine mammal interactions ------------------------------------------- 2
Trips without marine mammal interactions --------------------------------------- 46

Trips with seabird interactions ------------------------------------------------------- 15  
Trips without seabird interactions --------------------------------------------------- 33

Total Sea Turtles Interactions --------------------------- 29
Released alive
   Loggerhead ----------------------------------------- 1
Released injured
   Leatherback ----------------------------------------  3
   Loggerhead ----------------------------------------- 18
   Green ------------------------------------------------   
   Olive ridley ------------------------------------------  3
   Unidentified hardshell ----------------------------  1
Released unknown
   Unidentified hardshell ----------------------------  1
   Leatherback ----------------------------------------  1
Released dead
   Olive ridley ------------------------------------------  1

Total Marine Mammal Interactions -------------------- 3
Released injured
   Rissos Dolphin ------------------------------------- 2
   Bottlenose Dolphin -------------------------------- 1

Total Seabird Interactions -------------------------------- 212
Released alive  
   Laysan Albatross ---------------------------------- 1
Released injured
   Laysan Albatross ------------------------------------ 28
   Black-footed Albatross ----------------------------- 23
Released dead
   Laysan Albatross ------------------------------------ 78
   Black-footed Albatross ----------------------------- 82

Total Sets 549
Total Hooks Retrieved 617,576
Turtles per 1,000 Hooks 0.047
Seabirds per 1,000 Hooks 0.343
Marine Mammals per 1,000 Hooks 0.005

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  

nancy.young
Typewritten Text
6.a.



PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 LONGLINE 

ANNUAL STATUS REPORT 
 January 1, 1996 - December 31, 1996 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

December 5, 2006 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report has been revised from the original report in order to separate protected species interactions 
for each calendar year. The following table summarizes percent observer coverage for vessel departures, 
vessels arriving with observers, and protected species interactions for vessels arriving with observers during 
1996.  
 

 

Vessel Departures - 1996 (January 1, 1996 - December 31, 1996)
Departures -------------------------------------------------------------------------------- 1062
Departures with observers ------------------------------------------------------------ 53
Observer coverage 1996 -------------------------------------------------------------- 5.0%

Vessels Arriving with Observers - 1996 
Departures with observers in 1996 -------------------------------------------------- 53
Observers departing in 1995 arriving in 1996 ------------------------------------ 0
Observers departing in 1996 arriving in 1997 ------------------------------------ 1  
Total vessels arriving with observers - 1996 -------------------------------------- 52

Protected Species Interactions - 1996 
Vessels arriving with observers - 1996 --------------------------------------------- 52
Trips with turtle interactions ----------------------------------------------------------- 22
Trips without turtle interactions ------------------------------------------------------- 30

Trips with marine mammal interactions -------------------------------------------- 2
Trips without marine mammal interactions ---------------------------------------- 50

Trips with seabird interactions -------------------------------------------------------- 16  
Trips without seabird interactions ---------------------------------------------------- 36

Total Sea Turtles Interactions --------------------------- 46
Released alive
   Leatherback ----------------------------------------- 1
Released injured
   Leatherback ----------------------------------------- 5
   Loggerhead -----------------------------------------  25
   Green ------------------------------------------------- 3
   Olive ridley ------------------------------------------  8
   Unidentified hardshell ----------------------------  1
Released Dead
   Leatherback ----------------------------------------- 1
   Olive ridley ------------------------------------------  1
Released unknown
   Loggerhead -----------------------------------------  1

Total Marine Mammal Interactions --------------------- 2
Released injured
   Unidentified Whale --------------------------------  1
Released unknown  
   Unidentified Cetacean ---------------------------- 1

Total Seabird Interactions -------------------------------- 89
Released injured
   Laysan Albatross ------------------------------------ 6
   Black-footed Albatross ----------------------------- 12
Released dead
   Laysan Albatross ------------------------------------ 25
   Black-footed Albatross ----------------------------- 46

Total Sets 624
Total Hooks Retrieved 731,687
Turtles per 1,000 Hooks 0.063
Seabirds per 1,000 Hooks 0.122
Marine Mammals per 1,000 Hooks 0.003

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 JANUARY 1, 1997 - DECEMBER 31, 1997 
 
 Observer Management 
 Southwest Region 
 National Marine Fisheries Service 
  
 
The Hawaii longline fishery targeting swordfish and tunas has been monitored 
under a mandatory observer program since February 1994. Beginning March 1994, 
branch personnel have conducted daily shoreside dock rounds in Honolulu to 
determine which fishing vessels are in port.  These dock rounds are used to 
obtain an estimate of fishing effort on a real-time basis by assuming that a 
vessel is fishing when it is absent from the harbor.  Approximately 1,123 
vessels departed port between January 1, 1997, and December 31, 1997, 40 of 
which carried observers, representing about 3.6% observer coverage.  The 
following table summarizes protected species interactions for all observed 
trips which returned during calendar year 1997. 
 
  PROTECTED SPECIES ENCOUNTERS - OBSERVED RESULTS 
 

              Completed Trips ───────────────>        38 
              Trips with Turtles ────────────>        18 
              Trips without Turtles ─────────>        20 

 
              Sea Turtle Encounters ─────────>        40 
                Released Alive 
                  Leatherback ─────────>   11 
                  Loggerhead ──────────>   24 
                  Olive Ridley ────────>    3 
                Released, Disposition Unknown 
                  Leatherback ─────────>    1 
                  Unid. Hardshell ─────>    1 

 
              Marine Mammal Encounters ──────>         5 
                Released Alive 
                  False Killer Whale ──>    1 
                  Risso’s Dolphin ─────>    2 
                  Spinner Dolphin ─────>    1 
                Released Dead 
                  Short-Finned Pilot Whale  1 

 
              Seabird Encounters ────────────>       172 
                Released Alive 
                  Albatross 
                    Black-footed ──────>   24 
                    Laysan ────────────>   19 
                Released Dead 
                  Albatross 
                    Black-footed ──────>   86 
                    Laysan ────────────>   43 

 
              Total Sets ────────────────────>       507 
              Total Hooks Retrieved ─────────>   585,763 
              Turtles per 1,000 Hooks ───────>     0.068 
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 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 JANUARY 1, 1998 - DECEMBER 31, 1998 
 
 Observer Management 
 Southwest Region 
 National Marine Fisheries Service 
  
 
The Hawaii longline fishery targeting swordfish and tunas has been monitored 
under a mandatory observer program since February 1994. Beginning March 1994, 
branch personnel have conducted daily shoreside dock rounds in Honolulu to 
determine which fishing vessels are in port.  These dock rounds are used to 
obtain an estimate of fishing effort on a real-time basis by assuming that a 
vessel is fishing when it is absent from the harbor.  Approximately 1,180 
vessels departed port between January 1, 1998, and December 31, 1998, 48 of 
which carried observers, representing about 4.1% observer coverage.  The 
following table summarizes protected species interactions for all observed 
trips which returned during calendar year 1998. 
 
 
  PROTECTED SPECIES ENCOUNTERS - OBSERVED RESULTS 
 

              Completed Trips ───────────────>        47 
              Trips with Turtles ────────────>        21 
              Trips without Turtles ─────────>        26 

 
              Sea Turtle Encounters ─────────>        60 
                Released Alive 
                  Green ───────────────>    2 
                  Leatherback ─────────>    5 
                  Loggerhead ──────────>   45 
                  Olive Ridley ────────>    2 
                Returned Dead 
                  Leatherback ─────────>    1 
                  Loggerhead ──────────>    1 
                  Olive Ridley ────────>    3 
                Released, Disposition Unknown 
                  Unid. Hardshell ─────>    1 

 
              Seabird Encounters ────────────>       104 
                Released Alive 
                  Albatross 
                    Black-footed ──────>    6 
                    Laysan ────────────>   26 
                  Unidentified Bird ───>    1 
                Returned Dead 
                  Albatross 
                    Black-footed ──────>   39 
                    Laysan ────────────>   30 
                Released, Disposition Unknown 
                  Albatross 
                    Black-footed ──────>    1 
                    Laysan ────────────>    1 

 
 

              Marine Mammal Encounters ──────>         3 
                Released Alive 
                  False Killer Whale ──>    1 
                  Unidentified Whale ──>    2 

 
 

              Total Sets ────────────────────>       561 
              Total Hooks Retrieved ─────────>   734,204 
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              Turtles per 1,000 Hooks ───────>     0.082 



 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 JANUARY 1, 1999 - DECEMBER 31, 1999 
 
 Observer Management 
 Southwest Region 
 National Marine Fisheries Service 
  
 
The Hawaii longline fishery targeting swordfish and tunas has been monitored 
under a mandatory observer program since February 1994. Beginning March 1994, 
branch personnel have conducted daily shoreside dock rounds in Honolulu to 
determine which fishing vessels are in port.  These dock rounds are used to 
obtain an estimate of fishing effort on a real-time basis by assuming that a 
vessel is fishing when it is absent from the harbor.  Approximately 1,136 
vessels departed port between January 1, 1999, and December 31, 1999, 38 of 
which carried observers, representing about 3.3% observer coverage.  The 
following table summarizes protected species interactions for all observed 
trips which returned during calendar year 1999. 
 
 
  PROTECTED SPECIES ENCOUNTERS - OBSERVED RESULTS 
 

              Completed Trips ----------------        38 
              Trips with Turtles -------------        14 
              Trips without Turtles ----------        24 

 
              Sea Turtle Encounters ----------        30 
                Released Alive 
                  Green ----------------    2 
                  Leatherback ----------    1 
                  Loggerhead -----------   17 
                  Olive Ridley ---------    6 
     Unid. Hardshell ------    1 
                Returned Dead 
                  Leatherback ----------    1 
      Green ----------------    1 
                  Olive Ridley ---------    1 
  
              Seabird Encounters -------------        71 
                Released Alive 
                  Albatross 
                    Black-footed -------    7 
                    Laysan -------------    7 
                 Returned Dead 
                  Albatross 
                    Black-footed -------   36 
                    Laysan -------------   21 
                 
              Marine Mammal Encounters -------         5 
                Released Alive 
                  Bottlenose Dolphin ---    1 
                  Risso’s Dolphin ------    2 
                  Unidentified Whale ---    1 

                   Sperm Whale ----------    1 
 

              Total Sets ---------------------       463 
              Total Hooks Retrieved ----------   687,703 
              Turtles per 1,000 Hooks --------     0.044 
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 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 JANUARY 1, 2000 - DECEMBER 31, 2000 
 
 Observer Management 
 Southwest Region 
 National Marine Fisheries Service 
  
 
The Hawaii longline fishery targeting swordfish and tunas has been monitored 
under a mandatory observer program since February 1994. Beginning March 1994, 
branch personnel have conducted daily shoreside dock rounds in Honolulu to 
determine which fishing vessels are in port.  These dock rounds are used to 
obtain an estimate of fishing effort on a real-time basis by assuming that a 
vessel is fishing when it is absent from the harbor.  Approximately 1,134 
vessels departed port between January 1, 2000, and December 31, 2000, 118 of 
which carried observers, representing about 10.4% observer coverage.  The 
following table summarizes protected species interactions for all observed 
trips which returned during calendar year. 
 
 
  PROTECTED SPECIES ENCOUNTERS - OBSERVED RESULTS 
 

              Completed Trips ----------------       109 
              Trips with Turtles -------------        28 
              Trips without Turtles ----------        81 

 
              Sea Turtle Encounters ----------        54 
                Released Alive 
                  Green ----------------    3 
                  Leatherback ----------   11 
                  Loggerhead -----------   27 
                  Olive Ridley ---------    8 
                Returned Dead 
                  Green ----------------    2 
                  Olive Ridley ---------    3 
  
              Seabird Encounters -------------        248 
                Released Alive 
                  Albatross 
                    Black-footed -------   29 
                    Laysan -------------   30 
                  Sooty Shearwater -----    1 
                 Returned Dead 
                  Albatross 
                    Black-footed -------  133 
                    Laysan -------------   55 
                 
              Marine Mammal Encounters -------         8 
                Released Alive 
                  Spinner Dolphin -------   1 
                  Risso’s Dolphin -------   1 
                  Unidentified Whale ----   1 

                   Unidentified Cetacean -   2 
                       Common Dolphin --------   1 
                       Short-Finned Pilot Whale  1 

               Released Dead 
                       Short-Finned Pilot Whale  1 
 

              Total Sets ---------------------      1401 
              Total Hooks Retrieved ---------- 2,241,502 
              Turtles per 1,000 Hooks --------     0.024 
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 HAWAII LONGLINE OBSERVER PROGRAM 
 QUARTERLY STATUS REPORT 
 January 1, 2001 - December 31, 2001 
 
 Pacific Islands Area Office 
 Southwest Region 
 National Marine Fisheries Service 

January 23, 2002 
  

 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994. Beginning March 1994, branch personnel have conducted 
daily shoreside dock rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are 
used to obtain an estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is 
absent from the harbor. The following table summarizes percent observer coverage for vessel departures, 
vessels arriving with observers, and protected species interactions for vessels arriving with observers during 
2001.  
 
 Vessel Departures – 2001 (January 1, 2001 – December 31, 2001) 
 Departures ---------------------------------------------------------------------------- 1035 
 Departures with Observers --------------------------------------------------------   233 
 Observer coverage 2001 ---------------------------------------------------------- 22.5% 
 
 Vessels Arriving with Observers – 2001 
 Departures with observers in 2001 ----------------------------------------------   233 
 Observers departing in 2000 arriving in 2001 ---------------------------------    13 
 Observers departing in 2001 arriving in 2002 ---------------------------------      9 
 Total vessels arriving with observers – 2001 ----------------------------------   237 
 
 Protected Species Interactions – 2001 
 Vessels arriving with observers in 2001 -----------------------------------------   237 
 Trips with turtle interactions --------------------------------------------------------     13 
 Trips without turtle interactions ----------------------------------------------------   224 
 
 Trips with seabird interactions -----------------------------------------------------     35 
 Trips without seabird interactions -------------------------------------------------   202 
 
   Total Sea Turtle Interactions ------------------------------     23 
   Released Injured 
     Olive Ridley ---------------------------------------------       6 
     Loggerhead ---------------------------------------------       6 
     Leatherback --------------------------------------------       2 
     Green -----------------------------------------------------       2 
     Unidentified Hard Shell -------------------------------       1 
 
   Released Dead 
     Olive Ridley ---------------------------------------------       4 
     Green ----------------------------------------------------       1 
 
   Released Unknown 
     Unidentified Hard Shell ------------------------------       1 
 
   Total Marine Mammal Interactions ---------------------     10 
   Released injured 
     Unidentified Cetacean --------------------------------       2 
     Short Finned Pilot Whale ----------------------------       2 
     Rissos Dolphin -----------------------------------------       1 
     False Killer Whale -------------------------------------       3 
     Humpback Whale --------------------------------------       1 
 
   Released dead 
     Spotted Dolphin ----------------------------------------       1 
  
   Total Seabird Interactions ----------------------------------     161 
   Released injured 
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     Laysan Albatross ---------------------------------------     13 
     Black-footed Albatross --------------------------------       6 
 
   Released Dead 
     Laysan Albatross ---------------------------------------     63 
     Black-footed Albatross --------------------------------     76 
     Sooty Shearwater --------------------------------------       2 
     Unidentified Shearwater ------------------------------       1 
 
   Total Sets              2827 
   Total Hooks Retrieved     5,142,195 
   Turtles per 1,000 Hooks           0.004 
 
Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         This report, an animal that becomes hooked or entangled is an interaction.  
 
 
   

 



 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 January 1, 2002 - December 31, 2002 
 
 Pacific Islands Area Office 
 Southwest Region 
 National Marine Fisheries Service 

January 30, 2003 
  

 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994. Beginning March 1994, branch personnel have conducted 
daily shoreside dock rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are 
used to obtain an estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is 
absent from the harbor. This report is used to ensure prompt dissemination of Hawaii Longline Observer Data 
and may be revised. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2001.  
 
 Vessel Departures – 2002 (January 1, 2002 – December 31, 2002) 
 Departures ---------------------------------------------------------------------------- 1129 
 Departures with Observers --------------------------------------------------------   278 
 Observer coverage 2002 ---------------------------------------------------------- 24.6% 
 
 Vessels Arriving with Observers – 2002 
 Departures with observers in 2002 ----------------------------------------------   278 
 Observers departing in 2001 arriving in 2002 ---------------------------------      9 
 Observers departing in 2002 arriving in 2003 ---------------------------------      3 
 Total vessels arriving with observers – 2002 ----------------------------------   284 
 
 Protected Species Interactions – 2002 
 Vessels arriving with observers in 2002 -----------------------------------------   284 
 Trips with turtle interactions --------------------------------------------------------     13 
 Trips without turtle interactions ----------------------------------------------------   271 
 
 Trips with marine mammal interactions -----------------------------------------       9 
 Trips without marine mammal interactions -------------------------------------   275 
 
 Trips with seabird interactions -----------------------------------------------------     18 
 Trips without seabird interactions -------------------------------------------------   266 
 
   Total Sea Turtle Interactions ------------------------------     14 
   Released Injured 
     Loggerhead ---------------------------------------------       2 
     Leatherback --------------------------------------------       2 
    
   Released Alive 
     Loggerhead ---------------------------------------------       1 
 
   Released Dead 
     Olive Ridley ---------------------------------------------       7 
     Green ----------------------------------------------------       1 
     Loggerhead ---------------------------------------------       1 
 
   Total Marine Mammal Interactions ---------------------      9 
   Released injured 
     Unidentified Cetacean --------------------------------       2 
     False Killer Whale -------------------------------------       5 
     Humpback Whale -------------------------------------       1 
 
   Released dead 
     Blainville’s Beaked Whale -------------------------       1 
  
   Total Seabird Interactions ----------------------------------      34 
   Released injured 
     Laysan Albatross ---------------------------------------       3 

nancy.young
Typewritten Text
6.b.



     Black-footed Albatross --------------------------------       1 
 
   Released Dead 
     Laysan Albatross ---------------------------------------     13 
     Black-footed Albatross --------------------------------     17 
 
   Total Sets              3523 
   Total Hooks Retrieved     6,786,303 
   Turtles per 1,000 Hooks           0.002 
 
Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         This report, an animal that becomes hooked or entangled is an interaction.  
 
 
   

 



 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 January 1, 2003 - December 31, 2003 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

February 9, 2004 
  

 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994. Beginning March 1994, branch personnel have conducted 
daily shoreside dock rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are 
used to obtain an estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is 
absent from the harbor. This report is used to ensure prompt dissemination of Hawaii Longline Observer Data 
and may be revised. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2003.  
 
 Vessel Departures – 2003 (January 1, 2003 – December 31, 2003) 
 Departures ---------------------------------------------------------------------------- 1200 
 Departures with Observers --------------------------------------------------------   266 
 Observer coverage 2003 ---------------------------------------------------------- 22.2% 
 
 Vessels Arriving with Observers – 2003 
 Departures with observers in 2003 ----------------------------------------------   266 
 Observers departing in 2002 arriving in 2003 ---------------------------------      3 
 Observers departing in 2003 arriving in 2004 ---------------------------------     10 
 Total vessels arriving with observers – 2003 ----------------------------------   259 
 
 Protected Species Interactions – 2003 
 Vessels arriving with observers in 2003 -----------------------------------------   259 
 Trips with turtle interactions --------------------------------------------------------       4 
 Trips without turtle interactions ----------------------------------------------------   255 
 
 Trips with marine mammal interactions -----------------------------------------       5 
 Trips without marine mammal interactions -------------------------------------   254 
 
 Trips with seabird interactions -----------------------------------------------------     17 
 Trips without seabird interactions -------------------------------------------------   242 
 
   Total Sea Turtle Interactions ------------------------------       4 
   Released Dead 
     Olive Ridley ---------------------------------------------       3 
     Leatherback --------------------------------------------       1 
 
   Total Marine Mammal Interactions ---------------------      5 
   Released Injured 
     False Killer Whale -------------------------------------       2 
     Unidentified Cetacean --------------------------------       1 
     Unidentified Whale ------------------------------------       1 
 
   Released Dead 
     Bottlenose Dolphin ------------------------------------       1 
  
   Total Seabird Interactions ----------------------------------      68 
   Released Injured 
     Black-footed Albatross --------------------------------       1 
 
   Released Dead 
     Laysan Albatross ---------------------------------------     44 
     Black-footed Albatross --------------------------------     23 
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   Total Sets              3204 
   Total Hooks Retrieved     6,442,221 
   Turtles per 1,000 Hooks           0.001 
   Seabirds per 1,000 Hooks           0.011 
   Marine Mammals per 1,000 Hooks          0.001 
 
 
Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         this report, an animal that becomes hooked or entangled is an interaction.  
 
 
   

 



 HAWAII LONGLINE OBSERVER PROGRAM 
 ANNUAL STATUS REPORT 
 January 1, 2004 - December 31, 2004 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 25, 2005 
  

 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994. Beginning March 1994, branch personnel have conducted 
daily shoreside dock rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are 
used to obtain an estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is 
absent from the harbor. This report is used to ensure prompt dissemination of Hawaii Longline Observer Data 
and may be revised after final data editing has been completed. The following table summarizes percent 
observer coverage for vessel departures, vessels arriving with observers, and protected species interactions 
for vessels arriving with observers during 2004.  
 
 Vessel Departures – 2004 (January 1, 2004 – December 31, 2004) 
 Departures ---------------------------------------------------------------------------- 1344 
 Departures with Observers --------------------------------------------------------   330 
 Observer coverage 2004 ---------------------------------------------------------- 24.6% 
 
 Vessels Arriving with Observers – 2004 
 Departures with observers in 2004 ----------------------------------------------    330 
 Observers departing in 2003 arriving in 2004 ---------------------------------      10 
 Observers departing in 2004 arriving in 2005 ---------------------------------      13 
 Total vessels arriving with observers – 2004 ----------------------------------    327 
 
 Protected Species Interactions – 2004 
 Vessels arriving with observers in 2004 -----------------------------------------    327 
 Trips with turtle interactions --------------------------------------------------------      17 
 Trips without turtle interactions ----------------------------------------------------    310 
 
 Trips with marine mammal interactions -----------------------------------------       8 
 Trips without marine mammal interactions -------------------------------------    319 
 
 Trips with seabird interactions -----------------------------------------------------       7 
 Trips without seabird interactions -------------------------------------------------    320 
 
   Total Sea Turtle Interactions ------------------------------      17 
   Released Injured 
     Leatherback --------------------------------------------                    3 
   Released Dead 
     Olive Ridley ---------------------------------------------                  13 
     Green -----------------------------------------------------                    1 
 
   Total Marine Mammal Interactions ---------------------       8 
   Released Injured 
     False Killer Whale -------------------------------------                    5 
     Humpback Whale -------------------------------------                    1 
     Shortfinned Pilot Whale ------------------------------                    1 
   Released Dead 
     False Killer Whale -------------------------------------                    1 
  
   Total Seabird Interactions ----------------------------------       8 
   Released Dead 
     Unidentified Shearwater ------------------------------                    2 
     Laysan Albatross --------------------------------------                    2 
     Black-footed Albatross -------------------------------                    4 
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   Total Sets             3,958 
   Total Hooks Retrieved     7,900,681 
   Turtles per 1,000 Hooks           0.002 
   Seabirds per 1,000 Hooks           0.001 
   Marine Mammals per 1,000 Hooks          0.001 
 
 
Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         this report, an animal that becomes hooked or entangled is an interaction.  
 
 
   

 



PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 DEEP SET 

ANNUAL STATUS REPORT 
 January 1, 2005 - December 31, 2005 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

February 3, 2006 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report summarizes data for vessels that declared intent for a deep set trip. This report is used to 
ensure prompt dissemination of Hawaii Longline Observer Data and may be revised after final data editing has 
been completed. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2005.  
 

 

Vessel Departures - 2005 (January 1, 2005 - December 31, 2005)
Departures -------------------------------------------------------------------------------- 1377
Departures with observers ------------------------------------------------------------ 360
Observer coverage 2005 -------------------------------------------------------------- 26.1%

Vessels Arriving with Observers - 2005 
Departures with observers in 2005 ------------------------------------------------- 360
Observers departing in 2004 arriving in 2005 ------------------------------------ 13
Observers departing in 2005 arriving in 2006 ------------------------------------ 9  
Total vessels arriving with observers - 2005 ------------------------------------- 364

Protected Species Interactions - 2005 
Vessels arriving with observers - 2005 -------------------------------------------- 364
Trips with turtle interactions ---------------------------------------------------------- 5
Trips without turtle interactions ------------------------------------------------------ 359

Trips with marine mammal interactions ------------------------------------------- 6
Trips without marine mammal interactions --------------------------------------- 358

Trips with seabird interactions ------------------------------------------------------- 15  
Trips without seabird interactions --------------------------------------------------- 349

Total Sea Turtles Interactions --------------------------- 5
Released injured
   Leatherback ----------------------------------------  1
Released Dead
   Olive ridley ------------------------------------------  4

Total Marine Mammal Interactions -------------------- 6
Released injured  
   False Killer Whale --------------------------------- 1
   Risso's Dolphin ------------------------------------  1
   Blainville's Beaked Whale ----------------------- 1
   Unidentified Cetacean ---------------------------  1
   Shortfinned Pilot Whale -------------------------- 1
Released dead
   False Killer Whale --------------------------------- 1

Total Seabird Interactions -------------------------------- 19
Released dead  
   Brown Booby ---------------------------------------  1
   Laysan Albatross ---------------------------------- 6
   Black-footed Albatross --------------------------- 12

Total Sets 4,602
Total Hooks Retrieved 9,360,671
Turtles per 1,000 Hooks 0.001
Seabirds per 1,000 Hooks 0.002
Marine Mammals per 1,000 Hooks 0.001

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 DEEP SET 

ANNUAL STATUS REPORT 
 January 1, 2006 - December 31, 2006 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 18, 2007 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report summarizes data for vessels that declared intent for a deep set trip. This report is used to 
ensure prompt dissemination of Hawaii Longline Observer Data and may be revised after final data editing has 
been completed. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2006.  
 

 

Vessel Departures - 2006 (January 1, 2006 - December 31, 2006)
Departures -------------------------------------------------------------------------------- 1300
Departures with observers ------------------------------------------------------------ 275
Observer coverage 2006 -------------------------------------------------------------- 21.2%

Vessels Arriving with Observers - 2006 
Departures with observers in 2006 ------------------------------------------------- 275
Observers departing in 2005 arriving in 2006 ------------------------------------ 9
Observers departing in 2006 arriving in 2007 ------------------------------------ 2  
Total vessels arriving with observers - 2006 ------------------------------------- 282

Protected Species Interactions - 2006 
Vessels arriving with observers - 2006 -------------------------------------------- 282
Trips with turtle interactions ---------------------------------------------------------- 14
Trips without turtle interactions ------------------------------------------------------ 268

Trips with marine mammal interactions ------------------------------------------- 14
Trips without marine mammal interactions --------------------------------------- 268

Trips with seabird interactions ------------------------------------------------------- 16  
Trips without seabird interactions --------------------------------------------------- 266

Total Sea Turtles Interactions --------------------------- 15
Released injured
   Olive ridley ------------------------------------------  1
Released Dead
   Green ------------------------------------------------  2
   Olive ridley ------------------------------------------  10
   Leatherback ----------------------------------------  2

Total Marine Mammal Interactions -------------------- 14
Released injured  
   Bottlenose Dolphin -------------------------------- 1
   Risso's Dolphin ------------------------------------  2
   Unidentified Whale -------------------------------- 2
   False Killer Whale --------------------------------- 4
   Unidentified Dolphin ------------------------------  2
   Short-finned Pilot Whale ------------------------- 2
Released dead
   Striped Dolphin ------------------------------------  1

Total Seabird Interactions -------------------------------- 23
Released dead  
   Sooty Shearwater ---------------------------------  3
   Unidentified Shearwater -------------------------  2
   Laysan Albatross ---------------------------------- 1
   Black-footed Albatross --------------------------- 17

Total Sets 3,605
Total Hooks Retrieved 7,540,286
Turtles per 1,000 Hooks 0.002
Seabirds per 1,000 Hooks 0.003
Marine Mammals per 1,000 Hooks 0.002

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 DEEP SET 

ANNUAL STATUS REPORT 
 January 1, 2007 - December 31, 2007 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

July 24, 2008 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report summarizes data for vessels that declared intent for a deep set trip. This report is used to 
ensure prompt dissemination of Hawaii Longline Observer Data and may be revised after final data editing has 
been completed. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2007.  
 

 

Vessel Departures - 2007 (January 1, 2007 - December 31, 2007)
Departures -------------------------------------------------------------------------------- 1382
Departures with observers ------------------------------------------------------------ 278
Observer coverage 2007 -------------------------------------------------------------- 20.1%

Vessels Arriving with Observers - 2007 
Departures with observers in 2007 ------------------------------------------------- 278
Observers departing in 2006 arriving in 2007 ------------------------------------ 2
Observers departing in 2007 arriving in 2008 ------------------------------------ 10  
Total vessels arriving with observers - 2007 ------------------------------------- 270

Protected Species Interactions - 2007 
Vessels arriving with observers - 2007 -------------------------------------------- 270
Trips with turtle interactions ---------------------------------------------------------- 9
Trips without turtle interactions ------------------------------------------------------ 261

Trips with marine mammal interactions ------------------------------------------- 8
Trips without marine mammal interactions --------------------------------------- 262

Trips with seabird interactions ------------------------------------------------------- 15  
Trips without seabird interactions --------------------------------------------------- 255

Total Sea Turtles Interactions --------------------------- 10
Released injured
   Leatherback ----------------------------------------  2
Released Dead
   Loggerhead ----------------------------------------- 1
   Olive ridley ------------------------------------------  7

Total Marine Mammal Interactions -------------------- 8
Released injured  
   Unidentified Cetacean ---------------------------  1
   False Killer Whale --------------------------------- 4
   Short-finned Pilot Whale ------------------------- 1
   Unidentified Dolphin ------------------------------  1
Released dead
   Risso's Dolphin ------------------------------------  1

Total Seabird Interactions -------------------------------- 21
Released dead  
   Laysan Albatross ---------------------------------- 7
   Black-footed Albatross --------------------------- 14

Total Sets 3,506
Total Hooks Retrieved 7,620,083
Turtles per 1,000 Hooks 0.001
Seabirds per 1,000 Hooks 0.003
Marine Mammals per 1,000 Hooks 0.001

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 DEEP SET 

ANNUAL STATUS REPORT 
 January 1, 2008 - December 31, 2008 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

June 3, 2009 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report summarizes data for vessels that declared intent for a deep set trip. This report is used to 
ensure prompt dissemination of Hawaii Longline Observer Data and may be revised after final data editing has 
been completed. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2008.  
 

 

Vessel Departures - 2008 (January 1, 2008 - December 31, 2008)
Departures -------------------------------------------------------------------------------- 1314
Departures with observers ------------------------------------------------------------ 285
Observer coverage 2008 -------------------------------------------------------------- 21.7%

Vessels Arriving with Observers - 2008 
Departures with observers in 2008 ------------------------------------------------- 285
Observers departing in 2007 arriving in 2008 ------------------------------------ 10
Observers departing in 2008 arriving in 2009 ------------------------------------ 7  
Total vessels arriving with observers - 2008 ------------------------------------- 288

Protected Species Interactions - 2008 
Vessels arriving with observers - 2008 -------------------------------------------- 288
Trips with turtle interactions ---------------------------------------------------------- 4
Trips without turtle interactions ------------------------------------------------------ 284

Trips with marine mammal interactions ------------------------------------------- 10
Trips without marine mammal interactions --------------------------------------- 278

Trips with seabird interactions ------------------------------------------------------- 31  
Trips without seabird interactions --------------------------------------------------- 257

Total Sea Turtles Interactions --------------------------- 4
Released injured
   Leatherback ----------------------------------------  1
Released Dead
   Olive ridley ------------------------------------------  3

Total Marine Mammal Interactions -------------------- 12
Released injured  
   False Killer Whale --------------------------------- 3
   Short-finned Pilot Whale ------------------------- 3
   Risso's Dolphin ------------------------------------  1
   Unidentified Cetacean ---------------------------  2
   Unidentified Whale -------------------------------- 2
Released dead
   Spotted Dolphin ------------------------------------ 1

Total Seabird Interactions -------------------------------- 64
Released injured
   Black-footed Albatross --------------------------- 1
   Laysan Albatross ---------------------------------- 1
   Red-footed Booby --------------------------------- 1
   Unidentified Seabird ------------------------------ 1
Released dead  
   Laysan Albatross ---------------------------------- 13
   Black-footed Albatross --------------------------- 33
   Shearwater sp -------------------------------------  14

Total Sets 3,915
Total Hooks Retrieved 8,775,951
Turtles per 1,000 Hooks 0.000
Seabirds per 1,000 Hooks 0.007
Marine Mammals per 1,000 Hooks 0.001

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 DEEP SET 

ANNUAL STATUS REPORT 
 January 1, 2009 - December 31, 2009 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 19, 2010 
  

 
The Hawaii-based pelagic longline fishery targeting tunas has been monitored under a mandatory observer 
program since February 1994. Beginning March 1994, branch personnel have conducted daily shoreside dock 
rounds in Honolulu to determine which fishing vessels are in port. These dock rounds are used to obtain an 
estimate of fishing effort on a real-time basis by assuming that a vessel is fishing when it is absent from the 
harbor. This report summarizes data for vessels that declared intent for a deep set trip. This report is used to 
ensure prompt dissemination of Hawaii Longline Observer Data and may be revised after final data editing has 
been completed. The following table summarizes percent observer coverage for vessel departures, vessels 
arriving with observers, and protected species interactions for vessels arriving with observers during 2009.  
 

 

Vessel Departures - 2009 (January 1, 2009 - December 31, 2009)
Departures -------------------------------------------------------------------------------- 1221
Departures with observers ------------------------------------------------------------ 251
Observer coverage 2009 -------------------------------------------------------------- 20.6%

Vessels Arriving with Observers - 2009 
Departures with observers in 2009 ------------------------------------------------- 251
Observers departing in 2008 arriving in 2009 ------------------------------------ 7
Observers departing in 2009 arriving in 2010 ------------------------------------ 8  
Total vessels arriving with observers - 2009 ------------------------------------- 250

Protected Species Interactions - 2009 
Vessels arriving with observers - 2009 -------------------------------------------- 250
Trips with turtle interactions ---------------------------------------------------------- 4
Trips without turtle interactions ------------------------------------------------------ 246

Trips with marine mammal interactions ------------------------------------------- 11
Trips without marine mammal interactions --------------------------------------- 239

Trips with seabird interactions ------------------------------------------------------- 19  
Trips without seabird interactions --------------------------------------------------- 231

Total Sea Turtles Interactions --------------------------- 5
Released injured
   Leatherback ----------------------------------------  1
Released Dead
   Olive ridley ------------------------------------------  4

Total Marine Mammal Interactions -------------------- 14
Released injured  
   False Killer Whale --------------------------------- 9
   Bottlenose Dolphin -------------------------------- 1
   Unidentified Whale -------------------------------- 3
Released dead
   False Killer Whale --------------------------------- 1

Total Seabird Interactions -------------------------------- 45
Released dead  
   Laysan Albatross ---------------------------------- 18
   Black-footed Albatross --------------------------- 23
   Shearwater sp -------------------------------------  4

Total Sets 3,521
Total Hooks Retrieved 7,877,861
Turtles per 1,000 Hooks 0.001
Seabirds per 1,000 Hooks 0.006
Marine Mammals per 1,000 Hooks 0.002

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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 HAWAII LONGLINE OBSERVER PROGRAM 
 SHALLOW SET 

ANNUAL STATUS REPORT 
 January 1, 2004 – December 31, 2004 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 25, 2005 
  
 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994.  In 2004, the Hawaii swordfish fishery was reopened with 
restrictions on allowable gear used in the fishery.  This report is used to ensure prompt dissemination of Hawaii 
Swordfish Observer Data and may be revised after final data editing has been completed. The following table 
summarizes percent observer coverage for vessel departures, vessels arriving with observers, and protected 
species interactions for vessels arriving with observers during 2004.  
 

  

Vessel Departures - 2004 (January 1, 2004 - December 31, 2004)
Departures -------------------------------------------------------------------------------- 11
Departures with observers ------------------------------------------------------------ 11
Observer coverage 2004 -------------------------------------------------------------- 100.0%

Vessels Arriving with Observers - 2004 
Departures with observers in 2004 ------------------------------------------------- 11
Observers departing in 2003 arriving in 2004 ------------------------------------ 0
Observers departing in 2004 arriving in 2005 ------------------------------------ 5  
Total vessels arriving with observers - 2004 ------------------------------------- 6

Protected Species Interactions - 2004 
Vessels arriving with observers - 2004 -------------------------------------------- 6
Trips with turtle interactions ---------------------------------------------------------- 2
Trips without turtle interactions ------------------------------------------------------ 4

Trips with marine mammal interactions ------------------------------------------- 0
Trips without marine mammal interactions --------------------------------------- 6

Trips with seabird interactions ------------------------------------------------------- 1  
Trips without seabird interactions --------------------------------------------------- 5

Total Sea Turtles Interactions --------------------------- 2
Released Injured
   Loggerhead -------------------------------------------------- 1
   Leatherback -------------------------------------------------- 1

Total Marine Mammal Interactions -------------------- 0

Total Seabird Interactions -------------------------------- 1
Released injured
   Laysan Albatross ---------------------------------- 1

 
Total Sets 88
Total Hooks Retrieved 76,750
Turtles per 1,000 Hooks 0.026
Seabirds per 1,000 Hooks 0.013
Marine Mammals per 1,000 Hooks 0.000

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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 PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 SHALLOW SET 

ANNUAL STATUS REPORT 
 January 1, 2005 – December 31, 2005 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 26, 2006 
  
 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994.  In 2004, the Hawaii swordfish fishery was reopened with 
restrictions on allowable gear used in the fishery.  This report is used to ensure prompt dissemination of Hawaii 
Swordfish Observer Data and may be revised after final data editing has been completed. The following table 
summarizes percent observer coverage for vessel departures, vessels arriving with observers, and protected 
species interactions for vessels arriving with observers during 2005.  
 

  

Vessel Departures - 2005 (January 1, 2005 - December 31, 2005)
Departures -------------------------------------------------------------------------------- 106
Departures with observers ------------------------------------------------------------ 106
Observer coverage 2005 -------------------------------------------------------------- 100.0%

Vessels Arriving with Observers - 2005 
Departures with observers in 2005 -------------------------------------------------- 106
Observers departing in 2004 arriving in 2005 ------------------------------------ 5
Observers departing in 2005 arriving in 2006 ------------------------------------ 13  
Total vessels arriving with observers - 2005 -------------------------------------- 98

Protected Species Interactions - 2005 
Vessels arriving with observers - 2005 --------------------------------------------- 98
Trips with turtle interactions ----------------------------------------------------------- 15
Trips without turtle interactions ------------------------------------------------------- 83

Trips with marine mammal interactions -------------------------------------------- 3
Trips without marine mammal interactions ---------------------------------------- 95

Trips with seabird interactions -------------------------------------------------------- 17  
Trips without seabird interactions ---------------------------------------------------- 81

Total Sea Turtles Interactions --------------------------- 18
Released Injured
   Loggerhead -----------------------------------------  10
   Leatherback ----------------------------------------- 8

Total Marine Mammal Interactions --------------------- 3
Released Injured
   Risso's Dolphin ------------------------------------- 1
   Bryde's Whale --------------------------------------  1
   Unidentifed Whale --------------------------------- 1

Total Seabird Interactions -------------------------------- 69
Released injured
   Laysan Albatross ----------------------------------  44
   Black-footed Albatross ---------------------------  3
Released dead
   Laysan Albatross ----------------------------------  18
   Black-footed Albatross ---------------------------  4
  
Total Sets 1,604
Total Hooks Retrieved 1,328,806
Turtles per 1,000 Hooks 0.014
Seabirds per 1,000 Hooks 0.052
Marine Mammals per 1,000 Hooks 0.002

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of 
         this report, an animal that becomes hooked or entagled is an interaction.  
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 PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 SHALLOW SET 

ANNUAL STATUS REPORT 
 January 1, 2006 – December 31, 2006 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 18, 2007 
  
 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994.  In 2004, the Hawaii swordfish fishery was reopened with 
restrictions on allowable gear used in the fishery.  This report is used to ensure prompt dissemination of Hawaii 
Swordfish Observer Data and may be revised after final data editing has been completed. The following table 
summarizes percent observer coverage for vessel departures, vessels arriving with observers, and protected 
species interactions for vessels arriving with observers during 2006.  
 

  

Vessel Departures - 2006 (January 1, 2006 - December 31, 2006)
Departures -------------------------------------------------------------------------------- 57
Departures with observers ------------------------------------------------------------ 57
Observer coverage 2005 -------------------------------------------------------------- 100.0%

Vessels Arriving with Observers - 2006 
Departures with observers in 2006 ------------------------------------------------- 57
Observers departing in 2005 arriving in 2006 ------------------------------------ 13
Observers departing in 2006 arriving in 2007 ------------------------------------ 10  
Total vessels arriving with observers - 2006 ------------------------------------- 60

Protected Species Interactions - 2006 
Vessels arriving with observers - 2006 -------------------------------------------- 60
Trips with turtle interactions ---------------------------------------------------------- 15
Trips without turtle interactions ------------------------------------------------------ 45

Trips with marine mammal interactions ------------------------------------------- 4
Trips without marine mammal interactions --------------------------------------- 56

Trips with seabird interactions ------------------------------------------------------- 7  
Trips without seabird interactions --------------------------------------------------- 53

Total Sea Turtle Interactions ---------------------------- 21
Released injured
   Loggerhead ----------------------------------------- 15
   Leatherback ----------------------------------------  2
   Unidentified Hardshell ---------------------------- 1
Released Unknown
   Loggerhead ----------------------------------------- 2
   Unidentified Hard Shell --------------------------  1

Total Marine Mammal Interactions -------------------- 4
Released injured  
   Bottlenose Dolphin -------------------------------- 1
   Humpback Whale --------------------------------- 1
   Risso's Dolphin ------------------------------------  1
Released dead
   Risso's Dolphin ------------------------------------  1

Total Seabird Interactions -------------------------------- 11
Released injured
   Laysan Albatross ---------------------------------- 5
Released dead
   Black-footed Albatross --------------------------- 3
   Laysan Albatross ---------------------------------- 3

Total Sets 939
Total Hooks Retrieved 745,125
Turtles per 1,000 Hooks 0.028
Seabirds per 1,000 Hooks 0.015
Marine Mammals per 1,000 Hooks 0.005

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         this report, an animal that becomes hooked or entangled is an interaction.  
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 PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 SHALLOW SET 

ANNUAL STATUS REPORT 
 October 1, 2007 – December 31, 2008 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

February 13, 2009 
  
 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994.  In 2004, the Hawaii swordfish fishery was reopened with 
restrictions on allowable gear used in the fishery.  This report is used to ensure prompt dissemination of Hawaii 
Swordfish Observer Data and may be revised after final data editing has been completed. The following table 
summarizes percent observer coverage for vessel departures, vessels arriving with observers, and protected 
species interactions for vessels arriving with observers during the 4th quarter 2007 and 2008.  
 

  

Vessel Departures - 4th 2007 & 2008 (October 1, 2007 -December 31, 2008)
Departures -------------------------------------------------------------------------------- 95
Departures with observers ------------------------------------------------------------ 95
Observer coverage 2008 -------------------------------------------------------------- 100.0%

Vessels Arriving with Observers - 2007 
Departures with observers in 2008 ------------------------------------------------- 95
Observers departing in 3rd quarter 2007 arriving in 2008 --------------------- 0
Observers departing in 2008 arriving in 2009 ------------------------------------ 13  
Total vessels arriving with observers - 4th quarter 2007 & year 2008 ----- 82

Protected Species Interactions - 2008 
Vessels arriving with observers - 4th quarter 2007 & year 2008 ------------ 82
Trips with turtle interactions ---------------------------------------------------------- 5
Trips without turtle interactions ------------------------------------------------------ 77

Trips with marine mammal interactions ------------------------------------------- 8
Trips without marine mammal interactions --------------------------------------- 74

Trips with seabird interactions ------------------------------------------------------- 12  
Trips without seabird interactions --------------------------------------------------- 70

Total Sea Turtle Interactions ---------------------------- 5
Released injured
   Leatherback ----------------------------------------  2
   Olive Ridley ----------------------------------------- 2
   Green -------------------------------------------------- 1
   
Total Marine Mammal Interactions -------------------- 9
Released injured  
   False Killer Whale --------------------------------- 1
   Humpback Whale --------------------------------- 1
   Risso's Dolphin ------------------------------------  3
   Pygmy Sperm Whale ----------------------------- 1
   Striped Dolphin ------------------------------------  1
   Unidentified Whale -------------------------------- 1
Released dead
   Risso's Dolphin ------------------------------------  1

Total Seabird Interactions -------------------------------- 39
Released injured
   Black-footed Albatross --------------------------- 2
   Laysan Albatross ---------------------------------- 22
Released dead
   Black-footed Albatross --------------------------- 4
   Laysan Albatross ---------------------------------- 11

Total Sets 1,487
Total Hooks Retrieved 1,350,127
Turtles per 1,000 Hooks 0.004
Seabirds per 1,000 Hooks 0.029
Marine Mammals per 1,000 Hooks 0.007

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         this report, an animal that becomes hooked or entangled is an interaction.  
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 PACIFIC ISLANDS REGIONAL OBSERVER PROGRAM 
 SHALLOW SET 

ANNUAL STATUS REPORT 
 January 1, 2009 – December 31, 2009 
 
 Pacific Islands Regional Office 
 National Marine Fisheries Service 

January 19, 2010 
  
 
The Hawaii-based pelagic longline fishery targeting swordfish and tunas has been monitored under a 
mandatory observer program since February 1994.  In 2004, the Hawaii swordfish fishery was reopened with 
restrictions on allowable gear used in the fishery.  This report is used to ensure prompt dissemination of Hawaii 
Swordfish Observer Data and may be revised after final data editing has been completed. The following table 
summarizes percent observer coverage for vessel departures, vessels arriving with observers, and protected 
species interactions for vessels arriving with observers during 2009.  
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Vessel Departures - 2009 (January 1, 2009 - December 31, 2009)
Departures -------------------------------------------------------------------------------- 104
Departures with observers ------------------------------------------------------------ 104
Observer coverage 2009 -------------------------------------------------------------- 100.0%

Vessels Arriving with Observers - 2009 
Departures with observers in 2009 ------------------------------------------------- 104
Observers departing in 2008 arriving in 2009 ------------------------------------ 13
Observers departing in 2009 arriving in 2010 ------------------------------------ 14  
Total vessels arriving with observers - 2009 ------------------------------------- 103

Protected Species Interactions - 2009 
Vessels arriving with observers - 2009 -------------------------------------------- 103
Trips with turtle interactions ---------------------------------------------------------- 10
Trips without turtle interactions ------------------------------------------------------ 93

Trips with marine mammal interactions ------------------------------------------- 5
Trips without marine mammal interactions --------------------------------------- 98

Trips with seabird interactions ------------------------------------------------------- 28  
Trips without seabird interactions --------------------------------------------------- 75

Total Sea Turtle Interactions ---------------------------- 13
Released injured
   Leatherback ----------------------------------------  9
   Loggerhead ----------------------------------------- 3
   Green -------------------------------------------------- 1
   
Total Marine Mammal Interactions -------------------- 5
Released injured  
   False Killer Whale --------------------------------- 1
   Risso's Dolphin ------------------------------------  3
   Unidentified Whale -------------------------------- 1

Total Seabird Interactions -------------------------------- 111
Released injured
   Black-footed Albatross --------------------------- 22
   Laysan Albatross ---------------------------------- 64
   Shearwater sp -------------------------------------  1
Released dead
   Black-footed Albatross --------------------------- 7
   Laysan Albatross ---------------------------------- 17

Total Sets 1,833
Total Hooks Retrieved 1,767,128
Turtles per 1,000 Hooks 0.007
Seabirds per 1,000 Hooks 0.063
Marine Mammals per 1,000 Hooks 0.003

Note: The percent of observer coverage is based on vessel departures.  
         Protected species interactions are based on vessel arrivals. For the purpose of  
         this report, an animal that becomes hooked or entangled is an interaction.  
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Example 1: Hooking. Earliest incarnation of the Protected Species form (version 00). It includes 
a brief description on the reverse side. The second form is an early sighting form; this sighting of 
false killer whales occurred shortly after the interaction. 
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DISTANCE TO VESSEL DISTANCE TO GEAR DETERRENT(S) YI N 

o~ ~ tJ STREAMER ~ I N I OTHoER I 
SPECIES NAME 

BEST ESTIMATE HIGH 

101 0lOlSI 

IDENTIFYING CHARACTERISTICS: 

- C l,~\t S'w..p~~ ¢o,~ "i C, 0, \- 6 tA ~ bo!J 
... to'6bb )5" +-ee t /""'2 

NARRATIVE: 

CODE 

I mE] 
LOW INJURED DEAD 

~ 10 10 10 I 
SKETCH IDENTIFYING CHARACTERISTICS: 



SPECIES NAME CODE 

I I [JJJ 
BEST ESTIMATE HIGH LOW INJURED DEAD 

I I I I I I I I I I I I I I I [ill OJ] 
IDENTIFYING CHARACTERISTICS SKETCH IDENTIFYING CHARACTERISTICS 

SPECIES NAME CODE 

I I [JJJ 
BEST ESTIMATE HIGH LOW INJURED . DEAD 

I I I I I I I I I I I I I I I [ill OJ] 
IDENTIFYING CHARACTERISTICS SKETCH IDENTIFYING CHARACTERISTICS 

ADDITIONAL NOTES I SKETCHES 



6.d. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 2: Hooking. Earliest incarnation of the Protected Species form (version 00). It includes 
an extensive description on the reverse side.  
 



TRIP NUMBER 

I 
SPECIES NAME 

1 
f M\"~l \<1,'\"I..t:1. W\~Mr 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

23 

LOCATION OF HOOK 

1. INGESTED 
2. HEAD/BEAK 
3. FLIPPER 
4. CARAPACE/PLASTRON 
5. UNKNOWN 

PROTECTED SPECIES TALLY SHEET 

] lOfTY MM DO/--,-, 
D!. rnWlJ SET NO. 

~ 
@ z z 0 0 ...J 0 0 w w i=. > (!) i= HOOK ~ 

CODE 0 z 0 . <C 0 SPECIMEN NO . 
~ 0 ~ NO. 

rL 
0 
J: z 

w 

y tJ 

CONDITION 

O-DEAD 
A-ALIVE 
I-INJURED 
U- UNKNOWN 

z 
0 0 
0 ...J 

\ I 

w 
0:: 

N ) 5 

COLOR 

1. BLUE 5. WHITE 
2. GREEN 6 . YELLOW 
3. BLACK 7. MAGENTA 
4. PINK 8. OTHER 

FLOAT 

NO. 

D't 

LIGHT STICKS PHOTO 

PROXIMITY COLOR 
YIN 

N 

2194 
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Example 3: Hooking. Second form version (version 88). It has only a brief description of this 
interaction, on a separate comment form.  
 



( 

Co) 

SPECIMEN ' MARINE MAMMAL LIFE HISTORY FOAM 
I I I I NOAA FORM 88· 

7 

CARD CRUISE # 

\....[1J--I--....l--J1 - 1 LI l--I - L.!J.l 
VR 1.40 DAY SET' IJ\TITUDE iNIS LONGITUDE erfj) 

I OA I 01 I I 2 1 " lhlJ I,--!~I 1--1.1....:-3 ",,--"-,'7-=-. _3' l.-11 -,-1 ~/J-.::I tf.,~, 0=-'1--2. ........ , Lt...<.....:.~/...L.12--J1 
8 9 11 13 16 17 19 21 23 25 29 30 36 37 

~ /';::: l/ I L.-L- =-0. vJ r-tA-ve. I :::"~" I " :;''';' I Imm SPECIES: _--=-,_ rll>Z'-:...·_'- _ r'-' ___ c:-_ .-_______________ --J;.:..:::::::;~~L_J,.;:;t:~:l:<_ SEX: M [ ) F ( ) 40 !&ill 
39 

LENGTH (an) ..... 1 ~--,--,I,--,I CURVILINEAR? Y [ J N [ ) 45 hM:1 GIRTH (em) __ I -,I,---,,---,I~' FLIPPER LENGTH (an) ~I -II-.i---J 
41 44 46 49 50 52 

LACTATING?: Y [ ) N [J 53 M@JFETUS:M[)F[)54 r&J FETUSLENGTH(em)I ..... -L--L--1.'--I'CURVILINEAR?Y(JN( ] 59 b~~:~i!:1 

WERE THESE COLLECTED? : 
YES NO 

[) [J CARCASS 

[) [J STOMACH 

[) [J OVARIES 

[J [J TESTIS 

['1 [ ) PHOTOS 

DIAGNOSTIC CHARACTERISTICS: 

1 /./OUNI) MG1..-DN ~J 

YES NO 

(J [J HEAD 

(J [J BLUBBER 

[J [) FETUS 

[J [) ADRENALS 

COMMENTS: 

2 llouNl':l ~CA-n;--b 1JD~2t;;.A-t- - Nor 
3 t'1\-f.-\t!'- rc PA.E:y 6tn . ..o (2-

55 58 

61 EJ 
I7l 

64 L..J 

67 1E3 
70 Efl 

YES NO 

(J [J TEETH 

[) [) BIOPSY 

(] [) FETUS BIOPSY 

[) [) OTHER 

SKETCH THE ANIMAL: 

INFIELD 4 AW\lo-,( rQ1l1.·\L ~~.'\..,..\-\ ~,. to Pr 

~ CAR: 

LAB 2 
8 9 15 21 27 33 

TOTAL WEIGHT m L GONAD w/epi (gm) L GONAD w/o epi(gm R GONAD w/epi (gm) R GONAD w/o 

CARD 

3 

C.A. diams. (mm) by Type 

1 2 3 4 5 6 

NOTES: 



Steller Sea Lion 
(Ewnalopias jidJalus) 

M. to 13'/1800#; F. to 9'1600#; external 
ear flaps; long foreflippers; gap 
"between 4th and 5th post canine 
teeth; short, stiff hair, brown to blonde; 
no distinct sagittal crest. 

Nmthan Fur Seal 
(CalIorJUnus wsimls) 

M. to 7'/650#; F. to 5-1130#; very long 
hind flippers; short, pojnted snout; fur 
on foreflippers stops abruptly at wrist; 
soft underfur/course guard hairs; 
external ear flaps. 

AOOmONAL. COMMENTS: 

California Sea Lion 
(Zalophus azIifornimul.s) 

M. to 8'/800#; F. to 6'/600#; external ear 
flaps, long foreflippers; M. prominent 
sagittal crest-light top knot; short, stiff 
hair, dark brown to light tan. 

Guadalupe Fur Seal 
(ArctocepJuzLu IOWnsendJ) 

M. to 8.5'1650#; F. to 6'1270#; very long 
hind flippers; fur extends onto 
foreflippers; -collie-like- face-dished in 
profile; soft underfur/course guard hairs; 
external ear flaps. 

, 

Northern Elephant Seal 
(Mirounga angustirostris) 

M. to 16'/4000#; F. to 10'12000#; M. large, 
pendulous nose; F. -roman nosed-; short 
foreflippers; hind flippers angled 
backwards; 1 st and 5th hind toes 
noticeably longer than others; minute ear 
hole; 4 incisors upper jaw. " 

Harbor Seal 
(Phoca vitulina) 

M.lF. to 6'/300#; spotted/blotchy 
coat-variable coloration; short foreflippers· 
hind" flippers angled backwards; large w 
hole; sharp nails .near ends of toes; round 
head; 6 incisors upper jaw. 
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Observer 10' 

bO.C/NOAA Fisheries 
Pacific 'Isl·ands. RegiQn 

Longlifl'e Observer Program 

Trip No. [ ~U~ -'--' . r~'~l 

Comments Page No. [QJ2] 

~Irr----~----------------~ 
- .. 

Comments 

.~ 

~ 

~ 
~ 

dd/mon/yyyy I Set • - J - J Comments 

Form Types: I' I' ·il 
TS TripSpec 
SH Sel/Haul tA ~ o CL catch . 
PS prot.Sp. 

i BM Bird Mltl! 10. tsi 
~ . ' GearCfg 
~ U Turtle 
.! BI Biro 
g . MM Mammal 

1''-----

" OAOamage 

O 0 Comment 
NA Narrative 

,t\~'lfX)~ (~ 
~ 10 10 Char . 
. ! IJ Injuries 

~ 
"'0 

J 

o 
·1 
0: 

~ 
.5 

>=. J . ' 

e 
o 
~ 
::> 
·8 
IE 

-: 

f--

"-I r" ,,/ £,UVfI l "') 

I-

~ 

~ 
.'":J .'-', , ........ rrv- ~I''''-''--Tl 'i" - ~ I 
ttl-odor IQt7 I Cu, IAfJFift('f SJA-P -- !da;r 7N'f?r1J(bU--b ttl) L.IIJ~· - ' ( 'Tf rftGr.:!. 't7Cf)(..fd,> /lJ ··lvt.6 Jrf/ 

ti2- f12:C?\GlgA-L 'Ft~ - hJ /lVlkf.,. TfJ.-11 JJG, '1b ~lt-l L .elD% , 'irttu\<,.iht\l{Q ON/";-/ A 

IL\Tfi,.-e - . NOT ~~ ~'''JDvwtrt 1'0 G~-r ' 1-17'SU~ ~f\ ... ~.-· <':MkiV\. AW4--i . 

',oSPf\'Pl. wA< JUMPII\JV OtJ lJA-tN\A~ Obtt.,t> M'ZClA:+t-NICltt:- 0tA0N CO . i2.~1\-c.k~ T "lCv1 TI-r--cR.cJ 
, f?H:-Vt~cz.. ,,.-. Vl./A-6 A:: ~~ t.--t i..-L~· W~kL:e .... ~.{z..t. l i\ ,~f(;<.. . if,J ( ,W;-.,.' ( ' ~;" " " \U;:· H 

'1,1\ '1"'r ./I .... 'lvVIL:,N . ,> 
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Example 4: Hooking. New form version (version MM 04.06.). It has an extensive description of 
this interaction. The second form is a new sketch form version with additional information about 
the interaction.  
 



I 

D" ~: 
Observer JD I 

DOC/NOAA Fisheries 
·Pacific Islands Region 

.l..9.nQJin4iLQbs~{VeJ,PLQQ[il.m. 

Trip No. [ ., , __ , . . . 

Set No.ID 12.. 1 
. t M~~!I!...':. Mammal B.!!!!ogical ~~!.~~~orm J Photo? m<i 

Catch Form Page No. [2JJJ Most'Common Mammals 

Species Code 1 

:PC False KilierWhale Specimen? 0" 
Catch Form Line No.1 0 12. 1 I ? I CJ GG Risso's Dolphin. Sketch? rn<i GM Shortfinned PiiotWhale : 

UW Wh.aleS/Dolphins/Porpolses Tag? 0" n Bottlenose .Dolphin 
Comment? rn4(Enter comments on back of this form.) - : MN HumobackWhale 

' Release '\ 
~ Capture I 

. , - "-
~ Month Year Hour Minute 

Datemme . 2 (/ IJ I tA 11J II 21 0 10 I t, II \ I ~, ; II L) r s I ltrtJ Month Year Hour Minute 

Datemme ~~J " IJlu INII21 0·10 It, II Hl.; 1I 5L/,I' DiSro~i[ .cre 
. 0 . ) 

~ Decimal Min. .N/S ~ -Decimal 'Min. N/S 01 "Previou~ly dead 

latitude .~ <113 I LJ I . 110 1fE2] Landed ~'" Latitude 2 ~\ 131~ I . If lUll Tags @] '" 02 Relsd. ur:'lharmed 
Removed? 03 Relsd. injured 

Longttude 11 [5'1 CJ II 51;:r ~r3IlhlJ, 
04 Died 

. De9. Decimal Min. EIW 
Y'Yes l ,05 :Escaped 

Longitude I \ 1:;1 q II 51-t I . 12J~ Tags Illl N No Tags @],,, 06 Treated 'as· catch 
Present? 'iJ Unk.J 

Applied? . 07 'Other/tJiiknbwn 

,/~ H.0okinJ!!.~nt~~gleme';t'·l f 1 . "1 
Female 1 ~!a~u~eme~~s t ____ 0-

Hooked ? 1\"1 rYes J Entangled? II'J I Roun~ ,to·the nearest whole cm. 
N No 

. U Unknown 

.01. Ingested (in esophagus) 
Length,1 I I I Ipm 

Hooktocation I 0 ILl 02 Head/BeakIMoLith :Lactating? IE] " 
. 03 Wing/!=ron~. Fli"pper, 
04 Body/Shell Curvilinear? @]'V 

.Entangle·Location ~ ·DlMMa~ . J '05 Unknown Fetus Gender F ~emale 06 Tail 
: 07 Leg/FootiRearFlipper: 

.Girth·1 I I I lem 
Fetus Length:l I I . I lem 00 .Unknown 

01 Fellfrom:gear, pOint unknown· 

Curvilinear? ~ " 
·Gear'RemovaLI C) I f) I 

02 Fell from geai'wliile inwatei'. 
Flipper:'Length I I I lem O~Fell.from gear O!1ce out-ofwater . 

.04 -Fell from gear by. force of rol~r. 
05 Removal feq. cutting gear/animal 
06 Removal with no cutting. 
99 Other 

X · None. ., 

Remaining Gear :~ .H' Hook 
..,..(- . ~lg!!J D.!~f£!. .... ,j 

·L line G~mplete only If light devices were used and the ,light device type . has been indicated on the gear configurationfonn, 
B "Both Mook and line 

DeSCribe ·~!{~Or line and length left on· animal: 01 Blue 06. 'Yellow · 11 Red .. 00 ' On this branch line 
. ~i l 'l() '\~ l'" 1 1,1('(A ~A,h ' , LV I iT )('(I{t ·\· , .' \ (')(\ ~ fi ll\t r ,( I: \'" i ,. 'iv\ 

cOlorm 
'02 Green 07 Magenta 12 Orange 

. proximity~ 
'Ot Light is 1 branch line away 

.J . r I .. \ \ \ . ~ ,-,' ~ 

Code 
03 .Black 08. Mixed 13 'SilverlMetal ·o~· Light is 2 branch :lines a'!iay 

- I \ , fV\I~," !~\'\ \1\ Y'·lf! il q ('t ! r\·,1 lY\"\ ' , .. 04 Pink 09, .Other Code.· . 03 Light Is 3 branch :lines away 
05 White 10 Clear 04 None in vicinity 

form v. MM.D4.06 &;I 



:-

C- ----j 'E ,\ 
Observer 10 

DOCINOAA Fisheri~s 
Pacific Islands Region 

Longline Observer Program 

.e Trip No', 
o ; \ 

;s 
.4-
·0 .... 
"5 ,:::. 
"E 
.:2 

Page No.lQill 

Catch Form Page No. :[211J 
Catch Form Line No··l D 1'2.1 

, [ Marine Mammal Biological D~~C!f=-C?t!"C;()'!!lIJentsJ ,u.. " 

Comments: Itt 1~Lf21~'7e hQJ,w-,. xi .#:2...,od F\ogt O'1,' NODk'08: .. 1401l{l : ~~hV}f 'MQ\ted 5btyaft: C\S-+~ I±~ ~ 
t o ~y M~,.1>... m~iolf: X C\~ t·, )!«(' ~ J"'~~ rol7f'd rk ~mcl O/.ttar~ lotie r CdiO;z.;tL) v 75 --. ~~ aNk~1' ~ ~I UC6 ~ 
~\ ~~~Ih ,Af\cr ~'~';1wk;, )C!:\.,-~ ~I'l"'. c.-tdk-W.J JI'Je(£.l~~: ~Ik-r/ftrq\ ok[JbS~rldC(JR:.L11 'fht. ~~J"lilP w c.$ 

~~" tJ ~ltl{~J~v ~ v--J. c\ Wlj"l~~tL~~ c,f2b~a ~·IIt" .... tr~-:'\,riuc. t\'e.l.i ~JR b\ks,do +~ ve5~1 ; ~~~l£.c;.,Jk-_~pd ~ 
,----- \ - - /- -- ---- --~-[- --,./ - - - ---- --- -7 -

·e ~lll\r.l\ WI. \~h'SS (' ~ ,. ~A~ SL-tJImMt'A c:J1J~ I ('OIM$~€,. ~ 'SIlL IVI~ 5W1 af'tl,e 5t.JrfC/tR--4 t~ 'U~~ w:t$O~ ir1 ~w,rt Cc 

~r\es ~ z,.- ,5 ~~ n~l,~ .I~\~~, ~rk~ .1he.. ~~t., ('ltl,~ ~ c.oQtlr k; ~ Ollt'rli/ ~,~1J IlIA 4~1 tI dJJ'~ c.4-cil OJAdt 

~~( Th£.. S\U~\tMA ~rxJtlALt) _~.!,,_ \J;~ L,~ .r; ~li I~ ~ Irft t.,mV(){'" cd tJ..t ~~ "'W. u!tff"~ To I).,li ~ . 
I~\~ LtJ'r\\..", ~/R 1~ '\At\ ;.~ ;t ".M> 1MI(i.Jt t~~, (),,1-~.-e~~;-' A+J~S& t\f' ... wj",~~ ~ ~ .~iWA +ly.l1W1 f'1... Lt3fi f~ ttt.4tt';J; 

( . . J > I 
i t 

Injuries Description: \, 

1~e fu\:x? b'l~r LtkJf IA.JCO .vr~)y· h?J-kJ & ti,eJ~f./- (CL~r~+Le i'l('JUti, wrt.b ~,~m20~i.rtir. T~J5 ~a 0rJ~ (A_~6 ,,)1WI 
1),)\ rt.\tW,=, CA Lt5C:1 )m-il«u4 CtAtA ,,;..2.OFt cd' 2.z.""W\ j~~r c)~~r~):.u+-~ffN C\-~W ~ r.~~, ~~. +~ ~~(~C ~ 
~ 1';, tf('~ ~~J wf:thn&$l1~ '" Of..;}- D(±JJ'I ~llvN,iV.5 )(' . ~ r).jS /;;.: ~s,¥/Jf'CJJkS : i _~U~;)/~ ,dlKb , J", . .. OndCf}~:h~ 
~)' vwi'i \~'I .l _ 1'\..0 '~ J\.J, ~ ~~~~ ~~5t<F~Mw.i101?l ~')1/ ~ 5tuOl~ tY1'-<AI/ VI~fClO}1/ ~ (()~;;,.,:' . 

iT ./ -" ,/ /' 

; r-- + \ 
/' "" /': )'.111;f. i.,'\ ! 0 fC'< '-J 

lii/l-y--r-.....".-

Identifying Character~stics: \. ., " 

T~Q.~f 'r\\ '\'ft~~)e-J~.l~t\o~\lil~~ t~\fJ~\ CJV\~\7./.rd~~~\(;~-_±'~.p ~~~- ()f' ;-1~~~~~lY~~. Armc.i f lV1 
_5\'rAuYlrA.tltkLH)~,-\;'1 tlt,t·;;·-.~cOid i-ecdw .. ~.5 . i~~51~;~-:~,r ±qg1Y~L. -1-~.)u~r~rbtbk .. 5VS1!:{JJ r/~e5 w;·fL. 

~ d,~\~ ~(~~VI ~U\i~ ~~2L~"'\1~f}?I~-\d "ko5 , ~d /)~ 5}P£I~ LixJ~~A' 
,/ -'-l --..... ." 

form v. MM.04.06.Back .. 

~ 



I r 
1 

l 
\ 

I 
I 

\ 
I 

J \ 
\ 

i \ i 
j \ 
/ 
! 

0' j 3 
:c 
(J) 

" b 
~ 

b 
0) 

\ 

\ 
\ 

~ 
I 
I 

( 
I 
I 

...... _--=-. 
,I';:'; 
\"i'. 

I 
I 
I 

( 

I 

:1_ 
~" 

~ 
~ 

\) 
ex: 

'-

-I 
:::!. 

-0 

Z 
o 



[l _:'.-1 
Observer 10 

f 
\ 

DOC/NOAA Fisheries 
Pacific Islands Region 

Longline Observer Program 

Sketch Comments 1 
J 

·:E .. 
e: 
u... 

~. 

Tlij:{NO.:l..1:::L.!; . .. . fill] " .. .. :. . . ". 'Code' ( 
Assn,·F()rm: .. . .... . . r:::T"\l 

p~gt:l'N°··l.Q..LLI 

uneN9·IO l-cl 

..u .) f • _ ) .' ) .co~ments(c~nt. ~om,the from ofth~.form) f ..t: II' ( '1'-), } fI 
Il,+> W'1I)Lt 7~" OtAAt- u/l?tJtV2'v, l~rt¥@at .'W f'~rCb!/lr:·J,,"C1.}!1f)!~ _CA1PJ,~,J."'1'fC!.V{",J,. UA f;.. "'I'I '?'C!lA~l. ~CH::lUI.(,\M/''.l/cf_l..H_J,{)'1d.1f.. 

~)o.~ \wCliLlli'/~ CvlJ ~AIII:'Hr!iC' li}~rtt~C(n,/ ~,d 5';7tr.!,,('d RJII !AfI;/,),h,h 'T~f f ~~Lh1kc.lVhJ, ~~') JJr,J;.f1tl k;~fd ~1/I_~)"t.r~~·(d·:'JrihCl>J jiA(! 
~ ,!,,7<;- I - \ --J (;1 --,-~-: ~, .' ~ ... I !' J /', ~ 1- I I, ,\ , ,... " ¥ I I' ; _ I "I ' ... per :.>pll{t Ci\ " .... ~I{'.Jn' I' 'IIUI'f(:CO '\ 11[;0[.- 19 !~ !"~ <) -) {.1c(;),1: rff/.fllRlI ·f>n(;.pf·· f i(~"'r, ?iY,~fiF'r '<}'fi~tU ;(.{..+'flll.; '1'(...) ,~, r CJ(·v.:~"'i': ,,:,,-Y:1i , ...... :1, '~'J!,' l ',:1 tJf.: ) ~, 

V, \ \,- - --', i'. . II'J~' '/1'1.1 ' \ f' ... J- "~--, ~"I' f I D ,. r-7
, . 

t U,:- "" f.:·\{'1'I.':<;··') !r"i.: ',\,-,14"'" it" J.: Srl \(~·;;t··~ ~f :;-tr,:' si;r.tlI\;h., (J,:,'!.Ur. .. rif) t .. ~:L(A2,,·t~'Zt"-f.dJr W/'QI /" .~(A.Jlf 
f-,---' ..J /' 

form v. SK.04.06.Back 
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Example 5: Entanglement. Same as previous form (version MM 04.06.). It has an average 
description of this interaction. The second form is a new sketch form version with additional 
information about the interaction  
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Observer 10 

DOC/NOAA Fisheries 
Pacific Islands Region 

(.7 ' I \(' 

-LQ.WlIin.t..O..b..~Q!y~g.r.am ~ 

-, r I II l -- I I Trip No. ,I @Ii] 
Set No. 

-l Marine Mammal Biological Data Form J----[i:q 
Most Common Mammals ....... ---.•• - - -------•• --,,- Photo? C!J Catch Fonn Page No·1 (j I) I 

r-~-r""'1 PC FaISe.KiIl~rWhaie Specimen? 0" [QTI] 
Species Code I 10 Ir I GGRisso'$Oolpti~n Sketch? 1":'1../1 Catch Form Line No. 0 ") 

'" L...- GM· Shortfinned Pilot Whale ~ 
'UW Wt\8Ie.Stoolpbins/Porpoises Tag? (g-V . 
. TT Boltlenose;Oolphin '=./;. 

. Hum back Whale . Comment? 13''' (Enter comments on back of this 10nn.) 
Capture . I Release t 

...... , .. _ ...... .. '_ ... w_ , ~_ .~' .. ' N .. _ 1" ... ....,l ~ ... _~ __ :--._II ....... _ .... j H ·_ · 

~ Month Year Hour Minute ~ Month Year Hour . Minute' 

oatemme;'W1JIMO 1,,1121010 161UJQJ:[1ill batemme·WlJIMo I v" 21 0 lol~ 1[[]Q]ISIz.1 
Ois~ode 

Latitude l2izllil~~r~TglI~1 Landei@]" Latitude 12r2]I4I~r~ifil~ Re~~~~?@]" 
.• o.t.PreviousIY'dead 

02 RelscL unharmed 
03:Relsd. injured 
04 Died 

Oea. jCimal Min. p:tJ, 
Longitude I tlsI1IILf71 ·141~ Tags t N No :. 

. oy-ves-
Present? · U -Unk . . 

Longitude, I l (5iI711417T' ~l~ I~. A~:? @] " 
05 Escaped 
06 Treated :as:catch 
. 07 'OtheritlnknbWn , 

(=~~o~~,!~/E~tanglement ) I LFema~!._Jr-· ---------~ 
Hooked ? r;(il TY .. Yes :1 Enti:mgled ? fL:'l . 

.r ii;;;;urements 1----..,.,...---. ·L!.. __ ~ .. ~" .. __ ._.; 

. ~ ,-N: No - W · 
U unknown::] . 

· 01. .Inge.s~d -(in _esophagus) 
r:T"I '02 HeadIBeakIMouth 

HookLocation lQ.J---1 03 VVin~F.ront.Elfpper '[ill;] ,0" Body/Shell 
Entangle 'Location: 0 'O~ Un~nown 

. 06 ,Tail 
'07 (8gJFoo~~~: Flipper 

·00 Unkn6wn 
· 01. FeU.fro!". gear,. point. u~known 
'02. Fell from gear'While rriwater. 

~5 03 Fell.fr9!T1 gear. once ou.tofw~t.er; · 
Gear:Removal ~ 04 F~II : frorii·gear byf9rce of, roll~r; 

· 05_ Removal req. cutting gearfalllmal. 
_06 Removal with _no cuffirig. 
'99 Other " 

X None 
Remaining Gear rvll H H~ok 

~ :L tine I : 

;B Both' Hook and Line' 
Descrlbe:hook orline :and·length.left·on anl!n&l: 

.Lactating?" 0.1," 
,------.... 

Fetus Lengtt, '1-1-J---: -T -J em 

Curvilil}ea'r? :@] . .; 

Round to t!:te ·~earest whole em • 

Length I I I-'~J em 

curvilinear:?'@] " 

.Girth-l-r-I . In I cm 

Flipper Length: [-l~J-l em 

,-( - ,- .. -- . ~ .... , 
I ;: ..... ,.b!9.!!:tP..£.vJ£f!...........: · - . 

,I Complete onl~i-if·lIg.ht devices were' used and-the-Ught device ~pe. has been i!ldicated.·on the gear configuration fonn. 

0.1 Blue ' 

1
02 Green 

CoIQr::[IJ '03 B~ack 
Code ' : 04 Pink 

.05 Wh,itE! 

06 Yellow 
0.7 Magenta 
·08 .MlXed 
'09 · Other 
10 C'lear-

'11 Red 
12 Orange 
13 Silver/Metal 

00 On this branch' .UlJe . 
. . 101 Lightis 1 brancfi:line:away 
Proximity~ '02' Light' ls 2 branch lines away 

Code- L..::..L.J 03' Light.is 3.b~ch lin~s away 
04 None iri. vicinitY 

form v. MM.04.06 a 
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Pacific Islands Region 
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:~ Catph:Fonn Page No. ,la·I:,1 ..... 
:~; Catch'Fol1Tl ,Line No·1 0131 
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• '; Marine Mammal Biological Data Form, Comments 1 \ .. . '. 
Comments: 

. .. ' 

Injuries Description: 

\<")..<"\"~ .;L,,~ • 
1/ r: : ~ t:J\ . '-', UV'[\\:U'W 

form v. MM,04.06.Back 
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~~_ .rfi:.P. I i '.It~ t f '8"'" \.,' "\\\ ---..-............ .\<4---... 

Trip No. [ • I _' '-'-

Assn. Form Code I (, ~Il I 

b' 

Page No.1 01 ], I 
- Line No·Ie>IJ I 

.~ ... ,,- .. --..... ..: .... 

form v. SK.04.06 
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r 
l 

DOC/NOAA Fisheries 
Pacific Islands Region 

Longline Observer Program 

Sketch Comments 

Comments (cont. from the from of this form) 

1 

::1/) 

5 . ... 0 ' ..... § c ' 
' 0 
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.§ 
l u: 

Tri'p :No'.::L • II 
Assn.:Form,code'l (, I L .. I 

Page ,No .. I C)131 
rA'r2:1 

une,No.~ J 

form v, SK.04,06,Back 



6.d. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 6: Hooking- New form version (version MM 07.03).It has an average description of 
this interaction. The second form is a 'test version' of the next form version; the observer filled it 
out to help us assess it.  
 



DOC/NOAA Fisheries Trip No. I ] 

Pacific Islands Region 
___ Lonaline Observer Program Set No.1 okf·1 

-=......, ...... ----......... -----ooi Marine Mammal Biological Data Form J-:-= - ,- ...-.. _._--
c ,- • - -,. - .. • l .. .. . Photo?1f(.:{ Catch Form Page No I DI"7 J 

, /'!fostP9.f!1,!!o,! ,Mamma/s· , S . ? 0.../ . L--

r---r-""""''--'''r;''; peclmen . r:::-r:-;} 
Species Code I I·p I ~ .~ .~~ :~f~;~:~~~,·~~,e, Sketch? 0 " Catch Form Line No. t.Q.W 

., !,,, . ,-- I 
Observer 10 

[
GM : SfiQ'Hll,Mia' BijQ(iNhale~ Ta ? 0" 
n ' 'Bottienose;ciQf li1il ... 9 , 

f 'Mj(j :HiirTi6BaCI( ·\i.Ji1~le : '. "~ J Comment? 0" (Enter comments on back of this form.) 
rt ... C~~~_),'''''''''' -..... ;.- . . \ .... ,~Re.'::.~-=-~I , :",. . , , .' " 'E .. 
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• ~! \, ," , -" '> • _ ," :;.::_~.,, " , ~ ~ .- v'" 't." '" U1 '~ l '''- C' , ... ~ . .. ; •• -, :I~ ' ~j : " ~ .u.!. - ':' t ~ "~' . ~ ''' ~'''~'''~'' ~; .- .: i : - ~·:.:.~ ~ .~ ...... ~~~~<,::~~'::~ .. :-: .. ~:~~f~; ... ~~~~- ~'~:",.~ 

-: rj.: ,,,,pe~~~J',;; ,, ;st' c.:_· \~ llf-ifu~~~ . ":,, 1 
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-:'~ 
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1: 
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",," . .. .... ,;~ . ~.~ :o3.:lF:'eit ·ftg'~(g~&~n~e.,qL!fi~(W~t~f~' 
: ~e?r:iRerngv~I::~0'1:;;Fell:fr~,m,:~Qeiir.:I?Yf9r~~ioH~I~~r! .. 

. , Q~,:,~EiI'fl:dvaIJeq!qcUI!jng::gEt~r/!lI')!m?I .. 
06 "Remo.v.al'Wiili "o"eljtling.. . . :J'99:;0ther ,', ... -...... . ~, 

;-0: 

~'f;" 

-~ ~~" '"'.''' 
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~~ ........ ~ .ff 
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~:~ij;~~~~:.;~&·~·i~ .• ~J~~~~~';·~~;~~:;i.~i;~~"~~~~~":~'~;";~~~ .'~ 
'~9~sGribe IiQ9.k:9dlnE\~n~; ien.~~h J~t(9J1 animal;~ .... / : '0'1: :61 .~: . • "06 'Y '1\0 ";-U . ' j·1· Rd" .. ' :: .: 00 :On~this. tifanch line'. ...... . 

. r-"''-' .. l:1 .. ,. '':' ' ~-- ~'!!. . . !,", .i"J~ • . ' ./ - . . ' .• ' .'" " •. W'~ .• ~ , .',-. : "-' ....... _ ,_ , j " C''; I',' '' ' ."., .... · :02 ·:Green ,0] ',Magenta, ·12.:Qtange . p' I.:~,;." -: '"'''' : ·0.1 lIghtls1,tjrancli·hneaway . " ,\ •• , ••• 1.' 
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; ~Pbd~, : ,~, },1)~iry,~ .' }P(o~~~· -, .. -'. ~··<"··iE9.9~;' . ;t-~---1. '9~::\1ig~q~ ,~~~~~Ch:lin~s:~waY" : , 

. 05 ·Whlte . ;10' Clear .... . . . . 04 None.11'.I VI,CtI')I)y 
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:§ ... ,., ....... : ;: - ;' :- 1 
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;!!1' . ' .. 

£~ p.ae:N6;T~lJJ 2, ;;; ,., .. . Q,; ....... . 
ei :;:' :c'atqhFQrmPa~~':No:d 01 '2.1 
~.: ;:·: i.:\, ,', .. 

. :~; .. )9~f9~:F.Onh ~t.'i.i~:fNo)1 0 171 
r [Mari~ Mammal Biological Data Form Comments} llJ.;: ·;'~"'... .. . ... : .. ;. : ..... ~ 

Comments: 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• I - C' 1.' '-/.', I .,~ 
! ~/ ~ ._.' ~ d."'" _ _ \\"'I!;'~ \ 

Injuries Description: bH ~/.~ ...L.i\;V. '"\ \ \ \c.( , .';'" '\~l r C.V) 
~c:k~.cf; . t~ J ....... ~ '.7- '"!I 'I ~ __ .~§~~_ ~cl-b:~-~~-~f~ ' :tz:t ~~ e::~i71t.., , , t 

Identifying Characteristics: 

Lc~/'Cte . )?(j~~--k-~, ~kA~.£ Joy. So,.( ~"'-. 
-

S\~€v: cJq ...... k. ct y~ 3 =4t<"\ b~ 5,-.:;.~eJ cI5'-ch:>Vq; ( 
(l '------'---nr 
--"O\~s i.A ttk dt,vsoJ -.H,::'" 01,+ ~(J - ·bot:L., 

, - -, ... I , 
[6G:.ttrvL-\ ~(JrJ,..eJ ,~J~'t SIA.,~t.d-

• 
~ 

form v: MM.07.03.Back " 
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- Observer 10 

,----_ .. __ .... __ ... _-_._----.=---.---_. 
I
PC False KIller Whalen 

i 

GG Risso's Dolphin 
Species Code I iJ I c." I GM Short-finned Pi/at Whale 

ITT Bottlenose Dolphin 
UW Unidentified Whale 

Capture 
t~~ .... ~;de.~~fie.~.~~~~~_ ..... __ . 

DOC/NOAA Fisheries T' N .. 1 
Pacific Islands Region np 0.. . t~ 

. ..- 1,.9.IJ.g!i.I).~.9.t)§~JY~LP.rQgf.~m ... ' . Set No. It) Ie.! I 
iMarine Mammal Biological Data Form;----.--.-------.-----------.. ------.--... - ... -... - -............. ' 0 

-.' ..... .. .. . ..' Catch Form Page No. G2D I 
TEST' 
VERSION 

Associated Log Forms Catch Form Line No. ~ I 
~~JI 

Photo? 0 
Specimen? 0 

Sketch? 0 

j
l ~ Month Year Hour Mlnule Tag? 0 
, DatelTime ~ Is 1(: /1"1 II 21 0 1 (,.} I ( II () I D II CO I c~ I Comment? [g" 
i ~ Decimal Min. N/S ~_() 

I latOude Lti:2J 15 I OJ I " 171EJ GJ Tags Presen' I ~ J 
I 

De9· Decimal Min. EIW -

I Longitude I I I biD II 61 cI > I (..I~ [QJ Landed? I 
II~ Hooking/Entanglement , -------------.--- --( G·e~,. .. · .. -···i------------·-·--- .. Measurements :-----·11 

'I Hook T e ~ i~ j-~To:-1fg=-"---J " Ge:: ~tt'C:.d~fter R.lease Tot~Len9th I em II 

I 
YP L.:::1 OffselTuna 07 Offset Circle II 

04 Offset J-hook ._. "" I 
'--.---.-~ .. -.-.. -------.-- ·None ~""-.... pproximate Length 1015 I !I 

I -71 G-.... · Hook 0 [0J (._-_ ............ , I, 
~ I Y . F::: feel I II ,I Hooked GJ ~ I Entangled I 1\11 ~ 1 S,anehlineq tv1 "l~{~ Ii 

I. ..- # of Branchlines D ~.----... Ii 
I Location (check all that apply) Location (check all that apply) . . ~::: feet 1 I III 
I I I I 0 M.=meter .\ I Mouth &Y Mouth 0 Length BL::: Body j __ ., . :-._ .. ____ . .1, 
I . 0 Length ~-! Capture Behavior :'''-'''''--''i II Head Head 0 Mainline 0 _-=:~::-... __ :. . II 

I! Body 0 Body 0 . F:;: feet . . ,;. Ii 
Pectoral F~n 0 Pectoral Fin 0 Length I I I . 0 ~t:::I~~t~~ ~ Strllggllllg? II 

I[ Dorsal FlO 0 Dorsal Fin 0 . Length 'I 
I FI k 0 0 Floatline 0 ---.. ---- 0 Calm? !. lI'e Fluke . II 
. Unknown 0 Unknown 0 . . 0 II I # of Floatlin.es . 0 Vocalizing? II 
! ?-------:---1 Other 0 'I i . I{l~ Injured ) 

'1 1 Release Condition 10.3\ 04 Died II 
I 08 Unknown II 

- I' l·-----------·---_.--.-.---___ ._ -;....-~ . __ ~_._._. __ ... _ . .....J -"~-''''-'---''''''-'-'-----'''''--t.-.. ; .. -...... . - .. ., .. I 
----------------- .. --.. __ ._._. .--_. ---.---•.• -.-----.-.------___ form v. I\IM.le.re.IllY .... 
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6.d. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Example 7:  Entanglement. New form version (MM 08.04). It has an good description of this 
interaction. The second form is a drawing showing the entanglement in detail.  
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Example 8: Hooking. Same as previous form version (MM 08.04).It has a good description of 
the interaction. The second form is a sketch that shows the hooking area in detail.  



DOC/NOAA Fisheries T' N ' "'-~ 
Pacific Islands Region np 0 .• - ", - • - J 

r-::K~= :.-, I 
Observer 10 

Longline Observer Pro, ram Set No. 1016 ) 
,-----------------~--IMari"e Mammal Biological Data Formt-, ----...,.....-----:-. -------;:::=;:::::::;-, 

. ' I pi /" I Associated Form 'Code I c I '-I c§piuT;"] Species· Code "-

~ Month Year Hour Minute 

Date/TimelQJ:uIJIU V\J 1121 0 lolgll OI'7I~ PC False Killer Whale 
GG Risso's Dolphin 
GM Short-Finned Pilot Whale 
IT Boltlenose Dolphin ~ Decimal Min. N/S 

latitude L.&iJ Id-I 0 1 . I ~Ilm 
Deg. Decimal Min. EIW 

Longitude It Wig /I ~I crl ' 141~ 

HookinJ!!~n_t.a'!f!.'ement 

Hook Type 01 Tuna 05 Circle 
02 J-Hook 06 Other ror==v. 03 Offset Tuna 07 Offset Circle 

~ p4 Offset J-hook 

Hook Size 

[]]1] 

Hooked? Ell rn Entangled? ~ (;J 
Location (check all that apply) Location (check all that apply) 

~ 
Code 

Mouth MO Mouth 0 
Head 0 HD Head 0 
Body 0 BO Body 0 

pectoral Fin 0 PF Pectoral Fin 0 
Dorsal Fin 0 DF Dorsal Fin 0 

Fluke 0 FK Fluke 0 
Internal/Ingested 0 IN Internaillngested 0 

Unknown 0 UK Unknown 0 
Other 0 OT Other 0 

(describe on back) (describe on back) 

~ 

NO 

HK 

WL 

WT 

BL 

FO 

FT 

ML 

OT 

Landed? @] ,./ 
Tags fill 

Present? ~ 

UW Unidentified Whale 
~D Unidentified Dolphin 

Release Condition 10131 
Y=Yes, 
N=No 

03 Injured 
04 Dead 

U= Unknown 07 Unknown. 

'- -
J Gear 

Gear Attached After Release 

None 

~ Hook 

Wire leader o If ... ·d. provide I~ngth. 

Weight ~ ... ·d. provide size & numbers. 

Branch line u:vTt ... ·d. provide numbers & lengths. 

Float line 0 If ... ·d. provide numbers & lengths. 

Floats 0 If ... ·d. provide numbers. 

Main line 0 If ... ·d. provide length. 

Other ~f ... ·d. provide description. 

Provide requested details about anything .I'd Ilbove 
on reverse side under Gear Comments. 
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Example 9: Hooking and Entanglement. same as previous form version (MM08.04) It has a 
good description of the interaction. This is a Shallow Set interaction.  
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Associated Form Line No, ~ 
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U~":iUnidentifi8d DoJ~n"'-
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03 Injured 
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04 Dead 
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DOC/NOAA Fisheries 
Pacific Islands Region 

I Longline Observer Program Set No. [ill 

[ Marine Mammal Biological Data Form Comments 
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,; ,~ I 
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I' . 
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}:>II~~ -:,;V A~5C-~~ £,A/17 t:W~ vs4!if.) /?7:) !8vT~.AA-.A /Al1f!:'cJ..,~~~ .c!~~ 7?J ~~ /1-r ~':$S/-1JCc;;. ~~F/~,;Jt.5 
.,::j)'1'2v~c,,;~ ~~ .f~~J ~6i/~ /;-Sw~ ~. M_ 1t//1'"1Y k/f/F ~ ,1/, ,,*,~/A..J6 /l7)A.JlI,.t;Io r ~I!J NO ~,.iilt!-(,Ic. , , 
//)/~/J'W/~/Al6. ~/'": ~~ ~6V ~ /~..; p.,#lt!$Ur~ ,~.,4.--L. 

"7 

Gear Comments: (Please describe in detail anything ./ 'd bn front, & how/where remaining gear was attached upon release) 
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Injuries Description: (Where exactly is hook? Where/how ~re lines constricting? Additional injuries sustained during handling/release? Bleeding? 
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Search for Solutions: Lessons Learned 
 
Section 7.a. includes both the Atlantic Pelagic Longline Take Reduction Team’s consensus 
recommendations in the form of a draft Plan as well as the final rule that implemented the Plan in 
the Federal Register.  Section 7.b. includes a summary of existing measures from other Take 
Reduction Plans, including both regulatory and non-regulatory elements of Plans.  These 
elements include changes to fishing gear and practices (e.g., pingers, sinking groundline), 
triggers/consequence measures (i.e., if bycatch rates reach a certain threshold, additional 
measures come into effect), safe handling techniques, outreach and education, research priorities, 
etc.    
 
Section 7.c. includes two documents developed through the Western Pacific Regional Fishery 
Management Council’s Marine Mammal Advisory Committee (MMAC).  The first document is 
a suite of recommendations from the MMAC, while the second is a list of possible mitigation 
measures developed by NMFS Pacific Islands Regional Office for the MMAC to use during 
discussions in 2007.   
 
Section 7.d. includes three reports from workshops on depredation held in 2002, 2006, and 2007.  
The 2006 workshop builds off the progress made at the 2002 workshop; similarly, the 2007 
workshop is a continuation of the discussions at the 2006 workshop.    
Reports from Workshops Addressing the Depredation Issue 
 
Section 7.e. includes several relevant scientific papers on acoustic research on depredation.   
 

Mooney et al. (2009) conducted an echolocation experiment with a captive false killer whale 
and an acoustic devise to deter whales and reduce depredation.  The acoustic device, Long-
line Saver device, produced a series of complex, broadband signals at high intensity levels.  
The echolocation capability of the false killer whale was initially reduced from 96% correct 
to 46% correct.  However, the animal improved echolocation capabilities quickly, therefore 
behaviorally adapted, and improved to 85% within three experimental sessions. 

 
Thode et al. (2007; 7.e.ii.) conducted acoustic recordings of longline fishing encounters with 
sperm whales in Alaska.  They placed acoustic recorders anchored near longline gear 
deployments and found that sperm whales changed normal behavior associated with timing 
of cavitation noises from the ship propeller.  Cavitation noise had a significant broadband 
acoustic signature that would be detected kilometers away and was the best candidate for 
acoustic cues for whales.  The authors present possible strategies for avoiding depredation, 
including: reducing cues/noise levels that would reduce number of whales hearing the 
sounds; vessels listening for whales in an area; and producing "fake cues". 

 
 

McPherson et al. (2003; 7.e.iii.) conducted an experiment to asses the effectiveness of 
possible acoustic and mechanical depredation mitigation devices.  They obtained acoustic 
data from toothed whales in the Coral Sea, but did not identify which species of whales were 
responsible for depredation events.  Logistic trials with Coral Sea tuna longline fishery were 
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conducted to assess feasibility of deployment and anticipated longevity of gillnet bycatch 
mitigation.  The authors note future work is needed.   

 
Moreno et al. 2009 (7.f.) reports on a new fishing technique to eliminate depredation by killer 
whales and sperm whales in the Chilean Patagonian toothfish fishery, which was adapted from 
modified artisanal trotline fishery and includes a net sleeve placed on secondary vertical lines.  
The results included a reduction in seabird mortality and depredation of catch. 
 
The TEC, Inc. report (7.g.i.) describes informal dockside interviews conducted with 22 Hawaii-
based longline captains and vessel owners.  The interviews revealed that some feel depredation is 
increasing, while some did not cite the possibility that there are more whales or increased 
learning of behavior.  Additionally, some feel depredation occurs in warmer waters and closer to 
islands and seamounts.  Interviewees reported using various avoidance or deterrance techniques 
to reduce depredation such as turning off lights and engines, and using chemical, acoustic, 
pyrotechnic and mechanical deterrents.  All interviewees concluded that whales are too smart 
and will adapt to any deterrent.  The report included recommendations for more research, data, 
and information.   
 
Section 7.g.ii. includes a reference list of additional papers on depredation. 
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Dedication 
 
 
The Atlantic Pelagic Longline Take Reduction Team dedicates this Draft Take Reduction Plan to 
the memory of Nelson Beideman, a.k.a. “Hammer.”  A former longline fisherman and Executive 
Director of Blue Water Fishermen’s Association, Nelson was relentless in his efforts to represent 
the views of working commercial fishermen in both national and international arenas.  He was a 
primary force in promoting the use of circle hooks by longline fishermen to reduce injuries to sea 
turtles and was equally committed to finding solutions for reducing bycatch of marine mammals.  
Over the course of the Teams’ meetings, Nelson ensured that team members had a solid 
understanding of the gear and operations of the pelagic longline fishery so as to craft 
management measures that were most likely to be effective in reducing marine mammal bycatch, 
while not unduly impacting the fishery.  He was resolute in his negotiations but always open to 
other perspectives.  His spirited involvement in every aspect of the development of the Plan was 
instrumental in crafting a consensus document. 
 
Nelson died a week before this Draft Plan was to be submitted to NMFS.  His death was a shock 
to the Team, the fishery, and especially to his family and friends.  As noted by his colleagues, the 
fishery lost their firm hand on the tiller the day Nelson passed away.  The Team will remain 
committed to his ideas and will endeavor to implement the Plan in his absence.
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Executive Summary 
 

The goal of the Atlantic Pelagic Longline Take Reduction Plan (TRP or Plan) is to reduce, 
within five years of its implementation, serious injuries and mortalities of long-finned pilot 
whales (Globicephala melas), short-finned pilot whales (Globicephala macrorhynchus), and 
Risso’s dolphins (Delphinus delphis) in the Atlantic pelagic longline fishery to insignificant 
levels approaching a zero mortality and serious injury rate—i.e., where such impacts by all 
fisheries that interact with each stock totals less than 10% of the “Potential Biological Removal” 
levels1 (PBR) established for those stocks. 
 
Impetus and Scope of the Plan 
 
The impetus for this plan is a 2003 settlement agreement between the National Marine Fisheries 
Service (NMFS) and the Center for Biological Diversity (CBD), that required the convening of a 
Take Reduction Team (the Pelagic Longline Take Reduction Team, or PLTRT) under the Marine 
Mammal Protection Act (MMPA) by June 30, 2005, to address bycatch of short-and long-finned 
pilot whales and common dolphins in the Atlantic pelagic longline fishery2. 
 
The western North Atlantic stocks of all three species were identified as strategic3 stocks at the 
time of the settlement agreement, although only the two pilot whale stocks had recent observed 
serious injuries and mortalities attributed to the longline fishery. The 2005 U.S. Atlantic and 
Gulf of Mexico Stock Assessment Report (Waring et al. 2006) now lists long- and short-finned 
pilot whales as non-strategic and indicates that serious injuries and mortalities in the pelagic 
longline fishery are primarily limited to the Mid-Atlantic Bight. Within the past five years, there 
have been no observed serious injuries or mortalities of common dolphins in the pelagic longline 
fishery; this stock was reclassified as non-strategic in the 2005 Stock Assessment Report, based 
on estimates of serious injuries and mortalities in both the pelagic longline fishery as well as 
other observed fisheries.    
 
Although not included in the settlement agreement, Risso’s dolphins also sustain serious injuries 
and mortalities incidental to the Atlantic pelagic longline fishery. For both Risso’s dolphins and 
pilot whales, estimated serious injury and mortality levels in the pelagic longline fishery exceed 
the insignificance threshold but do not exceed the Potential Biological Removal level for the 
stock. The average combined annual serious injury and mortality incidental to the pelagic 
longline fishery is 86 pilot whales (CV=0.16, years 2001-2005); the PBR for western North 
Atlantic pilot whales is 239. The average annual serious injury and mortality incidental to the 
pelagic longline fishery is 34 Risso’s dolphins; the PBR for western North Atlantic Risso’s 
dolphin is 124. Because these species are below PBR and considered non-strategic stocks, 
NMFS directed the Team to develop and submit a draft Plan to the Secretary within 11 months, 
in accordance with the mandates of the MMPA. 
                                                
1 The potential biological removal (PBR) is the maximum number of animals, not including natural mortalities, that 
may be removed annually from a marine mammal stock while still allowing that stock to reach or maintain its 
optimal population level. 
2 In addition, the 2003 settlement with CBD required convening a Take Reduction Team to address pilot whale and 
other marine mammal bycatch in certain Atlantic trawl fisheries by September 2006. 
3 A strategic stock is one in which direct human-caused mortality exceeds the potential biological removal level for 
that stock; which is listed as a threatened or endangered species under the Endangered Species Act of 1973; or, 
which is declining and likely to be listed as a threatened or endangered species within the foreseeable future. 
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Context—Marine Mammal Interactions with the Atlantic Pelagic Longline Fishery 
 
A variety of complex factors provide the context for the development of this TRP. These include: 
(1) evolving knowledge regarding impacts of pelagic longline fishery on short- and long-finned 
pilot whales; (2) the nature of marine mammal interactions with the fishery; and (3) changes in 
the dynamics of the pelagic longline fishery over the last several years. 
 
Impacts of the Pelagic Longline Fishery on Pilot Whales  
 
Short- and long-finned pilot whales are difficult to distinguish in the field because of similarities 
in size, form, and coloration. Therefore, references in NMFS Stock Assessment Reports to date 
have been made to the combined species, Globicephala spp., with respect to both population size 
and serious injury and mortality due to commercial fishing. The ability to distinguish between 
the two pilot whale species is particularly relevant for the pelagic longline fishery, as the 
distributions of the two pilot whales species are thought to overlap along the mid-Atlantic coast 
of the U.S. between 35° and 39°N., which is the same area where the majority of interactions 
with the pelagic longline fishery are observed. During the course of the Team’s deliberations, 
NMFS did not have sufficient information to determine the impacts of the pelagic longline 
fishery on each species separately. However, NMFS expects that this information will be 
available in time for the next Stock Assessment Report. 
 
The Nature of Interactions with the Fishery  
 
The nature of interactions between the pelagic longline fishery and long- and short-finned pilot 
whales is not well understood.  Pilot whales, like other marine mammals, have been observed to 
prey on longline bait and/or catch. Pilot whales may perceive catch on longline gear as an easy 
foraging opportunity, thus increasing the risk of serious injury and mortality to these animals. 
Depredation may also result in loss of catch and bait, damage or loss of gear, and loss of time 
fishing, leading to increased vessel costs for the fishermen.  
 
Observed types of injuries on pilot whales and Risso’s dolphins include hooks inside or 
imbedded in the mouth as well as entanglements in gear or trailing gear. These are considered by 
NMFS to be serious injury because they are likely to lead to mortality. In the pelagic longline 
fishery, NMFS makes serious injury determinations on a case-by-case basis after reviewing 
observer data. These determinations are based on guidelines generated from a NMFS workshop 
in 1997. For small cetaceans, including pilot whales and other delphinids, it was concluded that 
animals that had ingested hooks, were released with significant amounts of trailing gear, were 
swimming abnormally, or had suffered some obvious severe external trauma should be 
considered seriously injured. Conversely, animals hooked externally or released without trailing 
gear and swam away normally should not be considered seriously injured. The Team stressed the 
importance to NMFS of reviewing the serious injury guidelines, taking into account incentives 
for fishermen to disentangle or de-hook animals to reduce serious injury.  
 
Changes in the Dynamics of the Atlantic Pelagic Longline Fishery 
 
The U.S. Atlantic pelagic longline fishery has experienced significant change over the past 
decade. In 2005, there were approximately 94 active vessels in the U.S. fishery, reflecting a 
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decrease from a high of 501 active vessels in 1994. Most recently, a suite of measures designed 
to reduce bycatch or bycatch mortality have been implemented, including time/area closures, 
gear and safe handling and release requirements for sea turtle interactions, and the switch from 
traditional “J” hooks to circle hooks, also to reduce interactions with sea turtles. The domestic 
pelagic longline fleet is also fishing within the context of a broader international pelagic longline 
fishery. While the U.S. fleet comprises less than 10% of the longline fishing effort in the Atlantic 
Ocean and adjacent waters, foreign vessels use similar gear and fishing practices and most 
certainly interact with pilot whales, Risso’s dolphins, and potentially other marine mammals. 
The Team recognizes that, ultimately, the best way to manage trans-boundary stocks is within an 
international framework and that successful U.S. management measures should be “exported” to 
foreign fleets. 
 
Convening of the PLTRT 
 
In accordance with the MMPA and the settlement agreement, NMFS convened the PLTRT in 
June 2005, and held four professionally facilitated meetings and two full-team conference calls 
between June 2005 and May 2006. During these meetings, the Team heard presentations on 
abundance and serious injuries/mortalities of pilot whales and Risso’s dolphins, descriptions and 
regulatory structure of the pelagic longline fishery, and analyses of observer data. In addition, the 
PLTRT was presented with a predictive model that analyzed a number of variables (e.g., 
environmental factors, gear types, etc.) to determine which variables may be useful in predicting 
and/or minimizing interactions between marine mammals and longline gear, and possible 
impacts on target species catch and bycatch of other protected species (i.e., sea turtles). 
 
The predictive model proved to be an invaluable tool for the Team to develop management 
strategies, since multiple variables could be tested and evaluated. For pilot whales, variables 
found to have significant correlations included area (81% of interactions occur along the Mid-
Atlantic Bight), distance from the 200m isobath (all interactions were observed within 40km of 
200m isobath), water temperature (peak interactions occur between 70-80º F), mainline length 
(interactions were twice as high in sets with mainline lengths > 20nm) and swordfish damage 
(interaction rates were three times higher in sets with damage to swordfish catch). For Risso’s 
dolphins, similar results were found, although correlations were not as strong. Interactions with 
Risso’s dolphins were also significantly correlated with the Northeast Coastal area and with sets 
that used squid as bait. 
 
Each meeting also included facilitated discussions to draft and revise various components of the 
TRP, with emphasis placed on management and research recommendations. On June 8, 2006, the 
Team reached consensus on the draft TRP including recommendations for management 
strategies and additional research needs, thus meeting the statutory requirements of the MMPA.  
 
The Team also agreed to include Risso’s dolphins in the TRP, with initial focus on those 
management measures that have the greatest potential for reducing bycatch of pilot whales, and 
primarily in the Mid-Atlantic Bight area where the greatest level of pilot whale bycatch occurs. 
The Team anticipates that several of the measures recommended by the Team to reduce serious 
injury and mortality for pilot whales will also reduce serious injury and mortality for Risso’s 
dolphins. The Team will revisit, as necessary, possible different and/or additional management 
measures to reduce serious injury and mortality of Risso’s dolphins and pilot whales to 
insignificant levels as new information becomes available about the nature of the fishery’s 



Draft Atlantic Pelagic Longline Take Reduction Plan (June 8, 2006)   
 

vii 

interactions with these species as well as the stock structure of pilot whales. The Team also 
recognizes that there is an increasing trend in serious injury and mortality of pilot whales since 
2003 and recommends that interactions continue to be tracked closely. 
 
Major Elements of the TRP 
 
The Team recommends a suite of management strategies to reduce mortality and serious injury 
of pilot whales and Risso’s dolphins in the Atlantic pelagic longline fishery. The following four 
measures are to be implemented via regulation: 

(1) Establish a Cape Hatteras Special Research Area, an area defined to capture hot spots of 
bycatch and a concentration of fishing effort, with the following approximate 
coordinates: southern boundary = 35 degrees N, northern boundary = 36 degrees 25 
minutes N, western boundary = 75 degrees W, and eastern boundary = 74 degrees 35 
minutes W. Vessels fishing in this area: must be capable of carrying observers and must 
carry an observer, if requested by NMFS; must be willing and able to participate in any 
NMFS-approved research related to the TRP; and must maintain daily communications 
with other vessel captains fishing in this area; 

(2) Set a 20 nautical-mile upper limit on mainline length for all pelagic longline sets within 
the Mid-Atlantic Bight; 

(3) Develop and publish an informational placard that must be displayed in the wheelhouse 
and the working deck of all active pelagic longline vessels in the Atlantic fishery; 

(4) Develop and implement a mandatory certification program to educate owners and 
operators of pelagic longline vessels about ways to reduce serious injury and mortality of 
marine mammals; 

 
The Team also recommends implementing the following non-regulatory measures: 

(5) Provide for 12-15% observer coverage throughout all Atlantic pelagic longline fisheries 
that interact with pilot whales or Risso's dolphins; 

(6) Encourage vessel operators throughout the fishery to maintain daily communications with 
other local vessel captains regarding protected species interactions, with the goal of 
identifying and exchanging information relevant to avoiding protected species bycatch; 

(7) Update careful handling/release guidelines, equipment, and methods; and  
(8) Distribute quarterly reports of bycatch of marine mammals in the pelagic longline fishery 

to the Team.  
 
The logistic regression model estimates a reduction in pilot whale interactions of approximately 
26% when fishermen in the Mid-Atlantic Bight are limited to longlines <20 nautical miles in 
length (measure 2 above). This figure assumes 50% compensation in fishing effort for lost hooks 
by longline fishermen, which PLTRT members considered a reasonable scenario. PLTRT 
members believe the other recommended management measures, when combined with the 
mainline length restriction, would result in additional reductions in pilot whale interactions. 
 
The Team also recommended additional short-, medium-, and long-duration research and data 
collection designed to bolster the success of the Plan. The Team recommends that priority be 
given to: (1) research on species that are closest to or exceed PBR; (2) research to evaluate the 
effects of implemented management measures in this Plan, and (3) research on species specific 
abundance, mortality, and post-hooking survivorship. The Team also recommends that, as funds 
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become available for pelagic longline take reduction-related research, a subgroup of the Team be 
convened to advise on selection of research projects.  
 
TRP Implementation and Next Steps: An Adaptive Management Approach 
 
This TRP uses an adaptive management-based, stepwise approach to achieving its goals. The 
Team recommended reconvening by teleconference approximately six months after submittal of 
the Plan. In conjunction with the receipt of quarterly bycatch reports, the Team agreed to 
periodically assess the merits of convening future PLTRT meetings, either in-person or as 
teleconferences. At each of these meetings, the Team will evaluate the effectiveness of the TRP 
and make adjustments to it, as appropriate, to ensure that the goal of the plan will be met within 
5 years of implementation of the TRP. 
 
 
 
 



Draft Atlantic Pelagic Longline Take Reduction Plan (June 8, 2006)   
 

1 

Draft Atlantic Pelagic Longline Take Reduction Plan 
 
 
I. MMPA Statutory Requirements and Establishment of Atlantic Pelagic Longline Take 

Reduction Team  
 

A. Requirements of the Marine Mammal Protection Act 
 

The 1994 amendments to the Marine Mammal Protection Act (MMPA), section 118, established 
directives and timelines for the development of Take Reduction Plans to reduce mortality and 
serious injury (bycatch) of marine mammals incidental to commercial fishing operations. The 
immediate goal of a Take Reduction Plan for a strategic stock4 is to reduce, within 6 months of 
the plan’s implementation, the mortality and serious injury of marine mammals incidental to 
commercial fishing to levels less than the Potential Biological Removal (PBR) level5 established 
for that stock. The long-term goal of a Take Reduction Plan is to reduce, within 5 years of the 
plan’s implementation, the mortality and serious injury of marine mammals incidental to 
commercial fishing to insignificant levels approaching a zero rate (commonly referred to as the 
Zero Mortality Rate Goal, ZMRG). 
 
Take Reduction Plans must include a review of the information available in marine mammal 
stock assessment reports (SARs) and any substantial new information that may have become 
available since the publication of the most recent SAR. Such information should include, but is 
not limited to, an estimate of the total number and, if possible, age and gender, of animals from 
the stocks that are being incidentally killed or seriously injured each year during the course of 
commercial fishing operations. Plans must also include recommended regulatory or voluntary 
measures for the reduction of incidental mortality and serious injury, and recommended dates for 
achieving the specific objectives of the plan. 
 
Take Reduction Teams are established by the Secretary6 to develop draft Take Reduction Plans. 
Members of Take Reduction Teams must have expertise regarding the conservation or biology of 
the marine mammal species that the take reduction plan will address, or the fishing practices that 
result in the incidental mortality and serious injury of such species. Members include 
representatives of Federal agencies, each coastal state that has fisheries that interact with the 
species or stock, appropriate Regional Fishery Management Councils, interstate fisheries 
commissions, academic and scientific organizations, environmental groups, all commercial and 
recreational fisheries groups and gear types that incidentally take the species or stock, Alaska 
Native organizations or Indian tribal organizations, and others as the Secretary deems 
appropriate. In addition, take reduction teams must, to the maximum extent practicable, consist 
of an equitable balance among representatives of resource user interests and non-user interests.  

                                                
4 A strategic stock is one in which direct human-caused mortality exceeds the potential biological removal level for 
that stock; which is listed as a threatened or endangered species under the Endangered Species Act of 1973; or, 
which is declining and likely to be listed as a threatened or endangered species within the foreseeable future. 
5 The potential biological removal (PBR) is the maximum number of animals, not including natural mortalities, that 
may be removed annually from a marine mammal stock while still allowing that stock to reach or maintain its 
optimal population level. 
6 Secretary refers to the Secretary of Commerce, whose authority for implementation of the Marine Mammal 
Protection Act has been delegated to the National Marine Fisheries Service (NMFS). 
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Take reduction teams are not subject to the Federal Advisory Committee Act, and meetings of 
the teams are open to the public with prior notice of the meetings made public in a timely 
fashion.  
 
Draft Take Reduction Plans are developed by consensus. In the event consensus cannot be 
reached, the take reduction team must advise the Secretary in writing on the range of possibilities 
considered by the team, and the views of both the majority and minority. 
 
The timelines specified for the development of Take Reduction Plans vary depending on the 
status of the stocks affected. Strategic stocks are subject to a slightly more accelerated timeline 
for the development of plans as compared to non-strategic stocks. Take reduction teams that are 
addressing incidental mortality and serious injury of strategic stocks have 6 months to submit a 
draft Take Reduction Plan to the Secretary; for non-strategic stocks, the MMPA directs the team 
to submit a draft plan within 11 months.7 The Secretary takes the plan into consideration and, 
within 60 days of receipt of the team’s draft plan, the Secretary publishes it in the Federal 
Register, along with any changes proposed by the Secretary and proposed implementing 
regulations. Take Reduction Plans are available for public comment for a period not to exceed 90 
days. The Secretary issues the final Take Reduction Plan and implementing regulations within 60 
days of the close of the public comment period. After the final plan is published, the team will 
reconvene periodically8 to monitor the implementation of the final TRP, and can recommend 
changes to the plan as necessary until the Secretary determines that the objectives of the plan 
have been met. 
 
B. Scope of the Plan 

 
Species focus 
 
A 2003 settlement agreement between NMFS and the Center for Biological Diversity resulting 
from a Federal suit filed in California mandated the agency to convene a Take Reduction Team 
by June 30, 2005, to address bycatch of long-finned pilot whales (Globicephala melas), short-
finned pilot whales (Globicephala macrorhynchus), and common dolphins (Delphinus delphis) 
in the Atlantic pelagic longline fishery. The western North Atlantic stocks of all three species 
were identified as strategic at the time of the settlement agreement, although only the two pilot 
whale stocks had recent observed serious injuries and mortalities attributed to the longline 
fishery9. Because the two pilot whale species are difficult to distinguish in the field, population 
size, serious injury, and mortality are estimated for the two pilot whale stocks together. The 2005 
SAR (Waring et al. 2006) lists long-finned and short-finned pilot whale stocks as non-strategic, 

                                                
7 In the event that a Take Reduction Team does not submit a draft plan to the Secretary within the timeframe 
required, the Secretary shall publish the proposed plan and implementing regulations within 8 months of the team’s 
establishment for strategic stocks, and within 13 months of the team’s establishment for non-strategic stocks. 
8 Every 6 months for strategic stocks, and annually for non-strategic stocks, or at such other times as deemed 
necessary. 
9 The 2002 SAR identified the annual estimate of serious injury and mortality of pilot whales (combined for long- 
and short-finned pilot whales) in the longline fishery as 108, total annual fishery-related mortality and serious injury 
as 199, and PBR as 103. The annual estimate of serious injury and mortality of common dolphins in the longline 
fishery was identified in the same document as 0, total annual fishery-related mortality and serious injury as 375, 
and PBR as 227. (Waring et al. 2002).  
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and indicates that serious injuries and mortalities in the pelagic longline fishery are primarily 
limited to the Mid-Atlantic Bight (defined at 50 CFR 635.2 as an area bounded by straight lines 
connecting the mid-Atlantic states of New Jersey, Delaware, Maryland, Virginia, and North 
Carolina’s internal waters and extending to 71o W. long. between 35o N. lat. and 43o N. lat). 
There have been no recent (i.e., within the last 5 years) observed serious injuries or mortalities of 
common dolphins in the pelagic longline fishery, and the species is not listed as strategic based 
on estimates of serious injuries and mortalities in other fisheries (Waring et al. 2006).  
 
NMFS announced the establishment of the Team on June 22, 2005, in the Federal Register (70 
FR 36120). At that time, the Team was directed to address the incidental mortality and serious 
injury of short and long-finned pilot whales in the mid-Atlantic region of the Atlantic pelagic 
longline fishery, and to prepare a draft Take Reduction Plan for these non-strategic stocks within 
11 months of the Team’s establishment. Common dolphins were removed from the discussion 
due to the lack of recently observed serious injuries or mortalities in the pelagic longline fishery. 
 
During the Team’s discussions, NMFS noted that there are serious injuries and mortalities of 
Risso’s dolphins (Grampus griseus) incidental to the Atlantic pelagic longline fishery (NMFS 
2004, Waring et al. 2006). Estimated serious injury and mortality levels exceed the 
insignificance threshold10 for Risso’s dolphins as well as for long- and short-finned pilot whales. 
Therefore, NMFS requested that the Team include recommendations to reduce serious injuries 
and mortalities of Risso’s dolphins, as well as long and short-finned pilot whales, in their draft 
Take Reduction Plan. The Team agreed to include Risso’s dolphins in the plan, but to initially 
focus on management measures that would have the greatest potential for reducing bycatch of 
long- and short-finned pilot whales, and primarily in the area where the greatest level of pilot 
whale bycatch occurs (i.e., the Mid-Atlantic), keeping in mind that the range and bycatch of all 
three species extends beyond the Mid-Atlantic. The Team chose this approach because the 
estimate of serious injury and mortality for pilot whales is closer to PBR than is the estimate for 
Risso’s dolphins. The Team anticipates that several of the measures recommended by the Team 
to reduce serious injury and mortality for pilot whales will also reduce serious injury and 
mortality for Risso’s dolphins. The Team will revisit, as necessary, possible different and/or 
additional management measures to reduce serious injury and mortality of Risso’s dolphins and 
pilot whales to insignificant levels as new information becomes available about the nature of the 
fishery’s interactions with these species as well as the stock structure of pilot whales. 
 
The 2006 proposed MMPA List of Fisheries (71 FR 247, January 4, 2006) identifies several 
other species of marine mammals that have been observed as seriously injured or killed 
incidental to the pelagic longline fishery, including Atlantic spotted dolphin (Stenella frontalis), 
bottlenose dolphin (Tursiops truncatus), Cuvier’s beaked whale (Ziphius cavirostris), 
Mesoplodon beaked whale (Mesoplodon spp.), pantropical spotted dolphin (Stenella attenuata), 
and pygmy sperm whale (Kogia breviceps) (see also Garrison 2005, Garrison and Richards 2004, 
Garrison 2003, Yeung 2001, Yeung 1999, and Johnson et al. 1999). With the exception of 
pygmy sperm whales, all of these species are incidentally seriously injured or killed at a level 
that is below the insignificance thresholds for these stocks. Although the estimated annual 
serious injury and mortality of 6 pygmy sperm whales in the longline fishery is greater than the 

                                                
10 The insignificance threshold is defined as 10% of a stock’s Potential Biological Removal level [69 FR 43338, July 
20, 2004]. 
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PBR calculated for pygmy and dwarf sperm whales (Kogia sima) together11 (PBR = 4.7 for 
Kogia spp.), that estimate is based on only one observed serious injury in the past five years (in 
2000). The Team noted that pygmy sperm whales are not listed as threatened or endangered 
under the ESA, or depleted under the MMPA, and frequently strand along the southeastern U.S. 
(Waring et al. 2006). The Team agreed that reducing serious injuries and mortalities of pygmy 
sperm whales incidental to the longline fishery would not be a mandatory objective of the take 
reduction plan. However, the Team anticipates that the management measures created under this 
Take Reduction Plan will contribute to a reduction in pygmy sperm whale bycatch. 
 
Fisheries focus 
 
The focus of the Take Reduction Plan is the U.S. Atlantic pelagic longline commercial fishery, 
targeting swordfish, tuna, and shark (see description in Section V.A.). Although the Team briefly 
discussed other U.S. fisheries that may have serious injuries and mortalities of pilot whales and 
Risso’s dolphins, such as trawl, gillnet, and recreational fisheries, as well other non-HMS pelagic 
longline fisheries, such as the Atlantic dolphin/wahoo fishery and the directed large coastal shark 
fishery, the Plan does not include recommendations for reducing bycatch in these other fisheries 
(see Appendix D for a description of other domestic fisheries that may interact with pilot whales 
and Risso’s dolphins). However, some of the management and research recommendations 
contained in this Plan could help to reduce serious injuries and mortalities of marine mammals if 
also implemented in other fisheries.  
 
C. Goal of the Plan 

 
The overall goal of the Atlantic Pelagic Longline Take Reduction Plan (TRP or Plan) is to 
reduce, within five years of its implementation, serious injuries and mortalities of pilot whales 
(Globicephala spp.) and Risso’s dolphins in the Atlantic pelagic longline fishery to insignificant 
levels approaching a zero mortality and serious injury rate (i.e., <10% of PBR). In developing 
the TRP, the MMPA directs the Team to take into account the economics of the fishery, 
available technology, and existing state or regional fishery management plans.12 
 
NMFS shall consider the goal of the Plan to have been achieved if either:  
 

• Across fisheries: The serious injuries and mortalities of pilot whales and Risso’s 
dolphins are reduced to below the insignificance threshold for these stocks, recognizing 
that other fisheries also have takes of these species and the insignificance threshold needs 
to be met for the species as a whole; or,  

 
• Within this fishery: Further reductions in serious injuries and mortalities of pilot whales 

and Risso’s dolphins in the pelagic longline fishery is determined by NMFS to be 
infeasible, after considering the economics of the fishery, the availability of existing 
technology, and existing fishery management plans. If this is the case, NMFS, in 

                                                
11 As is the case for pilot whales, pygmy and dwarf sperm whales are difficult to distinguish in the field, so 
population size, serious injury, and mortality is estimated for the two stocks together. 
12 In the case of the Atlantic pelagic longline fishery, the management authority for highly migratory species in the 
Atlantic (tunas, swordfish, and sharks) was transferred to the Secretary of Commerce.  Therefore, fishery 
management plans for highly migratory species are Secretarial plans, rather than Council, state or regional plans.  
The Secretary has delegated authority for management of highly migratory species to NMFS. 
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consultation with the Team, will monitor technological advances and the economics of 
the fishery and will reconvene the Team to recommend additional measures to reduce 
bycatch, if it is deemed that there is new technology available and/or additional 
reductions could be made in an economically feasible manner.  

 
The Team agreed to take an adaptive management-based, stepwise approach to achieving the 
goal of the TRP. This TRP lays out a series of management measures designed to make an initial 
significant contribution to reducing serious injury and mortality. The TRP also includes a 
research program for assessing current and potential new management measures. The Team 
agreed to evaluate the success of the TRP at periodic intervals over the next five years and 
retained the option of revising the Plan based on the results of ongoing monitoring, research, and 
evaluation. See section IX of the TRP for a more detailed description of this adaptive 
management approach. 
 
D. The Role of the Facilitator in the Take Reduction Plan Process 

 
NMFS contracted with CONCUR, Inc. (Berkeley, CA) to facilitate team meetings and to assist 
in logistical arrangements of team meetings. In its role as facilitator, CONCUR was responsible 
for: contacting potential team members, conducting confidential stakeholder interviews, 
maintaining a list of all members and their contact information, preparing meeting agendas, 
planning and facilitating team meetings, working with the team to establish ground rules, guiding 
and summarizing the deliberations, and synthesizing key results at periodic junctures in 
meetings. In addition, CONCUR prepared Key Outcomes Memoranda as a concise record of 
each meeting, posted team work products on a secure website, identified and arranged for 
appropriate meeting venues and lodging for team members, reimbursed team members for travel 
expenses, maintained open communications with team members, and ensured timely submission 
of a draft Take Reduction Plan to NMFS.  
 
E. Establishment of the Take Reduction Team 

 
The selection of team members followed guidance provided by section 118 of the MMPA. 
NMFS strove to select an experienced and committed team with a balanced representation of 
stakeholders. Members of the Take Reduction Team include fishermen and representatives of the 
Atlantic pelagic longline fishing industry, environmental groups, marine mammal biologists, 
fisheries biologists, and representatives of the Mid-Atlantic Regional Fishery Management 
Council, the Marine Mammal Commission, and NMFS. 
 
Team members participated in a stakeholder assessment conducted by CONCUR prior to the 
first meeting of the team. Based on these interviews, CONCUR concluded that TRT members 
were willing to work together and shared the goal of reducing the bycatch of marine mammals. 
TRT members recognized that there would be some challenges in producing a consensus-based 
Take Reduction Plan, given their diverging interest on some issues. However, they also shared 
many common interests. Most importantly, they all agreed that incidental take of marine 
mammals is not in the interest of any of their organizations. This realization gave impetus to the 
ambitious work plan, which called for TRT members to work together in pursuit of mutual gains 
to devise common ground solutions within the given timeframe. 
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Members of the Atlantic Pelagic Longline Take Reduction Team (PLTRT) are listed below in 
alphabetical order. Complete contact information for team members is provided in Appendix A. 
 
Atlantic Pelagic Longline Take Reduction Team Members: 

Nelson Beideman, Blue Water Fishermen’s Association 
Jim Budi, former longline fisherman 
Victoria Cornish, NMFS, Southeast Region 
Jean Cramer, Thunder Mountain Consulting 
Brendan Cummings, Center for Biological Diversity 
Glenn Delaney, Blue Water Fishermen’s Association 
Damon Gannon, Mote Marine Laboratory 
Beth Lowell (who replaced Charlotte Gray Hudson), Oceana 
Gail Johnson, Fishing Vessel Seneca 
David Kerstetter, University of Miami 
Jessica Koelsch, The Ocean Conservancy 
Kristy Long, NMFS, Office of Protected Resources  
Bill McLellan, University of North Carolina Wilmington 
Dan Mears, Fishing Vessel Monica 
Vince Pyle, Fishing Vessel Carol Ann 
Scott Rucky, Fishing Vessel Dakota 
Rich Seagraves, Mid-Atlantic Regional Fishery Management Council 
Mike Simpkins, Marine Mammal Commission 
Nina Young, ORCAS Consulting 
Sharon Young, Humane Society of the United States 
 

NMFS Advisors: 
Lance Garrison, Southeast Fisheries Science Center  
Laura Engleby, Southeast Regional Office  
Kate Wells, Southeast Regional Office 
Charlie Bergmann, Southeast Fisheries Science Center 
Karyl Brewster-Geisz, Office of Sustainable Fisheries, Highly Migratory Species 
Dennis Lee, Southeast Fisheries Science Center 
Mark Minton, Northeast Regional Office 
Karen Raine, NOAA General Counsel for Enforcement and Litigation, Southeast Region 
Patricia Rosel, Southeast Fisheries Science Center 
Cheryl Scannell, NOAA General Counsel’s Office, Protected Resources Law 
John Watson, Southeast Fisheries Science Center 
John Barylsky, Office of Law Enforcement 
David Bernhart, Southeast Regional Office 
Diane Borggaard, Northeast Regional Office 
Alexa Cole, NOAA General Counsel for Enforcement and Litigation 
Guillermo Diaz, Southeast Fisheries Science Center 
Tanya Dobrzynski, Office of Protected Resources 
Tom Eagle, Office of Protected Resources 
Karl Gleaves, NOAA General Counsel 
David Gouveia, Northeast Regional Office 
Brian Hopper, Northeast Regional Office 
Dave Johnston, Pacific Islands Fisheries Science Center  
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Juan Levesque, Southeast Regional Office 
Richard Merrick, Northeast Fisheries Science Center 
Deb Palka, Northeast Fisheries Science Center 
Michael Payne, Office of Protected Resources 
Alicia Van Atta, Pacific Islands Regional Office 
Chris Yates, Pacific Island Regional Office 
 

United States Coast Guard Advisor: 
 Katie Moore  
 
Facilitators: 
 Scott McCreary, CONCUR, Inc. 
 Eric Poncelet, CONCUR, Inc. 
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II. Distribution, Stock Structure, and Abundance of Pilot Whales and Risso’s Dolphins 
 
A. Data Sources 
 
The primary source of data used in determining the abundance, distribution, and stock structure 
of long and short-finned pilot whales and Risso’s dolphins are aerial and ship surveys. The 
Southeast Fisheries Science Center (SEFSC) and the Northeast Fisheries Science Center 
(NEFSC) both conducted abundance surveys in the summer of 2004 (which also satisfied the 
California court order). The SEFSC conducted a vessel survey from June 22 to August 19, 2004, 
covering waters from 50 m deep seaward to the U.S. EEZ, from the Maryland/Delaware border 
into southern Florida. The NEFSC conducted a vessel survey from June 23 to July 12, 2004, 
covering waters from 100 m deep to the Gulf Stream, from Virginia to Cape Cod. The NEFSC 
also conducted an aerial survey from June 12 to July 12, 2004, which extended from the state 
border between Virginia and North Carolina to the Bay of Fundy, and from the U.S. Atlantic 
shoreline to the entrance of the Gulf of St. Lawrence. The aerial survey covered continental shelf 
waters to the 100m isobath in the mid-Atlantic, Georges Bank, and the Gulf of Maine (Palka 
2006).  
 
Biopsy samples were collected on vessel surveys conducted in 2004 and 2005 for genetic 
analyses to identify species and investigate stock structure. Additional biopsy samples were also 
available from previous NMFS surveys, as well as from stranded animals and animals 
incidentally taken by commercial fisheries in the Northwest Atlantic U.S. EEZ; no samples were 
available from animals taken incidental to the pelagic longline fishery.  
 
B.  Survey Methodology  
 
The aerial and ship surveys employ distance sampling to estimate the abundance of cetaceans in 
the survey area (Buckland et al. 2001). Distance sampling is a widely used methodology for 
estimating the density and/or abundance of biological populations. Garrison provided a 
description of how the distance sampling methodology is used to estimate abundance of marine 
mammals, as well as survey results, to the PLTRT at the June 2005 meeting. In brief, an observer 
or a team of observers stationed on a vessel or aircraft survey randomly placed tracklines, 
searching for animals or clusters of animals. For each animal (or cluster of animals) detected, the 
observers record the bearing and distance to the sighting, and these measures are used to 
calculate the perpendicular distance to the trackline. The principal assumption of distance 
sampling is that the ability of observers to detect animals decreases with distance from the 
trackline in a predictable manner. Based on the number of observations recorded at each distance, 
one can model the decline in detection probability with distance and adjust the overall count of 
observed animals (or clusters) to correct for those missed within the surveyed strip. Several other 
critical assumptions of this approach include that distances are measured accurately or are at least 
not biased, animals are randomly distributed with respect to the trackline, and group sizes of 
animals are estimated accurately. In standard distance analysis, it is assumed that all animals on 
the trackline are observed. For marine mammal surveys, however, this assumption results in a 
known negative bias in abundance estimates. This results both from animals that are available to 
the observers but are missed and because some unknown proportion of marine mammals are 
submerged and not available to be seen by observers. To correct for this known bias, a direct 
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estimate is made of the probability of detecting animals on the track line (g(0)) using two 
independent observer teams (Buckland et al. 2001).  
 
Both the NEFSC and SEFSC surveys employed methods during shipboard and aerial surveys to 
estimate g(0). For shipboard surveys, two visual observer teams simultaneously collected 
sighting data and operated independently of each other (Palka 2006, SEFSC unpublished data). 
This dual team approach, in which the proportion of sightings seen by one team was compared 
to that seen by the other, provides data to directly estimate g(0). 
 
 For aerial surveys, g(0) was estimated using the Hiby circle-back data collection method (Hiby 
1999). The circle-back method modifies standard single-plane line-transect methods by circling 
back and re-surveying a portion of the track line. The “leading” legs are the legs that initiated the 
circle-back, and the “trailing” legs are the portions of track line that are re-surveyed. Again, the 
proportion of sightings for which an animal or group of animals were seen on the track line during 
the leading legs but not the trailing legs provides an estimate of g(0). 
 
C.  Methodology for Genetic Analysis 
 
DNA was extracted from pilot whale samples collected from strandings, bycatch, and remote 
skin biopsy effort using a standard protocol (Rosel and Block 1996). The mitochondrial DNA 
control region was targeted during extractions because preliminary data determined that it could 
reliably distinguish between the two pilot whale species. To identify each sample to species, a 
phylogenetic tree was constructed. In this tree, the two species form separate, well supported 
groupings. To identify which group corresponds to which species, sequences from known long- 
and short-finned pilot whales(collected from stranded animals identified to species by experts) 
were included in the analysis. This allowed the identification of all the collected samples to 
species. One sample collected from a dead, stranded neonate, identified in the field as a pilot 
whale, turned out to be a Risso’s dolphin calf. All other samples were pilot whales.  
 
D. Distribution and Stock Structure 
 
Pilot Whales 
 
Long-finned pilot whales are distributed world wide in cold temperate waters in both the 
Northern (North Atlantic) and Southern Hemispheres. In the North Atlantic, the species is 
broadly distributed and thought to occur from 40° to 75°N in the eastern North Atlantic and from 
35° to 65°N in the western North Atlantic (Abend and Smith 1999). Short-finned pilot whales 
are also distributed world wide in warm temperate and tropical waters. In U.S. waters of the 
Atlantic, this species is found in the Gulf of Mexico (GOM) and in the western North Atlantic as 
far north as the central Mid-Atlantic Bight. Both species tend to favor the continental shelf break 
and slope, as well as other areas of high relief, but are also present offshore in pelagic 
environments. In the western North Atlantic, they may be associated with the Gulf Stream north 
wall and with thermal fronts (Waring et al. 1992).  
 
The two species are difficult to tell apart during visual abundance surveys and therefore, in many 
cases, reference is made to the combined species, Globicephala spp. Due to this difficulty, the 
exact species’ boundaries for short-finned and long-finned pilot whales in the western North 
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Atlantic have not been clearly defined. However, their distributions are thought to overlap along 
the mid-Atlantic coast of the U.S. between 35° and 39°N (Payne and Heinemann 1993, Bernard 
and Reilly 1999).  
 
To more clearly define the degree of overlap of the two species in the mid-Atlantic, NMFS 
conducted a genetic analysis on biopsy samples and samples collected from animals incidentally 
taken by commercial fisheries in the mid-Atlantic region. Samples analyzed included 194 
samples from long-finned pilot whales and 167 samples from short-finned pilot whales 
(Northwest Atlantic only with an additional 47 analyzed from the Gulf of Mexico). DNA 
sequence data was collected to identify each sample to species and then ArcGIS was used to plot 
sample locations and examine areas of overlap. Long- and short-finned pilot whales show a 
distinct difference in preference for deep water, which may reflect differences in water 
temperature preferences. Long-finned pilot whales were found on the continental shelf and 
especially along the shelf break, but did not show evidence of going deeper than the shelf break. 
Short-finned pilot whales were present on the shelf, especially south of Cape Hatteras, along the 
shelf edge and in deeper water east of the shelf break (Rosel, unpublished data). No long-finned 
pilot whale samples were found south of 38°N except for three strandings in North Carolina. 
These strandings may represent aberrant animals or animals that floated farther south after dying. 
However, biopsy samples from the winter are needed to determine the southern limit of long-
finned pilot whale’s winter distribution in the mid-Atlantic region. No short-finned pilot whales 
were identified north of 40°N; nor east of 71.5°W in the Mid-Atlantic Bight. Because of fairly 
complete sampling north of 40°N in winter and summer, this may be a fairly good indication that 
this species is not regularly found north of this latitude. The greatest area of overlap in 
distribution of the two species seems to be confined to an area along the shelf edge between 
38°N and 40°N in the Mid-Atlantic Bight, where long-finned pilot whales are present in winter 
and summer and short-finned pilot whales are present at least in summer. Further sampling will 
help determine 1) whether short-finned pilot whales are present in this area during winter, and 2) 
whether long-finned pilot whales are present farther south, and during what periods. 
 
In addition, the genetic analyses revealed that long-finned pilot whales have extraordinarily low 
genetic variability in the mitochondrial control region, but that short-finned pilot whales have a 
slightly higher level of variability at that gene region. These low levels of genetic variability are 
consistent with what has been seen in other cetaceans with matriarchal social structures such as 
killer whales and sperm whales. 
 
Population structure for neither long-finned nor short-finned pilot whales in the North Atlantic is 
well known. For short-finned pilot whales, there is no available information on whether the 
North Atlantic stock is subdivided into smaller populations. Several indirect and directed studies 
on long-finned pilot whales indicate that there is some degree of population differentiation 
within the North Atlantic. Mercer (1975) examined population dynamics of long-finned pilot 
whales in Newfoundland waters and noted that depletion of pilot whales due to the 
Newfoundland drive fishery in the 1950s did not coincide with any reduction of long-finned pilot 
whale landings in the drive fishery of the Faroe Islands, suggesting the existence of two or more 
demographically independent populations in the North Atlantic. 
 
Similarly, Bloch and Lastein (1993) performed a discriminant analysis on morphometric 
characters measured from long-finned pilot whales collected in Newfoundland and Faroe Islands 
drive fisheries. Significant differences were found between pilot whales in these two areas, with 
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pilot whales in Newfoundland having significantly longer skulls and shorter bodies. In addition, 
Newfoundland male pilot whales had significantly longer flippers. The authors suggested that the 
thermal front between the North Atlantic-Irminger current and the East Greenland-Labrador 
current may provide a physical barrier to dispersal, thereby isolating pilot whales in these two 
areas and allowing differentiation to arise. They further suggested that, since this front reaches 
and follows the mid-Atlantic ridge southwards, it may segregate long-finned pilot whales on 
either side of the Atlantic basin.  
 
Abend and Smith (1995) examined stable isotope ratio differences between long-finned pilot 
whales sampled in Cape Cod, MA, the mid-Atlantic Bight and the Faroe Islands. Significant 
differences in nitrogen stable isotope values in different tissue types suggested that the pilot 
whales in the western and eastern North Atlantic are feeding at different trophic levels, at least in 
the short and medium term. Using teeth as a proxy for longer-term inferences, significant 
differences were found between the mid-Atlantic and Faroe samples, but not between Cape Cod 
and Faroe samples. In addition, differences in isotope ratios in blubber between the mid-Atlantic 
Bight and Cape Cod suggested these animals were feeding in different areas as well. However, 
caution should be exercised when interpreting these data because of extremely small sample 
sizes (three female whales from a single mass stranding event on Cape Cod, three female whales 
taken in the same haul of a mackerel trawl in the Mid-Atlantic Bight, and three female whales 
from different pods taken in the pilot whale drive fishery of the Faroe Islands). 
 
Abend and Smith (1999) also thoroughly reviewed all available location information (sightings, 
strandings, bycatch and harvest reports) and inferential data (prey preferences and distributions, 
oceanographic processes) for long-finned pilot whales in the North Atlantic. Their conclusions 
regarding the geographic distribution of the species in the North Atlantic support previously 
published distributions. However, they concluded the distributional data provide evidence neither 
for nor against a single population in the Atlantic.  
 
Most recently, Fullard et al. (2000) examined eight nuclear microsatellite markers in long-finned 
pilot whales from Cape Cod, MA, West Greenland, the Faroe Islands and the United Kingdom. 
Using standard estimates of population subdivision (FST), pairwise comparisons of the Faroe 
Islands to Cape Cod, the Faroe Islands to West Greenland, and the West Greenland to Cape Cod 
were all significantly different from each other, revealing significant genetic heterogeneity and 
some degree of population subdivision within the North Atlantic. Differentiation was highest 
between West Greenland and the other three sites suggesting that this population may be isolated 
from the others in the North Atlantic, perhaps due to an ecological difference between cold West 
Greenland waters and warmer Gulf Stream waters stretching across the Atlantic. It should be 
noted however, that pairwise comparisons of Cape Cod to locations in the eastern Atlantic 
showed significant differentiation, suggesting that there may be population differentiation across 
the Atlantic as well.  
 
Although genetic and morphometric data, which are perhaps the best indicators of population 
identity, show population heterogeneity among long-finned pilot whales in the North Atlantic, 
neither the number of nor the geographic ranges of these smaller populations are known. 
 
Risso’s Dolphin 
 
Risso’s dolphins occur world wide in warm temperate and tropical waters roughly between 60°N 
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and 60°S, and records of the species in the western North Atlantic range from Greenland south, 
including the Gulf of Mexico (Kruse et al. 1999). In the U.S. Atlantic EEZ, the species is most 
commonly seen in the mid-Atlantic Bight shelf edge year round and is rarely seen in the Gulf of 
Maine (Waring et al. 2004). Risso’s dolphins are pelagic, preferring waters along the continental 
shelf edge and deeper, as well as areas of submerged relief such as seamounts and canyons 
(Kruse et al. 1999). There is no information available on population structure for this species. 
 
E.  MMPA Stock Definitions  
 
Under the MMPA, NMFS is required to define stocks of marine mammals in U.S. waters using 
the best available data. For both pilot whale species and Risso’s dolphins, NMFS defined a 
western North Atlantic and a Gulf of Mexico stock, primarily due to the ecological differences 
between the two regions. Biological data to definitively define stocks within U.S. waters for 
these species is lacking. While pilot whales from the western and eastern North Atlantic may 
constitute a single population, most studies to date find some degree of differentiation across the 
Atlantic (Bloch and Lastein 1993, Mercer 1975, Abend and Smith 1995, Fullard et al. 2000). 
Information on movements and interbreeding for these species also is lacking, as are up-to-date 
abundance and fishery-mortality estimates outside the U.S. EEZ. As a result of this lack of 
information, NMFS estimates PBR, abundance, and mortality only for the populations of these 
species that occur within the U.S. EEZ, consistent with the Guidelines for Assessing Marine 
Mammal Stocks (GAMMS; Wade and Angliss 1997) and the MMPA. NMFS nevertheless 
recognizes that these limited range population and PBR estimates are minimum estimates, and 
that the best approach is to manage trans-boundary stocks within an international framework. 
 
F. Abundance Estimates 
 
At the first meeting of the PLTRT, NMFS presented information from the draft 2005 SAR for 
both pilot whales and Risso’s dolphins. This information was revised and finalized before the 
Team submitted its plan to NMFS. Therefore, the information included in this section and the 
next reflect the abundance estimates and PBR levels from the final 2005 SAR (Waring et al. 
2006). 
 
Pilot Whales 
 
The total number of pilot whales off the eastern U.S. and Canadian Atlantic coast is unknown, 
although estimates from selected regions of the habitat do exist for select time periods (see 
Waring et al. 2006 for a complete summary). Observers at sea cannot reliably distinguish long- 
and short-finned pilot whales visually. As a result, sightings of pilot whales are not identified to 
species and resulting survey estimates are considered joint estimates for both species. The best 
available estimate for Globicephala spp. in the U.S. EEZ is the sum of the estimates from the 
summer 2004 U.S. Atlantic surveys, 31,139 (Coefficient of Variation, or CV=0.27), where the 
estimate from the northern U.S. Atlantic is 15,728 (CV=0.34), and from the southern U.S. 
Atlantic is 15,411 (CV=0.43) (Waring et al. 2006). This joint estimate is the most recent 
available, and the surveys have the most complete coverage of the species’ habitat (although the 
PLTRT recognized that this estimate was limited to the U.S. EEZ). For Globicephala spp., the 
minimum population estimate, which accounts for uncertainty in the best estimate (Wade and 
Angliss 1997), is 24,866. 
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A previous survey of pilot whales in the western Atlantic Ocean was conducted during the 
summer of 1998. The best estimate for pilot whales that came out of the 1998 survey was 14,524 
(CV = 0.30, Waring et al. 2004). The estimate for the northern U.S. Atlantic was 9,800 (CV = 
0.34), while the estimate from the southern U.S. Atlantic was 4,724 (CV = 0.30). There were 
important differences in the methods between the 2004 and 1998 surveys. First, the 2004 survey 
in the southern Atlantic included a significant amount of effort along the shelf break in the mid-
Atlantic. This area was poorly covered during the 1998 survey due to both a uniform survey 
design and poor weather conditions. The majority of pilot whale sightings in 2004 were observed 
in this area, and it is therefore likely that the 1998 estimates were negatively biased. Second, the 
2004 survey in the southern Atlantic and the 2004 aerial survey in the northern Atlantic were 
corrected for g(0), whereas these 1998 surveys were not corrected for this known negative bias. 
It is possible that there was an actual increase in the abundance of the species in the surveyed 
areas between 1998 and 2004. However, the majority of the apparent increase is likely the result 
of these methodological differences. 
 
Risso’s Dolphin 
 
Total numbers of Risso’s dolphins off the U.S. or Canadian Atlantic coast are unknown, although 
eight estimates from selected regions of the habitat do exist for select time periods (Waring et al. 
2006). Sightings of Risso’s dolphins are almost exclusively in the continental shelf edge and 
continental slope areas. The best available estimate for Risso’s dolphins in the U.S. EEZ is the 
sum of the estimates from the summer 2004 U.S. Atlantic surveys, 20,479 (CV =0.59), where the 
estimate from the northern U.S. Atlantic is 15,053 (CV =0.78), and from the southern U.S. 
Atlantic is 5,426 (CV =0.540) (Waring et al. 2006). This joint estimate is the most recent 
available, and the surveys have the most complete coverage of the species’ habitat (although the 
PLTRT recognized that this estimate was limited to the U.S. EEZ). The minimum population 
estimate for the western North Atlantic Risso’s dolphin is 12,920. 
 
A previous survey of Risso’s dolphins in the western Atlantic Ocean was conducted during the 
summer of 1998. The best estimate for Risso’s dolphins that came out of the 1998 survey was 
29,110 (CV = 0.29, Waring et al. 2004). The estimate for the northern U.S. Atlantic was 18,631 
(CV = 0.35), while the estimate from the southern U.S. Atlantic was 10,479 (CV = 0.51). The 
abundance estimate from the 1998 surveys for Risso's dolphins was higher than that for the 2004 
surveys, in particular for the southern U.S. component of those surveys. There were fewer 
Risso's dolphin sightings, particularly off the coast of Georgia and northern Florida, in the 2004 
surveys despite a similar amount of survey effort in this region. It is possible that environmental 
variability or other factors are responsible for the apparent differences in the spatial distribution 
and abundance of Risso's dolphins. 
 
G. Potential Biological Removal Level 
 
Potential Biological Removal (PBR) is the product of minimum population size (in this case, of 
the portion of the stock surveyed within the U.S. EEZ), one-half the maximum productivity rate, 
and a “recovery” factor (MMPA Sec. 3., 16 U.S.C. 1362). The maximum productivity rate for 
both pilot whales and Risso’s dolphin is 0.04, the default value for cetaceans (Barlow et al. 
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1995). The “recovery” factor, which provides greater protection for endangered, depleted, or 
threatened stocks, or stocks of unknown status relative to optimum sustainable population (OSP), 
is 0.48 for both species because the CV of the average mortality estimate is between 0.3 and 0.6 
(Wade and Angliss 1997), and because both stocks are of unknown status. The PBR for the 
western North Atlantic Globicephala spp. is 239, and the PBR for the western North Atlantic 
Risso’s dolphin is 124. 
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III.  Serious Injuries and Mortalities Incidental to the Pelagic Longline Fishery  
 

A. Data Sources and Methodology 
 
The main sources of data estimating mortalities and serious injuries (bycatch) of marine 
mammals incidental to the pelagic longline fishery are the Pelagic Observer Program (POP) and 
fishery logbooks. Observer data have been collected since 1992, and logbook data have been 
reported since the mid-1980s.  
 
Observers are responsible for recording information such as: set locations and times, gear types, 
target species catch, protected species bycatch, and detail on interactions with fishing gear. 
Observer effort is allocated randomly among eleven geographic areas (Figure 1) and quarter-
years based upon reported fishing effort (Garrison, 2005). Vessels selected for coverage are 
required to notify NMFS prior to each fishing trip to determine whether they need to carry an 
observer for that trip (50 CFR 635.7). The POP then either assigns an observer to the vessel or 
provides a waiver for that trip. This fishery has been monitored on a mandatory basis with 3-6% 
observer coverage, in terms of sets observed, since 1992. The target annual coverage since 2002 
has been 8% of the total reported sets. Between 2001 and 2005, the average percent observer 
coverage in the Mid-Atlantic Bight, where most marine mammal interactions were observed, was 
6.5% of reported hooks. The average percent observer coverage for the Northeast Coastal area 
was 3.2% for this same period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Map designating the eleven areas used in analysis of the swordfish logbook data. Locations of areas are as 
follows: 1 - Caribbean (CAR), 2 - Gulf of Mexico (GOM), 3 - Florida East Coast (FEC), 4 - South Atlantic Bight 
(SAB), 5 - Mid Atlantic Bight (MAB), 6 - Northeast Coastal (NEC), 7 - Northeast Distant (NED), 8 - Sargasso 
(SAR), 9 - North Central Atlantic (NCA), 10 - Tuna North - (TUN), and 11 - Tuna South (TUS). Source: Southeast 
Fisheries Science Center Sustainable Fisheries Division. 
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The mandatory fishery logbook system requires vessel operators to report fishing effort, gear 
characteristics, and target species catch.  
 
Combined data from these two sources have been used to generate annual estimates of marine 
mammal bycatch (see Garrison 2005, Garrison and Richards 2004, Garrison 2003, Yeung 2001, 
Yeung 1999, and Johnson et al. 1999 for a detailed accounting of bycatch estimates by year). 
Serious injury and mortality rates (per 1000 hooks) are quantified based on observer data by 
year, fishing area, and quarter. The estimated serious injury and mortality rate is then multiplied 
by the total fishing effort (number of hooks) reported by fishermen in logbooks to obtain 
estimates of total serious injuries and mortalities for each marine mammal species (Garrison 
2005). 
 
Serious Injury Determinations 
 
Serious injury determinations are made based on observer comments and descriptions of 
mammal interactions with the gear. Serious injury is defined as an injury that is likely to lead to 
mortality (50 CFR part 229.2). A workshop of NMFS scientists and managers and external 
experts was convened in 1997 to evaluate the types of injuries occurring in commercial fisheries 
and develop guidelines for determining when a marine mammal observed interacting with 
commercial fishing gear was seriously injured (Angliss and DeMaster 1998). For small 
cetaceans, including pilot whales and other delphinids, it was concluded that animals that had 
ingested hooks, were released with significant amounts of trailing gear, were swimming 
abnormally, or had suffered some obvious severe external trauma should be considered seriously 
injured (Angliss and DeMaster 1998). Conversely, animals that were hooked externally or were 
released without trailing gear and swam away normally should not be considered seriously 
injured. In many cases, the exact location of a hook that is inside or near the mouth cannot be 
determined because the animal is released or breaks free (usually with trailing line) before it is 
brought close enough to the boat for clear observation. For the pelagic longline fishery, NMFS 
makes serious injury determinations on a case-by-case basis after reviewing the observations and 
comments of fishery observers (Garrison 2005). In particular, any animal that appears to have a 
hook somewhere inside its mouth, which could include hooks imbedded in the mouth or 
swallowed, is considered to be seriously injured. In addition, animals released with greater than 4 
ft. of trailing gear or with entangling gear still on the body are considered seriously injured. 
 
During the PLTRT meetings, NMFS staff reported the agency’s aspiration to convene a 
workshop in the late fall 2006 timeframe to re-examine the serious injury guidelines for marine 
mammals. Team members expressed their support for this workshop, noting that any change in 
the serious injury guidelines may have an impact on future estimates of serious injuries of pilot 
whales and Risso’s dolphins. 
 
Representativeness of Observer Coverage 
 
The estimation of serious injury and mortality levels from observer data assumes that observer 
data are representative of actual fishery bycatch rates, and logbook data represents actual fishing 
effort. However, each quarter, some percentage of vessels selected by NMFS does not carry 
observers. Concerns regarding safety or accommodations have limited the pool of sampled vessels, 
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possibly affecting the program’s ability to achieve a random sample. In order for NMFS to 
accurately monitor levels of serious injury and mortality of marine mammals in the pelagic 
longline fishery, and hence, monitor the effectiveness of the final pelagic longline TRP, data 
collected by observers must be representative of both fishing effort and catches. 
Representativeness of the sample is critical not only for obtaining accurate (i.e., unbiased) estimates 
of bycatch, but also for collecting information about factors that may be important for mitigating 
bycatch (NMFS 2004d).  
 
If certain vessels are routinely exempted from observer coverage because they do not meet the 
safety or accommodations requirements, the observer data may be biased (i.e., not representative 
of actual fishing effort). Analyses presented by Garrison at the June 2005 PLTRT meeting indicate 
that observer data are representative of data submitted by fishermen in logbooks, with respect to 
area fished, hooks per set, and mainline length (Garrison, pers. comm.). However, he also reported 
that approximately 20% of vessels in the longline fishery reporting effort have never been observed, 
and these vessels report in their logbooks a lower average number of sets per trip than observed 
vessels.13 These unobserved vessels are primarily small vessels (<45 feet) and may be either 
fishing less sets per trips, or under-reporting actual effort. 
 
B. Serious Injury and Mortality Estimates 
 
All Marine Mammals 
 
A summary of all observed marine mammal interactions in the pelagic longline fishery from 
1992-2005 is provided in Table 1. These data have not been extrapolated out to total estimates of 
serious injury and mortality, and are based upon a total of approximately 4.9 million hooks 
observed throughout the Atlantic Ocean (including the Gulf of Mexico) between 1992 and 2005.  
 
Table 1. Observed marine mammal interactions in the Atlantic pelagic longline fishery, 1992-2005. 
Species Total Observed 

Interactions 
Total Observed 

Seriously Injured 
Total Observed 

Dead 
Pilot whale 118 61 4 
Risso’s dolphin 65 30 6 
Common dolphin 6 0 0 
Bottlenose dolphin 6 2 0 
Unid. dolphin 5 2 0 
Unid. marine mammal 5 3 0 
Unid. beaked whale 3 1 0 
Pantropical spotted dolphin 3 0 0 
Atlantic spotted dolphin 3 2 0 
Striped dolphin 1 0 0 
Unid. whale 1 1 0 
Northern bottlenose whale 1 1 0 
Unid. baleen whale 1 0 0 
Killer whale 1 0 0 

                                                
13 Lance Garrison (NMFS) also reported that 58% of pelagic longline vessels that reported effort in the Mid-Atlantic 
Bight between 2001-2005 (47 of 80) have not been observed in the Mid-Atlantic Bight. This represents 
approximately 25% of all hooks and >25% of all sets. 
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Species Total Observed 
Interactions 

Total Observed 
Seriously Injured 

Total Observed 
Dead 

Minke whale 1 0 0 
Pygmy sperm whale 1 1 0 
Total 221 104 10 
  
The vast majority of marine mammals that interact with the longline fishery are pilot whales and 
Risso’s dolphins. The nature of these interactions also varies by species. Of the 61 pilot whales 
determined to be seriously injured, 5 were mouth hooked, 20 were released with entangling gear, 
and 36 were mouth hooked and released with entangling gear. Of the 30 Risso’s dolphins 
determined to be seriously injured, 7 were mouth hooked, 12 were released with entangling gear, 
and 11 were mouth hooked and released with entangling gear. Of the 13 animals from other 
species determined to be seriously injured, 2 were mouth hooked, 3 were released with 
entangling gear, and 8 were mouth hooked and released with entangling gear. Garrison reported 
to the PLTRT that animals were generally entangled in gangion or leader lines, and occasionally 
in mainlines. 
 
Figure 2 shows the distribution of marine mammal interactions across the fishery for 1992-2005. 
It illustrates that pilot whales are primarily observed to interact with the longline fishery in the 
Mid-Atlantic Bight and Northeast Coastal areas, while Risso’s dolphins interact with the fishery 
in these areas as well as the Northeast Distant area and the Gulf of Mexico. Other species interact 
with the fishery throughout its range.  
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Figure 2. Observed sets and interactions with marine mammals in the pelagic longline fishery, 1992-2005. 
 
Garrison also presented observer data indicating that the majority of pilot whale interactions 
occur in the Mid-Atlantic Bight region, during the 3rd and 4th quarters of the year (with highest 
interaction rates in September and October). 
 
In the guidelines for preparing marine mammal Stock Assessment Reports, Barlow et al. (1995) 
stipulate that a multi-year average of abundance and mortality estimates are to be used, as this 
will improve the precision of the estimates, reduce the impact of a single “bad” year, and create a 
more stable behavior for the management system. Typically, a 5-year average is used for 
mortality and serious injury estimates. Table 2 shows observed interactions with marine 
mammals by region in the pelagic longline fishery from 2001-2005. 
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Table 2. Total observed interactions with marine mammals by region in the pelagic longline fishery from 2001-
2005. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Pilot Whales 
 
The most recent estimate reported in stock assessment reports for the average combined annual 
serious injury and mortality incidental to pelagic longline fishing is 132 pilot whales (CV=0.49), 
based on the years 1999-2003 (Waring et al. 2006). The numbers of observed serious injuries 
and mortalities that were used to determine this estimate are shown in Table 3. It also includes 
more recent information presented by Garrison during the course of the meeting (Garrison 2005, 
Fairfield-Walsh and Garrison 2006). Including these more recent estimates, the 5-year average 
combined serious injury and mortality for pilot whales is currently 86 animals (CV=0.16, years 
2001-2005). 
 
Table 3. Pilot whale observed and total estimated serious injuries and mortalities, by year, for 1999-2005. The 
number of hooks observed in each year reflects coverage of the entire fishery and includes areas such as the Gulf of 
Mexico and offshore waters where marine mammal interactions are rarely observed. 
Year Observed 

Serious 
Injury 

Observed 
Mortality 

Estimated 
Annual 
Serious 
Injury 

Estimated 
Annual 
Mortality 

Total Estimated 
Annual Serious 
Injury and 
Mortality 

Total Hooks 
Observed 
(x1000) 

1999 4 1 288 93 381 291.6 
2000 4 1 109 24 133 322.3 
2001 4 1 50 20 70 290.3 
2002 4 0 52 2 54 264.9 
2003 2 0 21 0 21 436.5 
2004 6 0 74.1 0 74.1 505.9 
2005 9 0 211.5 0 211.5 431.9 
 
Risso’s Dolphin 
 
The most recent estimate reported in stock assessment reports for the average combined annual 
serious injury and mortality incidental to pelagic longline fishing is 45 Risso’s dolphins 
(CV=0.38), based on the years 1999-2003 (Waring et al. 2006). The numbers of observed serious 
injuries and mortalities that were used to determine this estimate are shown in Table 4. It also 
includes more recent information presented by Garrison during the course of the meeting 

Fishing 
Area 

Pilot 
Whales 

Risso's 
Dolphin 

Other 
Marine 

Mammals 
MAB 43 12 3 

NEC 0 10 1 

NED 1 13 9 

SAB 0 1 1 

Other Areas 2 1 7 
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(Garrison 2005, Fairfield-Walsh and Garrison, 2006). Including these more recent estimates, the 
5-year average combined serious injury and mortality for Risso’s dolphins is currently 34 
animals (CV = 0.32, years 2001-2005).  
 
Table 4. Risso’s dolphin observed and total estimated serious injuries and mortalities, by year, for 1999-2005. The 
number of hooks observed in each year reflects coverage of the entire fishery and includes areas such as the Gulf of 
Mexico and offshore waters where marine mammal interactions are rarely observed. 
Year Observed 

Serious 
Injury 

Observed 
Mortality 

Estimated 
Annual 
Serious 
Injury 

Estimated 
Annual 
Mortality 

Total Estimated 
Annual Serious 
Injury and 
Mortality 

Total Hooks 
Observed 
(x1000) 

1999 1 0 22 0 22 291.6 
2000 1 0 23 41 64 322.3 
2001 2 1 45 24 69 290.3 
2002 1 0 8 20 28 264.9 
2003 3 0 40 0 40 436.5 
2004 2 0 27.5 0 27.5 505.9 
2005 0 0 2.9 0 2.9 431.9 
 
C. Nature of Interactions 
 
Marine mammals have been observed by longline fishermen to prey on the bait and/or catch (i.e., 
depredation) and in the process either become fouled or entangled in the line or ingest the hook. 
These types of interactions result in serious injuries or even mortalities to the marine mammal 
species involved. They also result in fish or gear loss to fishermen (Beideman, pers. comm.). 
 
Marine mammal interactions with both pelagic and bottom longline gear in other fisheries were 
the focus of a Workshop on Interactions Between Cetaceans and Longline Fisheries held in Apia, 
Samoa, in November 2002 (Donoghue et al. 2004). At the workshop, researchers noted that 
depredation on longline gear by marine mammals is an increasing problem. Marine mammals 
seem interested in what is caught on the gear, as fish caught on longline gear may represent a 
foraging opportunity for certain marine mammal species. Workshop participants noted that 
depredation may result in loss of catch, loss of bait, damage to or loss of gear, and loss of time 
spent fishing. All of this results in increased vessel costs, so fishermen are highly motivated to 
find a solution to this problem.  
 
Several of the Samoa workshop participants made statements pertaining to their observations 
regarding depredation. They noted that fish damage due to cetacean depredation is significantly 
different than damage attributed to sharks. Evidence of this can be seen by examining damaged 
bait left on the hooks after haul back. They also note that sharks leave small, circular bites, while 
cetaceans tear flesh away or take the entire fish, leaving only heads or fish “lips,” or in some 
cases nothing, which makes it difficult to quantify the level of depredation occurring. Workshop 
participants felt that such interactions primarily occur during the hauling of the gear, while 
several other participants suspected that the vessels themselves were acting as an attractant to 
whales in the area. It was also noted that depredation was not always correlated with sightings or 
activities of whales around the gear. Additionally, workshop participants also expressed concerns 
about the difficulties of identifying the exact species of animal engaging in this behavior at the 
time of depredation.  
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Similar observations have been made by the U.S. Atlantic pelagic longline fleet. PLTRT fishing 
industry representatives noted that while depredation on the whole is a relatively rare event, 
when it does occur, it usually is observed during the haul back of the gear. They state that the 
damage that occurs to swordfish and tuna catch from pilot whale depredation is distinguishable 
from that done by other animals, and is characterized by the removal of the fish from the hook, 
leaving only the “lips” of the fish behind. They suggested that pilot whales are more likely to 
depredate on the bait and/or catch and get hooked as a result, whereas there has not been any 
indication of depredation by Risso’s dolphins, and interactions with Risso’s dolphins tend to 
involve entanglement. They further suggest that entanglements in the gear (as opposed to 
hookings) appear to happen when gear is slack. 
 
An analysis of information recorded on the observer program’s incidental take log form is largely 
consistent with these observations. Garrison noted that the target species primarily associated 
with pilot whale and Risso’s dolphin interactions were tuna and swordfish. Gear interactions are 
most often in the mouth, although wrapping of line around the tail is also common for Risso’s 
dolphins. He noted that most of the marine mammals observed interacting with the longline 
fishery were smaller- sized pilot whales (5 to 11 feet in length; not fully grown) and middle-sized 
Risso’s dolphins. It is not known whether this size class are more likely to interact with gear 
than are those of other size classes, or whether animals of this size class are more likely to be 
retained by the gear once hooked and/or entangled. Garrison noted that most observer reports do 
not provide enough information to discern whether pilot whales were taken as a result of 
depredation on the catch or the bait, nor were there any other obvious trends regarding marine 
mammal interactions. 
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IV. Sensory Abilities and Foraging Ecology of Pilot Whales and Risso’s Dolphins 
 
A. Sensory Abilities  
 
Odontocete cetaceans rely heavily on acoustics to sense their environment. They use both 
passive listening and active sonar (i.e., echolocation). Odontocetes possess excellent hearing. 
Risso’s dolphins have a square-shaped audiogram and hear well over a broad range of 
frequencies (4 to 95 kHz; Nachtigall et al. 1995). The frequency sensitivity of the auditory 
system for either pilot whale species is not well known. However, the most sensitive range of 
hearing for an animal is often similar to the frequency range of the sounds they produce. Based 
on the sounds produced by pilot whales, they are likely to be most sensitive to sounds between 2 
and 60 kHz. The temporal resolution of odontocete hearing is very high (e.g., Mooney et al. 
2006), which is likely an adaptation to the higher speed at which sound travels in the ocean (the 
speed of sound is approximately five times faster in the sea than in air) and the need to follow 
prey via echolocation from very close ranges during pursuit and capture phases of foraging. 
 
Bottlenose dolphins (Tursiops truncatus) have been shown to use passive listening for prey 
detection (Gannon et al. 2005). Mammal-eating or ‘transient’ killer whales (Orcinus orca) have 
also been shown to incur ecological costs from echolocating (i.e., from prey being alerted by 
echolocation). Barrett-Lennard et al. (1996, Deecke et al. (2002), and Guinet (1992) 
hypothesized that mammal-eating killer whales detect prey via passive listening. It is, therefore, 
not unreasonable to assume that pilot whales and Risso’s dolphins can use passive acoustic 
cues—such as the sounds made by fishing vessels, fishing gear, or hooked fish—to locate food 
sources. The open ocean is a good environment for sound transmission. Under favorable 
conditions, sounds produced by longline vessels should transmit over distances of several 
kilometers.  
 
Echolocation consists of three distinct processes: sound production, sound reception, and signal 
processing. For most echolocating odontocetes, as they approach a target on which they are 
echolocating (e.g., a prey item), the time interval between successive clicks decreases. This 
results from the decreasing two-way travel time of the click and its associated echo as the whale 
gets closer to the target. As an echolocating odontocete gets very close to a target the click 
repetition rate becomes very high, resulting in what is commonly referred to as the “terminal 
buzz.” Risso’s dolphins and short-finned pilot whales have been shown definitively to use 
echolocation. Short-finned pilot whales emit clicks with peak energy between 30 and 60 kHz and 
source levels of approximately 180 dB re 1 µPa at 1 m (Evans 1973). Risso’s dolphins produce 
broadband echolocation clicks that are 40-70 µs in duration with dominant frequencies around 50 
kHz and source levels between 202 and 222 dB re 1 µPa at 1 m, (Philips et al. 2003, Madsen et 
al. 2004). Echolocation has not been shown conclusively in long-finned pilot whales, but this is 
most likely due to a lack of research effort as this species produces broadband clicks that are 
similar to the echolocation sounds of well-studied species. Risso’s dolphins are thought to be 
able to detect small squid (20-cm mantle length) from a distance of 85 m (Madsen et al. 2004). 
False killer whales, Pseudorca crassidens, which produce echolocation sounds that are almost 
identical to Risso’s dolphins, are estimated to be capable of detecting 1 meter-long yellowfin 
tuna from distances of approximately 210 m (Madsen et al. 2004) 
 
In addition to echolocation sounds, pilot whales and Risso’s dolphins produce whistles and pulse 
bursts that are thought to be used for communication. Risso’s dolphins produce whistles with 
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dominant frequencies from 3.5 to 4.5 kHz (Caldwell et al. 1969) and pulse bursts with dominant 
frequencies between 2 and 5 kHz (Watkins 1967). Long-finned pilot whales emit whistles with 
dominant frequencies from 1.6 to 6.7 kHz and short-finned pilot whales produce whistles having 
dominant frequencies between 2 and 14 kHz with source levels of approximately 180 dB re 1 
µPa at 1 m (Caldwell and Caldwell 1969, Fish and Turl 1976). 
 
B. Foraging Ecology 
 
Risso’s dolphins and both species of pilot whale primarily eat medium-sized squids (mantle 
lengths of 5 to 40 cm) that inhabit neritic, oceanic, and benthic habitats (Gannon et al. 1997a, 
1997b; Kruse et al. 1999; Jordan-Sardi et al. 2005). Up to 77% of the long-finned pilot whales’ 
diet in the mid-Atlantic Bight and southern Georges Bank is long-finned squid, Loligo pealei 
(Gannon et al. 1997a, 1997b). They also eat a variety of other squids including short-finned 
squid (Illex illecebrosus) and Histioteuthid squid, and small schooling fishes such as Atlantic 
mackerel (Scomber scombrus) and Atlantic herring (Clupea harengus). The stomach contents of 
short-finned pilot whales that stranded on the Outer Banks of North Carolina in February of 2005 
included a variety of squids, including Loligo sp., Brachioteuthis riisei, Histioteuthis reversa, 
and Taonius pavo, and fishes such as big scale (Scopelogadus mizolepis) and offshore or silver 
hake (Merluccius sp.) (Jordan-Sardi et al. 2005).  
 
All three cetacean species typically swallow their prey whole and all appear to forage mostly at 
night (Gannon 1995; Shane 1995; Gannon et al. 1997a, 1997b; Kruse et al. 1999; Baird et al. 
2002). Long-finned pilot whales dive to depths of at least 650 m (Baird et al. 2002, Nawojchik et 
al. 2003) and capture their prey by suction (Werth 2000).  
 
Atlantic pelagic longline fishermen have indicated that pilot whales depredate on tuna and 
swordfish catches (AOCTRP 1996). However, neither tuna nor swordfish is a normal part of the 
pilot whale diet. Therefore, depredating on longline catches appears to be a learned behavior. It 
is not known whether one or both species of pilot whales depredate longline catches, and it is not 
known whether this behavior is confined to a small number of individuals or widespread 
throughout the population.  
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V. Description of the Atlantic, Caribbean, and Gulf of Mexico Pelagic Longline Fishery 
 
A. History and Overview 
 
For centuries in Europe, fishermen used baited hooks attached to mainline coiled in wooden tubs 
as hand-gear to harvest such bottom species as Atlantic cod. The Europeans brought this method 
of harvest to the western North Atlantic cod fishery, where it was eventually adopted in the New 
England fisheries for both cod and halibut.  
 
The Japanese developed a similar fishing gear by using hollow glass balls to float the gear in 
order to target pelagic species, primarily North Pacific bluefin tuna Thunnus thynnus orientalis. 
Originally, the mainline consisted of separate sections that were tied together during gear 
deployment and detached at haulback. Since the development of monofilament and the 
combination of baited hooks and various types of floats attached to a single-strand, longline has 
evolved into the primary worldwide method to commercially harvest large pelagic fishes, such as 
swordfish Xiphias gladius, tunas Thunnus sp., istiophorid billfishes, and carcharhinid and lamnid 
sharks.  
 
B. Domestic Pelagic Longline Fishery 
 
In the U.S. fishery, the pelagic longline gear type currently consists of a continuous 
monofilament mainline, suspended below the water’s surface by a series of foam or plastic 
floats, with regularly spaced leaders attached that end with baited hooks (see Figure 3 below). 
Vessels use radar-reflecting floats (high flyers) and radio beacon buoys to monitor the position of 
the gear while it is fishing. Each deployment of the longline gear is known as a “set.” The 
techniques used for deploying the gear can be modified to target particular species. For example, 
swordfish-directed sets often also include chemical or electronic light emitters on the leaders. 
Monofilament line diameters range from 3.0 to 4.5 mm (700 to 1600 pound test strength) for the 
mainline, and 1.28 to 2.5 mm (150 to 500 pound test strength) for the float lines and hook 
leaders. This “Florida” style of gear developed over time in part to reduce drag and visibility, 
because the keener the gear, the more target catch hook-ups, especially tunas and swordfish.  
 

 
 
Fig. 3. Typical U.S. pelagic longline gear (Arocha 1996). 
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The average longline set is approximately 28 miles in length (SEFSC 2006), but the mainline 
storage capacity can exceed 130 miles depending on the capabilities of the individual vessel. 
Various lengths of float lines and individual leaders have been used historically in the U.S. 
pelagic longline fishery to maximize the effective fishing depths. For example, the U.S. Atlantic 
swordfish fishery used to regularly employ leaders over 40 fathoms in length, but generally has 
since switched to shorter leaders. For the domestic pelagic longline fleet, the average length of 
the float line and the leader was 28.8 fathoms in 2004, but with a broad range from 1 to 240 
fathoms (SEFSC 2004). 
 
Hook depth can range from just below the surface to over 150 fathoms, although most U.S. 
longline vessels do not fish this deeper gear configuration. The depth of the hooks depends partly 
upon the concave curve in the mainline created by the distance between floats, allowing the 
hooks to effectively fish at varying depths within the same set. This curve can also be created by 
deploying the mainline faster than the vessel is moving forward or by using a “line thrower.” 
Recent studies (e.g., Bigelow et al. 2006) have suggested that traditional equations used to 
calculate the predicted depth of the hooks may overestimate the actual depths. The average 
reported distance between hooks was approximately 230 feet in 2004 (SEFSC 2006). 
 
Opportunistic pelagic longlining by converted groundfish vessels started in the late 1950s in 
New England for Atlantic bluefin tuna T. thynnus thynnus (Wilson 1960). The dedicated longline 
fishery developed in earnest during the mid-1960s and continuously expanded into the late 1980s 
(Gibson 1988). Since 1994, the number of vessels has generally declined, although the number 
of deployed hooks (effort) has fluctuated by year and by NMFS statistical area. The success of 
this fishery, and all others targeting highly migratory species, is affected by the status of the 
target species stocks. Both domestic and international conservation measures are necessary to 
maintain or rebuild the fish populations and the fisheries that depend on them.  
 
As described in the Draft Consolidated Highly Migratory Species (HMS) Fishery Management 
Plan (FMP) (NMFS 2005c), the U.S. pelagic longline fishery has been historically comprised of 
five distinct fishery segments. Each segment of the fishery is characterized by differences in 
target catch, gear characteristics, bait choices, deployment techniques, and general area of 
operation (for regulatory definitions of management areas, see 50 CFR 635.2). Each component 
of the fishery is comprised of small, medium and large vessels. Each vessel also has different 
range capabilities due to fuel capacity, hold capacity due to vessel size and layout, and seasonal 
versus year-round operations. The fishery segments are described below: 
 
Gulf of Mexico Yellowfin Tuna: These vessels primarily target yellowfin tuna year-round; 
however, some vessels direct effort to swordfish on a seasonal basis. Many of these vessels also 
participate in other Gulf of Mexico fisheries. The Gulf of Mexico tuna fishery is currently 
recovering from extensive vessel and fisheries infrastructure damage resulting from the 2005 
hurricane season. 
 
South Atlantic Florida East Coast to Cape Hatteras Swordfish: These pelagic longline 
vessels primarily target swordfish year-round. Smaller vessels fish in the Straits of Florida up to 
the bend in the Gulf Stream off Charleston, South Carolina. Mid-sized and larger vessels 
historically migrated seasonally from the Yucatan to the West Indies and Caribbean Sea and 
sometimes as far north along the U.S. east coast as southern New England to target bigeye tuna 
and swordfish during the late summer and autumn. Current international boundary issues now 
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prevent U.S. vessels from fishing such straits as the Windward Passage between Haiti and Cuba 
and the Yucatan Channel between Mexico and Cuba, both traditional winter fishing grounds. 
With the depletion of viable fishing grounds in this segment, this fleet is severely diminished. 
  
Mid-Atlantic and New England Swordfish and Bigeye Tuna: This fishery has evolved during 
recent years to almost exclusively directed tuna trips. However, swordfish also comprise an 
important secondary target catch in this multi-species fishery. Some vessels participate in this 
directed mixed tuna/swordfish fishery during the summer and fall months, then switch to other 
fisheries, including scallops, monkfish, and tilefish during the winter season.  
 
Additionally, the use of “greenstick” gear to target bigeye and yellowfin tuna in the Mid-Atlantic 
Bight is a relatively new component of this fishery segment that was only brought to the 
attention of the Team at its final (April 2006) meeting. Greensticking is a method of trolling 
pelagic baits behind a moving vessel. The “greenstick” is a fiberglass or wooden pole that 
stretches 35-45 feet high and holds a long, high test line (Westcott 1996). It is mounted upright 
near the center-line of the vessel and used to attach multiple trolling lines that stretch several 
hundred feet behind the boat, and which are held taut by dragging a wooden structure known as a 
“bird.” These lines may be fixed to the mainline and hauled back with the mainline by a single 
reel or winch, or the lines may be clipped to the mainline and hauled back individually by 
separate reels. The height of the greenstick allows several lines, often with multiple hooks, to 
skip across the surface up to approximately 100 yards off the stern of the vessel to attract 
yellowfin and bigeye tuna. Because it technically falls under the current NMFS definition of 
pelagic longline gear (because it has a mainline with 3 or more hooks attached, see definitions at 
50 CFR 635.2), when fished commercially (i.e., with gear set to be pulled all at once), it is 
considered to be part of the U.S. Atlantic pelagic longline fishery. 
 
U.S. Atlantic Distant Water Swordfish: The fishing grounds of this fleet range virtually the 
entire span of the western North Atlantic to as far east as the Azores and the Mid-Atlantic Ridge. 
Vessels operate out of Mid-Atlantic and New England ports during the summer and fall months, 
with some vessels moving to Caribbean ports during the winter and spring months. Historically, 
many of the current distant water operators were among the early participants who began the 
U.S. directed Atlantic swordfish industry and later entered into chartering arrangements with 
such countries as Brazil. These are generally larger vessels with greater ranges and capacities 
than the coastal fishery participants.  
 
Caribbean Island Tuna and Swordfish: Historically, this fleet was similar to the southeast 
coastal fishery, consisting primarily of smaller vessels making short trips relatively near-shore. 
Typical of most pelagic fisheries, this fishery had a multi-species catch of swordfish, tunas, and a 
variety of other pelagic finfish. Due to regulations and increasing expenses, this pelagic longline 
fishery has vanished. In recent years, a yellowfin tuna directed pelagic longline fishery based in 
Trinidad and Tobago has developed. 
 
For all segments of the fleet, fishing effort is generally focused on “edges of water” (oceanic 
fronts, typically identified by differences in currents, water temperature, and color), where 
targeted pelagic species frequently aggregate. These naturally occurring differences in water 
masses are generally found between the continental shelf and offshore slope waters, but these 
”breaks” (fronts) also occur along the Mid-Atlantic and Northeast Coastal areas as “warm-core” 
rings that spin off from the western edge of the Gulf Stream.  
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The NMFS Southeast Fisheries Science Center (SEFSC) has the delegated responsibility to 
collect data from the U.S. fisheries that harvest highly migratory species in the Atlantic Ocean, 
including the Caribbean Sea and the Gulf of Mexico. The SEFSC cooperates with the NMFS 
Northeast and Southeast Regional Offices as well as state fisheries agencies to collect these 
fisheries data. As part of these data collection programs, the commercial pelagic longline fleet is 
required to carry federal fisheries observers through the NMFS Pelagic Observer Program (POP) 
when selected and to submit logbooks detailing all of the fishing activities by each vessel for 
highly migratory species. 
 
The SEFSC publishes annual summaries of pelagic longline activity as reported by both the POP 
and the mandatory logbook submissions. Longline effort is reported as the number of hooks and 
the number of sets, as well as the number of active vessels operating in the fishery. The total 
reported pelagic longline effort included 7.22 million hooks and 9,680 sets during 2004 
(Garrison 2005). In 2003, there were only 127 active vessels in the U.S. pelagic longline fishery, 
reflecting the decrease in the number of active vessels from a high of 501 in 1994 (Abercrombie 
et al. 2005). This reduction in active vessels continues to date with approximately 94 active in 
2005 (Beideman, pers. comm.). 
 
C.  International Pelagic Longline Fisheries 
 
Pelagic longline fleets of other nations comprise over 90% of the longline fishing effort in the 
Atlantic Ocean and adjacent waters (Witzell et al, 2001). These fishing vessels use similar gear 
and fishing practices as the U.S. fishery and most certainly interact with pilot whales and other 
marine mammals (no data is available on bycatch of Risso’s dolphins in international fisheries). 
Countries with large registered longline fleets in the Atlantic Ocean include Japan, the various 
countries of the European Community, the Republic of China (i.e., Taiwan or Chinese-Taipei), 
and South Korea (ICCAT, 2006). 
 
The United States, through such venues as the International Commission for the Conservation of 
Atlantic Tunas (ICCAT), has long encouraged other nations to evaluate and adopt mitigation 
measures in their fishing fleets to reduce the mortality of marine mammals incidentally taken on 
pelagic longline gear. Any U.S. gear development research effort should include an outreach 
program to encourage the development and use of practical measures to reduce pilot whale 
mortalities by foreign fleets. 
 
D. Regulatory/Management Structure 
 
Fishery Management Plans 
 
Atlantic highly migratory species (HMS) are managed under the dual authority of the Magnuson-
Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act) and the Atlantic 
Tunas Convention Act (ATCA). The Magnuson-Stevens Act, at 16 U.S.C. 1802(14), defines the 
term “highly migratory species” as tuna species, marlin (Tetrapturus spp. and Makaira spp.), 
oceanic sharks, sailfishes (Istiophorus spp.), and swordfish (Xiphias gladius). Further, the 
Magnuson-Stevens Act, at 16 U.S.C. 1802(27), defines the term “tuna species” as albacore tuna 
(Thunnus alalunga), bigeye tuna (Thunnus obesus), bluefin tuna (Thunnus thynnus), skipjack 
tuna (Katsuwonus pelamis), and yellowfin tuna (Thunnus albacares). Under the Magnuson-
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Stevens Act, NMFS must, consistent with the National Standards, manage fisheries to maintain 
optimum yield (OY) by rebuilding overfished stocks and preventing overfishing. Under ATCA, 
NMFS is authorized to promulgate regulations, as may be necessary and appropriate to 
implement the recommendations from the International Commission for the Conservation of 
Atlantic Tunas (ICCAT). ICCAT consists of 38 contracting parties as well as other cooperating 
parties - including Canada, the European Union, Japan, and the People’s Republic of China - that 
fish for tunas and tuna-like species throughout the Atlantic. Since 1966, ICCAT’s stated 
objective has been to “cooperate in maintaining the populations of these fishes at levels which 
will permit the maximum sustainable catch for food and other purposes.” 
 
Currently, tunas, swordfish, and sharks are managed under the FMP for Atlantic Tunas, 
Swordfish, and Sharks (implemented in 1999 and amended in 2003) and billfish under the 1988 
Atlantic Billfish FMP (amended in 1999). The implementing regulations for both FMPs are 
found at 50 CFR Part 635. 
  
Fishery Specific Requirements 
 
Atlantic HMS fishermen who use pelagic longline gear generally target swordfish and tunas, but 
also catch other species such as sharks, billfish, and dolphin fish (Coryphaena hippurus). 
Longline fishermen also incidentally catch protected species (e.g., sea turtles and marine 
mammals). Thus, the regulations in place for the pelagic longline fishery are implemented for a 
variety of reasons at both the domestic and international level in order to ensure sustainability of 
target and incidental species. Some of the regulations that apply to HMS pelagic longline 
fishermen include: 
 

• Permit requirements: Fishermen that are targeting swordfish or tunas and who are using 
pelagic longline gear are required to hold an Atlantic tunas pelagic longline category 
permit, a directed or incidental Atlantic swordfish permit, and a directed or incidental 
shark permit. These permits are required to allow fishermen to land at least some of each 
HMS (not including billfish) that they may catch. Directed permits (those that allow the 
fishermen to target a specific species) have upgrading requirements that limit the size 
(i.e., horsepower, length overall, and tonnage) of any future modifications to the existing 
vessel or the transfer of the permit to a different vessel. Fishermen can only sell their 
catch to permitted dealers.  

• Reporting requirements: Commercial HMS fishermen are required to submit logbooks 
and cost-earning reports within seven days after every trip, or to submit “no fishing” 
reports each month, as appropriate. Dealers are also required to submit landings and 
economic reports to NMFS.  

• Gear and vessel marking requirements: Fishermen are required to paint their U.S. Coast 
Guard identification number on their vessel and their vessel name (initials) on each float 
and high-flyer.  

• Monitoring requirements: Vessels must carry an observer if selected, and observed 
vessels must comply with all safety regulations and allow the observer access to fish, 
logs, and equipment. The 2004 ESA Biological Opinion for the Atlantic pelagic longline 
fishery required an increase in observer coverage to a minimum of 8% of total annual 
reported sets to ensure that incidental takes of endangered leatherback sea turtles are 
adequately monitored and do not exceed authorized levels. This “reasonable and prudent 
alternative” was necessary to avoid jeopardy to ESA-listed species, and also required that 
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by December 31, 2006, “there must be no quarter-area stratum with an assumed sea turtle 
take of zero because of lack of current or historic observer coverage and current year 
reported effort over 30 sets” (NMFS 2004c). Vessels are also required to have an 
operating vessel monitoring system (VMS) onboard. This system must be turned on and 
be operating 2 hours before leaving port and remain on until the vessel returns to port.  

• Bycatch or bycatch mortality reduction measures: There is a suite of measures designed 
to reduce bycatch or bycatch mortality. These measures are more fully discussed in 
Section VI of this document, and include time/area closures, gear requirements for sea 
turtle interactions, a requirement to move 1 nm after an interaction with a marine 
mammal or sea turtle, and a prohibition on the use of live bait in the Gulf of Mexico.  

• Species-specific restrictions: Fishermen are limited in the amount or size of fish, 
including target species, which can be landed. Pelagic longline fishermen cannot retain 
billfish and cannot target bluefin tuna. Fishermen are also limited by the available quota, 
fishing seasons, minimum size, retention limits, landing restrictions (e.g., swordfish 
cannot be filleted), and prohibited species.  

 
Proposed Rule to Consolidate HMS FMP 
 
On August 19, 2005, NMFS published a proposed rule to consolidate the management of all 
Atlantic HMS - swordfish, tunas, shark, and billfish - under one FMP (70 FR 48804). While the 
proposed rule would affect various aspects of how HMS fisheries are managed, aspects of the 
proposed rule with possible implications for the pelagic longline fishery are as follows: 
 

• Mandatory sea turtle handling and release workshops to educate vessel owners and 
operators on using required equipment to handle and release sea turtles and other 
protected species (with re-certification required every 3 years)14; 

• Close Madison-Swanson and Steamboat Lumps, consistent with Gulf of Mexico Fishery 
Management Council regulations; 

• Establish criteria to consider when implementing or modifying closures; and 
• Define pelagic longline gear as having > 71 floats and having a certain species 

composition to the catch, so as to distinguish it from bottom longline gear.  
 
As part of the Draft HMS FMP, NMFS also proposed defining greenstick gear as “a line that is 
elevated, or suspended, above the water’s surface from which no more than 10 hooks or 
gangions may be hung. The gear must be actively trolled and configured so that the baits are 
fished on or above the surface of the water. The suspended line, attached gangions, and catch 
may be retrieved collectively by hand or by mechanical means.” The purpose of this definition 
was to differentiate between greenstick gear and pelagic longline gear and to establish specific 
regulations for greenstick gear. Specifically, NMFS proposed allowing the commercial harvest 
of bigeye, albacore, and yellowfin tunas using greenstick. Bluefin tuna would not be allowed. 
Because this gear uses three or more hooks, greenstick gear currently meets the definition of 
longline gear at 50 CFR 635.2.  
 
The comment period for the proposed rule and Draft HMS FMP closed on March 1, 2006. The 
FMP and final rule are expected to be published later in 2006. 
                                                
14 Instructions on how to handle and release marine mammals can likely be worked into the workshops and other 
materials required to be carried on vessel. 
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VI. Summary of Bycatch Reduction Strategies Currently Used in Longline Fisheries 
 
The following is a summary of both regulatory and non-regulatory strategies that are currently 
used in the Atlantic longline fishery as well as other longline fisheries to reduce bycatch of 
marine mammals, sea turtles, or other species.  
 
A. U.S. Atlantic, Caribbean, and Gulf of Mexico Pelagic Longline Fishery 
 
The U.S. Atlantic, Caribbean, and Gulf of Mexico pelagic longline fishery is subject to specific 
regulatory measures to rebuild overfished stocks, maintain sustainable stocks, and reduce 
bycatch and bycatch mortality, to the extent practicable, of a number of species including, but 
not limited to, sea turtles and, to a lesser degree, marine mammals. Additional measures to avoid 
the likelihood of jeopardy to sea turtles, as required by the ESA, have also been incorporated as 
necessary for the continued operation of the Atlantic pelagic longline fishery. Regulatory 
measures include time/area closures, safe handling and release gear and protocols for sea turtles, 
mandatory use of circle hooks, and use of mackerel bait. Preliminary information provided to the 
Team indicate that this suite of mitigation measures has reduced bycatch of sea turtles and 
billfish, but the extent of the reduction, as well as the impact of the mitigation measures on 
marine mammal bycatch, is not yet known.  
 
Several of the regulatory measures described below were included in the Atlantic Offshore 
Cetacean Take Reduction Plan (AOCTRP), dated November 22, 1996. AOCTRP 
recommendations to reduce serious injuries and mortalities of marine mammals in the longline 
fishery included: increase education and outreach to enhance avoidance techniques (through 
workshops for fishermen, development and use of guidelines for interactions and 
disentanglement, and enhanced communication among vessel operators at sea); implement 
limited entry of new vessels into the fishery; research gear modifications and/or operating 
procedures, as well as cetacean behavior and acoustical systems; limit the length of longline gear 
in the Mid-Atlantic Bight; reduce soak time by hauling gear in the order it was set; and move 
vessels after one entanglement. The AOCTRP also had several research and data 
recommendations including: more comprehensive surveys of affected marine mammal stocks to 
improve the precision of abundance estimates; optimal allocation of observer coverage and 
increased funding for observer coverage; and the development of criteria for assessing marine 
mammal injuries. Some of these measures were implemented via Magnuson-Stevens Act 
regulations in 1999, such as limited entry, moving after one entanglement, and a temporary 
requirement to limit mainline length in the Mid-Atlantic Bight. Guidelines for handling hooked 
or entangled were developed and distributed to the fishery, and criteria for determining serious 
injuries were developed at a NMFS workshop held in 1997 (Angliss and DeMaster 1998). 
Additional funding for observer coverage of the longline fishery was appropriated by Congress 
beginning in 2001, and additional cetacean surveys were conducted in 2004. Other AOCTRP 
recommendations were proposed but not finalized, such as the measure to reduce soak time by 
hauling gear in the order it was set. During the public comment period on the proposed rule, 
concerns were raised regarding safety and fuel costs associated with this measure. Research 
recommendations were also not fully implemented. The pelagic longline Take Reduction Team 
members reviewed these recommendations in their own analysis of potential management 
measures, and noted that the effectiveness of the pelagic longline TRP will be contingent on 
implementing all of the final consensus recommendations.  
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1. Regulatory Measures 
 
Time/Area Closures 
 
A closed area is an area of the ocean closed to either a certain fishing gear, vessel size, or for a 
certain target species. Closures affecting the Atlantic pelagic longline fishery were implemented 
at various times since 1999 to reduce bycatch of a number of species or life-stages including, but 
not limited to, juvenile swordfish, large coastal sharks, prohibited sharks, bluefin tuna, billfish, 
and sea turtles. It is important to note that while closures may reduce bycatch of certain species, 
they may also increase bycatch of other species if fishing effort shifts to open areas. 
 
The following time/area closures are currently in effect for the pelagic longline fishery (see also 
Fig. 4):  

• DeSoto Canyon (Gulf of Mexico) – closed all year; 
• East Florida Coast – closed all year; 
• Charleston Bump – closed February 1 – April 30 of each year; 
• Northeastern U.S. – closed in June of each year; and 
• Northeast Distant – restricted fishing area. 

 

Fig. 4. Map of areas closed to fishing under the HMS FMP for all or part of the year (from the 2005 Guide for 
complying with the regulations for Atlantic tunas, swordfish, sharks and billfish, (NMFS 2005b)).  
*The Northeast Distant Closed area is open to vessels that are using specific gear and bait combinations. 
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Vessel monitoring systems (VMS) are required on all longline vessels. VMS provides 
enforcement personnel with periodic reports of the location of fishing vessels, which aids in 
enforcing closed areas.  
 
Sea Turtle Handling and Release Requirements 
 
Sea turtle handling and release requirements have been established in recent years in the Atlantic 
pelagic longline fishery to maximize the survival of bycaught sea turtles. The 2004 Biological 
Opinion on the Atlantic pelagic longline fishery for Highly Migratory Species (NMFS 2004c) 
required maximum removal of hooks and entangling gear to achieve specific post-hooking 
mortality reduction targets and ensure against jeopardy15 to leatherback (Dermochelys coriacea) 
sea turtles, with required adaptive management time/area closures if such targets were not met. 
These requirements include: 

• Posting the sea turtle handling/release guidelines placard (NMFS 2004b) in the vessel’s 
wheelhouse; 

• Possessing inside the vessel’s wheelhouse the document entitled “Careful Release 
Protocols for Sea Turtle Release with Minimal Injury” (Epperly et al. 2004); 

• Having the necessary mitigation gear onboard (e.g., line clippers, dehooker for internal 
and external hooks, dipnets, a tire, long-nose pliers, bolt cutters, mouth openers, and 
gags) as specified at 50 CFR 635.21; and 

• Following the procedures for safe handling and release of incidentally taken sea turtles 
identified on the NMFS (2004d) placard and in Epperly et al. (2004), and codified at 50 
CFR 223.206(d)(1) and 50 CFR 635.21.  

 
Gear and Bait Requirements 
 
Since 2002, fishermen have been required to ensure that the length of each gangion is 10% 
longer than the length of any floatline, if the sum of the gangion and the floatline is under 100m. 
This is to enable turtles caught on deep sets to return to the surface to breathe. Additionally, 
fishermen are required to use corrodible hooks. As of Summer 2004, NMFS implemented 
requirements for circle hooks instead of the traditional “J” hook type to reduce sea turtle bycatch 
and mortality (69 FR 40734, July 6, 2004; see also Watson et al. 2004). Gear and bait 
requirements are as follows: 

• Outside the Northeast Distant Area, only circle hooks that are 18/0 or larger with an 
offset not to exceed 10o, or non-offset circle hooks that are16/0 or larger can be onboard 
the vessel, and only whole finfish and/or squid bait; 

• Inside the Northeast Distant Area, only 18/0 or larger circle hooks with an offset not to 
exceed 10o can be onboard the vessel and only whole Atlantic mackerel and/or squid bait. 

 
Moving the Vessel  
 
Another method used by fishermen to avoid marine mammal interactions is moving a vessel 
away from an area where marine mammals have been sighted. This preventative action is based 

                                                
15 Reasonable and prudent alternatives in biological opinions such as the gear removal requirements discussed 
above, must ensure that the continuation of the action at issue do not jeopardize the continued existence in the wild 
of species protected under the ESA.  An action jeopardizes listed species if it would appreciably reduce the 
likelihood of both the survival and recovery of the species in the wild. 
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on the observation that both marine mammals and sea turtles (as well as certain target species) 
tend to congregate along water temperature fronts or near certain bathymetric features. By 
moving away from these features, fishermen may reduce the potential for further interactions.  
 
Based on observer data indicating that longline fishermen who had one interaction with a marine 
mammal were more likely to have another interaction if they continued fishing in the same area, 
the Atlantic Offshore Cetacean Take Reduction Team (AOCTRT 1996) recommended that 
NMFS implement a regulation requiring a vessel to move after a marine mammal interaction. 
When the HMS Division implemented the AOCTRT’s recommendations, they were expanded to 
include sea turtles. Current regulations at 50 CFR 635.21(c)(3) require that fishermen move 1 
nautical mile after an interaction with either a marine mammal or a sea turtle. 
 
It is difficult to determine just how effective the “move 1 nautical mile” requirement has been. 
First, fishermen must travel the entire length of the mainline, which is often 20 to 40 nautical 
miles long, when hauling back a longline set. Thus, depending on where an interaction occurs 
along a stretch of mainline, the fishing vessel likely will have moved several miles from the 
interaction while hauling back the rest of the set, making the requirement somewhat irrelevant. 
Second, the direction of movement is likely to be important; for example, moving into an area 
with different water conditions may be more effective than moving some predetermined distance 
(PLTRT discussions, Jan 2006). Third, enforcement of the requirement is difficult. Nevertheless, 
as a general measure, moving away from areas where protected species interactions have 
occurred or away from areas where they are observed to be abundant is believed to be an 
effective bycatch reduction measure. 
 
Limiting the Length of the Mainline  
 
Temporary regulations at 50 CFR 635.21(c)(1) were implemented on August 1, 1999, and 
expired on November 30, 2000, limiting the length of the mainline of pelagic longline fishing 
gear in the mid-Atlantic Bight to 24 nautical miles. This measure originated from AOCTRT 
recommendations to limit mainline length in the Mid-Atlantic Bight to 24 nautical miles from 
August through November for one year, as an interim strategy. NMFS is currently evaluating the 
effectiveness of this measure in reducing bycatch of marine mammals during that time frame. A 
brief examination of the logbook data available for this time period indicated little compliance 
with the AOCTRT’s recommendation, and a significant amount of fishing effort occurred in the 
Mid-Atlantic Bight with longlines greater than 24 miles. PLTRT members believed that much of 
this apparent lack of response was related to relatively little outreach and education associated 
with the implementation of these measures as well as poor enforcement of this requirement. 
 
2. Non-Regulatory Strategies 
 
Atlantic pelagic longline fishermen are motivated to avoid interactions with marine mammals, as 
these interactions can result in significant economic loss due to both fish and gear loss. They also 
represent a risk to vessel operators and crew, as pilot whales caught in gear can be very 
dangerous, due to the size and strength of the whales.  
 
Pelagic longliners use a variety of voluntary methods to both avoid marine mammals and try and 
release them with minimal harm. They state that releasing pilot whales requires keeping them 
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calm at all times, and maintaining control of both ends of the main line. De-hookers and line 
cutters designed for sea turtles may also be useful for releasing marine mammals. Fishermen state 
that when de-hooking has been attempted, it has been more successful with smaller/juvenile pilot 
whales (although few details were provided regarding these events). 
 
The following are some additional methods used by the fleet, as indicated by fishermen on the 
PLTRT. Team members recognized that many of these are difficult to monitor in terms of how 
often fishermen actually do employ them, and how effective they might be in reducing bycatch of 
marine mammals if used consistently.  
 
Captain’s Communications 
 
Captain’s communications involve sharing information among longline vessel operators (i.e., 
captains). Such information may include reports of recent bycatch, and/or locations of protected 
species (pods or individual animals). Currently in the Atlantic pelagic longline fishery, these 
communications consist primarily of conversations between friends or cooperating groups of 
fishermen. In other instances, these types of communications may be more formal and include 
gentlemen’s agreements, or collection, analysis, and dissemination of communications by a third 
party (e.g., Seastate, Inc. in the North Pacific groundfish fishery). For this strategy to be 
effective, the exchange of information must be timely and the entire fleet in an area/region must 
cooperate. Additionally, it must result in an action being taken to either avoid or reduce bycatch 
(e.g., captains need to describe the nature of their protected species interactions, discuss the 
results of any mitigation or safe handling/release measures used, and share best practices). 
Members of the Team noted that the use of captain’s communication to avoid marine mammal 
interactions in the Hawaii pelagic longline fishery has been limited in its effectiveness because 
full cooperation by all captains is hard to achieve (Gilman et al. (2005).  
 
Delaying Fishing Activities 
 
When marine mammals are seen in the fishing area or interact with gear, vessel operators may 
cease fishing operations until they believe that the animals have left the vicinity. This method is 
based on the belief that marine mammals are alerted to bait and hooked fish by the sound of the 
boat or the noise created when gear is being set and/or hauled back. In theory, if fishing activity 
is halted for an extended period of time (a day or more), the animals will lose interest and 
eventually leave the area.  
 
Steaming Away From the Gear Prior to Haul Back 
 
This action is based on the theory that marine mammals are cueing into the sound of the boat. 
Steaming away from the gear prior to haul back is an effort to confuse or lose marine mammals 
that may be cueing in on the boat. Some longline vessel operators do this in the hopes that 
“problem” animals will follow the vessel away from the gear and then lose interest and leave the 
area by the time the boat returns to the gear and actually start haul back. 
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Bycatch Handling and Release Training Workshops 
 
There have been a number of voluntary, industry-sponsored workshops convened to help vessel 
operators and crew gain experience and training in the handling and safe release of sea turtles 
and other bycatch. The requirement for mandatory workshops is a component of the proposed 
rule to consolidate the HMS FMP. 
 
B. Other Pelagic Longline Fisheries 
 
Pelagic longline fisheries in other areas have also implemented mitigation measures in an effort 
to decrease marine mammal and sea turtle bycatch.  
 
1. Dolphin and Wahoo Fishery of the Atlantic 
 
On May 27, 2004, the final rule for the dolphin (the fish - Coryphaena hippurus) and wahoo 
(Acanthocybium solandri) fishery of the Atlantic was issued (69 FR 30235). The rule is intended 
to facilitate the management and conservation of dolphin and wahoo stocks off the Atlantic 
states, and to ensure that no new fisheries develop for these species. The rule requires that the 
owner or operator of a vessel for which a commercial permit for dolphin and wahoo has been 
issued, and that has onboard a pelagic longline, must post the sea turtle handling and release 
guidelines inside the wheelhouse, and comply with some of the same sea turtle bycatch 
mitigation measures as required for highly migratory species pelagic longline fisheries. These 
measures include carrying and using equipment such as line clippers and dehookers (50 CFR 
622.41(l)(2)). These measures do not include the gear modifications required for HMS pelagic 
longline fishermen such as gangion length, corrodible hooks, hook size or type, or bait 
requirements. Longline fishing for dolphin and wahoo is also prohibited in areas closed to the 
use of such gear for highly migratory pelagic species (50 CFR 622.35(h)). The compliance guide 
for the final rule summarizes other requirements for the fishery, including permit and reporting 
requirements, and bag and trip limits (NMFS 2004a). A total of 1680 permits have been issued 
by the NMFS Southeast Region for dolphin and wahoo; 122 of these permit holders also have 
swordfish directed and incidental permits (NMFS Southeast Regional Office Permits Office). 
 
2. Hawaii-Based Pelagic Longline Fishery 
 
The Hawaii-based longline fishery has implemented several measures that are targeted at 
reducing the bycatch of both sea turtles (primarily leatherbacks and loggerheads) and seabirds.  
 
On April 2, 2004 (69 FR 17329), a final rule was published that established several sea turtle 
conservation and management measures for the Hawaii-based longline fishery (see also 50 CFR 
660.33). These included requirements that every longline vessel carry on board NMFS-approved 
line clippers, dip nets, dehookers, and other devices, and that fishermen follow requirements for 
safe handling and release of incidentally taken sea turtles. Other sea turtle conservation measures 
include: 1) an annual limit of 2,120 shallow-set longline sets north of the equator per year 
(implemented through the issuance of certificates authorizing each set), 2) the use of offset 18/0 
or larger circle hooks (10o offset), 3) the use of mackerel-type bait, 4) the mandatory submission 
of logbooks with shallow-water set certificates attached, and 5) 100% observer coverage of 
fishing vessels conducting shallow water sets. Mandatory bycatch limits were also set for takes 
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of leatherback and loggerhead sea turtles, and procedures were established to restrict shallow-
water fishing should those limits be reached.  
 
Seabird conservation requirements are directed at longline vessels that fish north of 23o N lat., 
and include: 1) the use of a line setting machine or line shooter to set the mainline when making 
deep sets using monofilament line, 2) the attachment of weights, 3) the use of blue-dyed and 
thawed bait, 4) the discharge of offal or spent bait on the opposite side of the vessel from where 
the gear is being set or hauled, 5) the removal of hooks from offal or spent bait before discharge, 
and 6) the setting of gear at night, specifically no earlier than one hour after local sunset and no 
later than local sunrise. Regulations also specify procedures for handling and release of short-
tailed albatrosses (50 CFR 660.35).  
 
In addition, all longline fishermen are required to attend, and earn certification following, 
completion of a NMFS workshop on mitigation, handling, and release techniques for sea turtles, 
sea birds, and other protected species (50 CFR 660.34).  
 
On March 24, 2006, NMFS took emergency action and issued a temporary rule to close the 
Hawaii shallow-set longline fishery because the fishery had exceeded its number of allowed 
interactions with endangered and threatened sea turtles (71 FR 14824). The fishery will remain 
closed through December 31, 2006. 
 
C. U.S. Bottom Longline Fisheries 
 
Bottom longline gear is similar to pelagic longline gear in that they both consist of a series of 
hooks usually numbering in the hundreds to thousands, attached to a mainline that may be up to 
40 miles long. The main difference in the two gear configurations is where the hooks are set in 
the water column. Bottom longline gear is not suspended in the water with floats, as is the case 
with pelagic longline gear. Instead, bottom longlines employ a series of weights or anchors to 
ensure that the gear is placed on or close to the ocean bottom. 
 
1. Atlantic and Gulf of Mexico Shark Bottom Longline Fishery  
 
The Atlantic and Gulf of Mexico shark bottom longline fishery has implemented several 
measures to reduce bycatch of sea turtles, marine mammals, smalltooth sawfish, and prohibited 
sharks. When a marine mammal, sea turtle, or smalltooth sawfish is hooked or entangled in the 
gear, fishermen must immediately release the animal, retrieve the gear, and move at least 1 nm (2 
km) away from where the interaction occurred before resuming fishing (50 CFR 635.21(d)). 
Bottom longliners are required to carry and use linecutters and dipnets to release sea turtles, 
prohibited sharks, and other animals, as appropriate. On March 29, 2006, NMFS published a 
proposed rule that would require bottom longline fishermen to use the same dehooking 
equipment that is required in the pelagic longline fishery (71 FR 15680). Fishermen that hook 
smalltooth sawfish are to keep fish in the water maintaining water flow across the gills, examine 
the fish for research tags, and cut the line as close to the hook as possible (dehooker devices 
should not be used on smalltooth sawfish). As of 2005, the Mid-Atlantic Bight is closed to 
bottom longlines from January 1 to July 31 each year to reduce bycatch mortality of juvenile 
sandbar and prohibited dusky sharks (NMFS 2005a). Additionally, bottom longliners must use 
corrodible hooks (50 CFR 635.21(d)). 
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2. Gulf of Alaska Sablefish Bottom Longline Fishery 
 
Hill et al. (1999) conducted a pilot study to observe and document interactions between sperm 
whales and the Gulf of Alaska bottom longline fishery, following up on anecdotal reports 
regarding sperm whales stealing sablefish catch off longline gear. The 1998 study placed 
observers on longline vessels in both the Gulf of Alaska and the Bering Sea. There were no 
observed interactions in the Bering Sea fishery, but sperm whales were present in 28.5% of the 
sets in the Gulf of Alaska, with 46.2% of longline sets in which sperm whales were present 
exhibiting fish damage (Hill et al. 1999). Mortality or serious injury to sperm whales was not 
observed. Interactions were correlated with landings of sablefish and with water depths greater 
than 200 fathoms (366 meters). Interactions were also more likely to occur in specific locations, 
namely within North Pacific Fishery Management Council Statistical Reporting Areas 630 
through 680. Actual fish loss due to depredation by sperm whales was difficult to estimate due to 
high variability in fish catch per set and small sample sizes of observed sets with sperm whale 
depredation.  
 
Jan Straley and Aaron Thode presented information regarding the Southeast Alaska Sperm 
Whale Avoidance Project (SEASWAP) at the third meeting of the PLTRT. They provided an 
overview of the gear and fishery, area of research, and vessels involved in the study. They noted 
that the study is of particular interest to fishermen because of the economic loss due to high 
depredation rates of bait and target species (sablefish, and to a lesser degree, halibut). The 
objectives of their research are to:  

• Gain a greater understanding of sperm whales in the Gulf of Alaska, using genetic 
analyses and photo identification 

• Determine the spatial and temporal nature of interactions between sperm whales and 
longline vessels, using a core team of fishermen to collect data on interactions, and  

• Study the acoustics of whales and vessels, using passive acoustic recorders.  
They noted that before gear modifications could be made or deterrents tested, additional 
information was needed regarding how whales detect gear, how whales depredate the catch, and 
whether avoidance is a viable strategy. 
 
Straley reported that the majority of interactions occur in the shelf break area less than 200 
fathoms deep, which is 12-20 nm (22-37 km) offshore in Southeast Alaska. Overall, depredation 
was observed in 22% of observed sets. Roughly a third of all sets had sperm whales present 
when gear was being hauled, and, of those sets, 71% had occurrences of depredation. When the 
whales were present during the haul back, a 3% reduction in target catch was recorded, even if 
there was no evidence of depredation. It was also noted that if whales joined the vessel during 
the haul, depredation was likely. In addition, they noted that: sperm whales were observed to 
feed further offshore when vessels were not actively fishing, depredation rates were lowest early 
in the season, not all whales around vessels appeared to feed off longline gear, and whales 
involved in depredations are all males.  
 
Thode reported how acoustics were being used in this research. By using simple hydrophone 
arrays deployed on anchored fishing lines, as well as dummy lines, researchers are able to record 
whale vocalizations to determine both the whale’s depth and distance from the array. They are 
also able to detect other sounds made in the vicinity of gear. One interesting observation is that 
vessels make a distinctive cavitation sound when engines are engaged/disengaged during haul 
back, which whales may be keying in on. One whale was “observed” to cruise at approximately 
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250 m of depth, and then ascend to 50 m as the gear was being hauled back. During this instance, 
the whale removed fish from hooks as haul back was occurring. Neither the gear itself, nor the 
hydraulics, makes these distinctive sounds. In addition, whales are acoustically active when they 
are in the vicinity of fishing vessels, using sounds thought to be indicative of feeding behavior 
(i.e., “creeks”). Sperm whales can be detected acoustically via hydrophones from a distance of 
approximately 4 nautical miles. The acoustic research suggests that sperm whales may use 
passive acoustics to find longline vessels during haul back. The distances from which whales can 
detect longline vessels or longline gear is not known. However, whales did not react to vessels 
retrieving gear at a distance ≥10 nautical miles away. 
 
The SEASWAP team will continue to work collaboratively to identify measures that may be 
helpful to reduce depredation. Plans are to focus on the following areas of research: 

• Distance at which whales can detect gear, 
• Frequency of fish that are normally released alive, and whether vocalizations indicate 

feeding on these drop-offs (which will help refine estimates of depredation rates, as it is 
not clear how feeding on drop-offs affects depredation rates), 

• Testing of various gear modifications and changes in fishing patterns, such as gangion 
lengths, acoustic reflectors along groundline, hauling in a circle so as to avoid 
engaging/disengaging the engine, fishing earlier in the season, and listening for whales 
prior to setting gear, and 

• Possible testing of acoustic deterrents. 
It is uncertain whether any of this work will result in regulatory measures for the Gulf of Alaska 
longline fishery, but it will continue to be helpful to direct research in other fisheries where 
depredatory behavior is resulting in serious injuries and mortalities of marine mammals (such as 
in the Atlantic pelagic longline fishery). 
 
D. Longline Fisheries Worldwide 
 
As noted in Section III, marine mammal interactions with both pelagic and demersal longline 
gear were the focus of a Workshop on Interactions Between Cetaceans and Longline Fisheries 
held in Apia, Samoa, in November 2002 (Donoghue et al. 2004). Various mitigation measures to 
reduce depredation by marine mammals were explored during the workshop. Such mitigation 
measures included the use of acoustic deterrents, such as seal scarers or tuna bombs, which 
participants noted as not being particularly effective; shooting at animals, also not particularly 
effective and which could actually cause injury to marine mammals; and moving to a new 
fishing area. The retention of bait and offal instead of dumping it overboard was also mentioned 
as a plausible mitigation measure, along with masking vessel noises so that marine mammals do 
not know when a haul is occurring, and avoiding hot spots where depredation by marine 
mammals is known to be actively occurring. Additional measures included delaying the setting 
or hauling of gear until animals have left the area, or luring marine mammals away from the 
area. 
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VII. Expected Effects of Various Bycatch Reduction Strategies: Analysis of Pelagic 
Longline Observer Data and Results of Predictive Modeling  
 
A.  Goals of the Predictive Model and Explanatory Variables Explored 
 
The Pelagic Observer Program (POP) provides the most comprehensive data available on the 
characteristics of the pelagic longline fishery and the rate of interactions with marine mammals 
and other protected species. POP observers record extensive information about the location of 
fishing effort, environmental characteristics, configuration of the fishing gear, and the 
composition of the target species catch. The broad base of knowledge available from the POP 
program was used to evaluate correlations between fishery behavior and the rate of interactions 
with marine mammals. The goals of this analysis were to: 1) identify fishery and environmental 
characteristics correlated with marine mammal interactions, 2) develop a quantitative framework 
with which to evaluate the effectiveness of potential mitigation approaches in reducing bycatch 
rates, 16 and 3) to predict the impacts of various proposed or potential measures on the annual 
expected number of interactions with pilot whales and Risso’s dolphins in the longline fishery. 
 
These analyses are correlative in nature. While the approach may identify statistically significant 
relationships between explanatory factors and the rate of interactions, this does not provide 
information on causal relationships or underlying mechanisms. In addition, there are often many 
confounding factors associated with any given set. Thus, while correlations may appear to be 
important with a particular gear characteristic, these effects may be masking the effects of other 
correlated variables. Therefore, the analytical approaches applied here were used primarily as a 
tool to assess alternative mitigation measures in an objective, quantitative framework. The actual 
impacts of implementing the proposed measures will be evaluated through ongoing monitoring 
of the fishery and experimental programs that can directly test the causal relationships 
underlying any observed effects.   
 
Logistic Regression Analysis 
 
These analyses employed POP data collected between 1992-2004 and modeled the effects of 
gear and environmental factors on the probability of interacting with pilot whales or Risso’s 
dolphins. Observed marine mammal interactions were converted into a binary response variable 
where each set was given a “Yes” value if at least one animal was captured, and a “No” value if 
one was not. This type of data structure is appropriately analyzed using logistic regression, a 
form of generalized linear model (GLM) used to evaluate the relationship between continuous or 
categorical explanatory variables and a binary response. Variable selection and model fit are 
evaluated in a stepwise manner by adding variables (i.e. explanatory factors) and evaluating the 
change in the explanatory power of the model.  
 
Explanatory Variables Explored 
 
A total of 39 explanatory variables were developed and explored as potential explanatory factors 
in the logistic regression model. These variables can be classified into five major categories: 
Environment, Space/Time, Gear Type, Effort, and Catch.  
 
                                                
16 The terms “bycatch rate” and “interaction rate” are used interchangeably in this analysis. 
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Environmental variables included water depth and average water temperature. Weather 
conditions (e.g., wind speed, wave height) were also included in the analysis.  
 
Variables describing the spatial location of the set are recorded by the observer on board. Based 
upon these data and using a GIS system, the distance in kilometers from the 200m isobath was 
calculated. This spatial distance reflects the distance from the continental shelf break, which is an 
area of high intensity fishing, high catches of target species, and high observed incidence of 
interactions with pilot whales and other marine mammals. The analysis was restricted to the 
Atlantic coastal fishing areas where pilot whales, Risso’s dolphins, and other mammals have 
been most frequently observed interacting with the fishery. The timing of the sets relative to the 
lunar cycle was included as a variable since fishermen typically time their fishing effort relative 
to lunar phase associated with tidal effects. The time of day of the haulback (dawn, day, dusk, or 
night) was also explored in the analysis. 
 
Variables describing the characteristics of the fishing gear were also explored in this analysis. 
The gear characteristics vary due to the target fishery, the size of the vessel, the region fished, 
local fishing practices, and other factors. Included in these characteristics was information on the 
timing of the set, soak, and haul relative to daylight hours. The remaining gear variables include 
mainline length, hook type and size, gangion lengths, and other gear characteristics. 
Eight quantitative variables were evaluated to determine the effect of fishing intensity on the 
probability of interacting with marine mammals. In each case, these variables measure the 
amount of gear set in the water and/or the amount of time it remained in the water. Observers 
record these variables during fishing operations. 
 
The observers also record the numbers of each target species that are captured during each set. 
These may be correlated with the probability of capturing marine mammals for a number of 
reasons. The catch of individual species and the sum of all tuna species were explored for 
correlations with marine mammal interactions.  
 
Finally, the rate and proportion of observed damage to tuna and swordfish catch was included as 
a potential explanatory variable. Observers record only whether or not damage to the catch was 
observed, regardless of the type or source of the damage.  
 
B. Results of the Predictive Model 
 
Logistic Regression Results: Pilot Whales 
 
The significance of each explanatory variable was explored in a stepwise fashion. In an initial 
analysis, all environment, gear type, space/time, and effort variables were entered into the model 
as single factor main effects. This analysis indicated that only average water temperature, 
distance from the 200m isobath, fishing area, and mainline length were significantly correlated 
with pilot whales interactions. These results also indicated that only fishing in the Mid-Atlantic 
Bight area had a significant effect on the likelihood of interactions. Catch variables and damage 
to the catch were also explored as potential additional explanatory factors, and the occurrence of 
damage to swordfish catch on the set was significantly positively correlated with pilot whale 
interactions. Second order and interaction terms were also evaluated beyond the main effects. 
The final selected model was highly significant and explained 84% of the variability in the 
observer data. The model for pilot whales indicated that the probability of interacting with pilot 
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whales decreased with increasing distance from the 200m isobath, strongly increased in the Mid-
Atlantic Bight versus all other Atlantic areas, increased with increasing water temperature with 
peak rates occurring between 70-80ºF, increased in sets with swordfish catch damage, and 
increased with increasing mainline lengths. Further analysis of the mainline length effect 
indicated that fishing with mainlines less than 20 miles in length resulted in an approximately 
50% reduction in the probability of interacting with a pilot whale relative to longer mainline 
lengths.  
 
 Logistic Regression Results: Risso’s Dolphins 
 
A similar logistic regression analysis was conducted for Risso’s dolphins. As with pilot whales, 
the significant explanatory factors were assessed in a stepwise manner including terms for 
second-order and interaction effects. The resulting model was highly statistically significant and 
accounted for 81% of the variation in the data. Variables retained in the model included a strong 
increase in Risso’s dolphin interactions in the Mid-Atlantic Bight and Northeast Coastal areas 
relative to other areas, a strong decline in interactions with increasing distance from the 200m 
isobath, and an increase in interactions in the presence of damaged swordfish catch. Mainline 
length showed a similar but weaker correlation than was the case for pilot whales, with generally 
lower interaction rates in sets less than 20 miles in length. Interestingly, there was a very 
significant correlation between bait type and interactions with Risso’s dolphins. The probability 
of an interaction increased significantly with the presence of squid baits on the gear as opposed 
to fish baits.  
 
Application of Logistic Regression Results 
 
The logistic regression model developed for pilot whales was used to explore the potential 
effects of a mandated reduction in mainline length to less than or equal to 20 nautical miles. This 
management measure was chosen for exploration because it was the only potential change in 
fishing gear expected to have a significant effect upon pilot whale interactions.  
 
The effectiveness of mandating reduced mainline lengths in the longline fishery was assessed 
using a subset of reported fishing effort during 2004 in the mid-Atlantic and other Atlantic 
geographic areas as a test case. For each reported set, the predicted probability of interacting 
with one or more pilot whales was calculated based upon the output of the logistic regression 
model and the gear and environmental data for that set. The total expected number of pilot whale 
interactions for this dataset is the sum of these probabilities across all sets.  
 
The mean bycatch rate (CPUE, expressed as Catch per 1000 hooks) for leatherback turtles, 
loggerhead turtles, swordfish, and tunas (all species) was calculated for each geographic area, 
quarter, and mainline length category (less then or greater than 20 miles) averaged across all 
reported effort from 2002-2004. The estimated catch (numbers of animals) for the set is then the 
product of the number of hooks and the CPUE. The sum of these expected catches across strata 
gives the expected total catch of each species. 
  
The status quo 2004 data set, and the associated total catch estimates, was used as a reference 
point to evaluate the effectiveness of reducing mainline lengths under several scenarios. The goal 
of this exploratory analysis was to assess the potential response of fishermen to this management 
measure and bracket the extreme range of possibilities. The actual reaction to any measure is 
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unpredictable, as are other unforeseen factors (e.g., environmental variability) that may impact 
bycatch rates and total interactions. A series of possible scenarios for this management measure 
were developed to account for varying degrees of possible “compensation” by fishermen for the 
reduction in effort associated with a mandated reduction in mainline length (see Table 5). This 
included cases where some fishermen might choose to set multiple longlines in the same general 
location to compensate for the reduced length of those lines, as well as more extreme cases 
where the number of hooks (total effort) in the water column remained the same as or even 
increased over status quo conditions. For each scenario, the expected catch of pilot whales, 
swordfish, tunas, leatherback turtles, and loggerhead turtles was modeled.  
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Table 5. Scenarios explored to account for possible “compensation” by fishermen for the reduction in effort 
associated with mandated reduction in mainline length (excerpt from April 24, 2006 memorandum from Lance 
Garrison (NMFS) to the PLTRT. 

 
 

Scenario 
# Scenario Name Description and Assumptions 
0 Status Quo Reported fishing activity during 2004. Logistic regression model used to 

predict the probability of a pilot whale interaction for each reported set. The 
total estimated take is then the sum of these probabilities across all sets. Some 
sets were removed from the actual reported effort due to errors in spatial 
location or missing environmental data. Each set reporting swordfish catch 
was assigned a value for swordfish damage (0 or 1) as a random deviate from 
a binomial distribution at a rate equal to the observed rate for each month and 
geographic area. A total of 3,661 sets were used in this "status quo" data set. 

1 Reduce Mainline 
Lengths - No 
Compensation 

Any mainline length greater than 20 nautical miles is reduced to 20 nautical 
miles. There is no compensation by fishermen by increasing the number of 
sets. The total number of hooks is calculated based upon hook spacing used 
on the gear (#hooks/mainline length). Thus, a gear reduced in length by 50% 
would fish 50% fewer hooks under this scenario. 

2 Reduce Mainline 
Lengths - Full 
Compensation 

Any mainline length greater than 20 nautical miles is reduced to 20 nautical 
miles. Affected fishermen compensate by increasing the number of sets 
proportional to the reduction in the number of hooks. So, a fisherman with a 
30-mile original mainline length with 600 hooks will compensate by fishing 
one 20-mile line (400 hooks) and one 10-mile line (200 hooks). This is 
accomplished based on hook spacing by calculating the length of line needed 
to compensate for the loss of hooks. If this length exceeds 20 miles, then the 
set is reduced to 20 miles with an appropriate reduction in the number of 
hooks. The additional sets have the same environmental and location values 
as the initial set.  

3 Reduce Mainline 
Lengths - Almost 
Full Compensation 

Same general pattern as scenario #2. However, fishermen do not fish less than 
5 miles of mainline to compensate for the lost hooks. This assumes that most 
fishermen fishing just over 20 miles of line will not compensate by setting 
pieces of smaller gear in the same place.  

4 Reduce Mainline 
Lengths - 50% 
compensation 

Same pattern as scenario #3. However, only 50% of the effort is compensated 
for on average. This is accomplished by generating a random 0 or 1 to each 
set with a uniform distribution, essentially a coin flip. If the random value is 
zero, then the compensation set is not included in the effort. 

5 Reduce Mainline 
Lengths - Over 
compensation 

In this case, any set with an original mainline length greater than or equal to 
30 miles is replaced by two, 20 mile sets with the same hook spacing as the 
original long set. This is assumes that large boats capable of deploying long 
gear would choose to maximize effort above their current capacity. Vessels 
fishing between 20-30 miles of line are treated as in scenario #4. This 
scenario demonstrates that the number of hooks is irrelevant to catches of 
pilot whales, and even under the scenario of larger boats actually increasing 
their effort there would still be a reduction in pilot whale interactions.  

6 Scenario #4 applied 
ONLY to sets in the 
MAB and NEC 

Same as Scenario #4 - but only for the MAB and NEC 

7 Scenario #4 applied 
ONLY to sets in the 
MAB 

Same as Scenario #4 - but only for the MAB 
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If all fishermen using mainlines greater than 20 nautical miles reduced the lines to 20 nautical 
miles or less, then the logistic regression model predicted a 43% reduction in interactions with 
pilot whales in the 2004 test data, assuming no compensation by the fishermen. The reduction in 
mainline length would result in an estimated 21% reduction in effort relative to the status quo as 
measured by the number of hooks. 
 
Various scenarios of fishery behavior resulted in a reduction of this benefit to pilot whales and 
maintained both fishing effort levels and target species catches (see Table 6).  
 
Table 6. Predicted bycatch reduction and catch, as determined by the logistic reduction model (excerpt from April 
24, 2006 memorandum from Lance Garrison (NMFS) to the PLTRT). 

 
If all fishermen compensate perfectly, and fish the same number of hooks, then the reduction in 
pilot whale interactions falls to 17%. It is likely however, that at least some fishermen, 
particularly those fishing longlines just slightly over 20 miles long, will choose not to 
compensate. Depending on how these responses are modeled, the resulting predicted reduction in 
pilot whale interactions is 29% to 36%. Finally, if fishermen overcompensate by fishing two sets 
of gear 20 miles in length, then there is no change in the predicted pilot whale interaction rates 
relative to a similar scenario. This is because the actual number of hooks in the water column 
appears to be irrelevant to the probability of catching a pilot whale; rather, the number of sets is 
the important covariate for this process. 
 
The logistic regression model examined two scenarios focused on bycatch reduction in sub-
regions of U.S. Atlantic waters. When mainline lengths were limited to <20 nautical miles in the 
Mid-Atlantic Bight and Northeast Coastal areas only (scenario 6), the model predicted a 

                                                
17 See Table 5 for scenario descriptions. 

Scen-
ario 
 17 

Total 
Sets 

Total 
Hooks 

Estim-
ated 
Take - 
MAB 

Estim- 
ated 
Take - 
Other 
Areas 

Total 
Take 

Take 
Reduc-
tion vs. 
Status 
Quo 

Reduc-
tion vs. 
Status 
Quo 
Effort 
(Hooks) 

Sword-
fish 
Catch 

Tuna 
Catch 

Leather-
back 
Catch 

Logger-
head 
Catch 

0 3,661 2,525,864 62.9 17.9 80.8 - - 49,390 36,127 291 458 

1 3,661 2,000,598 38.0 7.9 45.9 0.432 0.208 40,685 31,585 194 443 

2 5,812 2,517,642 53.8 13.6 67.4 0.166 0.003 51,656 39,365 246 575 

3 4,979 2,409,496 46.0 11.3 57.3 0.291 0.046 49,335 37,740 236 552 

4 4,355 2,211,687 42.0 9.8 51.8 0.359 0.124 45,195 34,715 216 500 

5 4,979 2,540,976 46.0 11.3 57.3 0.291 0.006 
increase 52,089 39,805 250 586 

6 3,981 2,375,592 42.0 14.7 56.7 0.298 0.059 48,551 34,695 225 460 

7 3,816 2,438,356 42.0 17.9 59.9 0.259 0.035 46,180 36,495 228 470 
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reduction in pilot whale interactions of approximately 30%, assuming 50% compensation in 
fishing effort for lost hooks by longline fishermen. When mainline lengths were limited to <20 
nautical miles in just the Mid-Atlantic Bight area (scenario 7), the model predicted a reduction in 
pilot whale interactions of approximately 26%, again assuming 50% compensation in fishing 
effort. 
 
Predicted target species catches generally follow expected trends relative to changes in the 
number of hooks in the water column. It should be noted that some scenarios showed an 
expected reduction in pilot whale takes with relatively little change in expected target species 
catch. For all scenarios, the leatherback bycatch was predicted to decline. However, loggerhead 
turtle bycatch rates were predicted to increase due to the compensation of increasing the number 
of sets in the water. It should be noted that these data do not include “circle hook” effort except 
for the later half of 2004, and incorporating that factor may impact expected bycatch of turtles.  
 
The results of these analyses suggest that reducing mainline lengths is likely an effective 
mitigation strategy to reduce the likelihood of interactions with pilot whales. The Team took 
these quantitative predictions into account as they developed potential management measures 
and research goals in the development of the TRP.  
 
C. Spatial Analyses and Potential Active Avoidance Measures 
 
During the course of deliberations, the Team noted that the interactions with pilot whales in the 
longline fishery, particularly in recent years, were highly clustered in space particularly in the 
region just north of Cape Hatteras, NC. This is also an area with high sighting rates of pilot 
whales during the 2004 SEFSC survey. The Team chose to further explore this spatial patterning 
at sub-regional spatial scales to determine if management measures focused on “hot spots” 
would be effective. In particular, the Team wished to explore the potential effectiveness of 
temporarily closing small-scale areas to fishing following an observed interaction with a pilot 
whale (the Team viewed this as a type of “active avoidance measure”). 
 
Spatial patterning in the distribution of fishery effort based on logbook reports from 2001-2005 
was used to explore the appropriate spatial scales at which the fishery aggregates its effort. These 
scales reflect the underlying spatial distribution of habitat variables that are likely to impact both 
the distribution of target species and pilot whales. This analysis indicated that spatial cells 
oriented along the shelf break in the Mid-Atlantic Bight that were 50km in the north-south 
direction were appropriate for aggregating and describing fishery activities. 
 
Within each 50 km spatial cell, the observed rate of pilot whale interactions in the POP data from 
2001-2005 was summarized by bimonthly periods to account for seasonality. Due to the 
sparseness of the observer data, these cells were further aggregated into three zones 
corresponding to the southern, middle, and northern Mid-Atlantic Bight. The observed 
interaction rates within each of these zones was used to evaluate both the probability of 
observing an interaction during a given season and the effects of displacing fishing effort 
spatially due to either dynamic or fixed seasonal closures of part of the Mid-Atlantic Bight 
fishing area. In addition, the combined effects of reducing mainline lengths and local restrictions 
of fishing effort were explored.  
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As with the logistic regression analysis, a suite of scenarios was explored in the spatial analysis 
accounting for the variable potential behaviors of the fishery and to bracket the extreme range of 
potential responses. The observed bycatch rates suggested that the probability of observing a 
pilot whale interaction in any given season in each zone was extremely high. Therefore, the 
temporary, small-scale closures initially discussed by the Team were very likely to occur in any 
given period, resulting in effectively a seasonal closure of an area.  
 
The scenarios explored a range of potential seasonal closures (either July-October or July-
December) of the region just north of Cape Hatteras. Various assumptions were made about the 
effects of either redistributing fishery effort to the middle and northern mid-Atlantic bight and/or 
reducing the total amount of effort in the fishery. 
 
The results of these analyses suggested that short-term, sub-regional area closures would result in 
relatively small reductions in the overall number of pilot whale interactions. Closures of the 
region just north of Cape Hatteras for the latter half of the year in combination with reductions in 
effort would be required to achieve a 33% reduction in pilot whale interactions. In addition, sub-
regional applications of the restrictions on mainline length would result in only limited benefit. 
Only the combination of region-wide restrictions in mainline length, seasonal closures of the 
southern Mid-Atlantic Bight, and reductions in fishing effort would result in predicted reductions 
in pilot whale interactions approaching 70%. 
 
The results of these analyses indicated that dynamic management efforts focused on small 
regions would be unlikely to significantly reduce pilot whale interactions. The required seasonal 
closures would impart a significant economic impact on the fishery, particularly fishermen local 
to North Carolina, and closures of this temporal and spatial extent were not considered further by 
the Team. However, the spatial analyses did demonstrate the aggregation of pilot whale 
interactions in the area just north of Cape Hatteras, particularly in the last 12-18 months. This 
apparent “hot-spot” in interactions is therefore a potentially important area on which to focus 
research on both pilot whale spatial distribution and interactions with the pelagic longline 
fishery. 
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VIII.  Recommendations for Management Strategies to Reduce Mortalities and Serious 
Injuries of Pilot Whales and Risso’s Dolphins in the Pelagic Longline Fishery 
 
A. Background  
 
Over the course of four in-person meetings and numerous work group teleconferences, PLTRT 
members discussed options for and eventually developed a package of recommended 
management measures. 
 
During the first PLTRT meeting, PLTRT members discussed the possible applicability of 
measures from the Atlantic Offshore Cetacean Take Reduction Plan to the case of incidental take 
of pilot whales and Risso’s dolphins in the pelagic longline fishery. Key management measures 
and research/data collection topics discussed included: 
 

• Increase education and outreach to enhance avoidance techniques (e.g., through 
workshops for fishermen, development and use of guidelines for interactions and 
disentanglement, and enhanced communications among captains at sea) 

• Implement limited entry of new vessels into the fishery 
• Conduct research on gear modifications and/or operating procedures, as well as cetacean 

behavior and acoustical systems 
• Limit the length of longline gear in the Mid-Atlantic Bight 
• Reduce soak time by hauling gear in the order it was set 
• Move vessels after one interaction 
• Conduct more comprehensive surveys of affected marine mammal stocks to improve the 

precision of abundance estimates 
• Pursue optimal allocation of observer coverage and increased funding for observer 

coverage 
• Develop criteria for assessing marine mammal injuries 

 
During the second PLTRT meeting, PLTRT members participated in a breakout group activity to 
provide input into management strategies for reducing mortality and serious injury. To facilitate 
brainstorming, PLTRT members discussed three overarching categories of strategies: (1) 
strategies for avoiding exposure of pilot whales to vessels/gear (large scale); (2) strategies for 
reducing probability of interaction once pilot whales were in the vicinity of gear (medium scale); 
and, (3) strategies for minimizing impacts of interactions once one has occurred. PLTRT 
members also discussed research, data, or technology needs for the three strategies. Results from 
the breakout group activity were then synthesized and refined into recommended management 
measures, as well as research recommendations (these research recommendations are described 
in Section IX of this Plan).  
 
At the third PLTRT meeting, Garrison presented the results of a predictive model that analyzed a 
number of variables to determine which variables may be useful in predicting and/or minimizing 
interactions between marine mammals and longline gear, as well as interactions with sea turtles 
and catches of target species.  
 
For pilot whales, variables found to have significant correlations included:  
 

• The Mid-Atlantic Bight area: 81% of the interactions occur in this area 
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• Distance from the 200m isobath: all interactions were observed within 40km of the 200 m 
isobath 

• Water temperature: peak interaction rates occur between 70-80o F) 
• Mainline length: interaction rates were twice as high in sets with mainline lengths greater 

than 20 nautical miles than for sets with mainline lengths less than 20 nautical miles. 
(Note: There was not sufficient scientific information available to provide guidance to 
fishermen on minimum distance between sets; therefore, the Team recommended that 
research be conducted on this topic—see Section IX.) 

• Swordfish damage: interaction rates were three times higher in sets with damage to 
swordfish catch. 

 
For Risso’s dolphins, similar results were found, except that correlations were not as strong. 
Interactions with Risso’s dolphins were also significantly correlated with the Northeast Coastal 
area, and with sets that used squid as bait. 
 
PLTRT members began discussing the synthesized management measures for inclusion in the 
TRP (see Appendix E). However, based on results from the predictive model presented by 
Garrison at the third meeting, a multi-interest work group offered a 4-point proposal that 
included a 20 mile limit to mainline length, active avoidance measures, a mandatory certification 
program on marine mammal bycatch, and a mandatory information placard to be placed in vessel 
wheelhouses. 
 
In deliberations prior to and at the fourth PLTRT meeting, Garrison presented the results of 
several key analyses: 
 

• Predicting the impact of changes in mainline length on pilot whale and target species 
catch. In this analysis, the model predicted a reduction in pilot whale interactions of 17-
43% by limiting mainline length to no greater than 20 nautical miles. This range 
corresponded to a variety of fishery responses, ranging from full compensation in effort 
by the fishery (17% reduction in pilot whale interactions) to no compensation in effort by 
the fishery (44% reduction in pilot whale interactions). Team members agreed that the 
likely response would fall somewhere within that range. 

• Variability in pilot whale interactions among individual vessels. In this analysis, Garrison 
concluded that there was no strong correlation between vessel characteristics (including 
hull material, vessel tonnage, and vessel length) and marine mammal bycatch. 

• Analysis of “active avoidance” measures for reducing interactions with pilot whales in 
the Mid-Atlantic Bight. Garrison presented analyses examining the observed bycatch 
rates and fishing effort in bi-monthly periods in 50 km “zones” within the Mid-Atlantic 
Bight fishing area. Based upon observed pilot whale interaction rates, he evaluated the 
potential effects of short-term (1-2 months) and long-term closures within a fishing zone 
just north of Cape Hatteras where the highest interaction rates have been observed. 
Scenarios were developed exploring the impacts of redistribution of fishing effort into 
other zones and outright reductions in the total amount of fishing effort as a result of 
closures. These analyses indicated that a closure of the area just north of Cape Hatteras 
for the third quarter would result in a 14% reduction in pilot whale interactions. A 6-
month closure of this area and an overall reduction in fishery effort would result in a 50% 
reduction in interaction rates. These scenarios help define a range of possibilities of 
attempting to reduce pilot whale interactions by focusing on sub-regional areas with high 
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interaction rates. The results suggest that large reductions could only be achieved with 
long-term closures and associated reductions in fishing effort in the Mid Atlantic Bight. 
While closures were not explicitly considered by the Team, these analyses demonstrate 
that “active avoidance” approaches at sub regional spatial scales would likely have little 
quantifiable impact on pilot whale interactions. 

• Garrison also presented analyses evaluating the combined effects of reductions in 
mainline length and sub-regional closures. During 2002-2005, the observed data 
indicated a 41% reduction in bycatch rate if fishermen in the Mid-Atlantic Bight were 
limited to longlines <20 miles in length.  This result is consistent with that predicted by 
the logistic regression model based upon data from 1992-2004. Applying this reduction 
to only fishing effort in the zones near Cape Hatteras for the second half of the year 
would result in an expected 17% reduction in pilot whale interactions. The combination 
of restrictions in mainline length and a 6-month closure (July-December) of the area near 
Cape Hatteras would result in an estimated 70% reduction in interactions. This 
combination of options was not explicitly considered by the PLTRT. However, this 
analysis indicates that applying mainline restrictions throughout the Mid-Atlantic Bight is 
required to produce substantial expected reductions in bycatch rates.  

 
B. Recommended Management Measures 
 
The Atlantic pelagic longline Take Reduction Team developed several consensus 
recommendations for management strategies to reduce mortalities and serious injuries of short- 
and long-finned pilot whales and Risso’s dolphins in the pelagic longline fishery. These 
recommendations include: 
 

(1) The designation of a special research area offshore of Cape Hatteras with specific 
observer and other requirements for fishermen operating in that area; 

(2) A limitation on mainline length for all pelagic longline sets in the Mid-Atlantic Bight 
region; 

(3) An increase in observer coverage in all highly migratory species fisheries that interact 
with pilot whales and Risso’s dolphins; 

(4) The development and use of equipment and methods for careful handling and release of 
entangled or hooked marine mammals; 

(5) The promotion of voluntary daily communications among captains regarding interactions 
with protected species and other bycatch throughout the Atlantic pelagic longline fishery; 

(6) The distribution of an updated informational placard that must be displayed in the wheel-
house and on the working deck of all active pelagic longline vessels; 

(7) The development of mandatory certification workshops for owners and operators of 
pelagic longline vessels on marine mammal bycatch; and  

(8) The distribution of quarterly reports of pilot whale and Risso’s dolphin bycatch rates to 
the Take Reduction Team for its review. 

 
Each of these recommendations is described in more detail below. (Note: Although fishing with 
a “greenstick” technically falls under the current NMFS definition of pelagic longline fishing, the 
Team recommends that users of greenstick gear be excluded from requirements to comply with 
the provisions of this TRP. The Team also recommends that NMFS further clarify its definition 
of longline fishing in the Draft HMS FMP with respect to greenstick gear.) 
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1. The Take Reduction Team recommends that the National Marine Fisheries Service 
designate a special research area offshore of Cape Hatteras. The proposed research area 
would include all waters inside and including a rectangular boundary prescribed by the 
following lines: Southern latitude 35 degrees N, Western longitude 75 degrees W, Northern 
latitude 36 degrees 25 minutes N, and Eastern longitude 74 degrees 35 minutes W (see figure 
5). This research area encompasses an area that, over the past five years, has exhibited high 
fishing effort and high pilot whale bycatch rates. The establishment of this research area will 
enable focused research on pilot whale interactions with the pelagic longline fishery. This 
will contribute to achieving the objectives of the TRP. NMFS will develop the specific 
research design in consultation with pelagic longline fishermen and other stakeholders. 
Section IX of this Plan lists priority research topics recommended by the Team. 

Figure 5. Special research area offshore of Cape Hatteras. 
 

In order to use pelagic longline gear within the research area, the owner and operator of a 
vessel must meet several requirements: 

• First, the owner and operator of the vessel must be both willing and able to participate 
in government-sponsored research programs targeting marine mammal bycatch 
reduction; pilot whale behavior, biology, or ecology; or other related topics.  

• Second, the owner and operator of the vessel must accept, facilitate, and be capable of 
taking research or government observers. For a vessel to meet this second 
requirement, it must comply with the observer requirements found at 50 CFR Part 
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600.725 and 600.746, and Part 635.7. Vessels that do not comply with all observer 
requirements will not be granted waivers. If an observer is not placed on a vessel 
because the vessel is not in compliance with all regulations, the vessel shall not fish 
for or retain any Atlantic HMS18 within the special research area.  

• Third, the operator of the vessel must maintain daily communication with other local 
vessel operators regarding marine mammal interactions with the goal of identifying 
and exchanging information relevant to avoiding bycatch of marine mammals and 
other protected species. Daily communication must take place among the fleet after 
the day’s haul and before the next set.  

Any vessel with pelagic longline gear onboard that is fishing—which includes but is not 
limited to setting gear, hauling gear, or having gear that has drifted within the research 
area—must be in compliance with any current Special Research Area requirements. 
 
Additional outreach to the fishery is critical to ensure full compliance with this requirement. 
PLTRT members are encouraged to work with NMFS to assist in implementation of this 
recommendation. 

 
2. The Take Reduction Team recommends that the National Marine Fisheries Service set 

a 20 nautical-mile upper limit on mainline length for all pelagic longline sets within the 
Mid-Atlantic Bight region, including in the Special Research Area. Operators of 
individual fishing vessels would be allowed to fish multiple sets at one time, if they so 
desired, but the mainline length for each set must not exceed 20 nautical miles. It may be 
desirable to extend the limitation on mainline length to sets occurring in the Northeast 
Coastal region in the future based on additional information on the effectiveness of the 
limitation in reducing pilot whale bycatch rates in the Mid-Atlantic Bight region, stock 
structure of pilot whales and Risso’s dolphins, and on pilot whale and Risso’s dolphin 
bycatch rates in the Northeast Coastal region. Prior to any such geographic extension of this 
limitation by the National Marine Fisheries Service, the Take Reduction Team would like to 
review and consider the additional information and offer its recommendation to the National 
Marine Fisheries Service. 
 
The logistic regression model estimates a reduction in pilot whale interactions of 
approximately 26% when fishermen in the Mid-Atlantic Bight are limited to longlines <20 
nautical miles in length. This figure assumes 50% compensation in fishing effort for lost 
hooks by longline fishermen, which PLTRT members considered a reasonable scenario. 
Reductions in pilot whale interactions due to the other recommended management measures 
were not estimated, as there was no quantitative basis for making these estimates. However, 
the PLTRT believes these other management measures, when combined with the mainline 
length restriction, would result in additional reductions in pilot whale interactions. 
 
At its discretion, the National Marine Fisheries Service may waive this restriction in specific 
cases to support research for reducing bycatch of marine mammals in the pelagic longline 

                                                
18 The regulations at 50 CFR 635.7 currently provide sufficient authority to implement these provisions without 
further rulemaking.  However, NMFS may need to seek authorization for additional information collections under 
the Paperwork Reduction Act before implementing this recommendation, as it requires more frequent notifications 
to NMFS by vessels selected for observer coverage.   
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fishery (see Recommended Management Measure #1 above). NMFS will notify the PLTRT 
in cases where the agency intends to waive this restriction. 
 
The Team recognized that this measure may have implications for other bycatch (e.g., sea 
turtles, sharks) and emphasized that the measure should avoid increasing the impact on other 
protected species. 

 
3. The Take Reduction Team recommends that the National Marine Fisheries Service 

increase observer coverage to 12-15% throughout all Atlantic pelagic longline fisheries 
that interact with pilot whales or Risso’s dolphins. This recommendation is to ensure 
representative sampling of fishing effort. Sampling design should be targeted toward 
achieving statistical reliability of marine mammal bycatch estimates. It should also take into 
account the objectives of marine mammal bycatch reduction. If resources are not available to 
provide such observer coverage for all fisheries, regions, and seasons, the Take Reduction 
Team recommends that the National Marine Fisheries Service allocate observer coverage to 
fisheries, regions, and seasons with the highest observed or reported bycatch rates of pilot 
whales. 

 
While this measure is geared towards improving the precision of serious injury and mortality 
estimates, additional coverage would also better characterize fishing operations and marine 
mammal behavior in this area, facilitate data needed for research, and increase opportunities 
to collect biopsy samples from hooked or entangled marine mammals. The additional 
coverage may be by NMFS observers that have been specially trained to collect additional 
information to support marine mammal research, or by designated and specially-trained 
“marine mammal observers” (deployed by either NMFS or cooperating researchers) that 
would supplement the traditional observer coverage. If structured as supplemental observer 
coverage, any vessels selected for coverage by the Pelagic Observer Program (POP) during 
the same quarter would be required to fulfill the POP requirement first.  

 
4. The Take Reduction Team recommends that the National Marine Fisheries Service 

update guidelines for careful handling and release of entangled or hooked marine 
mammals. Those guidelines should include descriptions of appropriate equipment and 
methods. The Take Reduction Team encourages both the National Marine Fisheries Service 
and the pelagic longline fishing industry to develop new technologies, equipment, and 
methods for safer and more effective handling and release of entangled or hooked marine 
mammals. Such developments should be evaluated carefully and incorporated into revised 
guidelines for careful handling and release of marine mammals when appropriate. 

 
5. The Take Reduction Team recommends that the National Marine Fisheries Service and 

the pelagic longline fishing industry encourage vessel operators (i.e., captains) to 
maintain daily communication with other local vessel operators regarding protected 
species interactions with the goal of identifying and exchanging information relevant to 
avoiding protected species bycatch. Such communication should be mandatory for vessel 
operators operating within the Cape Hatteras special research area, as described above, but 
would be voluntary in all other areas.19  

                                                
19 The PLTRT discussed and considered implementing a mandatory, region-wide Captain’s communication program 
that would apply to regions (e.g., MAB, NEC) in which pilot whale and/or Risso’s dolphin bycatch was elevated. 
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6. The Take Reduction Team recommends that the National Marine Fisheries Service, in 

consultation with the pelagic longline fishing industry, develop and publish an 
informational placard that must be displayed in the wheelhouse and the working deck 
of all active pelagic longline vessels in the Atlantic fishery. The placard would be based on 
the existing marine mammal Handling/Release Guidelines for pelagic longline gear. It would 
also draw on information presented in the mandatory certification program. Members also 
recommended that the placard include reference to the legal requirement of filling out the 
NMFS “Marine Mammal Injury/Mortality Reporting Form.” Team members also provided 
input to be used in updating the existing “Marine Mammal Handling/Release Guidelines.” 

 
7. The Take Reduction Team recommends that the National Marine Fisheries Service 

develop and implement a mandatory certification program for owners and operators of 
pelagic longline vessels on marine mammal bycatch. Such certification of both owner and 
operator of a vessel would be required for the vessel to use pelagic longline gear within the 
Atlantic fishery. The Team recommends that the certification program proposed in the Draft 
Highly Migratory Species Fishery Management Plan be expanded to incorporate information 
regarding marine mammal interactions. The certification program should cover such issues 
as:  

a. Safe handling and release techniques for marine mammals;  
b. Current regulations and guidelines that apply to the fishery, especially those related to 

marine mammal bycatch, and an explanation of the purpose and justification of those 
regulations and guidelines;  

c. Information to be recorded in log books and auxiliary forms associated with particular 
research projects;  

d. Guidelines for captain’s communications;  
e. Updates on NMFS’ observer program, including relevant recent findings; 
f. Description of research and monitoring projects aimed at reducing marine mammal 

bycatch, including an explanation of the purpose of this research and a description of 
key research results to date. 

g. Information on species identification. Team members noted that the existing NMFS 
“Guide to Marine Mammals and Turtles of the US Atlantic and Gulf of Mexico” 
could be distributed as part of the certification program. 

 
Take Reduction Team members recommend that the above marine mammal-focused 
materials be incorporated into the existing HMS certification program as soon as possible.  
 

8. Finally, the Take Reduction Team recommends that the National Marine Fisheries 
Service provide quarterly reports of bycatch of marine mammals in the pelagic longline 
fishery to the Take Reduction Team for its review. 

 

                                                                                                                                                       
The team acknowledged that a region-wide mandatory program would be difficult to enforce and regulate. The team 
also generally found the concept of bycatch avoidance through a third party real time (daily) Captain’s 
communication process to be a positive and progressive potential measure.  However, the team recognized that this 
may be too cumbersome (regulatory) and expensive for this fishery at this time. 
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C. Implementation of Recommended Management Measures 
 
PLTRT members recommended that several of these management measures—including 
measures 1, 2, 6, and 7 above—be implemented via regulation. Team members believed that, 
without a regulatory basis, implementation of these measures by the pelagic longline fishery 
would not result in sufficient reduction of marine mammal bycatch. Team members also 
recommended that the remaining measures be implemented via non-regulatory means. 
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IX.  Recommendations for Additional Research and Data Collection 
 
The research recommendations presented below were derived over the course of several PLTRT 
deliberations and discussions. These included a facilitated brainstorming session at the second 
PLTRT meeting, the convening of an ad hoc work team which met several times by 
teleconference, and full PLTRT deliberations at the third and fourth meetings. 
 
The discussion began at the second PLTRT meeting with a facilitated brainstorming session on 
the topic of long-term research, data and technology needs. At the meeting, members of the 
PLTRT identified research strategies that addressed information needs for the following: (1) 
strategies for avoiding exposure to vessel/gear, (2) reducing the probability of interaction once 
whales are in the vicinity of longline gear, and (3) strategies for minimizing impacts of an 
interaction once it has occurred.  
 
A research work team was established at the second PLTRT meeting to identify, sort and begin 
prioritizing research needs, building on the results of the brainstorming exercise. Over the course 
of several meetings, the work team developed a list of data mining and research needs. The full 
Team also identified general enhancements to observer program data collection.  
 
While the predictive model provided tremendous guidance to the PLTRT process, there is a 
significant lack of information concerning how pilot whales and Risso’s dolphins interact with 
the pelagic longline fishery. Thus, many of the research recommendations are general in scope, 
and applicable to both pilot whales and Risso’s dolphins unless specified otherwise.  
 
The PLTRT recommends that priority should be given to: (1) research on species that are closest 
to or exceed PBR; (2) research that evaluates the effects of implemented management measures 
in this plan, and (3) research on species specific abundance, mortality, and post-hooking 
survivorship. The PLTRT also recommended that, when funds become available for PLTRT-
related research, a working subgroup of the PLTRT be convened to provide guidance and 
expertise on which projects should be funded based on priorities and the amount of funds 
available. 
 
Data mining and research needs are further sub-divided into three categories based on the 
estimated time needed to complete the research, once it was initiated: (1) short duration projects 
that could be completed within one year of initiation; (2) medium duration projects that would 
require one to three years to complete, and (3) long duration projects that would take five years 
or longer to complete. The PLTRT emphasizes that these categories reflect the time needed to 
complete a project relative to initiation of the research effort; they are not intended to reflect the 
level of priority for implementation.  
 
A. Data mining of existing data and/or information 
 
1.  Short duration (up to one year) 
 

a.   Using existing data, describe and compare pelagic longline fishing in the GOM with other 
regions to identify possible fishing practices that could further reduce incidental serious 
injury and mortality in the Atlantic pelagic longline fishery.   
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2.  Medium duration (one to three years)   
 
a.   Investigate the effects of displaced fishing effort that may result after management 

measures are implemented.   
 
b. Evaluate and compare the rate and impact of pilot whale and Risso’s dolphin interactions 

with pelagic longline gear that uses circle hooks versus J-hooks.    
 
3.  Long duration (five or more years)   

 
a. Determine what other organizations or groups are doing with regard to investigating the 

use of quiet ship technology. For example, consult within NMFS regarding the working 
group investigating quiet ship technology.  

 
B.  Research Needs 
 
1. Short duration (up to one year) 

 
a. Characterize and evaluate the interaction of pilot whales and Risso’s dolphins with 

pelagic longline fishing gear during haul back.    
 

1) Characterize pilot whale/Risso’s dolphin interactions with pelagic longline fishing 
gear during the entire fishing operation, including haul back.  Do whales/dolphins 
interact with gear more during haul back than any other time? 

 
2) Examine pilot whale/Risso’s dolphin interactions correlated with haul back order, 

soak time, and direction.  Is the order of haul back correlated with higher bycatch? 
 

3) Examine the relationship between the presence of pilot whales/Risso’s dolphins prior 
to haul back, evidence of depredation and hooking/entanglements.  

 
4) Investigate whether there is a correlation between interactions and when/whether 

vessels are engaging and disengaging their engines during haul back, as may be 
occurring in Alaska (see section VI.C.2 above).  

 
5) Conduct studies to determine whether the Alaskan circle haul back technique reduces 

the frequency of interaction. 
 
6) Investigate fishermen experiences with de-hooking and disentangling pilot whales 

and Risso’s dolphins, including the extent to which such de-hooking and 
disentangling has occurred in the past and the results of these efforts. 

 
NOTE:  The research work team discussed several challenges to this research topic, such 
as: (1) interactions often don’t occur close to the fishing vessel, and (2) collecting data 
could take a long time and be labor intensive given the low rate of interactions. To 
address these challenges, the work team suggested:  (1) replicating an approach used in 
Alaska of a “study fleet” where fishermen are trained by scientists in photographic 
techniques and data collection, (2) creating multi-phased observers so that when a 
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marine mammal interacted with gear, the observer would become a marine mammal 
observer, and prioritize data collection on those interactions, and (3) develop alternative 
platforms for observer coverage and research.  Finally, it was mentioned that the SEFSC 
will place some marine mammal observers on pelagic longline fishing boats beginning 
May 2006. 
 

b. Conduct separate population estimates for short-finned and long-finned pilot whales 
based on existing survey data and biopsy samples. 

  
2. Medium duration  (one to three years) 
 

a.  Evaluate the effects of implemented PLTRP Management Measures.   
 

1) Conduct research on the effects of reducing mainline length to <20miles and how this 
affects fishermen behavior, catch, bycatch, etc.  

i. Determine the accuracy of mainline length estimation methods 
ii. Investigate the effects of distance between sets on catch, bycatch, etc. 

iii. Investigate the mechanism that links shorter mainlines to reduced bycatch 
 
2) Evaluate the type, frequency, and success rate of release techniques and tools used to 

disentangle marine mammals.   
 
3) Other research to be determined based on management measures. 

 
b. Increase knowledge about the stock structure of pilot whale species and Risso’s dolphins 

that are interacting with the pelagic longline fishery.  
 

1) Identify which species are being taken in the fishery (e.g. long-finned or short-finned 
pilot whales) through biopsy samples collected from bycaught animals and partition 
mortality information for each species.  

2) Conduct winter biopsy surveys to better define the range and potential overlap of 
short- and long-finned pilot whales in the Mid-Atlantic Region during winter months. 

3) Further expand biopsy sampling and analysis in other areas beyond the Mid-Atlantic 
Bight. 

 
c. Characterize and investigate interactions between pilot whales/Risso’s dolphins and the 

pelagic longline fishery.   
 

1) Further investigate how pilot whales and Risso’s dolphins are interacting with 
longline gear. As part of this investigation, further examine the prevalence of 
depredation in hooking/entanglement of pilot whales and Risso’s dolphins. Sub-
issues for this examination of depredation include: 

- Determine how much of the observed interaction is due to feeding on the 
catch vs. feeding on the bait.  

- Determine the frequency of depredation by marine mammals in the pelagic 
longline fishery and whether or not entanglement is involved.  

- Determine whether or not, and how often, the presence of marine mammals 
and/or depredation by marine mammals results in hooking/entanglement.   
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- Describe what is left on the hooks after depredation by marine mammals 
- Determine source of depredation (e.g. shark, marine mammal, squid).   
- Identify alerting cues used by pilot whales and other marine mammals when 

in the vicinity of pelagic longline fishing. Investigate how pilot whales and 
Risso’s dolphins detect the gear. 

- Determine whether offal discarded by vessels is a cue or attractant to pilot 
whales and/or Risso’s dolphins.  Look at other observer program data to 
determine if pilot whales and/or Risso’s dolphins are associated with offal 
from other fisheries discards.  

 
d. Experiment with gear and bait alterations.  
 

1) Experiment with hook and bait alterations (e.g., bait dyes, or alternate baiting 
methods), particularly for Risso’s dolphins.  

2) Consider further modifications to hooks (e.g. weak hooks).  
3) Investigate if setting gear with tension reduces the likelihood of entanglement. 
 

e.   Disentanglement techniques.   
 

1) Evaluate disentanglement protocols. Have the commercial fishing industry survey 
their membership about what does and does not work in terms of recommended 
disentanglement guidelines, including overall feedback about various techniques 
being used.  After the survey, a workshop could be convened to amend the marine 
mammal handling and release guidelines, if necessary.  

2) Develop and test new Careful Handling/Release tools (i.e. in-line hook cutter and 
throw grapple) 

 
f.  Investigate possible environmental and other effects associated with the potential strategy 

of allowing modifications to pelagic longline vessels to make them more offshore 
capable.  The Team recognizes that some pelagic longline fishermen are impeded from 
avoiding bycatch “hot spots” because of the size of their vessels. 

 
3.  Long duration (five or more years) 

 
a.  Determine survivorship of hooked/entangled pilot whales and Risso’s dolphins.   

 
1) What is the post-release survival rate of entangled/hooked pilot whales/Risso’s (e.g., 

explore the use of tagging and telemetry)?  
 
2) Examine the mortality risk resulting from actual pilot whale/Risso’s dolphin 

interaction with pelagic longline gear. 
 
3) Investigate how serious injury is related to the size and age class of the animals. 
 
4) Investigate the frequency, occurrence, and location of healed scars on stranded pilot 

whales and Risso’s dolphins. While difficult to interpret, this may provide useful 
information that could contribute to better understanding serious injury.  
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b.  Investigate the role of acoustics in interactions between pilot whales and Risso’s dolphins 
and the pelagic longline fishery.  

 
1) Determine if acoustic signal from individual vessels affects the behavior of pilot 

whales and Risso’s dolphins.   
 

2) Conduct experimental acoustic playbacks that simulate vessel activity. 
  

3) What are the differences between Mid Atlantic and GOM with respect to the acoustic 
signature or noise of local vessels? 

 
c.   Characterize pilot whale’s social structure/behavior in the Mid-Atlantic Bight region and 

how it may influence interactions with pelagic longline fishing.  
 

1) Investigate broad scale movements of pilot whales by satellite tagging individuals 
within a group and from many groups of whales in the Mid-Atlantic Bight region. 
 

2) Determine whether certain age/sex classes (e.g., females or juveniles) or social groups 
of pilot whales are more likely to engage in depredation 

 
3) Use mark-recapture studies to examine the degree to which interactions with longline 

gear may be a learned behavior.    
 

d. Investigate preferred habitat of pilot whales in the Mid-Atlantic Bight region 
 

1) Investigate the fine scale spatial distribution of pilot whales in relationship to habitat 
and determine if there are preferred habitats and/or if certain areas are used by pilot 
whales for reproduction and feeding.     

 
2) Evaluate whether bycatch of marine mammals and target species is affected by 

specific habitat features (similar to NED experiment).    
 

e. Develop and test the effectiveness of potential deterrents.   
 

f. Investigate effects of altering the detectability of pelagic longline gear.   
 
C. Improvements to Observer Data Collection   
 
The Team recommends that NMFS improve observer coverage and data collection to support the 
reduction of bycatch of pilot whales and Risso’s dolphins in the following ways: 
 

1) Improve observer coverage for other commercial (e.g., dolphin-wahoo) and 
recreational fisheries that also have interactions with pilot whales or Risso’s dolphins, 
and improve data on the nature and extent of marine mammal bycatch in these 
fisheries. 

2) Request sufficient funding to achieve higher levels of observer coverage. The funding 
requests would support the recommended management measure to increase observer 
coverage to 12-15% throughout all Atlantic pelagic longline fisheries that interact 
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with pilot whales or Risso’s dolphins (see Section VIII.B), as well as improvements 
recommended in this section. 

3) Reduce the number of vessels that have never carried an observer while fishing with 
pelagic longline gear. The Team recognizes that 20% of vessels in the pelagic 
longline fishery reporting effort have never been observed. The Team recommends 
that the NMFS, consistent with the observer recommendations contained in the June 
1, 2004 Endangered Species Act (ESA) Section VII Consultation Biological Opinion 
(June 2004 BiOp) on the Atlantic Pelagic Longline Fishery for Highly Migratory 
Species (HMS), must strive to observe at least one trip on each active, permitted 
pelagic longline vessel fishing the Mid-Atlantic Bight region. It is also the Team’s 
intent that no waivers be granted relative to the lack of a Fishing Vessel Safety Decal 
required to embark an Observer, consistent with the Terms and Conditions contained 
in the June 2004 BiOp, under section 9-4 (f).20 

4) Develop a new marine mammal incidental take form to include additional 
information regarding marine mammal interactions.21  This additional information 
should include: (1) how and where (on what part of the gear) the animal was caught, 
(2) whether there were signs of depredation on that set, (3) evidence for consumption 
of bait by other species, and (4) how entangled/hooked animals were handled and 
released, as appropriate.  The PLTRT initiated efforts to revise this form after the 
Team’s second meeting, and a draft of the revised marine mammal incidental take 
form is included in Appendix G. 

5) Improve data collection by providing in-depth, systematic debriefs on marine 
mammal interactions to observers and vessel operators, and by improving observer 
training. 

6) Establish a standard procedure to collect biopsy samples from marine mammals that 
interact with longline gear (using a biopsy pole). Fishermen should facilitate the 
ability of NMFS observers to conduct a full necropsy on any dead marine mammals, 
or collecting all or part of the animal for further investigation on land. 

 

                                                
20 Section 9-4 (f) of the June 2004 BiOp states: “Compliance with vessel safety requirements for observer coverage. 
NOAA Fisheries must establish procedures to notify OLE of any vessel authorized to fish with pelagic longline gear 
and selected for observer coverage that is found to be inadequate or unsafe for purposes of carrying an observer and 
allowing operation of normal observer function.  Such vessels are prohibited from fishing without observer 
coverage.  NOAA Fisheries must establish procedures for those vessels issue regulations requiring vessels 
authorized to fish with HMS pelagic longline gear to notify the OLE and POP when safety problems have been 
corrected, before the vessel conducts another fishing trip.” 
21 Observer information currently used to determine whether a marine mammal is seriously injured upon release is 
made using information recorded in the “comments” section of the incidental take log.  Serious injury coding occurs 
during data analysis by the SEFSC Protected Resources and Biodiversity Division, and is not performed by the 
observers. 
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X. Next Steps   
 
A. Adaptive Management Approach 
 
The Take Reduction Team agreed to take a stepwise adaptive management approach to 
achieving the goal of the TRP to reduce, within five years of its implementation, serious injuries 
and mortalities of pilot whales and Risso’s dolphins in the Atlantic pelagic longline fishery to 
insignificant levels approaching a zero mortality and serious injury rate. The Team agreed to 
build into the five-year implementation phase of the TRP a series of monitoring and evaluation 
steps. In an adaptive management fashion, the Team will periodically: 1) analyze the status of 
scientific information on pilot whales and Risso’s dolphins, 2) evaluate the effectiveness of the 
TRP, and 3) adjust the Plan’s management measures and research program, as appropriate. 
 
The Team requested that the following types of information be made available by NMFS to 
inform these periodic assessments: 
 

• Status of TRP implementation 
• Updated stock assessment reports 
• Updated habitat analyses 
• Update on data collection and research findings 
• Update on voluntary efforts being carried out by the pelagic longline industry 
• Update on status of observer coverage 
• Updated results of the predictive model for pilot whales and Risso’s dolphins, based on 

updated data sets (PLTRT members requested that the predictive model be updated, 
evaluated, and run approximately once a year, or as deemed necessary by the PLTRT) 

 
The Team agreed that the timing of these assessments should be tied to both the availability of 
data and the time needed to adequately evaluate the effectiveness of management measures or 
the results of the research program. The Team requested that they be provided with quarterly 
bycatch reports, which will in turn help inform the decision of when it will be timely and useful 
to reconvene. 
 
B. Near-Term Next Steps 
 
The Team recommended that immediate steps be taken to reduce the bycatch of pilot whales and 
Risso’s dolphins in the Atlantic. This will help ensure that the bycatch of these stocks remains 
under PBR. Key near-term steps include: 
 
1. Initiate the Rulemaking Process 
 
PLTRT members recommended that implementation of the package of measures, through 
rulemaking, begin as soon as the Draft TRP is completed. They also recognized that rulemaking 
involves several layers of review within NMFS, NOAA, DOC, and OMB. As such, they 
recognized that rulemaking to implement the TRP may take 12-15 months, or longer from the 
time of completion of the Plan (May 31, 2006). 
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2. Pursue near-term bycatch reduction measures 
 
PLTRT members recommended that a suite of actions be implemented by the end of Summer 
2006 to help produce an immediate reduction in pilot whale and Risso’s dolphin interaction with 
the pelagic longline fishery. Recommendations regarding key near-term actions include: 
 

a. NMFS should conduct voluntary outreach/education workshops on marine mammal 
bycatch over the summer of 2006 targeted to pelagic longline fishermen who typically 
fish in the Mid-Atlantic Bight. The workshops would explain the Plan and the 
recommended measures and would encourage fishermen to begin adopting these 
measures as best practices in advance of rulemaking.  

b. NMFS should work with stakeholders to revise the informational placard containing 
marine mammal Handling/Release Guidelines for pelagic longline gear and distribute 
these to the pelagic longline fleet for display in their wheelhouses and on their working 
decks. This will be implemented as a voluntary measure until a regulation requiring 
display of the placard is adopted. 

c. NMFS should work with stakeholders to prepare information on marine mammal 
interactions to be incorporated into ongoing HMS certification workshops. 

d. Relevant research projects should be initiated immediately, including cooperative 
research between NMFS and pelagic longline fishermen. At the time of submittal of the 
draft plan, NMFS was working with North Carolina Sea Grant to fund two research 
projects. The first is a study of pilot whale behavior and acoustical research in the Mid-
Atlantic Bight, and the second is a pilot study interviewing fishermen regarding the 
circumstances surrounding marine mammal hooking/entanglement events.   

e. Initiate industry initiative to voluntarily convert to the Mustad 2x, 4 mm (200 pound pull 
strength) weak hook when fishing from 35 to 37 North Latitude along the Hatteras slope. 

f. NMFS should begin coordinating with other take reduction teams, including the trawl 
fishery TRT focused on bycatch of pilot whales and Risso’s dolphins and other TRTs 
involving the longline fishery. 

 
3.  Convene an initial PLTRT follow-up teleconference 
 
The Team recommended reconvening by teleconference approximately six months after 
completion of the Plan (November-December 2006). The primary focus of the call would be to: 
 

• Assess TRP implementation and the status of the rulemaking process 
• Assess the status of the stocks based on new bycatch reports 
• Review the results of voluntary measures taken over the Summer 
• Review the results of near-term research findings 
• Discuss the need and timing for future teleconferences or in-person PLTRT meetings 
• Update the status of observer coverage 
• Incorporate information if and when it becomes available about bycatch and take 

reduction plan requirements from other fisheries interacting with pilot whales and Risso’s 
dolphins. 

• Further discuss the issue of potentially segmenting the Atlantic pelagic longline fishery 
into components based on level of marine mammal bycatch within each component to 
inform the List of Fisheries process. This could include further discussion of the 
“greenstick” sub-segment of the Atlantic pelagic longline fishery. 
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C. Longer-Term Next Steps 
 
In conjunction with the receipt of quarterly bycatch reports, the Take Reduction Team agreed to 
periodically assess the merits of convening future PLTRT meetings, either in-person or 
teleconferences. At each of these meetings, the Team will evaluate the effectiveness of the TRP 
and make adjustments to it, as appropriate, to ensure that the goal of the plan will be met within 
5 years of implementation of the TRP.  
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Appendix A 
 

List of Pelagic Longline Take Reduction Team Members (as of April 2006) 
 
 
Marine Mammal Biologists: 
1.  Damon Gannon                                            Ph: (941) 388-4441 ex. 450 
     Mote Marine Lab                                         Email: damon@mote.org 
     Marine Mammal Center 
     1600 Ken Thompson Pkwy.  
     Sarasota, FL 34236    
 
2. Bill McLellan    Ph: (910) 962-7266 
  Biological Sciences    Email: mclellanw@uncw.edu 

University of North Carolina Wilmington 
601 South College Rd.                                 

  Wilmington, NC 28403   
 
Fisheries Biologists: 
3.  Jean Cramer     Ph: (505) 286-7603 
     Thunder Mountain Consulting   Email: jean.cramer@higherspeed.net 
     68 Thunder Mountain Rd.  
     Edgewood, NM 87015-9554 
 
4.  David Kerstetter    Ph: (305) 361-4242 
     Cooperative Institute for Marine and  Fax: (305) 361-4219 
         Atmospheric Studies   Email: david.kerstetter@noaa.gov 
     University of Miami 

4600 Rickenbacker Causeway 
Miami, FL 33149 

 
Regional Fishery Management Council: 
5.  Rich Seagraves    Ph: (302) 674-2331 x14 
     Mid-Atlantic Fishery Management Council  Email: rseagraves@mafmc.org 
     300 S. New Street 
     Room 2115 Federal Building 
     Dover, DE 19904 
 
Environmental Organizations: 
6.  Brendan Cummings    Ph: (760) 366-2232 x304 
     Center for Biological Diversity   Fax: (760) 366-2669 
     P.O. Box 549    Email: bcummings@biologicaldiversity.org 
     Joshua Tree, CA 92252     
 
7.   Jessica Koelsch    Ph: (727) 895-2188 x 14 
      The Ocean Conservancy   Email: jkoelsch@oceanconservancy.org 
      449 Central Avenue Suite #200 
      St. Petersburg, FL 33701 
 
8.  Beth Lowell     Ph: (202) 833-3900 
       Oceana     Email: blowell@oceana.org 
       2501 M St. NW Suite 300 
       Washington, DC 20037  
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9.    Nina Young     Ph: (202) 297-4244   
       Ocean Research, Conservation, and   Email: orcasconsulting@msn.com 

Solutions (ORCAS) Consulting     
       1609 B. Corcoran St. NW 
       Washington, DC 20009 
 
10.  Sharon Young    Ph: (508) 833-0181 
     Humane Society of the United States  Email: syoung@hsus.org 
     22 Washburn St.      
     Sagamore Beach, MA 02562 
 
Marine Mammal Commission Representative:   
11.  Mike Simpkins    Ph: (301) 504-0087 
  Marine Mammal Commission   Email: msimpkins@mmc.gov 
  4340 East-West Hwy. 

Bethesda, MD 20814 
Alternate:  

Tim Ragen     Ph: (301) 504- 0087 
Marine Mammal Commission   Email: tragen@mmc.gov 
4340 East-West Hwy.  
Bethesda, MD 20814 

 
Fishing Industry Representatives: 
12.  Nelson Beideman    Ph: (609) 361-9229 
       Blue Water Fishermen’s Association  Fax: (609) 494-7210 
       P.O. Box 398    Email: nelson@bwfa.org 
       910 Bayview Ave.     
      Barnegat Light, NJ 08006 
 
13.  Jim Budi     Ph: (843) 522-1595 
   18 Barnwall Drive                           Email: j.budi@worldnet.att.net 
   Beaufort, SC 29907-1171 
 
14. Glenn Delaney    Ph: (202) 434-8220 
       Blue Water Consultant   Email: grdelaney@aol.com 

601 Pennsylvania Avenue. NW          
Suite 900 

      Washington, DC 20004 
 
15.  Gail Johnson     Ph: (207) 833-6083 
       Fishing Vessel Seneca   Email: Pocahontas@gwi.net 
       34 Edgewater Colony Rd.  
       Harpswell, ME 04079                                    
 
16.  Dan Mears     Ph: (609) 226- 4082 
       Fishing Vessel Monica   Email: fvmonica@aol.com 
       P.O. Box 324          

Barnegat Light, NJ 08006 
Alternate:  

Eric Burcaw     Ph: (609) 390-9592 
Fishing Vessel Lori-Marie   Email: lmtuna@aol.com 
10 Crestview Dr. 
Seaville, NJ 08230 
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17.  Vince Pyle     Ph: (954) 612-8747 
       Fishing Vessel Carol Ann   Fax: (954) 925-0622 
       629 Northeast 3rd. St.        Email: afbdania@bellsouth.net 
       Dania, FL 33004 
Alternate:  

Greg O’Neill     Ph: (954) 925-6336 
P.O. Box 606     Fax: (954) 925-0622 
Dania Beach, FL 33004  

 
18.  Scott Rucky     Ph: (631) 224 - 4820 
       Fishing Vessel Dakota   Email: dakfish@aol.com 
       15 Huntting Lane     
       East Islip, NY 11730 
Alternate:  

Marty Scanlon    Ph: (631) 234-8090 
40 Grissom Way    Email: proii@fnol.net 
Hauppauge, NY 11788 

   
National Marine Fisheries Service Team Members:  
19. Vicki Cornish    Ph: (727) 824-5312 
       Southeast Regional Office   Fax: (727) 824-5309 
       263 13th Avenue South   Email: Vicki.Cornish@noaa.gov 
       St. Petersburg, FL 33701 
 
20. Kristy Long     Ph: (301) 713-1401 ex: 171 
       Office of Protected Resources   Fax: (301) 427-2522 
       1315 East-West Hwy. Room 13738  Email: Kristy.Long@noaa.gov 
     Silver Spring, MD 20910 
 
 
 
 

Pelagic Longline Take Reduction Team Advisors and Facilitators 
 
U.S. Coast Guard Advisor: 
21. Katie Moore      Ph: (757) 398-6504 
       U.S. Coast Guard Atlantic Area  Fax: (757) 398-6279 
       Fifth District, Office of Law Enforcement        Email: Kmoore@lantd5.uscg.mil 
       431 Crawford St.  
       Portsmouth, VA 23704-5004 
 
National Marine Fisheries Service Advisors:  
22. Laura Engleby    Ph: (727) 824-5312 
       Southeast Regional Office   Fax: (727) 824-5309 
       263 13th Avenue South   Email: Laura.Engleby@NOAA.gov 
       St. Petersburg, FL 33701 
 
23. Kate Wells     Ph: (727) 824-5312 
       Southeast Regional Office     Fax: (727) 824-5309 
       263 13th Avenue South   Email: Kate.Wells@noaa.gov 
       St. Petersburg, FL 33701 
 
24.  David Bernhart    Ph: (727) 824-5312 
       Southeast Regional Office   Fax: (727) 824-5309 
       263 13th Avenue South   Email: David.Bernhart@noaa.gov 
       St. Petersburg, FL 33701 
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25.  Cheryl Scannell    Ph: (727) 824-5370 
       NOAA General Counsel, Southeast Region Fax: (727) 824-5376     
       263 13th Avenue South    Email: Cheryl.Scannell@noaa.gov       
       St. Petersburg, FL 33701 
 
26.  Lance Garrison    Ph: (305) 361-4488 
       Southeast Fisheries Science Center           Fax: (305) 361-4478 
       75 Virginia Beach Dr.    Email: Lance.Garrison@noaa.gov 
       Miami, FL 33149-1003 
 
27.  John Watson     Ph: (228) 762-4591 ex: 292 
       Southeast Fisheries Science Center  Fax: (228) 762-8699 
       3209 Frederic St.     Email: John.Watson@noaa.gov 
       P.O. Drawer 1207 
       Pascagoula, MS 39567-4112   
 
28.  Charlie Bergmann    Ph: (228) 762 –4591 x259 
       Southeast Fisheries Science Center  Fax: (228) 826-3135 
       3209 Frederic St.     Email: Charles.Bergmann@noaa.gov 
       Pascagoula, MS 39567-4112   
 
29.  Karyl Brewster-Geisz    Ph: (301) 713-2347 
       Sustainable Fisheries HMS   Fax: (301) 713-1917 
      1315 East-West Highway   Email: Karyl.Brewster-Geisz@noaa.gov  
       Silver Spring, MD 20910 
 
30.  Mark Minton     Ph: (978) 281-9300 x6509 
       Northeast Region    Fax: (978) 281-9394 
       One Blackburn Dr.     Email: Mark.Minton@noaa.gov 
       Gloucester, MA 01930-2298 
Alternates: 

David Gouveia    Ph: (978) 281-9280 
Northeast Region    Email: David.Gouveia@noaa.gov 
Diane Borggaard Ph: (978) 281-9300 x6503 
Northeast Region    Email: Diane.Borrggard@noaa.gov 

 
31.  David Johnston    Ph: (808) 983-5398 
       Pacific Islands Fisheries Science Center   Fax: (808) 983-2902 
       2570 Dole Street    Email: Dave.Johnston@noaa.gov 
       Honolulu, HI 96822-2396 
 
32.  Guillermo Diaz    Ph: (305) 361-4200 
       Southeast Fisheries Science Center  Fax: (305) 361-4219 
       75 Virginia Beach Dr.    Email: Guillermo.Diaz@noaa.gov 
       Miami, Fl 33149 
 
33.  Dennis Lee     Ph: (305) 361-4247 
       Southeast Fisheries Science Center  Fax: (305) 361-4478 
       75 Virginia Beach Dr.    Email: Dennis.Lee@noaa.gov 
       Miami, FL 33149  
 
34. Patricia Rosel    Ph: (337) 291-2123 
       Southeast Fisheries Science Center           Fax: (337) 291-2106 
       646 Cajundome Blvd. Suite 234  Email: Patricia.Rosel@noaa.gov 
       Lafayette, LA 70506 
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35. Chris Yates     Ph: (808) 973-2935 
       Pacific Islands Regional Office     Fax: (808) 973-2941 
       1601 Kapiolani Blvd.     Email: Chris.Yates@noaa.gov 
       Honolulu, HI 96814-4700 
 
36.  Richard Merrick    Ph: (508) 495-2291 
       Northeast Fisheries Science Center  Email: Richard.Merrick@noaa.gov 
       166 Water St.  
       Woods Hole, MA 02543 
Alternate:  

Deb Palka     Ph: (508) 495-2291 
Northeast Fisheries Science Center   Email: Debra.Palka@noaa.gov 

 
37.  Mike Payne      Ph: (301) 713-2322 
       Office of Protected Resources       Fax: (301) 713-2644 
       1315 East-West Hwy.    Email: Michael.Payne@noaa.gov 
       Silver Spring, MD 20910 
 
38. Tom Eagle     Ph: (301) 713-2322 
       Office of Protected Resources   Fax: (301) 427-2522 
       1315 East-West Hwy    Email: Tom.Eagle@noaa.gov 
        Silver Spring, MD 20910 
 
39. Tanya Dobrzynski    Ph: (307) 713-2322 x160 
       Office of Protected Resources   Fax: (301) 427-2522 
       1315 East-West Hwy.    Email: Tanya.Dobrzynski@noaa.gov 
 Silver Spring, MD 20910 
 
40. John Barylsky    Ph: (252) 449-0456 
       Office of Law Enforcement    Fax: (252) 480-6599 
       P.O. Box 2980    Email: John.Barylsky@noaa.gov 
  Kitty Hawk, NC 27949 
 
41. Alecia M. Van Atta    Ph: (808) 944-2257 
       Pacific Islands Regional Office   Fax: (808) 973-2941 
       1601 Kapiolani Blvd.     Email: Alecia.Vanatta@noaa.gov 
       Honolulu, HI 96814-4700 
 
42.  Karen Raine     Ph: (727) 824-5360 
  General Counsel for Enforcement  Fax: (727) 824-5376 
    and Litigation, Southeast Region  Email: Karen.Raine@noaa.gov 
  263 13th Ave. South 
  St. Petersburg, FL 33701 
 
43.  Alexa Cole     Ph: (301) 427-2202 
  General Counsel for Enforcement and Litigation Email: Alexa.Cole@noaa.gov     
 
Facilitators: 
44. Scott McCreary     Ph: (510) 649-8008 
      CONCUR Inc.     Fax: (510) 649-1980 
      1832 Second St.     Email: Scott@concurinc.net 
      Berkeley, CA 94710 
 
45. Eric Poncelet     Ph: (510) 649-8008 
       CONCUR Inc.     Fax: (510) 649-1980 
       1832 Second St.     Email: Eric@concurinc.net 
       Berkeley, CA 94710 
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Appendix B 
 

Ground Rules – Atlantic Pelagic Longline Take Reduction Team 
(Adopted June 30, 2005; revised September 27, 2005) 

 
The following ground rules have been informed by CONCUR’s professional experience, 
discussions with NMFS, directives in the Marine Mammal Protection Act, and confidential 
interviews conducted with the primary Take Reduction Team (TRT) members. These ground 
rules are intended to foster and reinforce constructive interaction and deliberation among TRT 
members. They emphasize clear communication, respect for divergent views, creative thinking, 
collaborative problem solving, trust building, working towards consensus, and the pursuit of 
mutual gains. The TRT may decide to reconsider and revise these ground rules if they appear not 
to be serving the TRT process. 
 
Representation 
 

• TRT recruitment and selection. TRT members have been invited to serve by the 
NOAA Assistant Administrator for Fisheries, Dr. William Hogarth. TRT members were 
selected based on professional expertise or experience in the areas of conservation or 
biology of marine mammal species or fishing practices which result in the incidental 
mortality and serious injuries of such species. TRT members were also selected for their 
diversity of interests, geographic location, communication network, capability to work 
with diverse viewpoints, and commitment to developing a consensus-based Take 
Reduction Plan in the prescribed timeframe. 

 
• Checking back with constituencies. TRT members have also been recruited based upon 

their ability to ably represent the views of an important constituency. TRT members 
should work to keep their constituencies informed of the TRT’s efforts and to reporting 
relevant feedback to the TRT. In reporting back, TRT members will strive to integrate the 
views of their constituency rather than resorting to a "lowest common denominator" 
portrayal. 

 
Participation and Collaboration 
 

• Primary and alternate TRT members. Primary TRT members will make every effort 
to attend all of the TRT meetings. Team members may identify alternates if they will not 
be able to make all team meetings. Alternates should represent the same organization or 
constituency as the primary representative, be knowledgeable and able spokespersons, 
and be committed to work collaboratively towards a consensus agreement. Primary TRT 
members will work with their alternates to ensure that they are up to speed on TRT 
deliberations. This will enable alternates to step in effectively as needed and keep the 
project from “backsliding.” 

 
• Active, focused participation. Every participant is responsible for communicating 

his/her perspectives and interests on the issues under consideration. Voicing these 
perspectives is essential to enable meaningful dialogue. Everyone will participate; no one 
will dominate. Only one person will speak at a time (i.e., no sidebar conversations). 
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Everyone will help stay on track. Participants will turn off their cell phones during TRT 
meetings. 

 
• Respectful interaction. Participants will respect each other’s personal integrity, values 

and legitimacy of interests. This includes avoiding personal attacks and stereotyping. 
 

• Integration and creative thinking. In developing, reviewing and revising work 
products, participants will strive to be open-minded and to integrate members’ ideas, 
perspectives and interests. Disagreements will be regarded as problems to be solved 
rather than battles to be won. Participants will attempt to reframe contentious issues and 
offer creative solutions to enable constructive dialogue. 

 
• Mutual gains approach. Participants will work to satisfy not only their own interests but 

also those of other TRT members. Participants are encouraged to be clear about their own 
interests and to recognize the important distinction between underlying interests and 
fixed positions. 

 
Commitment to process 

 
• Participants will make a good faith effort to achieving the goals of the project. This 

includes working collaboratively with other TRT members to develop a consensus-based   
product. 

• Participants will review meeting materials in advance of the meetings and come prepared 
to address the meeting objectives. 

• Meetings will start on time. Participants who know that they will be absent, late, or have 
to leave early will inform project staff in advance and coordinate with their alternates as 
needed. 

• As a set of mutual obligations, TRT members will commit to adhere to these ground rules 
once they are ratified. TRT members are encouraged to help uphold and enforce these 
ground rules. 
 

TRT Decision Rules 
 

• The TRT will strive to develop and come to agreement on a draft Take Reduction Plan 
using a consensus decision rule. In particular, TRT members will pursue “conditional 
unanimity,” where all participants are able to support (i.e., “to live with”) and agree not 
to block a package of agreements developed over the course of the group’s deliberations. 

• TRT members recognize the need to make simple process agreements to move the effort 
forward. TRT facilitators will use “straw votes” to track progress and help the group 
arrive at short-term decisions to propel the process forward in an efficient fashion. 

• In the event consensus cannot be reached, the TRT will advise the Secretary of 
Commerce in writing on the range of possibilities considered by the team and the extent 
of support for respective elements of TRT’s proposals, As appropriate, majority and 
minority views will also be represented. 
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Multi-interest Work Teams and Interest Group Caucusing 
 

• NMFS staff and CONCUR expect that cross-interest group work teams may be an 
important way to develop constructive, integrative work products during and between 
TRT meetings. The aim of such work teams is to encourage multi-interest options and 
work products rather than work products put forward by a single bloc or interest group. It 
is anticipated that work teams will meet primarily by teleconference. 

• As appropriate, opportunities will be provided during TRT meetings for caucusing within 
interest groups. 

 
Media Contact and Contact with Political Representatives 
 

• TRT members will refrain from discussing details of the TRT process with the media or 
political representatives. In particular, TRT members will not represent the views of 
others, characterize ideas or proposals still under discussion, or prejudge outcomes. TRT 
members recognize that premature efforts to "negotiate through the press" or through 
other political avenues can undermine the success of a collaborative effort. 

• TRT members contacted by the media are encouraged to direct these inquiries to NMFS 
staff. As well, NMFS staff will work with the TRT to develop “talking points” for 
relating to the media. 

• TRT members will develop a media strategy as part of its Draft Take Reduction Plan. 
 

Information Sharing and Joint Fact Finding 
 

• TRT members recognize that the Atlantic Pelagic Longline TRT project depends on 
using the best readily available information. 

• TRT members commit to identify information needs in a timely fashion and to contribute 
in framing needs for additional research and analysis. 

• TRT members commit to share, and not withhold, relevant information. Preliminary 
information will be treated as such. 

 
TRT Communication Protocols 
 

• TRT members wishing to send email correspondences or documents to the full TRT are 
requested to send these through the facilitation team and the convenor. 

 
Use of Project Website 
 

• CONCUR has prepared a confidential project website. It is intended for use by the TRT 
and will serve as a repository of meeting agendas, Key Outcomes Memoranda, and 
meeting presentations. 

• Use of the website is intended to be limited to the TRT; the URL should not be shared 
(except with members of your organizations); it should not be published or broadcast, and 
organizational members should be reminded of this protocol. 

• Internal TRT documents are intended primarily for use by TRT members. They should 
not be posted on public websites. Nor should the project website URL. TRT members 
may email TRT documents to their constituents so long as it is understood that these 
documents are not meant for public consumption. 



Draft Atlantic Pelagic Longline Take Reduction Plan (June 8, 2006)   
 

81 

 
Role of Facilitation Team 
 

• The TRT facilitation team (CONCUR, Inc.) is non-partisan and will not act as an 
advocate for particular outcomes. The facilitators will strive to ensure that all TRT 
members clearly articulate their respective interests and to assist members to complete 
their work in a well-informed and efficient fashion. 

• The TRT facilitation team will prepare Key Outcomes Memoranda (KOMs) to 
summarize the main results of the TRT meetings. These KOMs will endeavor to 
summarize key decisions made, issues discussed, and the next steps identified for moving 
the process forward. They will not serve as a transcript of the meetings. The facilitators 
will strive to prepare KOMs within two weeks of the meetings. The facilitators will 
typically not invite comment on the KOMs; nor will formal approval of KOMs be 
agendized at the TRT meetings. 

• In the event that TRT members believe the KOMs significantly misrepresent particular 
decisions, issues, or next steps discussed in such a way that will impedes the TRT 
process, they are requested to notify the project facilitators and convenors. The project 
facilitators and convenors will review the matter and use their professional judgment to 
determine if a revision to the KOM is in order. If so, they will prepare a revised KOM 
and distribute it in a timely fashion to all TRT members. 

• The TRT facilitation team will serve as the primary secretariat in assisting parties to 
develop the draft and final Take Reduction Plan. The Take Reduction Plan, unlike the 
Key Outcomes Memoranda, will be subject to detailed review and approval by all TRT 
members. 
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Appendix C 
 

Brief Summary of PLTRT Meetings 
 

Because pilot whales are non-strategic stocks (Waring et al. 2006), the PLTRT’s charge was to 
develop a draft plan by May 2006, which was 11 months from the time of the Team’s 
establishment on June 22, 2005 (70 FR 36120). The Team reviewed stock assessment 
information for each stock, appropriate marine mammal behavioral studies, available mortality 
and serious injury data from fishery observer reports, target species catch data, take reduction 
strategies tested in similar fisheries, and other pertinent information. The Team developed 
management strategies to reduce mortalities and serious injuries of pilot whales and Risso’s 
dolphins in the mid-Atlantic region of the pelagic longline fishery and developed 
recommendations for additional research and data collection to support these strategies. The 
Team held 4 meetings in Maryland, Virginia, and Florida over the course of 10 months. Team 
meetings were open to the public, and notices of meetings were published in the Federal Register 
or posted on NOAA Fisheries Service (NMFS) FishNews. Team meetings were facilitated by 
CONCUR, Inc. 
 
Meeting #1 - Bethesda, Maryland, June 29-30, 2005  
 
The primary objectives for the meeting were to:  

1) Introduce TRT members and project support staff,  
2) Review and adopt ground rules,  
3) Review project goals and roles of team members,  
4) Present and discuss key background information,  
5) Review major findings of stakeholder interviews, and  
6) Begin developing PLTRT work plan. 

 
Key outcomes from the meeting were as follows: 
•  Adopted ground rules for the PLTRT 
•  Presented briefings on project goals and team roles 
•  Established two multi-interest Work Teams to produce information to support future PLTRT 

meetings. The goals of the two Work Teams were as follows: 
1)  Prepare a list of candidate mitigation measures; review existing and emerging 

mitigation measures and technologies. 
2)  Prepare a predictive model to provide quantitative assessment of mitigation measures. 

•  Identified eight additional informational briefings to support future PLTRT meetings. A 
combination of NMFS staff and other PLTRT members took the lead in producing these. 

1)  Marine mammal behavior and sensory abilities 
2)  Characteristics of the Atlantic pelagic longline fishery 
3)  Nature of interactions between marine mammals and the longline fishery 
4)  Communications protocols among captains 
5)  Entanglement and hook removal procedures in use for sea turtles 
6)  Summary of current regulations in the pelagic longline fishery 
7)  2005 third quarter bycatch estimates 
8)  Outline for Take Reduction Plan 
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Meeting #2 - Falls Church, Virginia, September 27-29, 2005 
 
The primary objectives for the meeting were to:  

1)  Provide additional guidance on the scope and goal of the Take Reduction Plan,  
2)  Provide focused briefings on information and data gathering efforts and implications for 

the TRP,  
3)  Outline elements of the TRP, and  
4)  Initiate discussion on potential bycatch reduction strategies. 

 
Key outcomes from the meeting were as follows: 
• Adopted new ground rules regarding communication protocols (see Appendix B), use of the 

project website, and preparation and revision of Key Outcomes Memoranda. 
• Discussed the password-protected project website. 
• Discussed possibility of expanding the TRP scope to include Risso’s dolphins. 
• Reviewed and commented on the draft TRP outline. 
• Discussed NMFS’ plan to revise serious injury guidelines for marine mammals. 
• Reviewed recent data on pilot whales and Risso’s dolphins, including the results of 1st and 

2nd quarter bycatch preliminary estimates and descriptions of stock structure and sensory 
abilities. 

• Reviewed information on the Atlantic pelagic longline fishery, including fishing effort, 
distribution, seasonality, and the nature of pelagic longline interactions with marine 
mammals.  

• Received an update on proposed changes to the Highly Migratory Species Fishery 
Management Plan and regulations. 

• Brainstormed mitigation strategies and possible data needs with regard to: 
o Avoiding exposure of marine mammals to vessel/gear 
o Reducing the probability of interaction once in the vicinity of the gear 
o Minimizing impacts once interaction has occurred 

• Established work teams to assist in preparations for the next PLTRT meeting and in outlining 
potential elements of the TRP. Work teams will focus on the topics of:  

1) Developing a predictive model,  
2) Revising the observer data form,  
3) Identifying and sorting priority research, and  
4) Developing disentanglement guidance. 

 
Meeting #3 - Miami, Florida, January 25-27, 2006 
 
The primary objectives for the meeting were to:  

1) Address the framing of the PLTRT scope,  
2) Provide briefings from work teams and other information gathering efforts, and discuss 

implications for the TRP,  
3) Draft, discuss, review, and revise working sections of the Preliminary Draft TRP, and  
4) Outline a game plan for completing the TRP. 
 

Key outcomes from the meeting were as follows. The PLTRT: 
• Agreed to include Risso’s dolphins in the scope of the TRP and to text conveying that 

decision. 
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• Reviewed recent data on 3rd and 4th quarter bycatch estimates, genetic analyses of pilot 
whales in the NW Atlantic, observer data form revisions, sea turtle disentanglement gear, 
lessons learned from efforts to reduce takes of sea turtles and from the Alaska sablefish 
bottom longline fishery, and enforcement capabilities. 

• Received a report on the most significant variables affecting pilot whale and Risso’s dolphin 
bycatch as determined by a predictive model. 

• Developed a preliminary list of primary management strategies for reducing mortalities and 
serious injuries of pilot whales and Risso’s dolphins. Key strategies included: 

o Reduce mainline length to 20 miles or less. 
o Adopt active avoidance measures (including moving vessels after interactions). 
o Institute a mandatory certification program for avoidance and safe handling/release 

strategies. 
o Place mandatory informational placards in vessel wheelhouses. 

• Identified key information needs associated with additional candidate management strategies, 
and discussed the prioritization of broader research and data collection needs. 

• Established work teams to assist in preparations for the next PLTRT meeting, including work 
teams on:  

1) Developing a TRP section on improved observer data collection,  
2) Determining the uniqueness of vessel interaction,  
3) Revising the TRP section on research and data collection,  
4) Revising informational placards on handling/release guidelines for marine mammals 

in pelagic longline gear, 
5) Further developing and using the predictive model,  
6) Enhancing collection of marine mammal biopsies, and  
7) Further defining key management strategies. 

 
Meeting #4 - St. Petersburg, Florida, April 25-27, 2006 
 
The primary objectives for the meeting were to:  

2) Present briefings from work teams and information-gathering efforts, and discuss the 
implications for the Take Reduction Plan (TRP) 

3) Discuss, review, and revise the Draft TRP (April 18, 2006 version) 
4) Outline plan for completing the Draft TRP to present to NMFS by May 31, 2006 
5) Outline next steps for achieving the goals of the PLTRP. 

 
Key outcomes from the meeting were as follows: 
 
• PLTRT members deliberated and reached agreement on key elements of a proposed 

management strategy (for Section VIII of Draft TRP). PLTRT members recommended that 
the following four measures be implemented via regulation: 

a)  Set a 20 nautical-mile upper limit on mainline length for all pelagic longline sets 
within the Mid-Atlantic Bight (MAB). 

b)  Establish a Cape Hatteras Special Research Area, an area defined to capture hot spots 
of bycatch and a concentration of fishing effort, with the following approximate 
coordinates: southern boundary = 35 degrees N, northern boundary = 36 degrees 25 
minutes N, western boundary = 75 degrees W, and eastern boundary = 74 degrees 35 
minutes W. (The southern boundary coincides exactly with the southern boundary of 
the MAB). Vessels fishing in this area: must be capable of carrying observers and 
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must carry an observer, if requested by NMFS; must be willing and able to participate 
in any NMFS-approved research; and must maintain daily communications with other 
vessel operators fishing in this area. 

c)  Develop and distribute an informational placard that must be displayed in the 
wheelhouse and the working deck of all active pelagic longline vessels in the Atlantic 
Fishery. 

d)  Develop and implement a mandatory certification program to educate owners and 
operators of pelagic longline vessels about ways to reduce serious injury and 
mortality of marine mammals. 

PLTRT members recommended that the following additional measures be implemented via 
non-regulatory means: 

e)  Provide for 12-15% observer coverage throughout all highly migratory species 
fisheries that interact with pilot whales or Risso's dolphins. 

f)  Encourage vessel operators to maintain daily communications with other local vessel 
operators regarding protected species interactions, with the goal of identifying and 
exchanging information relevant to avoiding protected species and all other bycatch. 

g)  Employ careful handling/release equipment and methods, including the development 
of new technologies. 

h)  Provide quarterly reports of bycatch of marine mammals in the pelagic longline 
fishery to the PLTRT. 

• PLTRT members identified research and data collection tasks for Section IX of the Draft 
TRP. PLTRT members organized these tasks into three time frames, keyed to how long the 
tasks would take to complete once initiated--i.e., near term tasks completed within one year 
of initiation, short term tasks completed within 1-3 years of initiation, and long term tasks 
completed within 5 years of initiation. The PLTRT recommended that priority be given to 
research on species that are closest to PBR, research that evaluates the effects of the TRP's 
recommended management measures, and research on species-specific abundance, mortality, 
and post-hooking survivorship. They also stressed that research framed as "longer term" is 
not intrinsically of lower priority than more near/short term research. 

• PLTRT members offered several specific revisions to the other TRP sections. Specific 
PLTRT members agreed to prepare new or revised text for specific sections of the plan. 

• PLTRT members agreed that implementation of the package of measures, through 
rulemaking, should begin as soon as the Draft TRP is completed. They also recognized that 
rulemaking involves several layers of review within NMFS, NOAA, DOC, and OMB. As 
such, they recognized that rulemaking to implement the TRP may take 12-15 months, or 
longer. 

• PLTRT members agreed to an adaptive management-based approach for achieving the goals 
of the TRP (section IX. of the TRP). Members recommended scheduling future PLTRT 
meetings to coincide with the availability of new bycatch estimates and other critical data as 
well as the outcomes of key research. In particular, members recommended that quarterly 
bycatch estimates be used as the trigger for potential conference calls with the whole Team 
(to be scheduled as needed), and that the calls be used to take stock of the need to convene in 
person. Members agreed provisionally to schedule a conference call approximately 6 months 
after completion of the TRP to discuss the status of the Plan document and implementation of 
measures. Members discussed the possibility of convening an in-person meeting 
approximately one year from either the completion or the publishing of the TRP. 
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• PLTRT members agreed to a series of next steps to support completing the Draft TRP by 
May 31, 2006. 

• NMFS staff concluded the meeting with broad statements of thanks and appreciation. 
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Appendix D 
 

Other Domestic Fisheries that Interact with Pilot Whales and Risso’s Dolphins 
 

Bycatch of long-finned and short-finned pilot whales has been observed and documented by 
NMFS observers in the Southern New England (SNE) squid trawl (Ilex and Loligo) and bottom 
trawl fisheries, the Gulf of Maine (GOM)/Grand Banks (GB) herring mid-water trawl joint 
venture fishery, and the mid-Atlantic coastal gillnet fishery, in addition to the pelagic longline 
fishery (Waring et al. 2006). Mean annual mortality of pilot whales in each of these fisheries is 
as follows: 

• SNE/Mid-Atlantic Ilex squid trawl fishery: 11 (CV=0.65) 
• SNE/Mid-Atlantic Loligo squid trawl fishery (offshore): 10 (CV=0.97) 
• SNE/Mid-Atlantic bottom trawl fishery: 46 (CV=1.03) 
• GOM/GB herring mid-water trawl joint venture/foreign fishery: 11 (CV NA).  

 
Mortality of Risso’s dolphins has been observed in the Northeast multispecies sink gillnet 
fishery, in addition to the pelagic longline fishery (Waring et al. 2006). Mean annual mortality of 
Risso’s dolphins in the Northeast sink gillnet fishery is 3 animals (CV=1.06). 
 
More detailed information on levels of bycatch of pilot whales, Risso’s dolphins, and other 
marine mammals in U.S. Atlantic, Gulf of Mexico, and Caribbean commercial fisheries can be 
found in the 2005 SAR (Waring et al. 2006).  
Observer coverage has steadily increased within the past 10 years, and additional Category I and 
II fisheries are expected to be observed in the future (although overall observer coverage levels 
are expected to remain relatively low). 
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Appendix E 
 

Management Measures Considered and/or Discussed 
 But Not Recommended for Inclusion in the TRP 

 
Over the course of the PLTRT’s deliberations, the Team considered and discussed a wide variety 
of management measures for reducing mortality and serious injury to pilot whales and Risso’s 
dolphins in the pelagic longline fishery.   
 
Some of these management measures have been advanced as recommendations and are 
incorporated in Section VIII of the TRP. Still others appear to have promise, but were thought by 
the Team to require additional research. These appear in Section IX of the TRP. 
 
The purpose of this Appendix is to capture the measures that were mentioned or discussed, but 
were not recommended for inclusion in the TRP. 
 
The brainstorming of management measures began at the second meeting and continued through 
the third and fourth meeting. This effort began as a breakout group activity during the second 
PLTRT meeting (September 27-29, 2005). During this meeting, PLTRT members discussed 
three overarching categories of strategies: (1) Strategies for avoiding exposure of pilot whales to 
vessel/gear (large scale); (2) strategies for reducing probability of interactions once pilot whales 
were in the vicinity of gear (medium scale); and (3) once an interaction has occurred, strategies 
for minimizing impacts of that interaction (fine scale). The Team continued to discuss these and 
other potential strategies at its third and fourth meetings in January and April 2006. At its fourth 
meeting, the Team came to agreement on a package of management measures. The Team also 
identified several promising management measures for additional research.  
 
The management measures below are described in varying levels of detail. This reflects to a 
large extent the degree to which they were discussed by the PLTRT. Some of these ideas were 
discussed in considerable detail. Others received relatively little discussion and are expressed in 
very brief outline form. In some cases, this limited discussion represented the preliminary 
assessment of Team members that these management measures were likely to be less effective, 
more difficult to quantify in terms of benefits, and/or more difficult to implement. 
 
I.   Strategies for avoiding exposure to vessel gear. 
 

A. Alter fishing effort in the Mid-Atlantic region  
  
Team members brainstormed several strategies aimed at altering fishing effort. Key 
strategies included: 
  
• Reduce effort by paying fishermen to not fish (this is also a kind of economic 

incentive; see below). 
• Implement Closures: Seasonal Area Management or Time-Area Closures. PLTRT 

members discussed closures in general, noting that they are easier to implement and 
enforce than many other types of management measures. Team members, 
acknowledged, however, that closures would have a significant negative economic 
impact on the fleet. As such, Team members were reluctant to seriously consider 
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closures before thoroughly exploring all other potential management measures on the 
table. 

• Allow Vessel Modifications. A number of pelagic longline fishing vessels are greater 
than 75 feet in length and outfitted so that they are able to fish beyond the Exclusive 
Economic Zone (EEZ) and/or in the Gulfstream, where the likelihood of marine 
mammal interactions is greatly reduced. Vessels in the 45-foot range are not large 
enough to fish any great distance from shore, and hence make short trips and stay 
relatively close to shore (Blue Water Fishermen’s Association 2005). Since most of 
the bycaught species are concentrated along the continental shelf break and associated 
water fronts, modifying vessels by making them larger would allow fishermen to fish 
beyond the shelf break and perhaps avoid the most concentrated populations of pilot 
whales and Risso’s dolphins. However, there are currently regulations in place that 
prevent vessel owners from increasing the size of their vessel more than 10% in 
length, and 20% in horsepower (CFR 635.4(1)). Outfitting a fishing vessel to allow it 
to travel further offshore is also not an economically feasible option for most pelagic 
longline fishermen and may carry with it other resource management or bycatch 
concerns. Given the current regulations in place, the PLTRT chose not to include this 
strategy as a recommended management measures. The Team did, however, 
recommend that NMFS investigate possible environmental and other effects 
associated with the strategy of allowing modifications to pelagic longline vessels to 
make them more offshore capable (see Section IX above). 

• Spread out fishing effort in time and space. 
 

B. Use other economic or regulatory incentives and/or disincentives to encourage 
fishermen to reduce bycatch 
 
PLTRT members brainstormed several measures involving incentives to encourage 
fishermen to reduce bycatch. Individual members suggested several possibilities intended 
to reduce fishing effort. These included providing cash incentives not to fish, further 
restricting access to fishing permits, or establishing quotas on catch (perhaps associated 
with monetary penalties if quotas are exceeded). Team members mentioned 
implementing a per-vessel, by group, or fleet-wide cap on bycatch, to be monitored in 
real time. They also suggested encouraging more over peer pressure from other 
fishermen, backed up by definitive information. 
 

C. Implement Other Methods 
 

Another strategy mentioned to help avoid exposure to gear involved taking whales on a 
“wild goose chase” (i.e., luring them out of the area to reduce interactions). 

 
II. Strategies to reduce the probability of an interaction once in the vicinity of gear.  
 

Team members brainstormed several potential strategies that involved gear modifications. 
Individual Team members suggested shortening the length of the gangion (although it was 
later noted that this would not be possible due to sea turtle regulations), altering line strength, 
and using weak links at connections between line and hook. 
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Appendix F 
 

List of Acronyms 
 

ALWTRP – Atlantic Large Whale Take Reduction Plan 
AOCTRP – Atlantic Offshore Cetacean Take Reduction Plan 
ATCA – Atlantic Tunas Convention Act 
BDTRP – Bottlenose Dolphin Take Reduction Plan 
CFR – Code of Federal Regulations 
EEZ – Exclusive Economic Zone 
FR – Federal Register FMP – Fisheries Management Plan 
GAMMS – Guidelines for Assessment of Marine Mammal Stocks 
HMS – Highly Migratory Species 
ICCAT – International Convention for the Conservation of Atlantic Tunas 
KOM – Key Outcomes Memorandum 
MAB – Mid-Atlantic Bight 
MMC – Marine Mammal Commission 
MMPA – Marine Mammal Protection Act 
NED – Northeast Distant  
NMFS – National Marine Fisheries Service 
NOAA – National Oceanic and Atmospheric Administration 
OY – Optimum Yield 
PBR – Potential Biological Removal 
PLTRT – Atlantic Pelagic Longline Take Reduction Team 
PLTRP – Atlantic Pelagic Longline Take Reduction Team 
SAB – South Atlantic Bight  
SAR – Stock Assessment Report 
SEASWAP – Southeast Alaska Sperm Whale Avoidance Project 
SED – Southeast Distant Water 
SEFSC – Southeast Fisheries Science Center 
SI – Serious Injury 
TRP – Take Reduction Plan 
TRT – Take Reduction Team 
VMS – Vessel Monitoring System 
ZMRG – Zero Mortality Rate Goal 
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Appendix G 
 

DRAFT Revised Marine Mammal Incidental Take Form 
for the Pelagic Observer Program 

 

 

08SERVERITRIPIO ______ IIAUL f _____ _ 

YEAR IYYY YI ___ MO)''TII (!>1M) OAY(DD) __ _ TIME(!4hr) _____ _ 

LOCATION OF TA KE 

LATITUDE ___ ", ___ m:n N I S LO~GITUDE ___ ", ___ m'n W 

SPECIMEN ~UMBER (BY TRIP) _____ _ 

SPECIES IDENTIfICATION 

__ Short·finn.:u rilot whal. 

__ Rio.,,,, oolr hin 

Sl'm .. C_'_~~_~(if"""l< '0 i.xn';ry.I ..... blank) 

__ LooI·filUk·~ pilot whok __ Un,u. pilot whak 

__ A,lan,;< 'l"'t<oo ool"",n __ Pan!rofl",,1 'l"'t<oo ool"",n 

__ II<>"kooo< ool""in __ C"00U00Il oolr hin __ Un,u. oIol"",n 

("JJyi • .,·ol><IIk."<l whak Unk!_ l><.h~ whok __ PYJlTlY spo.= ~ hal. 

Un,u. ~n<;--"",."' cc_-''''"""';:;:;:;:;:;:;:;:;:;:;:;:;: __________ _ DI>g1IOSIi< f .. lIlr .. 

C"oofid<n« L.wl of5po.·' .. ·.10 Goo.! h iT Poor 

Photos ill"n' Y I N Number ofpt>c' .. ' 1Ik<TI ____ _ 

If!X)KI~G Of MARI~E MAMMAL 

110 .. lIIl imal lloo,«I' Y I N I U I lf~o. lk i l' ' 0 next • .,<boo) 

Loc. bon )n'<mal : 11001< ,';, ibl," Y I ~ _ V;, ibl, to in",n;oo fIOin' Panial """," NOIyi,ibl. 

Loc."on ,n MOUlh: __ "W' __ Low<r __ S'" __ Sw.llo"~"<l _ Unknown 

Ex t."I1U1. __ from t'ltppo.., __ Dorsal ~n __ ~, __ 11< .. .11 N,'" T.iI 

__ Orh<~.'Unmo"",, (<>I'I'in ) .~::;== ________________ _ 

110 .. hooI: """,,-«1 from animal' Y I N I U I L:isI>t .wl..,. 

'(No ..... h.«u'" Y I N Amoun, 0(,; .. ' ldl <n;hn~ (,n ft) __ _ 

ENTANGLHIENT Of MARI~E MAMMAL 

W"lIIli mal "nun~Ie,P Y I N I U 

fJo t:lllgi"m<TOt Loc:o';on «he" .11 tho' ~I)'I __ from flirfl<r __ lind I Nuk 
T.il __ _ 

Mooth Orh<r co:::==--;::::;-----
G<ar in,'ol,"«I __ ,, ___ M' inli"" __ Gang .... __ Dro:!frl,,,,,:f k>ati''''' __ Fl"" 

110 .. g"aT T<"",,~"<l rrom .m"",17 Y I N I P..,;oI l UnklMlwn I l<o;r, or .wf..,< 

If No. IIITK>WO t ofi il>< kft 011 an imal (in Il)'r ___ 110 • .,< IoopHurr Y I N I UnklMlwn 

DESCRIPTlO~ OfUEAR REMOVAL PROCEDURE I GEAR RHIAI~ING\ U", ... klrl ,h.:<, .. no.w..ary) 



Draft Atlantic Pelagic Longline Take Reduction Plan (June 8, 2006)   
 

92 

 

SKHClI OF ANIM,\L SIlO\\lNG WIiERE GEAR WAS Il00 KED OR E);TANGLED O~ BODY 
(Inch"'" OIh<, Id.."'ll trfyin~ ()( Wlll .. 1 mar .... a~~"'I'rial<) 

COND'T'ONOF MAR'!''' ",,""' ''L UPON RELFd\SO: 

__ Ali",_ ....... .,. ... y r>OITIlOly __ AI;",. ''',lJll abnormally Ik .... 

D ... ,crir'Hln of ""imar. ".,,,",,-", ',OO<Iuioo uF"'" ,<1<.", (u", odJIl_ .h<,,, .. "''''-'»1)') 

WASA~IMAL BOARDED' YI N If No. '~f"<'x _ I,-ngthof ... ,rnal (II) --e-
Ify". ,ompl< ', Ill< fol lowing_ If full "''''OP'Y l",fo,m,:<.1 "'" "''f'M't< "'~",!,,)' d:lta ""-<t_ 
T,".II<n~th ('ip of "",<rum '0 !\Ike """h. ,n ,m)_ 

S<x: M I f I UnJeoo""" Dtspooi'ioo ofC .. , ... : 

A<kI,tr""al <OOltnffi" 

BIOPSY SAMPLES TAKEr." Y I N I Atr<mploo (uruucr,.,ful) 

S, .. igh, I CU, ,-«) I Estimat,~ 

Ify,,- itemi",,,,,,,,I .. _____________________________ _ 

TAGS To, pre«nt on "" imal ufIOO "'plUr., Y I N 

Anrmal taggoo befOf. " I .... " Y I N TIC number --C;::::c::c Type : "",I>I (I ) I pl"'i' m 
P"",tion of .. ~: __ L<ft "LM'" __ Rifh t "Lpp" __ Do,,01 nn __ T.il 

PRESENCE Of OTIlER MARJN~: MAMMALS AT TIME Of CAPTURE 

W,,,, OIhe, mann< rtWTlffilIi1 pP.S<'" .. tim. of ,aprur., Y I Didn', loot f 100:1<<<1 buI did oot ..., 

NumMf of OIhe, ITWlIl< marruml. pre=1t ('f'COId.1I three) __ MIN __ MAX BEST GUESS 

Same '!'<ci ....... ,mal "",oro1' Y f N f U SfI<ci •• ID if dLll'""t ______________ _ 
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(k) Cook Inlet (Harvest area: portions 
of Unit 16[B] as specified below) 
(Eligible communities: Tyonek only). 

(1) That portion of Unit 16(B) south of 
theSeason: April 2–May 31 Skwentna 
River and west of the Yentna RiverThat 
portion of Unit 16(B), and August 1–31 
south of the Beluga River, Beluga Lake, 
and the Triumvirate Glacier. 

(2) Closure: June 1–July 31. 
(l) Southeast Alaska. 
(1) Community of Hoonah (Harvest 

area: National Forest lands in Icy Strait 
and Cross Sound, including Middle Pass 
Rock near the Inian Islands, Table Rock 
in Cross Sound, and other traditional 
locations on the coast of Yakobi Island. 
The land and waters of Glacier Bay 
National Park remain closed to all 
subsistence harvesting [50 CFR Part 
100.3]. 

(i) Season: glaucous-winged gull egg 
gathering only: May 15–June 30. 

(ii) Closure: July 1–August 31. 
(2) Communities of Craig and 

Hydaburg (Harvest area: small islands 
and adjacent shoreline of western Prince 
of Wales Island from Point Baker to 
Cape Chacon, but also including 
Coronation and Warren islands). 

(i) Season: glaucous-winged gull egg 
gathering only: May 15–June 30. 

(ii) Closure: July 1–August 31. 
(3) Community of Yakutat (Harvest 

area: Icy Bay [Icy Cape to Point Riou], 
and coastal lands and islands bordering 
the Gulf of Alaska from Point Manby 
southeast to Dry Bay). 

(i) Season: glaucous-winged gull, 
aleutian and arctic tern egg gathering: 
May 15–June 30. 

(ii) Closure: July 1–August 31. 
■ 3. In subpart D, add § 92.32 to read 
as follows: 

§ 92.32 Emergency regulations to protect 
Steller’s eiders. 

Upon finding that continuation of 
these subsistence regulations would 
pose an imminent threat to the 
conservation of threatened Steller’s 
eiders, the U.S. Fish and Wildlife 
Service Alaska Regional Director, in 
consultation with the Co-management 
Council, will immediately under § 92.21 
take action as is necessary to prevent 
further take. Regulation changes 
implemented could range from a 
temporary closure of duck hunting in a 
small geographic area to large-scale 
regional or State-wide long-term 
closures of all subsistence migratory 
bird hunting. Such closures or 
temporary suspensions will remain in 
effect until the Regional Director, in 
consultation with the Co-management 
Council, determines that the potential 
for additional Steller’s eiders to be taken 
no longer exists. 

Dated: May 12, 2009. 
Will Shafroth, 
Assistant Secretary for Fish and Wildlife and 
Parks. 
[FR Doc. E9–11663 Filed 5–18–09; 8:45 am] 
BILLING CODE 4310-55-S 

DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric 
Administration 

50 CFR Part 229 

[Docket No. 070717352–8886–02] 

RIN 0648–AV65 

Taking of Marine Mammals Incidental 
to Commercial Fishing Operations; 
Atlantic Pelagic Longline Take 
Reduction Plan 

AGENCY: National Marine Fisheries 
Service (NMFS), National Oceanic and 
Atmospheric Administration (NOAA), 
Commerce. 
ACTION: Final rule. 

SUMMARY: The National Marine 
Fisheries Service (NMFS) announces its 
determination that the pelagic longline 
fishery has a high level of mortality and 
serious injury across a number of 
marine mammal stocks, and issues the 
final Atlantic Pelagic Longline Take 
Reduction Plan (PLTRP) and 
implementing regulations to reduce 
serious injuries and mortalities of pilot 
whales and Risso’s dolphins in the 
Atlantic pelagic longline fishery. The 
PLTRP is based on consensus 
recommendations submitted by the 
Atlantic Pelagic Longline Take 
Reduction Team (PLTRT). The PLTRP is 
intended to meet the statutory mandates 
and requirements of the Marine 
Mammal Protection Act (MMPA) 
through both regulatory and non- 
regulatory measures, including a special 
research area, gear modifications, 
outreach material, observer coverage, 
and captains’ communications. 
DATES: This final rule is effective June 
18, 2009. 
ADDRESSES: Copies of the Final 
Environmental Assessment (EA), the 
Regulatory Impact Review (RIR), and the 
Final Regulatory Flexibility Act (FRFA) 
analysis are available from Protected 
Resources Division, NMFS, Southeast 
Region, 263 13th Avenue South, St. 
Petersburg, FL 33701–5505. The PLTRP 
Compliance guide and Pelagic Longline 
Take Reduction Team (PLTRT) meeting 
summaries may be obtained by writing 
to Erin Fougeres, NMFS, Southeast 
Region, 263 13th Avenue South, St. 
Petersburg, FL 33701–5505. 

This final rule, its references, and 
background documents for the PLTRP 
can be downloaded from the Take 
Reduction web site at http:// 
www.nmfs.noaa.gov/pr/interactions/trt/ 
pl-trt.htm and the NMFS Southeast 
Regional Office website at http:// 
sero.nmfs.noaa.gov/pr/pr.htm. 
FOR FURTHER INFORMATION CONTACT: Erin 
Fougeres or Jennifer Lee, NMFS, 
Southeast Region, 727–824–5312, or 
Kristy Long, NMFS, Office of Protected 
Resources, 301–713–2322. Individuals 
who use telecommunications devices 
for the deaf (TDD) may call the Federal 
Information Relay Service at 1–800– 
877–8339 between 8 a.m. and 4 p.m. 
eastern time, Monday through Friday, 
excluding Federal holidays. 
SUPPLEMENTARY INFORMATION: 

Background 

This final rule, which serves as the 
final PLTRP, implements regulatory and 
non-regulatory measures recommended 
by the PLTRT to satisfy the 
requirements of the MMPA. Details 
concerning the justification for and 
development of this PLTRP were 
provided in the preamble to the 
proposed rule (73 FR 35623, June 24, 
2008) and are not repeated here. The 
proposed rule provided a 90–day public 
comment period to provide feedback to 
NMFS via electronic submission, 
postmarked mail, or facsimile. In 
addition, one PLTRT meeting was 
conducted during the 90 day public 
comment period. Based on comments 
received (see ‘‘Comments and 
Responses’’ section), NMFS made minor 
changes to the proposed rule. Changes 
between the proposed and final rule are 
noted in the ‘‘Changes from the 
Proposed Rule’’ section. 

Distribution, Stock Structure, and 
Abundance of Pilot Whales 

In the mid-Atlantic bight (MAB), (i.e., 
the area bounded by straight lines 
connecting the mid-Atlantic states’ 
internal waters and extending to 71 W. 
long. between 35° N. lat. and 43° N. lat), 
the Atlantic pelagic longline fishery 
interacts with two species of pilot 
whales. Long-finned pilot whales are 
distributed worldwide in cold temperate 
waters in both the Northern (North 
Atlantic) and Southern Hemispheres. In 
the North Atlantic, the species is 
broadly distributed and thought to occur 
from 40° to 75° N. lat. in the eastern 
North Atlantic and from 35° to 65° N. 
lat. in the western North Atlantic 
(Abend and Smith, 1999). Short-finned 
pilot whales are also distributed 
worldwide in warm temperate and 
tropical waters. In U.S. Atlantic waters, 
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this species is found in the Gulf of 
Mexico (GOM) and in the western North 
Atlantic as far north as the central MAB. 
Both species tend to favor the 
continental shelf break and slope, as 
well as other areas of high relief, but are 
also present offshore in the pelagic 
environment. In the western North 
Atlantic, they may be associated with 
the north wall of the Gulf Stream and 
with thermal fronts (Waring et al., 
1992). 

The two species are difficult to 
distinguish during visual abundance 
surveys, and therefore, in many cases, 
reference is made to the combined 
species, Globicephala spp. Due to this 
difficulty in species identification, the 
species’ boundaries for short-finned and 
long-finned pilot whales in the western 
North Atlantic have not been clearly 
defined. However, their distributions 
are thought to overlap along the U.S. 
mid-Atlantic coast between 35° and 39° 
N. lat. (Payne and Heinemann, 1993; 
Bernard and Reilly, 1999). The greatest 
area of overlap in distribution of the two 
species seems confined to an area along 
the shelf edge between 38° and 40° N. 
lat. in the MAB, where long-finned pilot 
whales are present in winter and 
summer and short-finned pilot whales 
are present in at least the summer 
(Waring et al., 2008). 

Stock structure is not well known for 
long-finned or short-finned pilot whales 
in the North Atlantic. Indirect and 
direct studies on long-finned pilot 
whales indicate that there is some 
degree of stock differentiation within 
the North Atlantic (Mercer, 1975; Bloch 
and Lastein, 1993; Abend and Smith, 
1995; Abend and Smith, 1999; Fullard 
et al., 2000). For short-finned pilot 
whales, there is no available 
information on whether the North 
Atlantic stock is subdivided into smaller 
stocks. 

The total number of pilot whales off 
the eastern U.S. and Canadian Atlantic 
coast is unknown, although estimates 
from particular regions of their habitat 
(e.g., continental slope) exist for select 
time periods (see Waring et al., 2006 for 
a complete summary). Observers at sea 
cannot reliably distinguish long- and 
short-finned pilot whales visually. As a 
result, sightings of pilot whales are not 
identified to species and resulting 
survey estimates are considered joint 
estimates for both species. The best 
available estimate for Globicephala spp. 
in the U.S. Exclusive Economic Zone 
(EEZ) is the sum of the estimates from 
the summer 2004 U.S. Atlantic surveys, 
31,139 (Coefficient of Variation, or 
CV=0.27), where the estimate from the 
northern U.S. Atlantic is 15,728 
(CV=0.34), and from the southern U.S. 

Atlantic is 15,411 (CV=0.43) (Waring et 
al., 2008). This joint estimate is the most 
recent available, and these surveys 
include the most complete coverage of 
the species’ habitats (although the 
PLTRT recognized that this estimate 
was limited to the U.S. EEZ). For 
Globicephala spp., the minimum 
population estimate, which accounts for 
uncertainty in the best estimate (Wade 
and Angliss, 1997), is 24,866. 

Distribution, Stock Structure, and 
Abundance of Risso’s Dolphins 

Risso’s dolphins occur worldwide in 
warm temperate and tropical waters 
roughly between 60° N. and 60° S. lat., 
and records of the species in the 
western North Atlantic range from 
Greenland south, including the Gulf of 
Mexico (Kruse et al., 1999). In the U.S. 
Atlantic EEZ, the species is most 
commonly seen in the MAB shelf edge 
year round and is rarely seen in the Gulf 
of Maine (Waring et al., 2004). Risso’s 
dolphins are pelagic, preferring waters 
along the continental shelf edge and 
deeper, as well as areas of submerged 
relief such as seamounts and canyons 
(Kruse et al., 1999). There is no 
information available on population 
structure for this species. 

Abundance estimates for Risso’s 
dolphins off the U.S. or Canadian 
Atlantic coast are unknown, although 
eight estimates from particular regions 
of their habitat exist for select time 
periods (Waring et al., 2006). Sightings 
of Risso’s dolphins are almost 
exclusively in the continental shelf edge 
and continental slope areas. The best 
available abundance estimate for Risso’s 
dolphins in the U.S. EEZ is the sum of 
the estimates from the summer 2004 
U.S. Atlantic surveys, 20,479 (CV=0.59), 
where the estimate from the northern 
U.S. Atlantic is 15,053 (CV=0.78), and 
from the southern U.S. Atlantic is 5,426 
(CV=0.540) (Waring et al., 2008). This 
joint estimate is the most recent 
available, and the surveys have the most 
complete coverage of the species’ 
habitat (although the PLTRT recognized 
that this estimate was limited to the U.S. 
EEZ). The minimum population 
estimate for the western North Atlantic 
Risso’s dolphin, which accounts for 
uncertainty in the best estimate (Wade 
and Angliss, 1997), is 12,920. 

Potential Biological Removal, Serious 
Injury and Mortality Estimates, and 
Take Reduction Plan Determination 

The Potential Biological Removal 
(PBR) level is the maximum number of 
animals, not including natural 
mortalities, that can be removed 
annually from a stock, while allowing 
that stock to reach or maintain its 

optimum sustainable population level. 
Specifically, it is defined as the product 
of minimum population size (in this 
case, of the portion of the stock 
surveyed within the U.S. EEZ), one-half 
the maximum productivity rate, and a 
recovery factor (MMPA Sec. 3(20), 16 
U.S.C. 1362). The maximum 
productivity rate for both pilot whales 
and Risso’s dolphin is 0.04, the default 
value for cetaceans (Barlow et al., 1995). 
The recovery factor, which provides 
greater protection for endangered, 
depleted, or threatened stocks, or stocks 
of unknown status relative to optimum 
sustainable population (OSP), is 0.48 for 
both species because the CV of the 
average mortality estimate is between 
0.3 and 0.6 (Wade and Angliss, 1997), 
and because both stocks are of unknown 
status. The PBR for both species of 
western North Atlantic pilot whales 
combined (i.e., Globicephala spp.) is 
249, and the PBR for the western North 
Atlantic stock of Risso’s dolphin is 129 
(Waring et al., 2008). 

The 2007 Marine Mammal Stock 
Assessment Report (SAR) reported an 
average combined annual serious injury 
and mortality incidental to pelagic 
longline fishing of 86 pilot whales 
(CV=0.16) and 34 Risso’s dolphins 
(CV=0.32), based on the years 2001– 
2005 (Waring et al., 2008). However, 
more recent estimates (Fairfield-Walsh 
and Garrison, 2007; Garrison, 2007) 
bring the 5–year average annual 
combined serious injury and mortality 
for pilot whales to 109 animals 
(CV=0.194, years 2002–2006) and for 
Risso’s dolphins to 20 animals 
(CV=0.381, years 2002–2006). Based on 
this information, serious injury and 
mortality of pilot whales and Risso’s 
dolphins in the Atlantic pelagic longline 
fishery is below PBR, but exceeds the 
insignificance threshold (i.e., 10% of 
PBR )(69 FR 43338, July 20, 2004). 
Furthermore, NMFS has determined 
that there is a high level of serious 
injury and mortality in the Atlantic 
pelagic longline fishery across a number 
of marine mammal stocks, warranting 
the development and implementation of 
a take reduction plan for both pilot 
whale and Risso’s dolphin stocks. 

Components of the Final PLTRP 
The final PLTRP takes a stepwise, 

adaptive management approach to 
achieve the long-term goal of reducing 
serious injuries and mortalities of pilot 
whales and Risso’s dolphins in the 
Atlantic pelagic longline fishery to 
insignificant levels approaching a zero 
mortality and serious injury rate within 
five years of implementation. A series of 
management measures, implemented by 
this final rule, are designed to make an 
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initial significant contribution to 
reducing serious injury and mortality. 
The final PLTRP also includes research 
recommendations for better 
understanding how pilot whales and 
Risso’s dolphins interact with longline 
gear, as well as assessing current and 
potential new management measures. 
The PLTRT agreed to evaluate the 
success of the final PLTRP at periodic 
intervals over the next five years and to 
consider amending the PLTRP based on 
the results of ongoing monitoring, 
research, and evaluation. 

The PLTRT recommended a suite of 
management strategies to reduce 
mortality and serious injury of pilot 
whales and Risso’s dolphins in the 
Atlantic pelagic longline fishery. The 
complete list of these recommendations 
can be found in Sections VIII and IX of 
the Draft PLTRP (PLTRT, 2006). This 
final rule addresses both the regulatory 
and non-regulatory measures 
recommended by the PLTRT. NMFS 
incorporated nearly all of the PLTRT’s 
consensus recommendations from the 
Draft PLTRP into the proposed and final 
PLTRP, with only minor modifications. 

One consensus recommendation is 
not implemented through this final rule, 
but is implemented under a different 
authority. The PLTRT recommended 
NMFS develop and implement a 
mandatory certification program to 
educate owners and operators of pelagic 
longline vessels about ways to reduce 
serious injury and mortality of marine 
mammal bycatch. NMFS is 
implementing the PLTRT’s 
recommendation using NMFS’ existing 
regulatory authority at 50 CFR 635.8, 
Workshops. On October 2, 2006, NMFS 
published the Consolidated Highly 
Migratory Species (HMS) Fishery 
Management Plan (FMP) and the 
associated final rule (71 FR 58058), 
which requires all HMS longline 
fishermen to attend a NMFS workshop 
and earn certification in mitigation, 
handling, and release techniques for sea 
turtles, sea birds, and other protected 
species. Since 2007, NMFS has 
incorporated education on careful 
handling and release techniques for 
marine mammals, current regulations 
and guidelines related to marine 
mammal bycatch that apply to the 
fishery, and an explanation of the 
purpose and justification of those 
regulations and guidelines into these 
workshops. NMFS will expand the 
content of the workshops as appropriate 
to meet the needs of the PLTRP. 

Regulatory Measures 
NMFS issues the following three 

regulatory measures: (1) a Cape Hatteras 
Special Research Area (CHSRA), with 

specific observer and research 
participation requirements for 
fishermen operating in that area; (2) a 
20–nm (37.04–km) upper limit on 
mainline length for all pelagic longline 
sets within the MAB; and (3) an 
informational placard that must be 
displayed in the wheelhouse and on the 
working deck of all active pelagic 
longline vessels in the Atlantic fishery. 

Cape Hatteras Special Research Area 

As recommended by the PLTRT, 
NMFS is designating a special research 
area offshore of Cape Hatteras (hereafter 
referred to as the CHSRA) with specific 
observer and research participation 
requirements for fishermen operating in 
that area at any time during the year. 
The CHSRA includes all waters inside 
and including the rectangular boundary 
described by the following coordinates: 
35° N. lat., 75° W. long., 36° 25’ N. lat., 
and 74° 35’ W. long (Figure 1). The 
CHSRA encompasses a 5,927 sq km 
(2,288 sq mile) region that over the past 
five years has exhibited both high 
fishing effort and high pilot whale 
bycatch rates. NMFS delineated the area 
to encompass the vast majority of the 
observed marine mammal interactions 
and to exclude the area where inshore 
longline vessels target yellowfin tuna 
and coastal sharks, since the inshore 
area had low observed marine mammal 
interaction rates. 

Vessels in the CHSRA are required to 
carry observers when requested. Vessels 
deploying or fishing with pelagic 
longline gear in the CHSRA must call 
the NMFS Southeast Fisheries Science 
Center (SEFSC) at least 48 hours, but no 
more than 96 hours, prior to embarking 
on the trip. This is in addition to any 
existing selection and notification 
requirements for observer coverage by 
the Pelagic Observer Program (POP). If, 
upon calling in, the vessel is informed 
by the NMFS SEFSC that no observer 
will be assigned and that no special 
research requirements will apply for 
that trip, then the vessel need not wait 
until their stated date and time of 
departure and may depart on their 
fishing trip immediately. If a vessel is 
assigned an observer, the vessel must 
take the observer during that trip; if the 
vessel refuses to take the observer, the 
vessel is prohibited from deploying or 
fishing with pelagic longline gear in the 
CHSRA for that fishing trip. No waivers 
will be granted to vessels fishing in the 
CHSRA that do not meet observer safety 
requirements. By not allowing 
exemptions for observer coverage within 
the CHSRA, NMFS will be able to 
improve observer data and bycatch 
estimates within the CHSRA. 

In addition to the requirement for 
carrying observers, NMFS is also 
requiring vessels in the CHSRA to 
participate in research. This will enable 
focused research on pilot whale 
interactions with the pelagic longline 
fishery, thus contributing to achieving 
the objectives of the PLTRP. Obtaining 
better data for characterizing fishery 
interactions is a high priority. The 
PLTRT was limited in its ability to 
develop management strategies to 
reduce the frequency of interactions 
between pilot whales and longline 
fishing gear due to a lack of information 
regarding the nature, timing, and causes 
of these interactions. The CHSRA, with 
its observer and research participation 
requirements, will enable NMFS to 
assess current and potential new 
management measures and will be 
fundamental in formulating effective 
bycatch reduction strategies in the 
future. 

To implement the research 
participation requirement, observers 
will conduct scientific investigations 
aboard pelagic longline vessels in the 
CHSRA, as authorized by MMPA 
section 118(d)(2)(C). These scientific 
investigations will be conducted in 
addition to observing normal fishing 
activities and will be designed to 
support the goals of the PLTRP. The 
observers will inform vessel operators of 
the specific additional investigations 
that may be conducted during the trip. 
An observer may direct vessel operators 
to modify their fishing behavior, gear, or 
both. Instead of or in addition to 
carrying an observer, vessels may be 
required to carry and deploy gear 
provided by NMFS or an observer or 
modify their fishing practices. By 
calling the NMFS SEFSC, per the 
observer requirement described above, 
vessels are agreeing to take an observer 
and acknowledging they are both 
willing and able to participate in 
research in the CHSRA without any 
compensation. If vessels are assigned 
any special research requirements, they 
must participate in the research for the 
duration of the assignment. If they do 
not participate in the research, they are 
prohibited from deploying or fishing 
with pelagic longline gear in the CHSRA 
for that fishing trip. 

A vessel may transit through the 
CHSRA with pelagic longline gear 
onboard without meeting the observer 
and research requirements specified 
above and in 50 CFR 229.36(d)(1) and 
§ 229.36(d)(2) if that gear is stowed 
according to 50 CFR § 229.36(d)(3). 
Allowing fishing vessels to transit 
through the CHSRA with stowed gear 
without meeting the special observer 
and research requirements for that area 
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will permit vessels to increase their 
safety in the event of foul weather by 
taking the most direct route to port and 
may reduce fuel costs for fishing vessels 
as they will not have to transit around 
the CHSRA to and from port. 

Mainline Length 
In accordance with the PLTRT’s 

recommendation, NMFS is establishing 
a 20–nm (37.04–km) upper limit on 
mainline length for all pelagic longline 
sets within the MAB, including the 
CHSRA. Operators of individual fishing 
vessels are allowed to fish multiple sets 
at one time, if they so desire, but the 
mainline length for each set must not 
exceed 20 nm (37.04 km). 

NMFS may waive this restriction in 
the CHSRA with a written letter of 
authorization from the Director, NMFS 
SEFSC, in specific cases to support 
research for reducing bycatch of marine 
mammals in the pelagic longline 
fishery. Fishermen are strongly 
encouraged to carry this letter of 
authorization on board their vessel 
during research trips, to facilitate at sea 
enforcement. In cases where NMFS 
intends to waive the mainline length 
restriction, NMFS will notify the 
PLTRT. 

Careful Handling and Release 
Guidelines Posting Requirement 

As recommended by the PLTRT, 
NMFS is requiring that an informational 
placard with marine mammal careful 
handling and release guidelines be 
displayed in the wheelhouse and on the 
working deck of all active pelagic 
longline vessels in the Atlantic fishery. 
NMFS has developed and published 
this placard, which is based on the 
existing marine mammal careful 
handling and release guidelines for 
pelagic longline gear. The PLTRT 
specified the placard should draw on 
information presented in a mandatory 
certification program and reference 
filling out a Marine Mammal Injury and 
Mortality Reporting Form for every 
marine mammal interaction as required 
by MMPA section 118(e) and 50 CFR 
229.6. NMFS believes this action will 
facilitate the careful handling and 
release of any pilot whale, Risso’s 
dolphin, or other small cetacean 
incidentally caught during pelagic 
longline fishing. The posting 
requirement ensures NMFS’ guidelines 
are readily available for reference during 
a capture or entanglement event. 

Non-regulatory Measures 
As recommended by the PLTRT, 

NMFS is adopting the following non- 
regulatory measures as components of 
the final PLTRP: (1) Within constraints 

of available funding, increase observer 
coverage throughout all Atlantic pelagic 
longline fisheries that interact with pilot 
whales or Risso’s dolphins to 12 to 15 
percent; (2) encourage vessel operators 
(i.e., captains) throughout the fishery to 
maintain daily communications with 
other local vessel captains regarding 
protected species interactions, with the 
goal of identifying and exchanging 
information relevant to avoiding 
protected species bycatch; (3) update 
careful handling/release guidelines, 
equipment, and methods; and (4) 
provide quarterly reports of marine 
mammal interactions in the pelagic 
longline fishery to the PLTRT. 

Increased Observer Coverage 
The PLTRT recommended NMFS 

increase observer coverage to 12 to 15 
percent throughout all Atlantic pelagic 
longline fisheries that interact with pilot 
whales and Risso’s dolphins to ensure 
representative sampling of fishing effort. 
The PLTRT specified sampling should 
be designed to achieve statistical 
reliability of marine mammal bycatch 
estimates and should also take into 
account the objectives of marine 
mammal bycatch reduction. If resources 
are not available to provide such 
observer coverage for all fisheries, 
regions, and seasons, the PLTRT 
recommended NMFS allocate observer 
coverage to fisheries, regions, and 
seasons with the highest observed or 
reported bycatch rates of pilot whales. 
The PLTRT recommended additional 
coverage be achieved by either 
increasing the number of NMFS 
observers who have been specially 
trained to collect additional information 
supporting marine mammal research, or 
by allowing designated and specially- 
trained ‘‘marine mammal observers’’ 
(deployed by either NMFS or 
cooperating researchers) who would 
supplement traditional observer 
coverage. 

NMFS is implementing this 
recommendation within the constraints 
of available funding. A simulation 
analysis evaluating the effects of 
increased observer coverage on the 
precision of bycatch estimates 
indicated: (1) 12 to 15 percent observer 
coverage would result in the most 
significant gains in precision, (2) setting 
a higher target in this range would 
‘‘guard’’ against unforeseen problems 
placing observers on vessels, and (3) 
further increases in coverage would 
yield relatively little additional 
precision despite significantly higher 
costs. Pilot whales are primarily 
observed to interact with the longline 
fishery in the MAB and Northeast 
Coastal areas; Risso’s dolphins interact 

with the fishery in these areas as well 
as the Northeast Distant area. Based on 
these observations, NMFS will, within 
the constraints of available funding, 
increase observer coverage to 12 to 15 
percent, in order of priority, in the (1) 
CHSRA, (2) MAB, and (3) other areas, 
such as Northeast Coastal. While this 
measure is geared towards improving 
the precision of serious injury and 
mortality estimates, additional coverage 
would also better characterize fishing 
operations and marine mammal 
behavior, facilitate collection of data 
needed for research, and increase 
opportunities to collect biopsy samples 
from hooked or entangled marine 
mammals. 

Captains’ Communications 
The PLTRT recommended NMFS 

encourage vessel operators (i.e., 
captains) to maintain daily 
communication with other local vessel 
operators regarding protected species 
interactions throughout the Atlantic 
pelagic longline fishery with the goal of 
identifying and exchanging information 
relevant to avoiding protected species 
bycatch. Captains’ communication were 
considered as both a strategy for 
avoiding marine mammals’ exposure to 
vessels and gear and as a strategy for 
reducing the probability of an 
interaction once marine mammals are in 
the vicinity of the gear. 

Available information from three case 
studies of voluntary captains’ 
communication programs supports the 
inference that voluntary communication 
programs have substantially reduced 
fisheries bycatch and provided large 
economic benefits that outweigh the 
relatively nominal operating costs 
(Martin et al., 2005). For this 
communication strategy to be effective, 
the exchange of information must be 
timely, the entire fleet in a region must 
cooperate, and it must result in an 
action being taken to either avoid or 
reduce bycatch (e.g., captains need to 
describe the nature of their protected 
species interactions, discuss the results 
of any mitigation or safe handling/ 
release measures used, and share best 
practices). 

Atlantic pelagic longline fishermen 
are motivated to avoid interactions with 
marine mammals, as these interactions 
can result in significant economic loss 
due to loss of both target catch and gear 
from depredation and entanglements, 
respectively. Marine mammal 
interactions also represent a safety risk 
to vessel operators and crew, as pilot 
whales caught in gear can be very 
dangerous due to their size and strength. 
Therefore, NMFS will work with 
CHSRA researchers and fishermen to 
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encourage captains’ communications in 
the CHSRA through voluntary 
cooperation and as part of ongoing 
research. 

Careful Handling and Release 
Guidelines 

The PLTRT recommended NMFS 
update the guidelines for careful 
handling and release of entangled or 
hooked marine mammals. They 
recommended NMFS’ guidelines 
include descriptions of appropriate 
equipment and methods. They also 
encouraged both NMFS and the pelagic 
longline industry to develop new 
technologies, equipment, and methods 
for safer and more effective handling 
and release of entangled or hooked 
marine mammals. They recommended 
developments be evaluated carefully 
and incorporated into revised guidelines 
for careful handling and release of 
marine mammals when appropriate. 

In the winter of 2006, in preparation 
for the workshops for HMS fishermen, 
NMFS worked with the PLTRT and 
other NMFS staff to update a preexisting 
placard to reflect the best available 
information on careful handling and 
release of marine mammals. This 
version of the placard has been 
distributed at HMS training workshops 
in 2007 and 2008. NMFS will 
periodically update the guidelines per 
the PLTRT’s recommendation, based on 
any new technologies, equipment, and 
methods for safer and more effective 
handling and release of entangled or 
hooked marine mammals. 

Additional Research and Data 
Collection 

NMFS will pursue the research and 
data collection goals outlined by the 
PLTRT, within the constraints of 
available funding. These include short- 
, medium-, and long-duration research 
and data collection goals designed to 
enhance the success of the PLTRP. 
Because there is a significant lack of 
information concerning how pilot 
whales and Risso’s dolphins interact 
with the pelagic longline fishery, many 
of the research recommendations are 
general in scope and applicable to both 
pilot whales and Risso’s dolphins 
unless specified otherwise. The 
complete list of these recommendations 
can be found in Section IX of the Draft 
PLTRP (PLTRT, 2006). 

As recommended by the PLTRT, 
priority will be given to: (1) research on 
species with serious injury and 
mortality levels closest to or exceeding 
PBR levels; (2) research to evaluate the 
effects of implemented management 
measures, and (3) research on species 
specific abundance, mortality, and post- 

hooking survivorship. NMFS will 
consider the PLTRT’s recommendations 
for additional research and data 
collection when establishing NMFS’ 
funding priorities. NMFS will follow 
those recommendations to the extent 
that good scientific practice and 
resources allow. As feasible and 
appropriate, NMFS will consult with 
PLTRT members during this process. 

Adaptive Management and Monitoring 
The final PLTRP takes a stepwise, 

adaptive management approach to 
achieve the long-term goal of reducing, 
within five years of its implementation, 
serious injuries and mortalities of pilot 
whales and Risso’s dolphins in the 
Atlantic pelagic longline fishery to 
insignificant levels approaching a zero 
mortality and serious injury rate. A 
series of monitoring and evaluation 
steps are built into the five-year 
implementation phase of the final 
PLTRP. 

Under the final PLTRP, the PLTRT 
will periodically: (1) analyze the status 
of scientific information on pilot whales 
and Risso’s dolphins, (2) evaluate the 
effectiveness of the PLTRP, and (3) 
adjust the PLTRP’s management 
measures and research program, as 
appropriate, to ensure that the goal of 
the PLTRP will be met within 5 years 
of its implementation. Per the PLTRT’s 
request, NMFS will provide any updates 
available on the following types of 
information to inform these periodic 
assessments: (1) Status of PLTRP 
implementation, (2) SARs; (3) habitat 
analyses; (4) data collection and 
research findings; (5) voluntary efforts 
carried out by the pelagic longline 
industry; (6) status of observer coverage; 
and (7) predictive model results for pilot 
whales and Risso’s dolphins, based on 
updated data. 

The timing of these assessments will 
be tied to both the availability of data 
and the time needed to adequately 
evaluate the effectiveness of 
management measures or the results of 
the research program. As requested by 
the PLTRT, NMFS will provide them 
with quarterly reports of bycatch of 
marine mammals in the pelagic longline 
fishery. The quarterly reports will help 
determine when it would be timely and 
useful for the PLTRT to reconvene. In 
conjunction with the receipt of quarterly 
bycatch reports, the PLTRT agreed to 
assess the merits of convening future 
PLTRT meetings, either in-person or by 
teleconference. 

Comments and Responses 
NMFS received ten sets of written 

comments on the proposed rule by the 
September 22, 2008, deadline. 

Comments were received from the 
Marine Mammal Commission, the U.S. 
Department of Interior, North Carolina 
Division of Marine Fisheries, Ocean 
Conservancy, Oceana, Center for 
Biological Diversity, the Humane 
Society of the U.S., two commercial 
fishermen, and one member of the 
public. Three of these organizations 
generally supported NMFS’ use of 
existing authority to implement the 
mandatory HMS longline certification 
workshops. Other comments, which are 
responded to here, were considered 
when developing this final rule to 
amend the regulatory and non- 
regulatory measures that implement the 
PLTRP. 

General Comments 
Comment 1: The Humane Society of 

the U.S. and Ocean Conservancy agreed 
with NMFS’ determination that the level 
of bycatch in the pelagic longline 
fishery signifies a high level of bycatch 
across a number of marine mammal 
stocks warranting development of a take 
reduction plan. 

Response: NMFS agrees and has 
determined that the high level of take of 
some marine mammal species in the 
Atlantic pelagic longline fishery 
warrants a PLTRP. This final rule is 
composed of regulatory and non- 
regulatory measures recommended by 
the PLTRT to reduce pilot whale and 
Risso’s dolphin bycatch in the Atlantic 
pelagic longline fishery. 

Comment 2: Ocean Conservancy 
recommended including a map of the 
CHSRA in the final rule. 

Response: NMFS has included a map 
of the CHSRA in Figure 1 of this final 
rule. 

Comment 3: The Humane Society of 
the U.S., Oceana, and the Center for 
Biological Diversity were concerned that 
the establishment of a 20–nm (37.02– 
km) upper limit on the mainline length 
might actually result in more gear being 
deployed to compensate for lost effort, 
thus increasing overall bycatch in the 
pelagic longline fishery. The Center for 
Biological Diversity suggested that 
NMFS should amend the regulation to 
ensure that no more than 20–nm (37.02– 
km) of mainline in total is set by a single 
vessel at a time. Oceana encouraged 
NMFS to require mainline length 
reductions outside the MAB, if they 
were effective at reducing bycatch. 

Response: Using predictive modeling, 
NMFS and the PLTRT evaluated several 
fishery effort compensation scenarios in 
creating the 20–nm (37.04–km) upper 
limit on mainline length regulation. 
These included a scenario in which any 
set with an original mainline length 
greater than or equal to 30 miles was 
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replaced by two, 20 mile sets with the 
same hook spacing as the original, 
longer set. Even under this scenario of 
over-compensation for fishing effort, 
there was an estimated reduction in 
pilot whale interactions of 29 percent 
from the status quo. Thus, the predictive 
model suggests that the number of 
hooks in the water is irrelevant to 
catches of pilot whales, rather it is the 
length of the mainline for each set that 
predicts bycatch (PLTRT, 2006). 
Therefore, NMFS does not believe that 
overall marine mammal bycatch will 
increase in the pelagic longline fishery 
under this final regulation, or that 
vessels should be limited to one 20–nm 
(37.04 km) set at a time. However, 
NMFS will continue to evaluate the 
effectiveness of this final rule for 
reductions in marine mammal bycatch 
in the pelagic longline fishery and will 
address the issue if it appears the 
regulations are having the opposite 
effect intended. 

In addition, the PLTRT recommended 
implementing mainline length 
reductions in the MAB because 81 
percent of pilot whale interactions with 
pelagic longline fishing gear occur in 
this area (PLTRT, 2006). The PLTRT 
recognized that it may be desirable to 
extend the limitation on mainline length 
to sets occurring in other regions of the 
Atlantic fishery, based on additional 
information on the effectiveness of the 
limitation in reducing marine mammal 
bycatch rates in the MAB (PLTRT, 
2006). If mainline length reductions are 
effective at reducing pilot whale and 
Risso’s dolphin bycatch, NMFS will 
consult the PLTRT regarding potential 
expansion of this regulation. 

Comment 4: Two commercial 
fishermen and the N.C. Division of 
Marine Fisheries were opposed to the 
48–hour advance call-in requirement for 
vessels deploying or fishing with 
pelagic longline gear in the CHSRA or 
transiting through the CHSRA with 
pelagic longline gear onboard. Their 
concerns included that: (1) many North 
Carolina fishing vessels make trips that 
are 1–3 days in duration and often 
return to the fishing grounds as soon as 
the catch is offloaded and fuel and ice 
are taken aboard; and (2) fishing in the 
CHSRA is weather, current, and fish 
report/activity dependent, and, 
therefore, the decision of whether to fish 
is often made with less than 12–hours 
notice. They were concerned that a 48– 
hour call-in requirement may result in 
the loss of a fishing opportunity and/or 
loss of favorable weather for fishing. 
The N.C. Division of Marine Fisheries 
recommended that NMFS use a program 
similar to the current observer program 
to notify fishermen of the requirement 

to carry scientific observers, rather than 
the 48–hour call-in requirement. 

Response: NMFS has determined that 
48–hours is the minimum amount of 
time necessary for the NMFS SEFSC to 
have an observer available in the mid- 
Atlantic region to observe fishing trips 
in the CHSRA. However, to alleviate the 
burden on fishermen, NMFS is allowing 
vessels to depart prior to their stated 
date and time of departures if, upon 
calling in, the vessel is informed by the 
NMFS SEFSC that no observer will be 
assigned and that no special research 
requirements will apply for that trip. 
Because this is an area of significant 
marine mammal bycatch, NMFS 
believes this measure provides access to 
a productive fishing area while also 
ensuring opportunities to collect data 
and increase our understanding of the 
nature of marine mammal/pelagic 
longline interactions. 

Comment 5: The N.C. Division of 
Marine Fisheries, the Humane Society 
of the U.S., and Ocean Conservancy 
suggested and/or supported allowing 
vessels to transit through the CHSRA 
with pelagic longline gear onboard 
without calling the NMFS SEFSC 48– 
hours in advance, provided all gear 
were properly stowed in accordance 
with current NMFS regulations. The 
N.C. Division of Marine Fisheries 
expressed concern that vessels fishing 
outside the CHSRA and encountering 
unfavorable weather or other vessels 
desiring to transit through the CHSRA to 
reach safe harbor - would be required to 
steam additional distance to bypass the 
CHSRA or ride out the weather until 
48–hours had elapsed, which could 
result in safety hazards, increased fuel 
consumption, lost time, and increased 
expenses. 

Response: NMFS agrees that the 48– 
hour call-in requirement for vessels 
transiting through the CHSRA could 
pose a safety hazard and/or economic 
burden to pelagic longline fishing 
vessels. Therefore, NFMS has created an 
exception to the regulation to allow 
pelagic longline vessels to transit 
through the CHSRA without meeting the 
observer and research requirements 
specified in 50 CFR 229.36(d)(1) and 
(d)(2), if that gear is stowed according to 
§ 229.36 (d)(3). 

Comment 6: The N.C. Division of 
Marine Fisheries requested that the 
language concerning refusal to take an 
assigned observer in the CHSRA be 
clarified to specify that the prohibition 
from deploying or fishing with pelagic 
longline gear in the CHSRA will be for 
the duration of that trip only. 

Response: NMFS agrees that the 
intent was to prohibit fishing in the 
CHSRA only for the trip affected by 

refusal to take an observer or research 
non-participation and has incorporated 
clarifying language into § 229.36(d)(1) 
and (d)(2). 

Comment 7: Four commenters had 
concerns and/or suggestions for NMFS 
regarding compliance with the proposed 
rule. The Center for Biological Diversity 
and the Humane Society of the U.S. 
expressed concern that fishermen might 
avoid observer coverage in the CHSRA 
by only fishing in the area when no 
observers were available. Oceana 
recommended that NMFS and the U.S. 
Coast Guard develop a standardized 
procedure for measuring mainline 
length to assist in compliance and 
enforcement of this regulation. Ocean 
Conservancy recommended that NMFS 
develop a communication plan, to be 
shared with the PLTRT, describing how 
non-compliance with the regulations 
will be enforced. 

Response: With so many factors to 
consider in conducting a fishing trip 
(such as weather, tide, fishing reports), 
NMFS does not believe that it would be 
economically viable for fishermen to 
base their trips solely on observer 
availability. Because fishermen must 
call in 48–hours before each fishing trip 
to the CHSRA, it would be time- 
consuming and difficult for fishermen to 
attempt to avoid observer coverage, and 
fishermen will not be able to predict 
when observers are available. 

NMFS will work closely with its 
Office of Law Enforcement, the U.S. 
Coast Guard, and state enforcement 
agents to ensure effective enforcement 
of the regulations described in this final 
rule, including mainline length 
limitations. To protect the integrity and 
covert nature of an enforcement plan, 
though, specific details concerning 
enforcement will not be shared with the 
public. 

Comment 8: Three commenters noted 
the importance of outreach in the 
success of the PLTRP. Ocean 
Conservancy recommended that NMFS 
develop a communication plan, to be 
shared with the PLTRT, describing 
which fishing vessels should call-in to 
deploy or fish with pelagic longline gear 
in the CHSRA or transit through the 
CHSRA with pelagic longline gear 
onboard. The Ocean Conservancy also 
encouraged NMFS to conduct outreach 
with affected fishermen to ensure that 
captains fishing in the CHSRA and 
throughout the MAB communicate with 
each other regarding interactions with 
marine mammals. The Humane Society 
of the U.S. and the Center for Biological 
Diversity encouraged NMFS to 
undertake outreach to ensure that 
pelagic longline vessels have the Careful 
Handling and Release Guidelines 
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Placard, understand its information, and 
are using it appropriately. 

Response: NMFS agrees that 
communication with the pelagic 
longline fishermen and outreach will be 
critical to the success of the PLTRP. To 
ensure that pelagic longline fishermen 
are familiar with the measures outlined 
in this take reduction plan, NMFS will 
develop a compliance guide, which will 
help clarify the regulations and 
necessary compliance actions. 
Fishermen and other interested parties 
will be able to download the 
compliance guide from a website; the 
compliance guide will also be available 
by contacting the Protected Resources 
Division, NMFS, Southeast Region (see 
ADDRESSES). In addition, more than one- 
third of the PLTRT is composed of 
commercial fishermen and industry 
representatives, who can assist NMFS 
with compliance via outreach to the 
fishermen they represent. NMFS also 
currently has a fishery liaison based in 
North Carolina who can assist with 
outreach to pelagic longline fishermen. 
Finally, NMFS will present elements of 
the PLTRP at the mandatory HMS 
longline certification workshops. NMFS 
has already incorporated education on 
careful handling and release techniques 
for marine mammals, current 
regulations and guidelines related to 
marine mammal bycatch that apply to 
the fishery, and an explanation of the 
purpose and justification of those 
regulations and guidelines into these 
workshops. 

Comment 9: Oceana, Ocean 
Conservancy, the Center for Biological 
Diversity, the Humane Society of the 
U.S., and the Marine Mammal 
Commission supported and/or 
encouraged NMFS to allocate 
appropriate funds to increase observer 
coverage to 12 to 15 percent in the 
Atlantic pelagic longline fishery. A 
commercial fisherman and the Ocean 
Conservancy suggested that NMFS 
station observers in the mid-Atlantic 
region to meet the PLTRP’s goal of 
increased observer coverage in the MAB 
and/or reduce the waiting time for 
fishermen to depart on a fishing trip. 
The N.C. Division of Marine Fisheries 
was concerned that NMFS would not 
have an adequate number of trained 
marine mammal observers to achieve 
the recommended level of observer 
coverage without unduly impacting 
North Carolina pelagic longline 
fishermen. 

Response: NMFS agrees that it is 
important to increase observer coverage 
to 12 to 15 percent in the Atlantic 
pelagic longline fishery, has included 
increased observer coverage as an 
element of this final PLTRP, and will 

attempt to achieve this level of coverage 
within the constraints of available 
funding. NMFS manages its observer 
funding in the most cost effective 
manner for the greatest benefit to our 
living marine resources; therefore, we 
would consider stationing observers in 
the mid-Atlantic region, if it were cost 
effective to do so. If there are 
insufficient funds or trained observers 
available, then NMFS will be unable to 
meet the recommended observer 
coverage of 12 to 15 percent. However, 
this would not affect the fishing ability 
of North Carolina pelagic longline 
fishermen. As discussed in the response 
to Comment 4, within the CHSRA, 
NMFS is allowing fishing vessels to 
depart prior to their stated date and time 
of departures if informed by the NMFS 
SEFSC that no observer will be assigned 
and that no special research 
requirements will apply for that trip. In 
addition, NMFS will make every effort 
to inform fishermen about upcoming 
and future research projects in the 
CHSRA in an attempt to minimize any 
burden placed on those fishermen. 

Comment 10: NMFS received several 
comments on the mandatory HMS 
longline certification workshops and the 
informational placard to be displayed in 
the wheelhouse and on the working 
deck of all active pelagic longline 
vessels in the Atlantic fishery. Ocean 
Conservancy recommended that the 
mandatory HMS longline certification 
workshops include information and 
training on fishermen’s reporting of 
marine mammal interactions, which is 
required by the MMPA Section 118(e). 
They also recommended that marine 
mammal information be included in all 
HMS longline certification workshops, 
including those based in the Gulf of 
Mexico and Caribbean, rather than just 
those in the Atlantic region. The Ocean 
Conservancy, Oceana, and the Marine 
Mammal Commission also suggested 
that NMFS expand the geographic area 
where the informational placard should 
be displayed to the entire Atlantic, Gulf 
of Mexico, and Caribbean. 

Response: NMFS currently includes, 
and will continue to include, 
information and training on the 
reporting of marine mammal 
interactions in the mandatory HMS 
longline certification workshops. NMFS 
agrees that the placard should be 
displayed throughout the Atlantic 
fishery. This was the original intention 
of the PLTRT and this requirement was 
included in the EA and the preamble to 
the proposed rule. However, the placard 
posting requirement was incorrectly 
linked in the regulation text of the 
proposed rule to only the MAB region. 
Therefore, in the final rule NMFS has 

clarified that the placard posting 
requirement specified in 50 CFR 
229.36(c) applies to all U.S. pelagic 
longline vessels operating in the 
Atlantic federal EEZ off the U.S. East 
Coast. 

Because bycatch rates of pilot whales 
and Risso’s dolphins are highest in the 
MAB, the PLTRT limited the scope of 
the PLTRP to the MAB and did not 
include the GOM and Caribbean. As a 
result, NMFS is not requiring the 
placard to be posted outside of the 
Atlantic. However, NMFS will provide 
the placard to any fishermen who 
request it and will encourage voluntary 
compliance with this measure in the 
Gulf of Mexico and Caribbean. 

Comment 11: Oceana, Ocean 
Conservancy, the Center for Biological 
Diversity, the Humane Society of the 
U.S., and the Marine Mammal 
Commission encouraged NMFS to 
secure funding to carry out the research 
priorities outlined in the Draft PLTRP. 
They recommended that the highest 
priority research should be directed 
towards defining the stock structure of 
pilot whales in the MAB. 

Response: NMFS will work with its 
partners and will seek to use available 
funding sources to carry out the 
research and data collection priorities 
outlined by the PLTRT. NMFS is 
currently conducting research to define 
the stock structure of pilot whales in the 
mid-Atlantic and will continue to do so. 

Changes From the Proposed Rule 
After considering the public 

comments received, NMFS is making 
minor changes between the proposed 
rule and this final rule. As a result of 
clarification from the PLTRT regarding 
their intent, NMFS is altering the 
notification process for waiving a 20– 
nm (37.04–km) upper limit on mainline 
length for research in the CHSRA to 
include notifying the PLTRT, but NMFS 
will not publish that notification in the 
Federal Register. NMFS is deleting the 
phrase ‘‘as delineated in the list of 
fisheries’’ from 50 CFR 229.36 (a), 
because it was deemed unnecessary. 
NMFS is also clarifying that the placard 
posting requirement specified in 50 CFR 
229.36(c) applies to all U.S. pelagic 
longline vessels operating in the 
Atlantic Federal EEZ off the U.S. East 
Coast. Although this requirement and its 
geographic scope were clearly stated in 
the EA and the preamble to the 
proposed rule, it was incorrectly linked 
in the regulation text of the proposed 
rule to only the MAB region. 

NMFS is clarifying that under 50 CFR 
635.32, exempted fishing permits, 
scientific research permits, display 
permits, and letters of acknowledgment 
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are issued; Atlantic HMS tunas, 
swordfish, or shark permits are not 
issued. Therefore, the reference to 
§ 635.32 was deleted from the regulatory 
text at 50 CFR 229.36 (a)(1) because it 
did not apply. 

In addition, NMFS is changing the 
regulations for pelagic longline vessels 
in the CHSRA to allow a vessel to transit 
through the CHSRA with pelagic 
longline gear onboard without meeting 
the observer and research requirements 
specified in 50 CFR 229.36(d)(1) and 
(d)(2), if that gear is stowed according to 
50 CFR 229.36(d)(3). The stowage 
definition in § 229.36(d)(3) was not 
presented in the proposed rule, but was 
based on a similar stowage definition for 
bottom longline gear at 50 CFR 
622.34(k)(4)(i). 

NMFS is clarifying the 48–hour call- 
in notification described in 
§ 229.36(d)(1) to state that vessels must 
call in at least 48 hours, but no more 
than 96 hours, prior to departing on a 
fishing trip to the CHSRA. The 96–hour 
limit was added to clearly define the 
amount of lead time a fisher needed to 
provide to NMFS. NMFS is also 
allowing a fishing vessel to depart prior 
to their stated departure time if, upon 
calling in, the vessel is informed by the 
NMFS SEFSC that no observer will be 
assigned and that no special research 
requirements will apply for that trip. 
The SEFSC call-in number given in 
§ 229.36(d) of the final rule is also 
different from that given in the 
proposed rule. Finally, NMFS is 
clarifying in § 229.36(d)(1) that a fishing 
vessel that refuses to take an assigned 
observer is prohibited from deploying or 
fishing with pelagic longline gear in the 
CHSRA for the duration of that fishing 
trip. 

Classification 

NMFS determined that this action is 
consistent to the maximum extent 
practicable with the enforceable policies 
of the approved coastal management 
programs of North Carolina, Virginia, 
Maryland, Delaware, New Jersey, New 
York, Connecticut, Rhode Island, and 
Massachusetts. This determination was 
submitted for review by the responsible 
state agencies under section 307 of the 
Coastal Zone Management Act (CZMA). 
Letters stating concurrence with NMFS’ 
CZMA consistency determination were 
received from the approved coastal 
management programs of North 
Carolina, Virginia, Delaware, 
Connecticut, and Rhode Island. No 
responses were received from Maryland, 
New Jersey, New York, or 
Massachusetts; CZMA consistency in 
these states was inferred. 

This rule does not contain policies 
with federalism implications as that 
term is defined in Executive Order 
13132. 

This rule has been determined to be 
not significant under Executive Order 
12866. 

NMFS prepared a final regulatory 
flexibility analysis (FRFA), based on the 
initial regulatory flexibility analysis 
(IRFA), of the final rule. A statement of 
the need for and objectives of the final 
rule is stated elsewhere in the preamble 
and is not repeated here. A summary of 
the FRFA follows. For a copy of this 
analysis, see the ADDRESSES section. 

NMFS considers all HMS permit 
holders to be small entities because they 
either had average annual receipts less 
than $4.0 million for fish-harvesting, 
average annual receipts less than $6.5 
million for charter/party boats, 100 or 
fewer employees for wholesale dealers, 
or 500 or fewer employees for seafood 
processors. These are the Small 
Business Administration (SBA) size 
standards for defining a small versus 
large business entity in this industry. 
An ‘‘active’’ pelagic longline vessel is 
considered to be a vessel that reported 
pelagic longline activity in the HMS 
logbook. The number of active HMS 
pelagic longline vessels has been 
precipitously decreasing since 1994. In 
the MAB, only 85 unique pelagic 
longline vessels reported effort between 
2001 and 2006. The number of vessels 
fishing in the MAB has declined in 
recent years, and between 2003 and 
2006, the number of vessels reporting 
effort in the MAB ranged between 38 
and 41. 

Four alternatives were considered and 
analyzed for the final rule. Alternative 
1 (the no action alternative) would 
maintain the status quo management for 
the pelagic longline fishery under the 
HMS FMP. Alternative 2 would 
implement only the non-regulatory 
components recommended in the Draft 
PLTRP, while allowing time for 
collecting additional scientific data 
prior to implementing regulatory 
measures. Alternative 3, the preferred 
alternative, would limit the mainline 
length to 20–nm (37.04–km) or less 
within the MAB, designate the CHSRA 
with associated observer and research 
participation requirements, and require 
all pelagic longline vessels to post an 
informational placard on careful 
handling and release of marine 
mammals. Alternative 4 would include 
a six-month closure (July-December) of 
the southern MAB sub-regional area and 
a year-round mainline length reduction 
throughout the MAB, inclusive of that 
sub-regional area. 

Under Alternative 1, the no action 
alternative, it is estimated that the 
Atlantic pelagic longline fleet generates 
an estimated $24.6 million in revenues. 
Under this alternative there would be no 
direct cost or benefit beyond the status 
quo. The non-regulatory actions 
associated with Alternative 2 would 
also be expected to have very little 
economic impact on the fishery. 

NMFS estimated the potential change 
in fishery revenues from the mainline 
length restriction included under 
Alternative 3, depending on the level of 
compensation in fishing effort, by 
applying average species weights 
reported to dealers in 2004 and the 
average 2006 ex-vessel prices reported 
by dealers in the MAB region. The 
change in fishery revenues was 
estimated to range from an increase of 
$777,747 (full compensation in the 
number of hooks fished) to a loss of 
$819,523 (no compensation in the 
number of hooks fished), with an 
estimated loss of $239,383 with 50 
percent compensation in the number of 
hooks fished. This change in revenues 
would impact 41 or fewer vessels per 
year based on current trends in the 
number of active pelagic longline 
vessels and the number of vessels that 
operated in the MAB in 2006. If one 
assumes that 41 vessels are affected by 
this restriction, then the estimated 
annual impact per vessel ranges from an 
increase of $18,969 per vessel to a 
decrease of $19,988 per vessel, with an 
estimated decrease of $5,838 under the 
most likely scenarios (50 percent 
compensation in fishing effort). 

The economic costs of Alternative 4 
were evaluated based upon historical 
observed catch rates and reported effort 
in the MAB fishing area only for the 
period 2002 to 2004. The impact of the 
closure of the southern region of the 
MAB from July-December was estimated 
by assuming no catch in that area, 
resulting in a total estimated cost of 
$770,000. The combined effect of the 6– 
month closure and the mainline length 
restriction through the MAB resulted in 
an estimated cost of $1.64 million, 
reflecting only lost catch and assuming 
no compensation or redistribution of 
effort. The reduction in revenues would 
impact 41 or fewer vessels per year 
based on the current trends in the 
number of active pelagic longline 
vessels and the number of vessels that 
operated in the MAB in 2006. If one 
assumes that 41 vessels would be 
affected by this restriction, then per 
vessel impacts are estimated to be 
$40,000. 

Alternative 1 (the no action 
alternative) and Alternative 2 were not 
selected because they were not expected 
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to meet the conservation objectives of 
the final rule or the goals in MMPA 
section 118. Both Alternatives 3 and 4 
would meet the conservation objectives 
of the final rule. However, Alternative 4 
was not selected because it would likely 
result in larger economic impacts to 

small entities than Alternative 3 (the 
preferred alternative). 

References Cited 

A complete list of all references cited 
in this final rule can be found on the 
PLTRT website at http:// 

www.nmfs.noaa.gov/pr/interactions/trt/ 
pl-trt.htm and the NMFS Southeast 
Regional Office website at http:// 
sero.nmfs.noaa.gov/pr/pr.htm, and is 
also available upon request from the 
NMFS Southeast Regional Office in St. 
Petersburg, FL (see ADDRESSES). 

List of Subjects in 50 CFR Part 229 

Administrative practice and 
procedure, Fisheries, Reporting and 
recordkeeping requirements. 

Dated: May 11, 2009. 
John Oliver, 
Deputy Assistant Administrator for Fisheries, 
National Marine Fisheries Service. 

■ For the reasons set out in the 
preamble, 50 CFR part 229 is amended 
as follows: 

PART 229—AUTHORIZATION FOR 
COMMERCIAL FISHERIES UNDER THE 
MARINE MAMMAL PROTECTION ACT 
OF 1972 

■ 1. The authority citation for part 229 
continues to read as follows: 

Authority: 16 U.S.C. 1361 et seq. 

■ 2. In § 229.3, paragraphs (t) and (u) are 
added to read as follows: 

§ 229.3 Prohibitions. 

* * * * * 
(t) It is prohibited to deploy or fish 

with pelagic longline gear in the Mid- 
Atlantic Bight unless the vessel: 

(1) Complies with the placard posting 
requirement specified in § 229.36(c); 
and 

(2) Complies with the gear restrictions 
specified in § 229.36(e). 

(u) It is prohibited to deploy or fish 
with pelagic longline gear in the Cape 
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Hatteras Special Research Area unless 
the vessel is in compliance with the 
observer and research requirements 
specified in § 229.36(d). 
■ 3. In subpart C, § 229.36 is added to 
read as follows: 

§ 229.36 Atlantic Pelagic Longline Take 
Reduction Plan (PLTRP). 

(a) Purpose and scope. The purpose of 
this section is to implement the PLTRP 
to reduce incidental mortality and 
serious injury of long-finned and short- 
finned pilot whales and Risso’s 
dolphins in the Atlantic pelagic longline 
fishery off the U.S. east coast, a 
component of the Atlantic Ocean, 
Caribbean, Gulf of Mexico large pelagics 
longline fishery. 

(1) Persons subject to this section. The 
regulations in this section apply to the 
owner and operator of any vessel that 
has been issued or is required to be 
issued an Atlantic HMS tunas, 
swordfish, or shark permit under § 635.4 
of this title and that has pelagic longline 
gear onboard as described under 
§ 635.21(c) of this title. 

(2) Geographic scope. The geographic 
scope of the PLTRP is the Atlantic 
Federal EEZ off the U.S. East Coast. The 
regulations specified in paragraphs (b) 
through (d) of this section apply 
throughout the Atlantic Federal EEZ off 
the U.S. East Coast. The regulation 
specified in paragraph (e) of this section 
applies to all U.S. Atlantic pelagic 
longline vessels operating in the EEZ 
portion of the Mid-Atlantic Bight. 

(b) Definitions. In addition to the 
definitions contained in the MMPA and 
§§ 216.3 and 229.2 of this chapter, the 
following definitions apply. 

(1) Cape Hatteras Special Research 
Area (CHSRA) means all waters inside 
and including the rectangular boundary 
described by the following lines: 35° N. 
lat., 75° W. long., 36° 25’ N. lat., and 74° 
35’ W. long. 

(2) Mid-Atlantic Bight means the area 
bounded by straight lines connecting 
the mid-Atlantic states’ internal waters 
and extending to 71° W. long. between 
35° N. lat. and 43° N. lat. 

(3) Observer means an individual 
authorized by NMFS, or a designated 
contractor, placed aboard a commercial 
fishing vessel to record information on 

marine mammal interactions, fishing 
operations, marine mammal life history 
information, and other scientific data; to 
collect biological specimens; and to 
perform other scientific investigations. 

(4) Pelagic longline has the same 
meaning as in § 635.2 of this title. 

(c) Marine Mammal Handling and 
Release Placard. The placard, ‘‘Marine 
Mammal Handling/Release Guidelines: 
A Quick Reference for Atlantic Pelagic 
Longline Gear,’’ must be kept posted 
inside the wheelhouse and on the 
working deck. You may contact the 
NMFS Southeast Regional Office at 
(727) 824–5312 to request additional 
copies of the placard. 

(d) CHSRA—(1) Special observer 
requirements. If you deploy or fish with 
pelagic longline gear in the CHSRA, or 
intend to do so, you must call NMFS 
Southeast Fisheries Science Center 
(SEFSC), 1–888–254–2558, at least 48 
hours, but no more than 96 hours, prior 
to embarking on your fishing trip. This 
requirement is in addition to any 
existing selection and notification 
requirement for observer coverage by 
the Pelagic Observer Program. If, upon 
calling in, you are informed by the 
NMFS SEFSC that no observer will be 
assigned and that no special research 
requirements will apply for that trip, 
then you need not wait until your stated 
date and time of departure and may 
depart on your fishing trip immediately. 
If you are assigned an observer, you 
must take the observer during that 
fishing trip. If you do not take the 
observer, you are prohibited from 
deploying or fishing with pelagic 
longline gear in the CHSRA for that 
fishing trip. You must comply with all 
provisions of § 229.7, Monitoring of 
incidental mortalities and serious 
injuries. In addition, all provisions of 50 
CFR 600.746, Observers, apply. No 
waivers will be granted under 
§ 229.7(c)(3) or § 600.746(f). A vessel 
that would otherwise be required to 
carry an observer, but is inadequate or 
unsafe for purposes of carrying an 
observer and for allowing operation of 
normal observer functions, is prohibited 
from deploying or fishing with pelagic 
longline gear in the CHSRA. 

(2) Special research requirements. In 
addition to observing normal fishing 

activities, observers may conduct 
additional scientific investigations 
aboard your vessel designed to support 
the goals of the PLTRP. The observer 
will inform you of the specific 
additional investigations that may be 
conducted during your trip. An observer 
may direct you to modify your fishing 
behavior, gear, or both. Instead of 
carrying an observer, you may be 
required to carry and deploy gear 
provided by NMFS or an observer or 
modify your fishing practices. By calling 
in per § 229.36(d)(1), you are agreeing to 
take an observer. You are also 
acknowledging you are both willing and 
able to participate in research, as per 
this paragraph, in the CHSRA consistent 
with the PLTRP without any 
compensation. If you are assigned any 
special research requirements, you must 
participate in the research for the 
duration of the assignment. If you do 
not participate in the research, you are 
prohibited from deploying or fishing 
with pelagic longline gear in the CHSRA 
for that fishing trip. 

(3) Exception for transit. If pelagic 
longline gear is appropriately stowed, a 
vessel may transit through the CHSRA 
without meeting the observer and 
research requirements specified in 
§ 229.36(d)(1) and § 229.36(d)(2). For the 
purpose of this paragraph, transit means 
non-stop progression through the area. 
Pelagic longline gear is appropriately 
stowed if all gangions, hooks, and buoys 
are disconnected from the mainline; 
hooks are not baited; longline left on the 
drum is covered with a tarp; and all 
other gear components are either stowed 
below deck or secured on deck and 
covered with a tarp. 

(e) Gear restrictions. No person may 
deploy a pelagic longline that exceeds 
20 nautical miles (nm) (37.04 km) in 
length in the Mid-Atlantic Bight, 
including in the CHSRA, unless they 
have a written letter of authorization 
from the Director, NMFS Southeast 
Fishery Science Center to use a pelagic 
longline exceeding 20 nm (37.04 km) in 
the CHSRA in support research for 
reducing bycatch of marine mammals in 
the pelagic longline fishery. 
[FR Doc. E9–11664 Filed 5–18–09; 8:45 am] 
BILLING CODE 3510–22–S 
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7.c.i. 

The Western Pacific Regional Fishery Management Council’s 
Marine Mammal Advisory Committee 

 
The Western Pacific Regional Fishery Management Council convened three Marine Mammal 
Advisory Committee (MMAC) meetings in 2005, 2007, and 2009.  The MMAC was formed to 
address interactions between Hawaii-based longline fisheries and cetaceans, primarily the false 
killer whale.  In addition, due to the Category I classification of the deep-set fishery (based on 
interactions with false killer whales), and the small estimated population size of the false killer 
whale stock around the Main Hawaiian Islands, the Council acknowledged that action was 
needed to reduce interactions.  The MMAC advised the Council on actions that could aid in 
developing measures to minimize further interactions between false killer whales and longline 
vessels.  After reviewing mitigation measures evaluated in other fisheries, the MMAC concluded 
that no simple solution was available to reduce the interaction levels, but several long-term 
recommendations were made to help address this issue in the future. These recommendations 
included: continuing assessments of the nature of interactions between false killer whales and 
Hawaii longline fisheries; improving techniques to estimate stock size; surveying longline 
fishermen for knowledge of whale depredation events and any potential methods to avoid 
depredation (in the main Hawaiian Islands, American Samoa, and if possible Samoa and Cook 
Islands); and utilizing captive behavior characteristics to study and determine the efficacy of 
deterrents.  Many of the actions recommended by the MMAC have been completed or are in 
progress.  
 
The MMAC’s recommendations from 2005, 2007, and 2009 are included in the following pages. 
 



 
 
 

 
 

Marine Mammal Advisory Committee 
1st Meeting, May 11-12, 2005 

Honolulu, Hawaii 
 

Recommendations 
 

1. The MMAC supports the continuation of studies to obtain information on the 
abundance, distribution, and stock structure of false killer whales and other 
cetaceans in the US EEZs in the Western Pacific (NMFS PIFSC, SWFSC, NOS-
SPLASH). 

 
2. The MMAC recommends that fishery interactions between the Hawaii longline 

fishery and false killer whales (as well as other cetaceans) be fully assessed.  
Studies should focus on spatial and temporal patterns, gear and target species 
associations, and characteristics of the depredation events during longline soaks 
(NMFS PIFSC & PIRO, and SWFSC).  

 
3. The MMAC recommends that the magnitude and nature of fishery interactions 

between cetaceans and Hawaii nearshore fisheries be assessed (Hawaii DAR, 
NMFS PIFSC & PIRO).  

 
4. The MMAC recommends that baseline studies on the foraging ecology of false 

killer whales be conducted.  Specific studies should address cetacean sensory 
ecology and diving behavior, oceanographic features, and trophic relationships. 
Further, studies should include characterizing the behavior of false killer whales 
and other cetaceans around longlines.  

 
5. The MMAC encourages PIRO to work collaboratively with PIFSC to address 

cetacean data and sampling needs through the observer programs and the 
stranding program. 

 
6. The MMAC recommends that the Council continues to encourage the Hawaii 

Longline Association to ask its members to facilitate the collection of biological 
samples from cetaceans by onboard observers, and communicate to its members 
the significance of data derived from sampling collection. 

 
7. The MMAC encourages the study of live false killer whales and other cetaceans 

currently housed in research laboratories.  Research should be aimed at increasing 
our understanding of cetacean morphology and sensory systems; issues that are 
relevant to management concerns to reduce and/or eliminate fishery interactions 
between cetaceans and longline fisheries.   



 
8. The MMAC recommends that one or more MMAC members participate in the 

Take Reduction Team for the Atlantic longline fishery.  
 

9. The MMAC recognizes the critical need for the inclusion of one or more 
fishermen on the Committee.  

 
10.  The MMAC recommends that efforts to implement mitigation strategies for false 

killer whales and other cetaceans with the Hawaii longline fisheries should 
include relevant information from existing studies of fisheries in other areas. This 
could include information from strandings, observer programs, and other 
workshops on this issue. 

 
11. The MMAC recommends that an accomplishment report on the above 

recommendations be written and verbally presented to the Pacific Scientific 
Review Group when it meets in November 2005 

 
 

 



 
 
 

 
 

Marine Mammal Advisory Committee  
2nd Meeting, 1-2 February 2007 

Honolulu, Hawaii 
 
 

Recommendations –Final 
 

1. The MMAC recommends that fishery interactions between the Hawaii longline 
fishery and cetaceans be assessed through an analysis of the existing observer 
database.  This analysis should focus on spatial, temporal and environmental 
patterns, gear, vessel, and target species associations, and characteristics of the 
depredation events during longline fishing.  The preliminary results of this 
analysis should be provided to the MMAC by August 2007 in an update via 
electronic correspondence. (PIFSC, SWFSC & PIRO) 

 
2. The MMAC recommends that questions related to whale depredation be 

incorporated into the upcoming survey of Hawaii longline participants planned to 
be conducted by PIFSC. (PIFSC, PIRO)   

 
3. The MMAC recommends that PIRO and Council staff work collaboratively with 

the Hawaii Longline Association to develop a plan to gather fishermen knowledge 
about whale depredation events, methods used to avoid these events, and 
locations where whale depredation more frequently occurs.  This information 
should be gathered though individual, informal "talk story" conversations.  The 
process selected to collect this information should be announced to the MMAC in 
the August 2007 update, with a goal of a preliminary report by the end of 2007. 
(PIRO, WPRFMC, HLA) 

 
4. The MMAC recommends that the ongoing research being conducted as a result of 

the Atlantic Take Reduction Team be evaluated for applicability to whale 
depredation in this region.  This research, which focuses on determining what 
vessel noises attract pilot whales and if acoustic decoy buoys can be effective at 
reducing depredation, may assist in the development of mitigation measures for 
this region.  PIRO/PIFSC staff should continue to participate in the Atlantic Take 
Reduction Team process. (PIRO, PIFSC)  

 
5. The MMAC recommends that PIFSC work with the industry to evaluate the 

feasibility of conducting an investigation of vessel discards to determine if offal 
discards attract marine mammals and if so, how discards may be managed to 
avoid attracting marine mammals.  As well, the MMAC recommends that the 
regulations governing discards, particularly related to sea birds, be evaluated to 



ensure that regulations enacted for the protection of one protected species are not 
increasing fishery interactions with other species, such as marine mammals. 
(PIFSC, PIRO) 

 
6. The MMAC supports the continuation, development and expansion of surveys, 

tagging, genetics and photo ID studies and/or new techniques to obtain 
information on the abundance, distribution, and stock structure of false killer 
whales and other cetaceans in the US EEZs and international waters in the Central 
and Western Pacific. (PIFSC, SWFSC, research community)  

 
7. The MMAC recommends that the study commissioned by PIRO to investigate the 

magnitude and nature of fishery interactions between cetaceans and Hawaii 
nearshore fisheries be reported to the MMAC when completed. (PIRO & PIFSC)  

 
8. The MMAC recommends that baseline studies on the foraging ecology of false 

killer whales be continued.  Specific studies should address cetacean sensory 
ecology and diving behavior, oceanographic features, and trophic relationships. 
Further, studies should include characterizing the behavior of false killer whales 
and other cetaceans around longlines. (PIFSC, SWFSC, research community) 

 
9. The MMAC recommends that the Council continue to encourage the Hawaii 

Longline Association to ask its members to facilitate the collection of biological 
samples from cetaceans by onboard observers, and communicate to its members 
the potential benefits to the fishery from data derived from sampling collection. 
Information to be provided in multiple languages. (WPRFMC, HLA) 

 
10. The MMAC encourages the study of live false killer whales and other cetaceans 

currently housed in research laboratories.  In particular, research that can advance 
the effectiveness of passive acoustic detection and passive reflector systems 
should be evaluated for potential use to reduce depredation.  (PIFSC, SWFSC, 
research community) 

 
11. The MMAC recommends investigating the feasibility of conducting an acoustic 

propagation assessment of longline vessel noise and false killer whale hearing.  If 
feasible, this analysis could improve understanding of what vessel noises false 
killer whales hear and potentially aid in the development of technology to make 
vessels and equipment more difficult for whales to detect. (PIFSC, SWFSC, 
research community) 

 
12. Recognizing that marine mammal fishery interactions occur in both U.S. and 

international longline fisheries, the MMAC supports the continuation of efforts to 
foster cooperation and information sharing among international fleets to mitigate 
bycatch of marine mammals and other species. (NMFS, WPFMC) 

 



 

 
 
 
 

Marine Mammal Advisory Committee, Third Meeting 
April 6-7, 2009 

Honolulu, Hawaii 
 

Recommendations 
 
The Marine Mammal Advisory Committee (MMAC) convened its third meeting on April 6-7, 
2009 at the Council Office in Honolulu, Hawaii.  The MMAC heard updates on false killer whale 
stocks, bycatch, and potential mitigation measures.  Based on the information provided at the 
meeting, the current state of knowledge regarding false killer whales around Hawaii are: 
 
• Three separate stocks of false killer whales have been identified in the central North Pacific 

for the purpose of stock assessment reports: Hawaii Insular Stock (population estimate: 123, 
CV=0.72), Hawaii Pelagic Stock (484, CV=0.93), and Palmyra Stock (1,329, CV=0.65).  The 
insular stock has been studied by committee member Robin Baird and his colleagues, and has 
only been documented within approximately 75 nmi from the Main Hawaiian Islands (MHI).  
A recent paper published by Reeves, Leatherwood, and Baird (2009) point to evidence of 
possible decline in the insular stock over the last 20 years.   

 
• All of the observed take locations in commercial longline fisheries have been outside of the 

defined insular stock range, suggesting that most interactions occur with the pelagic stock.  
However, some seasonal fishing effort extends into the defined insular stock range, indicating 
that the insular stock may also be interacting with longline fisheries.  In addition, there is 
evidence of shortline fishing within the current 75 nmi stock boundary.  Some reports by 
fishers of interactions with ‘blackfish’ and other cetaceans suggest potential for fisheries other 
than those federally regulated to be impacting the insular population of false killer whales.   

 
• Very little research has been conducted on the pelagic and Palmyra stocks of false killer 

whales.  It is unknown whether the North Western Hawaiian Islands (NWHI) might have an 
insular population similar to the population in the MHI.   

 
• Preliminary analysis of bycatch and depredation in Hawaii-based longline fisheries by 

committee member Karin Forney and colleagues suggests that depredation by cetaceans may 
be rare but random events.  Although possible gear type effects may exist, a recent correction 
of the 2003-2006 observer database will require reanalysis of depredation data.   

 
• A survey of Hawaii-based longline vessel captains and owners conducted by George Krasnick 

of TEC Inc. showed that all 22 respondents interviewed routinely experience depredation by 
whales.  Fishers reported actively avoiding cetaceans by moving away from them if sighted 
before setting, or cutting the line and moving away if sighted during the set.  Interviewed 
vessel captains and owners estimated that 5%-60% (median=27%) of their annual catch are 
lost to whale depredation.   
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• Several acoustic approaches have been considered as potential depredation and interaction 

mitigation measures.  Active acoustic devices have been tested with mixed results.  For 
example, SaveWave Longline Saver device tested by committee member Paul Nachtigal and 
colleagues had limited effect on false killer whales, while DDD 02F Pinger tested by 
committee member Geoff McPherson and colleagues were effective with bottlenosed and 
common dolphins but have not been tested with false killer whales.  Alternatively, passive 
acoustic devices that enlarge the whale’s reflecting sonar are thought to be more effective in 
reducing depredation and interactions, and testing of such devices are currently underway.   

 
• In response to the recent complaint filed against the National Marine Fishery Service (NMFS) 

regarding its failure to form a Take Reduction Team (TRT) for false killer whales despite the 
species’ designation as a strategic stock under the Marine Mammal Protection Act (MMPA) 
since 2000, the NMFS Pacific Islands Regional Office (PIRO) has received funds to begin the 
process of developing a Take Reduction Plan.   

 
Based on the above knowledge, the MMAC made the following recommendations 
(recommendations are not in order of priority):   
 
1. The MMAC recommends that additional research focus on resolving impacts of human 

activities on the Hawaii insular and pelagic stocks of false killer whales.  Specific areas of 
research should include an updated U.S. EEZ abundance estimate by stock, additional 
satellite tagging studies on both stocks, photo identification, genetic and acoustic studies, and 
bycatch in all fisheries that interact with this species by stock.  (PIFCS, SWFSC, Research 
Community) 

 
2.  MMAC received information that shortline fishing may be resulting in take of false killer 

whales and other cetaceans around the MHI.  Accordingly, the MMAC recommends that the 
Council and NMFS PIRO staff work collaboratively with the State of Hawaii to fully assess 
the scale of shortline use and potential impacts on cetaceans around the MHI. The MMAC 
further recommends that the Council take action to monitor and regulate shortline fishing 
within federal waters due to the potential impacts of shortlines on cetaceans of the MHI.  
(Council, PIRO, State of Hawaii-DAR) 

 
3. Recognizing that there is evidence for a decline of the size of the insular population of false 

killer whales, the MMAC recommends research into potential causes including, but not 
limited to undocumented bycatch, ingestion of hooked fish, reduced prey availability, 
deliberate shooting, and pollutants.  (Council, PIRO, PIFSC, Research Community) 

 
4.  The MMAC recognizes the need for additional research and assessment throughout the 

Pacific Islands region including, but not limited to foraging, life history, and prey habitat 
modeling.  (PIFSC, Research Community, SWFSC, ONMS) 

 
5.  The MMAC encourages the NWHI Monument to support research to better understand false 

killer whale and other cetacean populations that occur within the boundaries of the 
Monument.  (Papahanaumokuakea Monument, PIFSC, PIRO, Research Community) 
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6.  The MMAC encourages the Palmyra and Kingman Monuments to support research to better 

understand false killer whale and other cetacean populations that occur within the boundaries 
of the Monuments.  (Monument Administration, PIFSC, PIRO, Research Community)   

 
7.  The MMAC encourages false killer whale population assessment and bycatch estimates to be 

extended into international waters.  (Council, SWFSC, PIFSC) 
 
8.  The MMAC recommends that marine mammal researchers and the Hawaii Longline 

Association discuss ways in which the commercial longline fishery and other pelagic 
fisheries may be able to help researchers by providing platforms for obtaining information on 
marine mammal interactions with fishing gear.  (HLA, Research Community, Other Fishers, 
PIFSC) 

 
9.  The MMAC encourages fishers and observers to take photographs of cetaceans (especially 

false killer whales) sighted in addition to those from fishery interactions to aid in further 
photo identification of individuals.  Fishers and observers can be provided with informational 
brochures to show types of photographs that are useful and not useful, as well as resolution 
settings; protected species workshops required for owners and operators could be an 
opportunity for the dissemination of this information.  (PIRO, PIFSC, Research Community, 
HLA and other fishers) 

   
10. The MMAC supports the SSC recommendation for a one year high level of observer 

deployment in the American Samoa longline fishery, stemming from a PIFSC technical 
report authored by Marti McCracken; based on this report, MMAC suggests a 40% rather 
than 30% level of deployment to achieve greater statistical power.  (PIRO, Council, PIFSC) 

 
11. The MMAC recommends that the survey of longline fishers’ knowledge of whale 

depredation events and any potential methods to avoid depredation be replicated in American 
Samoa, and if possible include Samoan and Cook Islands longline fishers in the survey.  
(PIRO, Council, American Samoa Longline Association) 
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Possible Mitigation Measures Developed by PIRO for the WPFMC Marine Mammal 
Advisory Committee in February 2007 
 
 
Possible Mitigation Approaches to Reduce False Killer Whale Predation in Hawaii-
based Longline Fishery 
 
Description of the problem:  False killer whales (Pseudorca crassidens) interact with 
the Hawai’i-based longline fishery in offshore Hawaiian waters.  Interactions with fishing 
gear usually occur during depredation events on bait and/or catch.  Many of the 
interactions involve false killer whales hooked in the mouth or with an ingested hook, 
presumably because they are taking catch or bait off the gear.  Most of the animals are 
released when the line breaks or is cut, trailing variable amounts of gear ranging from 
approximately 1m of line to tens of meters of line with floats or weights.  These 
interactions have the potential to seriously injure or kill the animals.  Serious injuries and 
mortalities of false killer whales are currently above insignificant levels [they exceed the 
potential biological removal (PBR) calculated for the Hawaiian stock]. 
 
Between 1994 and 2005, twenty false killer whales were observed hooked or entangled in 
the Hawaii-based longline fishery, with approximately 4-26% of all effort observed 
(Draft SAR 2006).  Two of the false killer whales were killed, and all others caught were 
considered seriously injured based upon an evaluation of the observer’s description of the 
interaction and following established guidelines for assessing serious injury in marine 
mammals (Draft SAR 2006).  In 2006, four false killer whales were observed to interact 
with the fishery; serious injury determinations have not yet been made for these 
interactions.  Animals are considered seriously injured if one or more of the following 
applies:  (1) they are hooked in the mouth/head or have ingested a hook; (2) they are 
released with trailing gear that is likely to impair feeding or locomotion (Angliss and 
DeMaster 1998).  Serious injury determinations are made on a case-by-case basis using 
the observer’s description of the interaction, the behavior and body size of the animal, the 
amount and types of gear attached when the animal was released, and where on the body 
the animal was hooked or entangled.   
 
Depredation impacts both cetaceans and the fishery.  Some impacts of depredation on 
cetaceans include:  serious injury or mortality (hookings, entanglements); retaliation by 
fishermen (shooting, use of explosives, bottles filled with fuel); other associated injuries 
(vessel strikes, etc.); cetaceans switching to other prey sources; cetaceans becoming 
dependant upon vessels for food; changes in cetacean foraging behavior/distribution; and 
altering cetacean social structure.  Some impacts of depredation on the fishery include: 
engaging in extra fishing effort (more time needed to replace lost catch, which may in 
turn increase the interactions and result in increased pressure on target species); increased 
costs of engaging in avoidance strategies; reduced product quality if catch left for period 
of time to avoid cetaceans; reduced window of opportunity for successful fishing 
(increased chance of poor weather, etc.); lost fishing gear; and safety concerns 
(untangling cetaceans hazardous, etc.). 
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Goal:  To reduce false killer whale depredation in the Hawaii-based longline fishery, and 
likewise the whales’ association between vessels and a “free meal.”  It is theorized that 
the transmission of depredation behaviors among whales occurs through social learning.  
It is therefore imperative to prevent the spread of these learned behaviors to new areas; it 
is very difficult to control behavior of whales that have become dependant upon 
depredation.  Alleviating fishery interactions involving cetaceans requires a high level of 
effort and a long-term commitment to properly reshape, if possible, the depredation 
behavior. 
 
Key Objectives:  (1) defining the circumstances associated with false killer whale 
depredation in the longline fishery; (2) identifying potential mitigation measures to 
reduce depredation and false killer whale - longline fishery interactions; and (3) 
identifying research needs and assigning research tasks for both characterizing the causes 
of depredation and mitigating false killer whale take. 
 
Three important factors to evaluate when considering methods to reduce or mitigate 
depredation are:  (1) the adverse effect on the cetaceans; (2) the adverse effect to the 
fishery; and (3) the feasibility of the method being used in the fishery (gear, costs, etc.)
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Possible Mitigation Measures to Reduce Depredation: 
 

Mitigation Measure Implementation Possible Pros Possible Cons 
Avoid dumping discards 
(offal, by-catch, and spent 
bait) in the presence of 
cetaceans. 
 
Discards can attract and will 
likely habituate animals to 
longline operations.  Food is 
one of the strongest rewards 
known for shaping animal 
behavior. 

•Retain in catch basins, and dump 
outside of feeding grounds. 
•Grind discards in waste water. 
•Freeze discards, dump while underway 
to next set. 
 

•Does not offer positive 
reinforcement for depredation, 
which could significantly decrease 
depredation events. 
•Reduces number of birds around 
vessels, which may be another 
visual cue for cetaceans. 
 
 

•Lack of space of vessel to retain 
discards onboard. 
•Vessel stability and safety issues. 
•Must have 100% compliance or 
will not work. 
•Discards could represent sources 
of “free” food and could have the 
effect of deterring cetaceans from 
depredating the lines (many 
disagree with this assertion). 

Reduce vessel noise (engine, 
hydraulic, propeller, gear). 
 
Cetaceans develop familiarity 
with the sounds of longline 
vessels, especially hauling. 

•Use quiet vessel technology. 
•Change way handle and maneuver 
vessel (gearshifts/haul = free meal). 
 

•Reducing vessel noise may prevent 
interactions, especially where 
cetaceans are sensitive to the sound 
of hydraulics.  (Avoid “dinner bell” 
conditioning).   
•Cetacean depredation on pelagic 
longline gear is believed to most 
frequently occur during gear 
hauling, versus set and soak (but 
may occur at any time). 

•Noise reduction techniques can be 
cost prohibitive. 
•Cetaceans may learn to identify 
quieter vessels over time.  
•Cetaceans may associate the 
presence of fishing gear with 
opportunities for depredation, even 
when fishing vessel itself and the 
noise from hydraulics is absent. 
(Some whales reported to wait by 
buoys for vessel to return). 

Detection and avoidance of 
cetaceans. 
 
Be aware of cetaceans’ 
presence in order to avoid 
them.   
 

Detect cetaceans via use of: 
•Hydrophone  
•Satellite tags 
•Radio tags 
•Acoustic tags 
•Tethered sonobuoys 
•Real time communication with other 

•“Passive” deterrence. 
•Sightings of cetaceans in Hawaii 
longline fishery are difficult due to 
low visibility, wind, and vessel 
noise.  Vessel operators may not 
know there are/were cetaceans 
present until see damage on catch. 

•Detection devices can be 
expensive and not always reliable. 
•Re: avoidance: cetaceans known to 
follow vessels for quite a ways. 
When cetaceans detected, may need 
to steam > 60 nmi away. 
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Mitigation Measure Implementation Possible Pros Possible Cons 
 
 
 
 
 
 
 

vessels 
•Monitoring/use of observers 
 
Then: 
•Avoid “hotspots,” where cetaceans 
congregate. 
•Use false cues (set dummy gear or 
buoys). 
•Do not set or haul if cetaceans present. 

Therefore, use of these detection 
devices may be very useful. 
 
• Marketable hydrophone for 
listening (not recording) in $300-
$500 range.  BC Symposium 
participants thought worthwhile 
investment. 
 

Acoustic Deterrents 
 
Scare cetaceans away from 
fishing vessels and create 
negative associations. 

•Loud noises (“seal bombs,” etc.) 
•Pingers 
•Scramblers 
•White noise 
•Acoustic duplication of other cetaceans 
•Play back own pod noises (distress or 
alarm calls) 
•Tying magnets to fishing line (not 
acoustic) 
  
 

•Acoustic deterrent devices have 
been tested in some fisheries with 
limited success.  These devices may 
work initially, and over the short-
term. 

•Acoustic deterrent devices are not 
likely a long-term solution.  
Cetaceans can quickly become 
habituated and deterrents lose 
efficacy.  
•Benefit of food > impact of the 
alarm. 
• Acoustic deterrent devices must 
be variable, and loud enough to be 
aversive, but not injurious. 
• Acoustic deterrent devices can 
become attractants (“dinner bell”). 
•Adding sound to marine 
environment has unknown 
ecological effects. 

Gear modifications  
 
Make it more difficult for 
cetaceans to depredate. 
 

•Shorten mainline length (smaller 
segments of gear used at a time). 
•Place obstructions along line to stop 
cetaceans from “flossing.” 
•Change set shape. 
•Reduce line slack. 
•Change hook shape, strength, and/or 
spacing. 

•The Atlantic PLTRT found that the 
most significant factor in reducing 
pilot whale interactions in the Mid-
Atlantic Bight may be the mainline 
length.   
•Reducing the mainline length to 20 
nmi or less could potentially reduce 
pilot whale interactions by 35%.   

•Shorter sets may decrease fishing 
efficiency (but get more catch back 
if not being depredated). 
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Mitigation Measure Implementation Possible Pros Possible Cons 
•Set segments of the line without hooks. 
 
 

•This provision would not restrict 
the number of lines a vessel may 
deploy, as long as each of those 
lines is 20 nmi or less in length.  

Change fishing practices. 
 
Continually make changes to 
“keep cetaceans guessing.”  
 

•Shorter sets 
•Haul at different times of day. 
• If cetaceans in area, don’t start fishing 
or hauling. 
•Stop fishing when cetaceans present.  
•Dropping hauled gear when cetaceans 
approach.  
•Changing target species. 
•Changing gear type. 
•Changing procedures (e.g., reverse 
haulback) 

•Some changes may be effective 
and easy to implement. 
•Temporary cessation of fishing 
activities when cetaceans present 
could have great impact in reducing 
depredation.  Breaks the link 
between whales’ association of 
vessels with food. 
 

•Fishery may not be adaptable. 
•Changing target species and/or 
gear types may be more feasible in 
other fisheries (e.g., to Pacific cod 
or to pot gear in Alaska). 
•Cetaceans may adapt to any 
changes fishery makes. 

Avoidance of serious injury 
or mortality once entangled 
or hooked. 

•Development of equipment and 
methods for careful handling and 
release of entangled or hooked 
cetaceans. 

•Even though an interaction with a 
cetacean occurs, could be possible 
to avoid an otherwise serious injury 
or mortality in certain cases.  

•Hooked cetaceans are often very 
active, complicating release efforts.  
•Many animals break the line and 
swim away with varying amounts 
of gear attached.   
 

Others? 
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INTRODUCTION 
 
The problem of depredation by cetaceans on longline gear occurs worldwide, and has been 
recorded in a wide range of longline fisheries dating to at least the early 1950s. Depredation was 
defined in the context of this workshop as “ the removal of hooked fish or bait from longlines by 
cetaceans.”  This was distinguished from predation, which was defined as “the taking of free-
swimming fish (or other organisms) by cetaceans.” 
 
The nature and extent of cetacean interactions with the world’s longline fisheries vary by region, 
target catch species, and gear deployment method. Killer whales (Orcinus orca ) have been 
observed or implicated in interactions with longline fisheries in many areas, taking a variety of 
fish species from the gear. In the South Pacific, there have been numerous reports of fishery 
interactions with “whales,” possibly meaning false killer whales (Pseudorca crassidens) and/or 
pilot whales (Globicephala spp.) in addition to killer whales. In most instances in this region, 
however, species identification is uncertain. As many as eight species of dolphins have been 
observed in the vicinity of longlines in the South Pacific, and some may have been involved in 
bait removal. Additionally, sperm whales (Physeter macrocephalus) have been documented to 
take Patagonian toothfish (“Antarctic cod”; Dissostichus eleginoides) in the Southern Ocean, as 
well as sablefish (“black cod”; Anoplopoma fimbria ) and other fish species in the eastern Gulf of 
Alaska. 
  
With the rapid growth of domestic longline fisheries in the South Pacific, reports of interactions 
with cetaceans have increased. It is unclear whether this is due to inaccurate reporting of shark 
damage to fish, an increase in the number of cetaceans in the fishing areas, or the transmission of 
behavioral traits associated with depredation from one group of cetaceans to another. It is also 
possible that the reported increase in depredation reflects the fact that local fishermen are now 
encountering a similar scale of problem to that experienced by distant-water fishermen from 
other nations who operated in these waters in earlier years.  
 
In any event, people involved with the longline industry perceive that interactions with cetaceans 
are having an adverse economic impact because depredation causes loss of catch, gear, and time 
and otherwise increases vessel operating costs. Furthermore, financial losses sustained by an 
individual fisherman in the South Pacific could lead him to take actions that harm cetaceans, 
animals that are normally held in high regard by people throughout the Pacific. 
 
In addition to the economic consequences of depredation by cetaceans, there are environmental 
concerns. For example:  
 
(1) Losses due to depredation are not accounted for in the processes of assessing fish stocks and 

setting quotas. While some of the depredation may constitute “replacement” of natural 
predation on the targeted fish stocks and therefore should not be counted as part of fishery 
removals, this question presents a major analytical challenge.  

(2) Depredation causes loss of catch and may lead to an increase in fishing effort, with associated 
negative environmental effects.  

(3) Depredation can be regarded as a modification of natural foraging behavior, and it sometimes 
involves prey that are not known to be a normal part of the predator species’ diet.  

(4) Attempts at depredation may result in cetaceans becoming hooked or entangled, causing 
death or serious injury. 
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With support from the Oak Foundation, the U.S. Marine Mammal Commission, and the New 
England Aquarium and in collaboration with the South Pacific Regional Environment 
Programme (SPREP), a workshop was convened in Apia, Samoa, 11-15 November 2002, to 
review available information on cetacean interactions with longlines and to consider potential 
approaches to mitigation. Participants represented a range of interests, including the fishing 
industry, management, science, and conservation. The workshop agreed that answers to the key 
questions identified would help all stakeholders to understand the nature and extent of cetacean 
depredation on longlines. Such an understanding should help to address, and perhaps even solve, 
this longstanding and growing problem. 
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BACKGROUND PAPERS 
 
A number of background papers were developed specifically for presentation and consideration 
at the workshop. All background papers can be obtained by contacting their authors directly (see 
workshop participant list annex). Summaries of these papers are as follows: 
 
Interactions between Taiwan’s distant-water longline fleet and cetaceans – John Y. Wang 
and Shih-chu Yang 
 
This paper (presented by Wang) included a brief history and general description of Taiwan’s 
tuna/billfish longline fleet, especially in the SPREP region. Although Taiwan is substantially 
involved in longline fishing for sharks and demersal fish as well as tuna and billfish, those 
portions of the fleet targeting sharks and demersal species were not considered due to time 
limitations and difficulties with obtaining information. Four people involved in Taiwan’s 
tuna/billfish longline fishery were interviewed. Their comments revealed that interactions 
between cetaceans and longline gear are common. However, they appeared unaware of any 
obvious pattern as to where cetacean interactions are more likely to occur.   
 
Although depredation of the target species by cetaceans is the main problem, some cetaceans also 
steal bait from hooks. Most of the depredation of the target species occurs when longlines are 
being hauled. On average, when depredation occurs, about 30 to 60% of the catch is taken, but 
losses can vary from 0 to 100%. The economic loss due to depredation by cetaceans is difficult to 
estimate. It was reported that cetaceans sometimes herd fish to the longlines, which results in 
increased catches if the fish can be retrieved before the cetaceans take them. Two of the people 
interviewed considered the losses to cetaceans to be a natural cost of engaging in this kind of 
fishery.  
 
All of the individuals interviewed said that there was no way to avoid interactio ns with cetaceans. 
Methods used to date (e.g., harpooning, hanging cetacean parts on longlines, banging metal 
pipes) have had limited effectiveness. From the interviews, it was clear that species identification 
of cetaceans by fishermen is problematic.  
 
The only nuisance species mentioned by name was the killer whale. Other implicated species 
were almost always described as dark to black-colored with a rounded head. Although cetaceans 
can get hooked, entanglement in lines is more common. Some cetaceans are killed or injured by 
longline fishermen with harpoons. 
 
A survey of cetaceans landed at the Tungkang and Nanfang Ao fishing ports was conducted in 
1994 and 1995. Seventy-six  and 24 cetaceans observed at Tungkang and Nanfang Ao, 
respectively, came from longline vessels. Of these, 23 had been hooked in the mouth or throat 
region, 11 had been entangled , 53 had been harpooned, and the nature of the interactions with 
longline fishermen was unknown for 13 carcasses (due to their condition). Almost all of the 
common bottlenose dolphin s (Tursiops truncatus) and rough-toothed dolphin s (Steno 
bredanensis) had been hooked, whereas most of the pantropical spotted (Stenella attenuata ), 
spinner (S. longirostris) and striped (S. coeruleoalba) dolphins appeared to have died after 
becoming entangled in lines. A Risso’s dolphin (Grampus griseus) had been hooked.  
 
Only a very small proportion (<1%) of the total number of cetaceans landed at either port were 
“blackfish” (i.e., killer, false killer, pilot, or possibly pygmy killer [Feresa attenuata] or melon-
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headed whales [Peponocephala electra ]) and none of the deaths could be attributed directly to 
longline gear. Most of the cetaceans taken are likely discarded at sea or consumed onboard 
because the legal protection of cetaceans in Taiwan under the Wildlife Conservation Law makes 
it risky to land them. Therefore, the number of carcasses recorded at the fishing ports should be 
considered an underestimate of the number killed.  
 
It was concluded that the level of cetacean mortality in longline fisheries is considerably higher 
than generally assumed. 
 
Comparative analysis of the interactions between killer whales/sharks and the 
tuna/swordfish fishery in southern and southeastern Brazil - Luciano Dalla Rosa and 
Eduardo Secchi 
 
This paper (presented by Secchi) described the pelagic longline fishery for tuna (Thunnus spp.) 
and swordfish (Xiphias gladius) off Brazil (see Secchi and Vaske 1998). Differences were shown 
between the depredation by killer/false killer whales and sharks on tuna and swordfish. These 
differences included characteristics of the bites, frequency of operations and trips involving shark 
and killer/false killer whale interactions, relative magnitude of losses caused by depredation, and 
proportions of tuna and swordfish depredated by the two types of predators. Blue, hammerhead, 
shortfin mako, and carcharhinid sharks commonly prey on longline-caught fish, leaving clearcut, 
semicircular, relatively small bites. Killer and false killer whales tear the body of the fish, leaving 
torn borders, and often only the fish’s head remains on the hook. 
 
The frequency of operations and trips with shark depredation was significantly higher than the 
frequency of operations involving killer/false killer whale depredation. However, when both 
whales and sharks were involved in depredation in the same fishery, the numbers of fish 
damaged by killer/false killer whales as a proportion of the total catch in operations and trips 
were significantly higher than the corresponding values for shark damage. Killer/false killer 
whales took hooked swordfish significantly more frequently than hooked tuna, whereas sharks 
took significantly more hooked tuna than swordfish. The authors hypothesized that cetaceans 
were more likely to depredate on swordfish because they are fished closer to the surface (between 
40 and 80m). They considered the overall financial loss to the fishery as a result of whale 
depredation to be small.  
 
Bycatch of three cetacean species was reported: Risso’s dolphin (either hooked or entangled), 
killer whale, and false killer whale. Risso’s dolphins might be hooked when stealing the bait (the 
main bait is the Argentine squid). None of the reported incidents of bycatch resulted in the 
immediate death of the cetacean. The lightness of monofilament longline might allow the 
cetacean to swim to the surface when hooked. Bycatch of birds and turtles, especially the former, 
is high in this fishery. Losses to fishermen (either by depredation or bait stealing) can lead to 
increased fishing effort, which may in turn increase the number of interactions and result in 
increased pressure on the stocks of the target species.  
 
Mitigation attempts by fishermen included changing fishing locations and shooting the whales. 
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In Brazil, hooked fish might be removed by cetaceans at any time during a set, whereas in other 
areas such removal is thought to occur mainly during hauling. This difference is related to the 
average depth of sets: e.g., in Fiji, lines are set at 300-500 m, whereas in the Brazilian swordfish 
fishery, they are set much shallower (45-80m). 
 
Interactions between odontocetes and the artisanal fisheries for Patagonian toothfish off 
Chile - Eduardo Gonzales and Carlos Olavarría 
 
This paper was presented verbally at the workshop by Secchi on behalf of the authors. It 
reviewed available information on cetacean interactions with the Chilean artisanal fishery for 
Patagonian toothfish. In the eastern South Pacific and particularly in Chile, only minimal 
research has been undertaken on interactions between fisheries and marine mammals. Published 
sources provide only anecdotal evidence of depredation by cetaceans. Frequent interactions with 
sperm whales have been reported in the toothfish fishery. The Chilean artisanal fleet (vessels 
<18m long) is authorized to fish for toothfish from the border with Peru (18º21’S) south to 
latitude 47ºS. Catches are concentrated in the south of the country, where fishermen have 
reported the incidence of interactions with sperm whales to be especially high. 
 
Although these interactions have not been evaluated systemically or quantitatively, there are 
reliable reports of damage to fish on the lines, and also to the sperm whales, which have been 
shot with guns or harpooned. On some occasions, explosives have been used to keep odontocetes 
away from fishing gear.  
 
Observers were present on four trips undertaken in 1999/2000, between 33°S and 46ºS, totaling 
47 days of observation on artisanal vessels. On three of the trips, cetaceans were observed during 
the fishing activities, viz. ten Risso’s dolphins (one sighting), 125 southern right whale dolphins 
(Lissodelphis peronii ; one sighting), and 25 sperm whales (22 sightings). Risso’s dolphins 
approached the vessel when the boat was hauling the line, coming as close as 50m. Right whale 
dolphins were sighted moving in four compact groups while the boat was recovering a line. 
These dolphins did not approach the boat. Sperm whales were most often seen in the direction 
where the fishing lines were set, but most of the whales did not approach the vessels. On one 
occasion an adult male approached to within 10m of the vessel. Most of the sightings were of 
solitary whales, presumably males. Most groups contained less than three animals. From radio 
communications with other vessels in the area, 23 reports of sperm whales near fishing boats 
were recorded. 
 
Fishing gear damage was reported on six out of 39 observed sets. Damage included cut hooks on 
four occasions and mainline entanglement on two occasions. In four cases, no toothfish were 
caught after sperm whales had been observed in the area, and on 14 other occasions only small 
toothfish (<2 kg) were caught after the presence of whales had been noted. Nevertheless, the 
catch of toothfish was not significantly different in the presence or absence of sperm whales. 
  
A sperm whale was found dead, entangled in a fishing line, on one occasion. There are frequent 
reports of fishermen using rifles, harpoons, and bottles filled with fuel and dynamite to keep 
whales away from their gear. Generally, these attempts are unsuccessful and result only in injury 
to whales. 
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Killer whale and sperm whale interactions with longline vessels in the Patagonian toothfish 
fishery at South Georgia – Martin Purves, D. J. Agnew, E. Bulguerias, C. A. Moreno and B. 
Watkins 
 
This paper, presented by Purves, was based on data recorded by CCAMLR (Commission for the 
Conservation of Antarctic Marine Living Resources) observers in the demersal toothfish fishery 
at South Georgia (Subarea 48.3) in the South Atlantic Ocean between 2000 and 2002. Longlines 
were deployed in depths of 300 to 2000m, concentrated along the 1000m contour. Sperm whales 
were the marine mammals most frequently observed in the vicinity of vessels when lines were 
being hauled; they were recorded as present during 24% (n=1400) of hauling observations. Killer 
whales were the second most frequently observed marine mammals, recorded as present during 
5% (n=304) of hauling observations.  
 
High inter-vessel variation was noted for interactions with both species. For example, one vessel 
had sperm whales present during only 5% of hauling observations, while another vessel had 
interactions during 70%. Killer whale presence ranged from 1 to 19%, depending upon the 
vessel. The positions of longline sets on 25 out of the 36 voyages during the 2000, 2001, and 
2002 seasons were plotted and compared to locations of sightings of killer and sperm whales 
during line hauling. Cetacean interactions occurred over a wide geographic range and were 
mostly dependent on the amount of fishing effort on the different grounds. Interactions occurred 
more frequently in some areas, suggesting the existence of “hotspots” for interactions.  
 
Killer whale pods were generally small, consisting of two to eight animals (57% of observations). 
Solitary animals were reported for 13% of the observations, and larger pods, consisting of 15 or 
more animals, for only 8%. Sperm whales were most often solitary when interacting with fishing 
vessels (43% of observations). Two to three animals together were relatively common (49%), but 
larger groups were infrequent. A maximum of 12 sperm whales was observed in the vicinity of a 
vessel when then line was being hauled. Interactions with killer whales were most often observed 
in the afternoon (46% of sightings) or morning (33%). Relatively few night interactions were 
reported. After sunset until midnight, killer whales interacted with hauls during 18% of 
observations, but from midnight to sunrise this occurred during only 3% of observations. 
Interactions with sperm whales followed a similar pattern, with most interactions in the afternoon 
(56%) and in the morning after sunrise (43%). Interactions at night were less than 1% of 
observations.  
 
To quantify the level of depredation by cetaceans, catch rates (expressed as kg/hook and number 
of fish/1000 hooks) were calculated for hauls when either killer whales or sperm whales were 
present, and compared to rates for hauls when no cetacean presence was recorded. The results 
showed that the catch rates of toothfish were signific antly lower (P< 0.05) when killer whales 
were present during hauling (0.15 kg/hook; 21.5 fish/1000 hooks) than when no cetaceans were 
present (0.29 kg/hook; 48.5 fish/1000 hooks). The same trend was not observed, however, for 
catch rates when sperm whales were present during hauling (0.32 kg/hook; 51.9 fish/1000 
hooks). Catch rates were in fact slightly higher in the presence of sperm whales than when no 
cetacean presence was noted.  
 
It is likely that sperm whales were attracted to areas with high catch rates, but in areas with lower 
catch rates, depredation by sperm whales may have caused catches to drop off. During hook-line 
observations on a longliner in the 2001 season, it was noted that hooks with only the lips of 
toothfish (no head or body) were recorded more often when sperm whales were in the vicinity of 
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the vessel. Sperm whales were noted as being present during 84% of the observations when “lips 
only” were found on hooks. This suggests that sperm whales take whole fish off the line, leaving 
only the lips and making estimates of depredation levels difficult. In contrast, depredation by 
killer whales was characterized by the occurrence of damaged fish, often with only the heads on 
returning hooks. “Lips-only” were also observed when killer whales were present. 
   
Some mitigation measures have been tried to reduce interactions with cetaceans, although there 
have been no quantitative studies of their effectiveness. These measures include the deployment 
of “seal scarers” when hauling; tying magnets to the fishing line; switching off onboard acoustic 
equipment during line hauling; offal retention during line hauling; delaying hauls when killer 
whales are present; and interrupting hauls, buoying-off lines, and steaming away from hauling 
sites when killer whales appear.  
 
Further investigations are needed to determine the extent of cetacean interactions, to address the 
problem of depredation, to standardize observer protocols to ensure that valuable data are 
collected, and to assess and implement mitigation strategies (initially at least, under controlled 
experimental conditions).  
 
Sperm whale depredation in the demersal longline fishery for sablefish in the Gulf of 
Alaska: research needs and approaches to mitigation – Jan Straley, Tory O’Connell, Greg 
Beam, Sarah Mesnick, Anne Allen, and Liz Mitchell 

Straley and Beam presented this paper on behalf of their team of co-authors who, in cooperation 
with fellow fishermen, scientists, and resource managers, are seeking to develop a research 
program on sperm whale interactions with coastal longline fisheries in the eastern Gulf of Alaska.  
 
Demersal longline fishing in the eastern Gulf of Alaska is conducted from boats less than 18m 
long using baited circle hooks. The hooks are attached to gangions, spaced every 1m alo ng a line 
set from the back of the boat. A set can range from 1.5 to 4mi in length with 2500 to 6000 hooks 
per set in 200-500 fathoms of water. Soak time is 5 to 8hr, sometimes overnight. 
 
Sablefish depredation by sperm whales on longline gear was first reported in the eastern Gulf of 
Alaska in 1978. The fishery was year-round until the early1980s when fleet expansion resulted in 
a shortened season. In 1994, the entire quota was caught in two weeks. In 1995, individual 
fishing quotas were implemented. This had the effect of reducing overall effort while allowing 
the season to remain open for eight months, March to November. It also gave sperm whales more 
opportunities to interact with the fishery, and by 1997 reports of depredation had increased 
dramatically. A domestic sablefish survey in the Gulf of Alaska examined catch rates from 1999 
to 2001 for all sets with sperm whales present. Catch rates were 23% lower for sets with evidence 
of depredation than for sets without evidence of depredation. 
 
Fishermen and scientists believe that the depredation occurs on gear that is 360 fathoms deep, but 
there is no empirical evidence to support this belief. Sperm whales are not known to take fish off 
the line before the gear is being hauled. It is likely that some whales use the sound of the 
hydraulics as a cue to indicate when the buoy line is being hauled, although such cueing is not 
always evident. Sperm whales have been reported to “wait” near the flag and buoys, apparently 
anticipating the fishermen’s return. On such occasions, the whales appear to be associating the 
presence of fishing gear with opportunities for depredation, even when the fishing vessel itself 
and the noise from hydraulics are absent. Additionally, whales follow boats and linger near them 
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while the lines are soaking. Some boats attract sperm whales, but it is unclear why. In any event, 
depredation has increased in recent years, and boats that previously experienced no interactions 
are now reporting depredation. 
 
It is unknown how sperm whales take fish off longlines. A few fishermen report that they can 
“feel” the presence of whales on their longlines. Some sperm whales have evidence of contact 
with lines or even past entanglements on their bodies – e.g., scars at the base of the flukes, 
grooved indentations along the side of the head apparently caused by a line running through the 
mouth. Fish come aboard mangled and shredded with just a head or lips attached to a hook, but it 
is thought that sperm whales also take whole fish, leaving no trace of depredation. Sperm whales 
have been observed feeding on sablefish and halibut offal near the boats during haulback, 
sometimes side-lunging through the discards. It is uncertain whether discarded non-target 
organisms and the offal from target species serve as attractants to sperm whales; alternatively, 
these could represent sources of “free” food and have the effect of deterring the whales from 
depredation on caught fish.  
  
Fishermen have tried various methods of deterrence, including “dropping the whales off” on a 
competing vessel, hauling at night, and stopping hauling and waiting for the whale(s) to leave. 
Most fishermen have resigned themselves to the fact that it will take more effort to catch their 
quota. This means higher costs and results in increased bycatch; it may also increase the damage 
to the ocean floor caused by fishing.  
 
More information is needed to solve or reduce the problem of sperm whale depredation on 
longlines. It is important to determine the individual identities of animals involved in 
depredation. Photographs and sound “signatures” can be useful in this regard. Also, in order to 
tease out the significance of differences in boat “behavior,” it is essential to know and compare 
the characteristics of boats that have and have not experienced depredation. How depredation 
occurs, including the spatial and temporal patterns of interactions, will be critical for solving or 
reducing this problem. It will also be important to understand whether (and how) this behavior is 
transmitted and learned by sperm whales. An improved understanding of the population and 
social structure of the whales in the Gulf of Alaska would be useful. Acoustic applications need 
to be explored, such as masking or dampening the sounds that are used by the whales as cues. 
 
Depredation of tuna by whales and sharks in the western and central Pacific Ocean – Tim 
Lawson 
 
Deirdre Brogan from the Secretariat for the Pacific Community (SPC) Oceanic Fisheries 
Programme presented this paper on the author’s behalf. It summarized observer data on whale 
and shark damage sustained by longline vessels in the western and central Pacific Ocean between 
1995 and 2000.  
 
The geographical distribution of reports of whale-damaged fish was similar to that of reports of 
shark-damaged fish. Both types  of damage were reported throughout most of the range of 
observer coverage. The overall level of whale damage on longline-caught fish was relatively low 
at 0.8 %, while shark damage was significantly higher at 2.1%. It was noted that these  
levels are considerably lower than those previously reported by Hirayama (1975), who indicated 
that 10.45 % of longline-caught tuna in the western tropical Pacific Ocean had been damaged by 
sharks.  
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No major differences were found between the levels of damage sustained in the fisheries of three 
Exclusive Economic Zones – two tropical (Federated States of Micronesia and Solomon Islands) 
and one subtropical (Fiji). The percentages of whale and shark damage sustained by species 
groups and by individual species were also presented. Whales seemed to prefer yellowfin and 
bigeye tuna, whereas sharks preferred wahoo, yellowfin, blue marlin, spearfish, striped marlin, 
skipjack, and swordfish. 
 
Fisheries-cetacean interactions in the Indonesian Seas – Benjamin Kahn 
 
The Republic of Indonesia is the world’s largest archipelago with more than 17,000 islands, 
spanning 1/7th of the length of the Equator. A large variety of habitat types are available, and at 
least thirty different cetacean species have been observed in Indonesian waters. Cetacean habitats 
include large rivers and mangrove areas, as well as coastal and open-ocean environments. Many 
forms of marine life move between the Indian and Pacific Oceans via the Indonesian archipelago. 
Because of its exceptional diversity of habitats and species, there is high potential in Indonesia 
for interactions between cetaceans and fisheries. 
 
Indonesia is seeking to establish a more decentralized and transparent system of governance. For 
fishery management, the two most notable changes already in effect are the introduction of laws 
related to regional autonomy and the establishment of a Ministry of Marine Affairs and Fisheries. 
The main characteristics of Indonesia’s marine fisheries include: 
 

• Annual catch estimated in1997 at 4.5 million tonnes; 
• Multi-species, multi-gear; 
• Some 94% of capture by small-scale fishermen; 
• Total fishing fleet currently estimated at 402,000 vessels (334,000 in 1988); 
• 57% of fleet consists of non-powered boats, 55% of remainder use outboard engines.  

 
The data needed fo r fishery management, including information on cetacean interactions, are 
either not publicly available or considered insufficiently reliable for stock assessment and 
estimation of sustainable harvesting levels. 
 
Since about 1990, there has been a very large increase in the number of Taiwanese longliners 
operating in the Indonesian EEZ and in territorial/nusantara (internal, archipelagic) waters of 
Indonesia. These boats catch yellowfin and are thought to compete with Indonesian coastal 
fishermen. Boats may be up to or in excess of 100 gross tonnes. The Indonesian longline fishery 
is centered along the western coasts of Sumatra, Java, Bali, and Nusa Tenggara. The main species 
targeted are bigeye and yellowfin. Some vessels use deep longline gear to target bigeye. As in 
other parts of the Indian Ocean, the area of operations for the Indonesian coastal longline fleet is 
expanding. Moreover, Indonesian/Korean joint-venture vessels are becoming more widespread, 
operating in waters outside the Indonesian EEZ.  
 
Given the insufficiency and poor quality of data from the Indonesian tuna fisheries nationwide, 
information on the nature and extent of cetacean depredation is extremely limited. However, 
some reports from the 1970s note that such interaction was occurring frequently in Indonesian 
waters, especially in the Banda Sea tuna fishery. In addition, the diversity and relatively high 
abundance of cetaceans in these waters, together with the intensive fishing effort for tuna, 
suggest that cetacean depredation may be significant. A comprehensive assessment is obviously 
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needed to characterize and quantify the problem. Research needs in relation to tuna longline 
fisheries in particular include: 
 

• Additional field data (observers, strandings/catches in which fishery interaction is likely 
implicated); 

• Interviews with fishermen and organizations; 
• Fact-finding visits to key regional ports, e.g., Benoa, Bitung, Kupang; 
• Governmental/institutional capacity building; 
• Monitoring of fishing areas with high cetacean diversity/abundance (Banda Sea); 
• Ecological research on species known or suspected to be involved in depredation. 

 
Although data from Indonesia’s fisheries are fragmentary and sparse, the combined information 
from various Southeast Asian countries indicates that bycatch and targeted catch represent the 
primary threat to small cetacean populations, both coastal and oceanic, some of which have been 
drastically reduced. The extent of the problem in Indonesia is hard to quantify in the absence of 
relevant fisheries data and of any direct observer programs for the large-scale fleets (considered 
the only reliable way to obtain quantitative data on bycatch). An assessment of cetacean 
bycatch in commercial fisheries within the Indonesian EEZ is urgently needed. 
 
Operational interactions between marine mammals and the Patagonian toothfish 
(Dissostichus eleginoides) fishery off southern Chile - R. Hucke-Gaete, C.A. Moreno, and 
J.A. Arata 
 
Studies of the interactions between marine mammals and the toothfish fishery in southern Chile 
(39º S- 57º S) have been carried out through the Fondo de Investigación Pesquera (Fisheries 
Research Fund). The specific objectives are to: (1) identify the marine mammal species that 
interact with the fishery, (2) develop indices of relative presence of marine mammals during 
fishing activities, and (3) characterize and quantify the effects of marine mammals on the fishery, 
and vice-versa, per fleet and per area. 
 
In Chile, the toothfish fishery started as exploratory in 1955. Artisanal and industrial operations 
now extend along the entire coast, with the former taking place north and the latter south of 47ºS. 
The artisanal component is limited only by the size of the vessel and the characteristics of the 
longline (max. 18m – 12,000 hooks per line), and no fishing quotas are applied. Industrial vessels 
receive individual quotas that correspond to a percentage of the total allowable catch (TAC) as 
determined by public auction. 
 
The study area includes waters south of 39ºS. Scientific observers have embarked from Valdivia 
(39ºS) and Ancud (42ºS) (artisanal) and Punta Arenas (53ºS) (industrial). Ten surveys have been 
completed, three on-board industrial vessels between April – October 2002, and seven on 
artisanal vessels between May – November 2002. Observers note the times and locations of 
interactions with marine mammals. Fish remains, as well as damaged fish attributed to marine 
mammal predation, are measured to assess preferences for species and sizes of captured fish. 
Depredation rates were calculated, per line and per fishing trip, as the number of damaged fish 
divided by the total number caught (damaged and undamaged) times 100 (method adapted from 
Yano and Dahlheim 1995).  
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Photo-identification techniques have been used to identify individuals, particularly sperm whales. 
An acoustic protocol has been developed to detect whales at night and also to examine the 
relationships between the type and rate of vocalization and the rate of depredation. A Geographic 
Information System (GIS) will be used to assess the spatial and temporal extent of interactions as 
well as to identify hotspots. A Generalized Linear Model (GLM) will be used to determine which 
factors affect interactions, and factor strength in explaining the depredation rates will be assessed 
through a deviance analysis (stepwise method). 
 
The results of two surveys on-board industrial vessels (late spring 2001 and late autumn 2002) 
were included in the paper. Almost all operational interactions occurred in the mid-axis of the 
Pacific -South American continental platform slope. During the summer of 2001 a total of 36 
hauls were monitored, and interaction was judged to have occurred in 19 of these (53%), based 
on the recording of heads, lips, and damaged trunks of toothfish. In a further 12 hauls (33%), 
there was no evidence of depredation even though cetaceans were noted to have been present. In 
the other five hauls (14%), no cetaceans were observed, nor were damaged fish. On one occasion, 
a dead sperm whale was retrieved after being entangled in the line.  
 
During late autumn, a total of eight hauls were monitored. Evidence of interaction was noted on 
one of these (12.5%) – the head of a toothfish was observed on a hook while a single sperm 
whale was in the vicinity of the ship. The presence of solitary sperm whales was recorded during 
three of the other seven hauls. 
 
During the 2001 spring-summer survey, a total of 72 toothfish lips, nine heads, and one trunk 
possibly damaged by cetaceans were measured. When the presence of sperm whales was recorded, 
most of the evidence of interaction consisted of toothfish lips. When only killer whales were 
observed to be present, one lip and various heads were found. Seabirds were observed feeding on 
the surface near the whales, although no offal was discarded from the ship during this period. 
Finally, when only pilot whales were present, no damaged fish were found on the line, and 
therefore no evidence was obtained for depredation by this species. When mixed-species sightings 
of cetaceans were recorded, the diversity of types of fish remains on the hooks appeared to 
increase. The authors tentatively stated that cetaceans damaged or consumed 82 toothfish during 
the observed hauls in spring-summer 2001, corresponding to 2.27% of the total number of 
toothfish caught (n = 3,600) in the observed hauls. 
 
When sperm whales and killer whales were both present during a haul, the depredation rate 
decreased to nil. On at least one occasion, the observer reported that when killer whales arrived in 
the area, the sperm whales modified their surface behavior, grouping in a tight and parallel 
formation (possibly a defensive formation). 
 
During the first survey (late austral spring 2001) three sperm whales were identified by 
conspicuous markings on the dorsal fin and flukes. Photos are being incorporated into a catalogue.  
 
Observer coverage on artisanal boats spanned the period May – November 2002. Hauls on these 
boats generally involve 800 – 1200 hooks. Operational interactions with marine mammals were 
reported to have occurred on the continental slope mainly off Toltén (39.2ºS, 73.2ºW) and the 
coasts of Osorno (40.5ºS, 73.7ºW). Few incidents of interaction with cetaceans were reported. 
This, however, might be due to the efforts of fishermen to minimize interactions that are usually 
detrimental to the catch. Most of the interactions reported were with otariids (Otaria flavescens 
and Arctocephalus australis), as confirmed by accounts of observers watching the sea lions eat fish 
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from the line. It is a common practice among artisanal fishermen to refrain from setting the line 
once a whale’s blow has been seen. They generally simply move to another place. If they are 
hauling, they cut the line, put on a buoy, and set the line again. On some occasions, observers 
reported that the fishermen attempted to shoot or ram the whales and pinnipeds. On one survey, at 
least eight pinnipeds (possibly A. australis) were shot and killed. On another occasion, a sperm 
whale was shot as it approached the vessel. Its reaction was to fluke-up and defecate. In another 
instance, the near-ramming of what was supposed to be a sperm whale turned out to have been a 
near-miss of a group of eight blue whales (Balaenoptera musculus)!  
 
A total of 37 complete hauls by artisanal boats were monitored, and interactions were recorded in 
eight of these (22%). In 20 hauls (54%), the presence of marine mammals was recorded, but there 
was no evidence of damaged fish. In the remaining 17 hauls (46%), neither marine mammal 
presence nor damaged catch was reported. 
 
Four toothfish lips, one head, and one trunk were reported during artisanal surveys. The mean 
depredation rate for artisanal fishing operations during winter corresponded to about 1% and 
ranged from 0% to 29%. Considering that the total depredation rate (corrected for the proportion 
attributed to pinnipeds) was 0.474% and the mode and median were 0, the impact of depredation 
by cetaceans on the fishing yield appears to be low. No whales were photo-identified during 
artisanal surveys. 
 
The authors tentatively conclude that the overall impact of depredation on the Chilean toothfish 
fisheries is fairly low, and also that the occasionally high-impact interactions are not necessarily 
related to the number of cetaceans present. Instead, such instances may involve particular 
individuals that have acquired the habit of longline depredation. Interactions south of Cape Horn 
mostly involve sperm whales and killer whales, while interactions with otariids seem to be more 
important in south-central Chile (at least during the autumn and winter months). Entanglement of 
sperm whales in the line has been recorded on two occasions (one fatal). Counter-measures 
implemented by artisanal fishermen include the shooting and ramming of marine mammals. An 
educational approach and the continuation of scientific observer programs are recommended. 
 
Is acoustic deterrence right for you? – Ken Baldwin, Greg Stone, and Scott Kraus 
 
The purpose of this presentation (given by Baldwin) was to clarify some basic definitions of terms, 
define a simple sonar model, elucidate concepts in that model, and relate those elements to the 
general question of how acoustic devices might be used to mitigate depredation. The basic sonar 
model has three components: generation, propagation, and reception of sound. In the present 
context, these would be the sound source – an acoustic deterrence device; the medium – the ocean; 
and the receiver – a marine mammal. The medium can be further defined as propagation loss due 
to spreading, attenuation, and boundaries, and the marine mammal can be further defined by its 
auditory response, which is basically detection threshold. When these concepts are combined with 
the ambient noise in the ocean, it becomes possible to define zones of audibility and influence, as 
proposed by Richardson (1989). Development of the gillnet pinger was presented as a case study to 
demonstrate these concepts and reasoning. 
 
Pingers were shown to have the desired effect of significantly reducing the bycatch of harbor 
porpoises (Phocoena phocoena) in gillnets in the Gulf of Maine (USA). Two studies of animals in 
the wild were presented to demonstrate the importance of understanding the fundamental 
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behavioral responses of marine mammals to pinger sounds. A study of pinger sound propagation in 
Australia was cited as evidence of boundary effects in shallow-water propagation. 
 
Pinger technology is advancing rapidly. The ability exists to fabricate robust, low-maintenance 
pingers. Understanding of two of the components in the simple sonar model – source and 
propagation medium – is fairly well developed. In most fisheries and for most cetacean species, 
acoustic deterrents remain untested. Further acoustic studies are needed for many cetacean species. 
The social structure, habitat use, and communication mechanisms of relevant cetacean species (in 
the present instance, killer whales, other “blackfish,” and the sperm whale) are poorly understood 
in many of the areas where conflicts with longline fisheries have been reported. 
 
 

COUNTRY REPORTS 
 
Representatives of a number of Pacific Island countries presented summaries of their pelagic 
longline fisheries and interactions with cetaceans. 
 
Samoa  
 
Peter Watt reported that the tuna longline fishery started in Samoa in 1994, with approximately 25 
small alias (locally built aluminum twin-hulled vessels around 8m in length). The local alia size is 
now larger, and 120 of 155 vessels in the fleet are alias of 9-11m length. These boats use a drum to 
deploy 6-10mi of line with 300-500 hooks. The remainder of the fleet consists of 35 larger (11-
25m) catamarans or mono hulls.  
 
The licensing system recognizes five classes of boats according to size (<11m, 11-12.5m, 12.5–
15m, 15-20.5m, >20.5m). These boats have different fishing capabilities, e.g., small alias usually 
go out for 2 days, 11-15m vessels for 4-6 days, 15-20.5m boats for 6-10 days, and the largest boats 
for periods of up to 6 weeks. 
 
The Samoan tuna longline industry has grown quickly and has had to deal with many management 
issues, including limiting the number of boats and addressing safety concerns. The value of the 
industry has grown rapidly and is now Samoa’s major export earner, with an export value of  48.5 
million tala in 2001.  
 
Cetacean interactions with these fisheries are a recent but growing phenomenon. During the last 
year, Samoa’s Fisher ies Division and the industry started to collect data in the log sheets of larger 
vessels on catches affected by whales. These data have not yet been analyzed. Many larger boats 
reportedly have had whole sets taken. Loss over the last month was estimated at about 10%. 
 
The size of the area fished has increased over the years. Fishermen are now moving further 
offshore – up to 70mi offshore for the small alias alone. Catch per unit effort (CPUE) in 1994 
ranged from 75-100kg/100 hooks, but has decreased significantly and is now between 50-60kg/100 
hooks. Boats over 15m length are not allowed to fish close to the coast (within 15mi). Regardless 
of whether cetacean depredation significantly affects CPUE, all reports suggest that the interaction 
has grown. (Samoan participants noted that they had never seen dolphins hooked on longlines, but 
that one whale had been reported as having become entangled.)  
 
Papua New Guinea (PNG) 
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Vagi Rei and Kenny Leana reported a similar situation to Samoa with respect to cetacean 
interactions in PNG, where the tuna longline fishery started in 1995 and grew rapidly. There are 
now 46 tuna longline boats of 25-50m, but no smaller boats. The PNG fishery is 100% locally 
owned. 
 
There are three major fishing areas – the southern Coral Sea (fished by vessels targeting yellowfin 
and based at Port Moresby; the Solomon Sea (shared with Solomon Islands), and the Bismarck Sea 
(northern fishing ground, with the greatest reported frequency of cetacean interactions). The 
fishing boats move seasonally and target yellowfin and bigeye. A mother boat is often used to 
collect the catch, so that boats can keep fishing.  
Some recent reports have suggested up to 50-60% depredation rates, e.g., in one set 58 tunas were 
caught and 56 were taken by whales (identified by the clean cuts made). The skipper observed 
whales taking fish during hauling. Some boats have deliberately avoided whales. Early in the 
development of the domestic longline fishery, sharks caused damage to hooked fish. Whales were 
reported to scare sharks away, but now whales are eating the fish. Cetacean interaction appears to 
be increasing as the fishing industry expands, and this is of concern to fishermen.  
 
The PNG government has responded to industry concerns this year through a workshop conducted 
by the NGO Ocean Alliance, who undertook a research cruise in the R.V. Odyssey. They reported 
32 species of cetaceans in PNG waters, highly concentrated in the Bismarck Sea where 350 sperm 
whales were sighted in 18 separate groups. There were 84 sightings of other species, including two 
species new to PNG waters (the sei whale [Balaenoptera borealis] and Risso’s dolphin). Ocean 
Alliance also investigated the distribution of  pilot whales, and obtained video footage of sharks 
biting yellowfin tuna. A copy of the Ocean Alliance report on fishery interactions is available from 
Barbara Roy. A forum was convened to discuss results of the research with all stakeholders. 
Odyssey is planning to return to PNG as funds permit. 
 
The PNG government has made a commitment to declare a whale sanctuary, and is interested to 
develop education and awareness (there is interest in the promotion of whale watching). The 
fishing industry has agreed to support the development of a management plan. Everyone is very 
interested to know the real degree of interaction.  
 
In association with UPNG/WWF, the government plans to start an observer program for whales. 
Research work by Ingrid Visser of New Zealand has shown that killer whales attack and eat sharks 
in PNG waters.  
 
Fiji 
 
Dave Lucas (Solander Pacific) reported on interactions between cetaceans and longliners in 
Fijian waters. Unlike the days of pole and line fishing, when no interactions were observed, 
depredation by cetaceans has gradually become a major problem. The interactions are mainly 
with what the fishermen report to be pilot whales, but also to some extent with killer whales.  
 
Examination of the rates of depredation for the nine vessels in the Solander Pacific fleet showed 
that the vessel with the highest rate was four times more likely to experience interactions than the 
vessel with the lowest rate. (Participants agreed that this was most likely related to noise 
signatures, and that damping vessel noise was a plausible initial approach to mitigation that 
should at least be tried. 
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Solander Pacific have been keeping records since early 2000. The data have been collated and 
losses estimated, including time, operating costs, and lost fish. Lucas estimated a loss of FJ$5 
million for his company in the year 2002 attributable to cetacean depredation. With a total of 95 
licenses in Fiji, he estimated the total loss to the fishing industry as a whole at FJ$20 million per 
annum. He stressed that the industry was concerned, and needed to figure out a way to deal with 
the interaction, as it is seen a significant problem.  
 
(During the ensuing discussion, several participants expressed reservations about the assumptions 
made and the methodology employed in estimating losses due to depredation by cetaceans in 
Fijian waters. It was nonetheless accepted that the interactions there have significant economic 
consequences.) 
 
 

WORKING GROUP REPORTS 
 
Having received and discussed the background material, participants agreed to form three 
working groups to develop a Plan of Action. The reports of the three working groups follow. 
 
I. Report of Working Group on Depredation 
 
Quantification of losses 

 
There is a need for standard methods to quantify longline losses due to depredation (caused not 
only by cetaceans but also by other organisms such as sharks, bony fish, and squid). Such 
quantification has been attempted for several demersal and pelagic longline fisheries around the 
world, and some of these attempts are summarized below: 
 
Demersal sablefish fishery in Alaska (USA): 
 
Sigler et al. (2002) used data from a longlining research vessel to estimate a 23% decline in catch 
when depredation by sperm whales was inferred. 
 
Demersal toothfish fishery in Chile: 
 
Hucke-Gaete et al. (see Background Papers for a summary) analyzed observer data for the 
Chilean industrial fleet and concluded that during the spring/summer season, 2.27% of the  
total fish caught on observed sets were damaged, probably mostly by sperm whales. During the 
winter season when there was less observer coverage, they estimated that less than 1% of the 
total catch was damaged. 
 
 
Demersal toothfish fishery at South Georgia: 
 
Data collection for this fishery follows a standard CCAMLR protocol designed to make possible 
calculation of the percentage of total fish catch that is damaged by depredation (see Purves et al., 
Background Papers, for a summary). Observer coverage for licensed vessels is 100%. 
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Supplementary data on cetacean interactions are collected in a standard manner by observers. At 
the beginning of each haul, the observer scans for marine mammals and records their 
approximate abundance within visual range of the bridge. Any interactions with marine mammals 
during the haul are recorded as well. These data were used to estimate the relative degree of 
involvement in depredation by killer whales and sperm whales. Killer whales were involved in 1-
19% (mean 5%) of the hauls in which an interaction (depredation) was possible (judging by the 
fact that a marine mammal was present); sperm whales, in 5-70% (mean 24%).  
 
Purves et al. also compared the CPUE (kg/hook) for hauls in which interaction was possible, with 
those in which no cetaceans were observed in the vicinity. The CPUE when killer whales were 
present averaged 0.15kg/hook; when sperm whales were present, 0.32kg/hook. These values 
compared with an average CPUE of 0.29kg/hook when no cetaceans were present. 
 
Pelagic tuna/billfish fishery off Brazil:  
 
The objective of the study by Dalla Rosa and Secchi (see Background Papers for a summary) was 
to compare the extent of shark damage and whale damage in this fishery. Using on-board 
observer data, they estimated that 5.6-100% (mean 45%) of the total fish caught per set and 0.48-
47% (mean 12%) of the total fish caught per trip were damaged by killer whales. Corresponding 
estimates for shark damage were 2.5-100% (mean 21%) and 0.4-28% (mean 7%). They noted 
that the frequency of depredation by sharks was much higher than that by cetaceans. 
 
South Pacific tuna/billfish fisheries in general: 
 
SPC observers follow data-collection protocols similar to CCAMLR observers, and every fish 
caught on observed trips is assessed for whale and shark damage (D. Brogan, pers. comm.). No 
requirement or standard procedure is included for collecting whale sightings data. Observer 
coverage for the western and central Pacific overall is about 0.01%, compared with about 1% in 
the South Pacific. National observer coverage in the PNG EEZ is in the range of 5-20%, and 20% 
coverage is the target level for all areas of the South Pacific. From onboard observer data, 
Lawson et al. (see Background Papers for a summary) estimated that 0.8% of all caught fish in 
the observed South Pacific longline operations (including tuna, billfish, etc.) were damaged by 
whale depredation (current through 2000). The corresponding estimate for shark damage was 
2.1%. 
 
Fiji tuna/billfish fishery:  
 
Dave Lucas attempted to estimate the financial cost of depredation to his company’s fishing 
operations, using tons catch/longline set as the measurement unit, and the following reasoning: If 
2 tons of fish was landed on Day 1 and 200kg on Day 2, then whale depredation caused the 
company to lose 1.8 tons of fish plus one day’s operational costs. If the catch on Day 3 
“returned” to the 2-ton level, no further loss was imputed. However, if instead the vessel spent 
Day 3 relocating to a new fishing area to avoid further depredation, the foregone earnings on 2 
tons of fish, plus another day’s operational costs, were imputed. By this method, Lucas estimated 
that $(Fiji)1.9million had been lost from January through early November 2002 and some 
$(Fiji)5 million since 2000. It should be noted that most workshop participants had strong 
misgivings about Lucas’s assumptions and methodology, but also that Lucas felt several 
“intangible” losses to individual fishermen had been unaccounted for in his calculations. 
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Samoa:  
 
A program to collect data on cetacean sightings and interactions with longline operations has 
been in place in Samoa for approximately one year. Vessel captains are provided with special 
forms to complete and return to the Ministry of Fisheries. 
 
Japanese longline fishing operations in the Indian Ocean:  
 
Nishida and Shiba (2002) analyzed data provided by Japanese fishing masters. Completed forms 
were returned for 27%, and later only 15%, of the trips. Two data sets were available, one 
consisting of logsheet records of damaged fish, by species and by predator (killer/false killer 
whale vs. shark), and the other of total number of fish caught (based on provisional data). Of 
1117 sets for which depredation was reported, 381 were considered to have involved killer 
whales or false killer whales, and 699 were considered to have involved sharks.  
 
The number of damaged fish as a percentage of the total fish caught on depredated sets ranged 
from 1% (strip ed marlin) to 19% (bigeye) – overall average about 13%. These authors further 
calculated the number of damaged fish as a percentage of the total reported catch (not 
distinguishing between depredation by whales and depredation by sharks). The resulting index 
was about 3% although this value was thought to be negatively biased. Nishita and Shiba 
indicated that depredation rates were particularly high around the Seychelles in the western 
Indian Ocean. 
 
Standard index of depredation rate 
 
The working group concluded that the standard index of depredation rate should be the number 
of damaged fish as a percentage of the total number of fish caught in a given fishery.  
 
Such an index may underestimate the true impact of depredation because, e.g., some fish that 
would have been caught are scared away from the longlines, and some caught fish may be 
stripped away entirely, leaving a bare hook and therefore no evidence of depredation. 
Alternatively, the index could be negatively biased if damage by sharks and other organisms is 
wrongly attributed to whales. 
 
Whenever possible, fish mass, rather than simply number of individual fish, should be used to 
calculate the index. (Note: Fish length can often be used as a proxy for estimating fish mass.) 
 
II. Report of Working Group on Mitigation 
 
Best advice to fishermen 
 
For each of the following proposals, if trials are undertaken, there needs to be a way to evaluate 
fishing success or avoidance of whale depredation – i.e., some kind of standardized assessment.  
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Before Setting, 
  
Avoid hotspots: 
 

Individual fishermen will draw on their own experiences; 
Lack of analysis of extensive data from logbooks and other sources; 
Monitor relevant seasonal behaviors (e.g., whales hanging around outside harbors). 

 
Research needs: 
 

Analyze available data (from both domestic and distant-water fishing companies) to 
identify hotspots and seasonal timing of interactions. 
 
Prepare standardized information sheet (the Samoan reporting sheet could be a useful 
template). 
 
Need not be compulsory for all fishermen – only those who are interested and keen need 
to collect data (as is currently the situation in Alaska).  
 
Use dedicated observers when possible, especially on larger vessels where there is room 
to accommodate them. 
 

Steam away from cetaceans: 
 

Don’t set when cetaceans are in the vicinity (or if you do, accept there might be losses). 
 
Research needs: 
 

Review available data on success or failure of resetting in areas where depredation has 
occurred. 
 
Establish caloric needs of most common cetacean species involved in depredation (might 
a group of whales be satiated for the next 24 hours after removal of fish from a set?). 
 
Develop an appropriate reporting sheet. 

 
 
Learn to identify species:  

 
Fishermen need to be able to identify cetacean species (and where possible individuals) so 
that they can make informed assessments of the likelihood of depredation – trained 
observers can assist. 
 
Passive acoustic (i.e., listening) devices such as hydrophones may be useful to fishermen. 
Recorded vocalizations may provide information on presence and species identification 
(e.g., in the Gulf of Alaska, only one pod of killer whales is known to depredate, and it 
has a distinctive vocal signature). 
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Decoy behavior (one vessel attempts to have whales follow it, away from others): 
 

Worth trying, but whales may not follow, and it requires cooperation between fishermen. 
 

During the Set, 
 
Fishermen should learn to identify species: 
 

No need to abandon set if a species is unlikely to depredate.  
 
Terminate set if only a small amount of gear in water: 
 

Retrieve gear and move elsewhere 
 
Stop attaching hooks for significant distance (5 miles?) with course change if whales sighted: 
 

Information is needed from fishermen who have tried this. 
 

Only attach hooks at deepest part of set if whales seen during set: 
 

Maximum normal dive depths may be less than 400m, but we really don’t know. 
 

Don’t chum during set: 
 

It may attract sharks or whales. 
 
Seek information from fishermen who chum concerning the composition of their catches.  

 
During the Soak, 
 
Acoustic deterrence if whales seen (e.g., tuna bombs): 
 

Anecdotal information only – probably would have been more widely reported if 
successful. 
 
Potentially hazardous to whales – may cause serious injury. 

 
During the Haul, 
 
Mask noise of hauler as much as possible: 
 

Muffle pumping system (e.g., mount on rubber mountings). 
 
Isolate from hull. 
 

Retain unused baits on board: 
 

Continual discharge of unused baits may provide free meal for whales and attract them to 
vessels. 
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Additional research needs 
 
A dedicated vessel, prepared to work in hotspot areas with relatively high likelihood of 
depredation behavior, would be of considerable value. 
 
Use underwater video: 
 

Could deploy underwater video camera to investigate underwater behavior of target 
species and sharks/whales when there is whale activity around boat, e.g., polecams, 
National Geographic crittercams, dropcams, etc.  
 

Produce good identification guides for most common species: 
 

Wang and Dolman offered to produce 100 laminated boards for key species.  
 
Each of the following species should have a standardized code on the board -- 

 
“Blackfish” 

Killer  
False killer  
Pygmy killer 
Melon-headed  
Short-finned pilot 

 
Dolphins 

Rough-toothed 
Spinner 
Pantropical spotted 
Common bottlenose 
Indo-Pacific bottlenose 
Risso’s 
Striped 
Short-beaked common 
Long-beaked common 
Fraser’s 

SPC agreed to print and circulate copies of the board. 
 

Dedicated surveys: 
 

Recommended as a means of identifying species mix and distribution. 
 
Wherever possible, acoustic surveys should be undertaken at the same time as visual 
surveys. 

 
Collation of fisherman survey forms:  
 

The distribution of species could be assessed from fishermen’s reports held by SPC and 
FFA. 
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Remote sensing technology: 
 

Satellite and/or radio tags may provide valuable information on distribution of toothed 
whales, but they are expensive and not always reliable. Also, there are ethical issues 
regarding attachment.  
 

Acoustic remote sensing: 
 

Tethered sonobuoys may not work efficiently for high-frequency sounds such as those 
made by delphinids.  

 
Possibilities for mitigation 

 
Use of firearms 
 
Lethal Deterrence: 
 
Use of live ammunition is not recommended. Among other concerns are that it would result in 
opposition from NGOs and possibly also lead to consumer action (e.g., product boycotts).  
  
Rubber Bullets: 
 
Some participants thought trials would be useful, especially in situations where whales gather at 
the stern of a vessel and engage in depredation as the line is hauled. While this approach might 
make fishermen feel better, the long-term implications are quite unknown. 
 
The working group agreed that:  

• there are significant legal issues connected with any use of firearms, particularly in the 
marine mammal protection legislation of many countries; 

• less harmful appro aches are preferable; and 
• cetaceans are intelligent animals, whose behavior can change quickly in response to 

environmental stimuli – so the use of rubber bullets might simply drive animals to 
depredate further away from the vessel (and out of range of firearms). 

 
Other Possibilities: 

 
It was agreed that there is no single, simple solution, and that a mix of approaches might 
minimize the chances for whales to learn how to overcome any single mitigation approach. 
Surveys to establish species occurrence, movements, and distribution would be a necessary 
prerequisite to any mitigation trials.  
 
One suggestion was to investigate the possibility of incorporating some kind of repellent into the 
mainline that would seep out gradually, keeping whales away from the line. 
 
Another option might be to establish areas where whales are able to find fish that are not popular 
with fishermen – e.g., fish aggregating devices (FADs) could be established in areas outside the 
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main fishing grounds to provide sources of “easy” food for whales, assuming that the fish 
attracted to such devices are species or size classes generally targeted by commercial vessels. 
Hopefully, those pods of whales that are involved in depredation would spend more of their time 
around the FADs and thus encounter longlines less frequently. Unanchored FADs with radio 
beacons would be cheap to construct and deploy. Samoa, with a small EEZ, might offer the best 
option for research into this option. One possible consequence of this approach, if successful, 
might be that whales would move in from other areas. 
 
An anchored FAD might be necessary in the first instance to see whether or not it attracted 
cetaceans (surveys could be conducted before and after deployment).  
 
Is a Significant Reduction Possible? 

 
There are reports of a significant degree of cetacean depredation in the South Pacific region since 
the 1960s. In the earlier days, pelagic longline fishing was conducted by Japanese, Korean, and 
Taiwanese fleets.  
 
It is acknowledged that there is certainly a problem, but it is still unclear whether or not the 
problem is increasing in its scope.  
 
It was agreed that reliable and accurate reporting by fishermen is essential. Good data will be of 
enormous assistance, and to get cooperation from fishermen requires confidence-building (e.g., 
feedback from researchers).  
 
Small differences in approaches to fishing methods may make a significant difference in 
depredation. In particular, those vessels that have lower catch rates should be examined for the 
specific differences between them and those vessels that have higher rates of depredation. 
 
Furthermore, fishermen at the workshop felt strongly that: 
 

• Fishing effort should be capped at present levels; 
• IUU fishing should be better addressed by management agencies; 
• There should be better scientific assessments of fishery resources. 
 

Recommendations 
 
• Standardized data-collection forms should be required throughout the region to establish 

whether the same species are the main causes of depredation in PNG, Fiji, Samoa, etc. 
 
• It is generally preferable to train local people in standardized data collection. This is a less 

expensive and possibly more reliable option than bringing in vessels that are costly to operate 
and have foreign crews who will not spend much time in the area. 

 
• Educational and research training programs for fishermen in the South Pacific region are very 

desirable, so that sightings and reports of whales are more reliable.  
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• Surveys are required to establish which species are present in an area. Absolute abundance 
estimates would be very difficult to obtain, but both aerial (to establish occurrence and 
distribution) and vessel surveys (for confirmation of species and stock identity) could 
contribute to estimation of relative abundance and (possibly) detection and measurement of 
trends. 

 
• Because of the relatively small size of its EEZ, and the commitment of the industry to a 

research program, Samoa would be a particularly good site to develop such a program. 
 
• As a general comment, long-term approaches to mitigation are likely to be more successful 

than short-term fixes. 
 
• Awareness of whale species by all members of the fishing industry would be of considerable 

value in gaining a better understanding of which species present in the area. This could also 
be useful for at least crude types of trend analyses. 

 
• Carcass retrieval is an important part of an overall research and monitoring strategy. Massey 

University in New Zealand conducts necropsies of beachcast or bycaught marine mammals, 
and its facilities, personnel, and other resources should be exploited to the extent possible in 
facilities various aspects of carcass salvage, tissue sampling, and analysis. Alternatively or in 
addition, an experienced researcher or researchers might conduct training courses in each 
country.  

 
• Sloughed skin could be collected and sent to Auckland University for molecular genetic 

analysis to identify species and sex. 
 
III. Report of Working Group on Awareness 
 
Participants agreed that it was important to increase awareness of the interactions between 
cetaceans and longline fisheries, and this group’s charge was to develop the outlines of an 
appropriate strategy in that regard. The priorities would be to communicate the problems 
identified and seek commitments by national, regional, and international agencies to address 
them. 
 
Key Targets 
 
It was agreed that the targets for raising awareness should be: 

 
• National regulatory agencies  
• Regional/international bodies – identify relevant treaties and agreements 
• The general public in producer and consumer countries. 

 
The following international/regional organizations and groups were identified as key target 
audiences that should be provided with the outcomes from this workshop:  
 

• SPC, SPREP (particularly the RMMCP list-serve), PIF, SCTB (scientific), FFA 
(economic), IOTC, IATTC, ICCAT  

• DWFN fisheries agencies, e.g., JFA 
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• CCAMLR, IWC, CMS 
• WDCS, IFAW, Ocean Alliance, TNC, WWF, APEX, GP, CI 

 
Additionally, the following countries and national groups were identified: 
 

• Whalewatching nations (Tonga, French Polynesia, Cook Islands, Vanuatu) 
• Tourism industry (dive) 
• Fishing industry 
• Fisheries/marine resources ministries, environment and conservation ministries, tourism 

ministries. 
 
Any material to raise awareness should incorporate the following main points: 
 

• Identification of issue(s) 
• Actual impacts 
• Measures attempted 
• Solutions sought.  

 
Furthermore, the following elements were considered to be important components in an 
awareness strategy: 
 

• Simple message – whales are coming into conflict with longline fisheries 
• Complex message – there may be additional, more complex interactions in the marine 

ecosystem (we do not know for sure) 
• Undesirable impacts – losses to communities and governments, undesirable forms of 

“mitigation” attempted (e.g., shooting cetaceans) 
• General information on oceans, bycatch, marine biodiversity, anthropogenic impacts  
• Communication to environmentalists – potential for undesirable forms of “mitigation” 

unless all stakeholders are involved in developing a solution 
• Communication to fishermen – impacts on the industry 
•  Cetacean/longline issues need to be incorporated into South Pacific Whale Sanctuary and 

national sanctuary issues (i.e., cetacean/longline conflict should not be seen as an isolated 
issue). 

 
Possible Approaches 

 
A number of approaches should be employed to reach the target audiences, for example the 
following: 
 

• Tourism industry (diving and whalewatching) – regional magazine articles; 
• Fishing industry and organizations – brochures, posters (Note that this should be a 

proactive approach and fishermen should not be made to feel uncomfortable about the 
issue); 

• Fisheries/marine resources ministries, environment and conservation ministries, tourism 
ministries – supply a copy of the Action Plan and workshop report; 

• General public – brochures, posters, website? – increase awareness on the need to resolve 
the issue (e.g., PNG marine mammal forum); 
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• Information in brochure should be fair and balanced – endorsement by industry 
associations preferable; 

• Lead agency needed to promote awareness. How it is communicated is important – need 
to distinguish between species that depredate tuna and those that have traditionally been 
hunted in South Pacific, particularly humpback (Megaptera novaeangliae) and sperm 
whales. 

 
Media Choices 

 
First stage of awareness – production of brochure with species identification and issues 
related to cetacean interaction with longlines. The brochure should be balanced and fair 
and produced in appropriate vernacular languages.  
 
Radio and newspaper.  
 
Websites – SPREP (regional marine mammal site); SPC-OFP? 
 
Curriculum input for schools in the region. Incorporate cetacean/longline issue into 
broader sustainability and conservation issues. 
 
Input to SPC observer program. 
 

Ensuring Reliable, Balanced Presentation of Message 

 
Recommend that SPC with SPREP produce a brochure that is endorsed by 
credible/authoritative organizations. 
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ACTION PLAN 
 
Elements of the draft reports of the working groups, along with items specifically raised and 
discussed in plenary, were amalgamated into the following stand-alone document for wide 
circulation and use by all interested parties. 
 
 
PLAN OF ACTION AND PRIORITIES FOR RESEARCH TO REDUCE DEPREDATION 

ON LONGLINES BY CETACEANS  
 

1. INTRODUCTION 
 

Participants in the first technical workshop on “Cetacean Interactions with Commercial Longline 
Fisheries in the South Pacific Region: Approaches to Mitigation” met at the headquarters of the 
South Pacific Regional Environment Programme (SPREP) in Apia, Samoa, from 11-15 
November 2002 with the following objectives: 
 
Ø To begin an assessment of depredation on longlines by cetaceans in the South Pacific and 

globally 
Ø To identify and provide best current information on possible mitigation measures    
Ø To agree on actions and research priorities to address this global problem. 

 
The 32 participants from 11 countries included industry representatives, fishermen, scientists, 
managers and representatives of regional inter-governmental and non-governmental 
organizations. 
 
The purposes of this plan are to: 
 
Ø Provide an informed assessment of the depredation problem 
Ø Identify the key issues, questions arising, priorities for research and recommended actions 
Ø Provide the best present information on approaches to mitigation, and 
Ø Raise awareness and understanding of depredation issues and the need for action amongst 

key fisheries and conservation management stakeholders. 
 
Participants defined depredation in the present context as “the removal of hooked fish or bait 
from longlines by cetaceans.”  This was distinguished from predation, which was defined as “the 
taking of free-swimming fish (or other organisms) by cetaceans.” 
 
Participants gratefully acknowledged the financial support provided by the Oak Foundation, the 
U.S. Marine Mammal Commission, and the New England Aquarium. They further acknowledged 
and thanked SPREP for hosting the workshop. 

 
2. BACKGROUND 

 
Worldwide, many marine capture fisheries are in serious decline. Over the past decade, pelagic 
fisheries have increased their share of the global market, and longline fishing in partic ular has 
undergone a rapid expansion. Since the United Nations prohibition on large-scale high seas 
driftnet fishing in 1994, a number of Asian fleets have increased their longline effort. 
Additionally, with the general acceptance of Exclusive Economic Zones under the provisions of 
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the United Nations Convention on the Law of the Sea, many countries have developed their own 
longline fisheries. This growth in domestic fishing effort is particularly apparent in many Pacific 
Island nations, where pelagic fishes such as tunas and billfishes are the target species. 
Furthermore, some demersal longline fisheries have expanded rapidly, particularly in the 
Southern Ocean (e.g., for Patagonian toothfish).  
 
Concomitant with the expanding longline fishing effort, the scale of interactions between 
longline fisheries and cetaceans has increased. Reports about the removal by cetaceans of fish 
caught on commercial longlines (depredation) indicate increases both in the frequency of such 
events and in the number of cetacean species involved. The problem is now documented in all 
oceans and many fisheries. Cetaceans implicated in the depredation include the sperm whale and 
a variety of smaller toothed whale species.  
 
Possible explanations for the recent increase in reports of depredation include: 
 
Ø Increased fishing effort and/or increased rates of reporting 
Ø Increases in abundance or changes in distribution of some cetacean populations 
Ø Increased ecological competition and spatial overlap with fisheries 
Ø Incorrect attribution of shark damage to whale damage 
Ø That as opportunistic predators, toothed cetaceans are quick to take advantage of ‘new’ 

food sources in their environment, or alternatively that depredation is a learned behavior 
and has been rapidly transmitted 

Ø A combination of the above. 
 
At the 2001 Regional Workshop to progress a South Pacific Whale Sanctuary, SPREP was 
requested to provide the best available scientific evidence on the interactions between whales and 
fisheries in the region. The Technical Workshop in Samoa was conceived, in part, as a response 
to that Request. 
 
Although the depredation workshop was originally envisioned as a meeting specifically to 
address the issue of removal of hooked fish by cetaceans, it became clear as planning progressed 
that other issues are associated with this interaction. In particular, the incidental take of cetaceans 
in longline gear and the removal of bait from hooks by dolphins were identified as additional 
concerns. 
 

3. SCOPE OF DEPREDATION ISSUES 
 
The problem of depredation by cetaceans occurs worldwide and has been recorded in longline 
fisheries dating at least to the early 1950s. In all of the world’s oceans, killer whales have been 
reported to interact with longline fisheries for a variety of fish species. In the South Pacific, there 
are numerous reports of fishery interactions with small and medium-sized toothed whales, 
although species identification is uncertain. Furthermore, at least eight species of dolphins have 
been observed in the vicinity of longlines and some may have been involved in bait removal. 
Additionally, sperm whales are known to remove Patagonian toothfish from demersal longlines 
in the Southern Ocean, as well as sablefish and other fish species in the eastern Gulf of Alaska. 
  
In addition to the possible explanations outlined above under “Background,” the reported 
increase in depredation may simply reflect the fact that local fishermen in the South Pacific are 
now encountering a problem that had long been experienced at a similar scale by distant-water 
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fishermen from northern nations operating in the South Pacific since the 1950s. Nevertheless, 
from the perspective of the fishing industry, depredation causes loss of catch, gear and time, and 
it adds to vessel operating costs. The adverse economic impact is an obvious concern. 
Furthermore, the financial losses to individual fishermen could lead them to take negative actions 
towards cetaceans, which are normally held in high regard throughout the South Pacific. 

 
In addition to the economic losses, depredation has environmental consequences. For example, 
losses due to depredation are not usually accounted for in the fish stock assessment and quota 
allocation processes (although in some instances depredation may overlap with natural predation 
and therefore not affect fish stock assessment). The loss of catch due to depredation may lead to 
increased fishing effort, with associated environmental effects. Depredation also may represent a 
modification of cetacean foraging behavior and involve atypical prey for some cetaceans. It can 
at least occasionally lead directly to incidental catch (bycatch) of cetaceans. 
 
The problem of longline depredation, especially in the South Pacific region, is surrounded by 
uncertainties – scientific, technical, and economic. It was therefore agreed that identifying 
priorities for assessment and framing key questions that arose during the workshop would help 
stakeholders to better understand the extent of, and elements involved in, the depredation issue. 
Such an understanding is fundamental to reducing, and hopefully solving, this problem.  
 

4. PRIORITIES FOR ASSESSING THE DEPREDATION PROBLEM 
 
Priorities identified by the workshop were: 
 
Ø 4.1 Consolidation and analysis of existing scientific and industry data or reports on 

cetacean and shark depredation 
Ø 4.2 Standardization of methodology, and selection of a standard index of depredation 
Ø 4.3 Priority data 
Ø 4.4 Data limits 
Ø 4.5 Predator identification workshop 
Ø 4.6 Training 
Ø 4.7 Opportunities to assess interactions in the initial phase of developing domestic longline 

fisheries. 
 
4.1 Consolidation and analysis of existing scientific and industry data or reports on cetacean 
and shark depredation 
 
Depredation is not a new phenomenon and has been reported for both sharks and cetaceans since at 
least the early 1950s in many areas, including much of the Indo-Pacific. Existing data  
need to be consolidated to facilitate comparative analyses and investigate regional differences in 
depredation rates. Such analyses could incorporate and correlate fishing methods and cetacean 
ecology to assist with mitigation. 
 
4.2 Standardization of methodology, and selection of a standard index of depredation 
 
A preliminary review of key papers during the workshop revealed differences in definition and 
also methodology. It was clear that there is currently no standard index of depredation. 
 
Existing reports quantify depredation as: 
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Ø Damaged fish as a percentage of the catch in affected sets exclusively  
Ø Damaged fish as a percentage of the overall number of caught fish or weighed catch 
Ø Revenue lost to industry 
Ø Others.  

 
The workshop concluded that the standard index of depredation rate should be damaged fish 
(number or weight) as a percentage of the total catch in a given fishery. However, such an index 
may underestimate the true impact of depredation because, e.g. some fish that would have been 
caught are scared away from the longlines, some caught fish may be stripped away entirely 
leaving a bare hook and therefore no evidence of depredation. Alternatively, the index could be 
positively biased if damage by sharks and other organisms has been wrongly attributed to 
whales.  
 
There is a need for standard methods to quantify longline losses due to depredation caused not 
only by cetaceans but also by other organisms such as sharks, bony fish and squid. To 
standardize data collection for a given fishery region, it may be necessary to convene a group of 
experts to develop appropriate methods and data sheets. The data should be archived in a central 
location and made available for independent analysis, subject to agreed terms of control and 
ownership. 
 
4.3 Priority data 
 
Data crucial to assessment as well as to the development of mitigation measures can come from 
the following sources (in order of reliability): 
 
Ø Dedicated research cruises. 
Ø Independent observers  
Ø Fisheries logbooks 
Ø Port sampling. 

 
Data required to assess the scope and nature of the depredation issue might include:   
 
Ø Details on depredation, predators, and their behavior, e.g.: 

• Did depredation occur, and if so at which stage of operations? 
• Could depredation be attributed to a particular predator category, e.g., 

cetaceans/sharks/squid/bony fish/other? (See proposed predator identification 
workshop, below.)  

• On what basis was the predator identified (head only, tooth marks, etc.)? 
• Were whales observed in the vicinity of fishing activity? 
 

Ø Vessel, operational, and environmental details, e.g.:  
• Vessel description and operating procedures  
• Total catch – number and weight 
• Time and latitude/longitude of set (beginning and end) 
• Number of hooks deployed  
• Other data relevant to CPUE (may be cross-correlated with ship’s log) 
• Meteorological and oceanographic data 
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Ø Linking depredation and vessel characteristics (both design and operational) to examine 
the reasons why different vessels within a partic ular fishery often experience markedly 
different levels of depredation.  

 
4.4 Data limits 
 
It is important to acknowledge that assessment of these fishery interactions is challenging given 
the current lack of understanding of the problem and the limited knowledge of status, dynamics, 
and behavioral ecology of cetacean populations in the South Pacific and elsewhere. Key 
uncertainties include: 

 
Ø Attribution of fish damage to predator categories (e.g., cetacean vs. shark) 

Ø Full extent of depredation, e.g.:  

• Should all empty hooks be attributed to depredation? 
• Depredation of the same fish by multiple predators  

Ø Indirect catch losses:  

• Interference with target species – predators scare fish away from lines 
• Removal of baits 

Ø Status and trends of cetacean populations 

Ø Acoustic behavior of cetaceans involved in depredation 

Ø Migratory patterns and movements of cetaceans. 
 
 4.5 Predator identification workshop 
 
A technical scientific workshop that focuses on predator identification is clearly needed. Such a 
workshop should involve fishing skippers, biologists with regional fisheries and/or cetacean 
expertise, and individuals from observer programs. Ideally, some focused field and laboratory 
work would be completed prior to the workshop, to ensure informed discussions and a positive 
outcome. 

 
The key question to be addressed is, How can confidence be increased in the way fishermen, on-
board observers, and others distinguish between the various potential predators when assessing 
damage to longline-caught fish?  Important elements might include: 
 
Ø Additional training of observers and skippers/crew 
Ø Consensus on clear cases – what types of damage can be attributed with 100% confidence 

to a specific category or species of predator? 
Ø Accept that for some percentage of damaged catch, the true predator is unknowable.  

Educational or training tools produced from such a workshop might include videos on predator 
species identification and laminated sheets illustrating the types of damage caused by different 
predators. 

 
4.6 Training  
 
Training is essential to ensure quality-control of data that are collected and to increase regional 
coverage by observer and other data-collection programs.  
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4.6.1 Establish new partnerships and programmes  

 
Regional and national observer programmes to monitor longline fishing currently have limited 
opportunities to address the depredation problem. Thus, it is important to establish new 
partnerships and programmes with interested and/or affected nations and industries. Recent 
national and industry initiatives, such as those in Papua New Guinea and Samoa, may offer such 
opportunities. 
 
4.6.2 Core components of training programmes to assess cetacean depredation should include: 
 
Ø Standardized data collection and data quality 
Ø Improved assurance that fish damage can be attributed to the correct predator category – 

shark/cetacean/squid/bony fish 
Ø Cetacean species identification at sea (including acoustic techniques) 
Ø Best practices for effective and long-term mitigation. 

 
4.6.3 Other training opportunities 

 
While it is not possible to use data from strandings or bycatch for quantitative assessments of 
whale depredation, such events represent rare and important opportunities to train fishermen and 
observers about the biology, anatomy and identification features of predator species. 

 
Established networks that investigate strandings (and bycatch) should collect data on: 
 
Ø Obvious evidence of longline interactions (such as stranded animals with hooks in mouth, 

longline scarring and/or entanglement, etc.) 
Ø Hook location 
Ø Stomach contents. 

 
4.7 Opportunities to assess interactions in the initial phase of developing domestic longline 
fisheries 
 
There is a lack of baseline data and statistics to corroborate alleged increases in depredation rates 
as a fishery develops. Therefore it is important to monitor meticulously the development of any 
new fishery for interactions with cetaceans. 
 
The Cook Islands could be considered a particularly good area for monitoring the effects of 
longline fishing on cetacean behavior, as it has a relatively new domestic fishery and is just 
opening its northern EEZ to longlining vessels from South Pacific-based operations. 
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5. PRIORITIES FOR MITIGATION AND CURRENT INFORMATION ON BEST 
PRACTICE 

 
For a number of reasons, including the legal protection that is afforded to cetaceans by various 
statutes and the desirability of finding solutions that will work in the long term, participants 
recommended that only non-lethal methods be employed to discourage or avoid depredation.  
 
In addition, participants acknowledged that while much work is needed to develop and field-test 
a mitigation strategy for any of the fisheries discussed, the following suggestions presently have 
merit in attempting to reduce depredation by cetaceans: 

 
Ø Vessel and gear noise management, both in the design and operation of the vessel.  To the 

extent that is practical, noise should be minimized while traveling to fishing grounds and 
during fishing operations (e.g. turn off echo sounder, reduce noise of winch, propeller) 

Ø Consider changes in fishing season, gear, setting and hauling times, and fishing areas  

Ø Avoid hotspots – areas where cetaceans congregate 

Ø Check (visually and/or acoustically) for potential predators before setting or hauling and 
try to avoid doing either when cetaceans are in the vicinity 

Ø Suspend or delay hauling if depredation is noticed (demersal longlining only) 

Ø Improve the abilities of fishermen to identify cetacean species 

Ø Avoid chumming or discarding offal and bait in the vicinity of fishing locations 

Ø Encourage fishermen to communicate their experiences with mitigation, and their 
concerns about depredation, e.g., via the list-serve 

Ø When feasible, use a decoy vessel to distract cetaceans away from the fishing area 

Ø Try setting dummy/false gear to mislead the cetaceans and direct them away from the 
fishing area 

Ø Encourage scientists or observers to travel aboard longline vessels to provide expert 
advice on species identification and behavior.  

 
The workshop strongly encouraged research and development of acoustic and other approaches 
to mit igation. It was noted that no acoustic deterrent is presently available to offer as a “quick 
fix” for this problem. In fact, the use of acoustic devices could just as easily have a “dinner-
gong” effect. 
 
Participants emphasized the need for rigorous scient ific trials to demonstrate effectiveness 
before broad-scale adoption of any particular mitigation device or procedure.  
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6. NETWORKING AND COMMUNICATION OF ACTION PLAN 
 
Participants agreed that the outcomes of the workshop should be communicated to the following 
target audiences: 
 
Ø National regulatory agencies (fisheries, environment/conservation) 
Ø Regional/international agencies  
Ø The longline fishing industry. 

 
It was strongly recommended that emphasis should be given to providing a proactive message 
that would continue to foster positive involvement by the fishing industry.  
 
Participants also agreed on the need to establish an electronic list-server to develop and maintain 
access to information and for networking. 
 

7. RECOMMENDED ACTIONS 
 

Participants agreed to ensure that their own networks receive a copy of this Action Plan. 
 
The following international/regional organizations and groups were identified as key target 
audiences that should be provided with this Action Plan and the report from the workshop: 
 
Ø For the Pacific Islands region SPREP to distribute to: 

 
• SPREP Focal Points  
• SPC Fisheries and FFA (including respective observer programs and their national 

focal points) 
• PIF Marine Sector Working Group 
• SPREP’s Second RMMCP Meeting (February 2003) 
• Pacific Islands Roundtable for Nature Conservation 
• Interim Secretariat for the WCPTC and SCTB. 

 
Ø For elsewhere: 

 
• UNEP, FAO, UNDP 
• NMFS, WPRDMC, US MMC 
• IOTC, IATTC, ICCAT  
• DWFN fisheries agencies  
• CCAMLR, IWC, CMS 
• WDCS, IFAW, Ocean Alliance, TNC, WWF, APEX, GP, CI. 

 
SPC and SPREP (inter alia) should jointly produce a brochure that summarizes this Action Plan, 
and that includes information on how to identify cetacean species. This brochure could be used as 
a popular summary of the issues to generate public and media interest and as a template for use in 
other regions. 

 
SPREP should establish the aforementioned list-server.  
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APPENDIX I 
 

Agenda 
DAY 1 
 
Welcome   
 
10 a.m.    Welcome from Director of SPREP, Tamari’i Tutangata 
 

Prayer  
 

10.20 a.m. Opening Address :  
Hon. Tuisugaletaua Sofara Aveau, Minister of Fisheries, Samoa 

 
10.30 a.m. Arrangements for meeting (Mike Donoghue) 
 
10.40 a.m. Review of papers prepared for workshop and reference material 
 
11 a.m.  Morning Tea 
 
11 – 1 p.m.  Time to allow people to read papers 
 
1 – 2 p.m. Lunch 
 
2.p.m.  Adoption of agenda and appointment of rapporteurs 
 
2.30 p.m. Overview and statement of problem (Randall Reeves) 
 
3 p.m.  Afternoon Tea 
 
3. 15 p.m. Summary of interaction in various fisheries in South Pacific (presented by 

representatives from Forum Fisheries Agency, Secretariat for the South Pacific and 
John Wang):   

• Key features of local longlining techniques 
• Depths of sets, lengths of lines, hauling equipment used 
• Auditory and other possible cues 

 
4.30 p.m. Status of toothed whale populations in the South Pacific (Greg Stone) 
 
5 p.m.  Close of session 
 
DAY 2 
 
9 a.m.  Interactions in various fisheries in other regions: 

Latin America – Edu Secchi 
Indonesia – Benjamin Kahn 
South Africa/Falkland Islands – Martin Purves 
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10 a.m.  Discussion 
 
10.30 a.m. Morning Tea 

 
10.45 a.m. Interactions in various fisheries in other regions, continued: 

 
Alaska and Hawaii - Jan Straley 
Fiji - Dave Lucas 

 
11.45 a.m. Discussions - Comparison of depredation behaviour as observed in different 

fisheries: 
• What cues are used by the cetaceans? 
• When is depredation observed? 
• Where is depredation observed? Can the areas be defined? 
• Are the same individuals regularly and repeatedly observed? 

 
12.30 p.m. Lunch 
 
1.30 p.m. Discussion - Assessment of significance of interactions in the South Pacific region 

and globally 
 

2.15 p.m. Attempts at mitigation by fishers: 
• South Pacific  
• Other areas 

 
3 p.m.  Afternoon Tea 
 
3.20 p.m. Opportunities for gear modification (Ken Baldwin) 
 
4 p.m. Designation of small working groups to examine and discuss key issues, especially 

mitigation and research needs. 
 
EVENING  Reception at SPREP  
 
DAY 3 
 
9 – 10 30 a.m. Working groups convene and hold discussions  
 
10.30 a.m.  Morning Tea 
 
10.45 a.m. Working Groups report back – discussion 
 
12.30 p.m. Lunch 
 
1.30 p.m.  Identification of key elements of a Plan of Action 
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2.30 p.m. Identification and setting priorities for research needs 
 
3 p.m.  Afternoon Tea 
 
3.15 p.m.  Working groups discuss Plan of Action and research needs 
 
DAY 4    
 

Rest day (or half-day) for delegates not writing report – visit to Alipata Marine 
Protected Area 

 
DAY 5 
 
Review and adoption of draft report 
 
Ongoing communication – establishment of list-server 
 
Adoption of agreed media statement and process for adoption and distribution of final report 
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APPENDIX II 
 

Participant List 
 
ALASKA:  

 
1. Jan Straley 

University of Alaska 
1332 Seward Avenue 
Sitka AK 99835, USA   Email: Jan.Straley@uas.alaska 
 

2. Greg Beam     Email: gregbeam@att.net 
Fisher      Ph: 425 418 4375    

 P.O. Box 1994 
 Alaska 99835 
 
AUSTRALIA: 
 

3. Benjamin Kahn    Ph: (61) 7 40590270 
Director, Apex Environmental  Fax: (61) 7 40590849 
P.O. Box 591     Email: bkahn@attglobal.net 
Clifton Beach 
Cairns 4879, Queensland 

 
4. Stephen Powell 

Policy officer 
Marine & Water Division   Tel:  (02) 6274 1806 
Environment Australia   Fax: (02) 6274 1006 
Canberra ACT 2601    Email: Stephen.Powell@ea.gov.au 
 

5. Sarah Dolman     Ph: (61)0 262 541754 
Whale and Dolphin Conservation Soc. Fax: (610) 262 783956 
P.O. Box 163     Email: sarahd@wdcs.org 
Watson ACT 2602, 
Australia 

 
CANADA: 
 

6. Randall Reeves 
IUCN 
27 Chandler Lane, Hudson 
Quebec JOP 1H0, Canada   Email: rrreeves@total.net 

mailto:Jan.Straley@uas.alaska
mailto:gregbeam@att.net
mailto:bkahn@attglobal.net
mailto:Stephen.Powell@ea.gov.au
mailto:sarahd@wdcs.org
mailto:rrreeves@total.net
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7. John Wang     Ph: (905) 709 7014 

FormosaCetus Research &  
Conservation Group                                       Email: pcrassidens@rogers.com 
310 7250 Yonge Street 
Thornhill, Ontario, Canada L4J-7X1  

 
FIJI: 
 

8. Dave Lucas     Ph: 679 3314819 
Solander (Pacific) Ltd    Fax: 679 3314 973 
P.O. Box 178     Email: dave@solander.com.fj 
Fiji 
 

9. Pio Manoa     Ph: (679) 3312 861 
Greenpeace     Fax: (679) 3312784 
Fiji      Email: Pio.Manoa@fj.greenpeace 

 
SOUTH GEORGIA: 
 

10. Martin Purves     Ph: (44) 278 3324 5828 
MRAG Ltd.     Email: martinpurves@lycos.com 
47 Princes Gate    
London SW 72 BP, UK 

 
BRAZIL: 
 

11. Educardo Secchi 
Marine Mammals Research Team 
University of Otago    Ph: (643) 479 0412 
P.O. Box 56     Fax: (643) 479 8336 
Dunedin, NZ     Email: edu.secchi@xtra.co.nz 

 
NEW ZEALAND: 
 

12.  Michael Donoghue 
Dept of Conservation, NZ   Email: donoghue@ihug.co.nz 
124 Colville Road     mdonoghue@doc.govt.nz 
R.D.4 Coromandel, NZ 

 
NEW CALEDONIA: 
 

13. William Sokimi    Ph: (687) 262000 
SPC      Fax: (687) 263818 
B.P. D5 98848 Noumea   Email: WilliamS@spc.int 

mailto:pcrassidens@rogers.com
mailto:dave@solander.com.fj
mailto:Pio.Manoa@fj.greenpeace
mailto:martinpurves@lycos.com
mailto:edu.secchi@xtra.co.nz
mailto:donoghue@ihug.co.nz
mailto:mdonoghue@doc.govt.nz
mailto:WilliamS@spc.int
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14. Deirdre Brogan    Tel: (687) 262000 

SPC      Fax: (687) 263818 
BP D5 98848 Noumea Cedex   Email: Deirdreb@spc.int 

 
PAPUA NEW GUINEA: 
 

15. Vagi Rei     Tel: (675) 325 0195   
Marine Officer    Fax: (675) 325 0182 
Dept of Environment & Conservation Email: vagirei@yahoo.com.au 
P.O. Box 6601 Boroko 

 PNG 
 

16. Barbara Roy     Tel: (675) 325 0195 
Wildlife Enforcement Officer   Fax: (675) 325 0182   
Dept of Environment    Email: cons@daltron.com.pg 

 P.O. Box 6601, Boroko    pngccap@datec.com.pg 
 PNG 
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7.d.ii. 

Symposium on Fisheries Depredation by Killer and Sperm Whales:  
Behavioural Insights, Behavioural Solutions 

October 2-5, 2006, British Columbia, Canada 
 
 
 
Section 7.d.ii. contains background information, principal findings and advice, workshop 
reports, and abstracts from oral presentations given at the Vancouver Symposium in 2006.      
 
Workshop Reports 
 
Workshop 1: Insights into killer and sperm whale depredation from fisheries interactions 
involving other marine mammal species 
 
Workshop 2: Insights into the prevention of depredation from knowledge of whale behaviour and 
impacts of depredation on whale populations 
 
Workshop 3: Implications of depredation for fishers, fisheries management and fish conservation 
 
Workshop 4: Reducing or eliminating depredation through gear modifications 
 
Workshop 5: Methods of depredation deterrence: passive, active, temporal/synchronicity 
 
Workshop 6: The use of acoustic information by depredating whales and implications for 
deterrence 
 
Workshop 7: Preventing the spread of depredation and the role of discard feeding in the spread 
of depredation 
 
Workshop 8: Quantifying depredation and establishing documentation protocols 
 
Special Session: Determining group priorities for research needs, gear modifications and 
mitigation techniques 
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Background  

Fisheries depredation (removal of fish from fishing gear) by toothed whales is a widespread problem 
in many oceans of the world. The negative impacts of depredation include economic losses to 
fishermen, increased pressure on fish stocks, and injury or mortality of whales caused by deterrent 
methods, entanglement, or accidental hooking. Because it provides an additional food supply, 
depredation also has the potential to cause whale populations to increase beyond their natural 
carrying capacity, and/or for previously-existing behaviours related to hunting or seasonal 
movements to be lost.  
 
In 2002, a workshop in Samoa produced a report entitled Interactions between Cetaceans and 
Longline Fisheries, which focuses on the South Pacific and contains background papers on specific 
fisheries affected by depredation. The report provides general recommendations regarding possible 
methods for reducing depredation, improving data collection, identifying whale species involved in 
depredation, and increasing the awareness of depredation among governmental and non-
governmental agencies.  
Symposium Objectives The 2006 symposium focused on depredation by killer and sperm whales, and 
built on progress made in Samoa. Its objectives were:  
 
A) to broaden understanding of :  
· cues and behaviours whales use to locate gear and remove fish · variability of depredation 
behaviours within and between species · spread of depredation between groups of whales · extent of 
losses resulting from depredation · implications of depredation for fisheries management  
 
B) to produce specific guidelines for the fishing industry and fisheries management agencies on:  
· how fishing operations can be modified to reduce or eliminate depredation · preventing depredation 
from spreading to new or existing fisheries experiencing no depredation at this time  
 
The first part of the symposium consisted of presentations focused on:  
· aspects of natural behaviour and social organisation of killer and sperm whales, with emphasis on 
populations involved in depredation · case-history examples of killer and sperm whale depredation 
with special emphasis on the behaviour of the whales involved and associated changes in their social 
structure, ecology, or demography · impacts of depredation on the fishing industry · methods of 
passive deterrence, including modification of fishing behaviours, timing, and /or gear · methods of 
active deterrence · examples of successful measures used to reduce human conflict with species other 
than cetaceans.  
 
The second part of the meeting was comprised of in-depth, workshop-style group discussions focused 
on reducing the extent of the problem where it currently exists, limiting its spread to other fisheries 
and other regions, and producing guidelines for fishermen and fisheries managers affected by killer 
and sperm whale depredation.  
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Principal Findings and Advice  

Below is a quick summary of the key findings of the meeting: 
 
1) The problem of depredation (the raiding of fishing gear) by killer whales and sperm whales is 
growing around the world. This increase likely reflects a) diminishing natural food supplies for these 
species, and b) the transmission of depredation behaviours between whales by social learning. Hook 
and line fisheries are most affected, whereas depredation of net fisheries by these species is very 
rare. 
 
2) Depredation is much easier to prevent or control before it becomes an entrenched behaviour. It is 
very difficult to control the behaviour of whales that have become dependent on depredation. 
 
3) Depredation by killer and sperm whales is not widespread in BC yet, but appears to be increasing 
and could become a serious problem in several years. At present, the fishers most affected are 
commercial salmon trollers and sport fishers targeting chinook and coho salmon. 
 
4) Depredation is a severe problem in Alaska. In the Alaskan panhandle, sperm whales depredating 
the valuable sablefish (black cod) fishery are the main problem. Along the NW coast of Alaska and the 
Aleutian Island chain, the main problem is killer whales that raid sablefish and halibut fishers. In the 
southern ocean, the lucrative toothfish (Chilean sea bass) fishery is seriously affected, whereas in the 
tropics, various species of tuna are taken. 
 
5) The principle problem posed by depredating whales to fishers is the loss of catch. Gear damage is 
relatively minor and rare, and the whales do no appear to pose a danger to fishers. 
 
6) As well as causing serious problems to fishermen, depredation harms whale populations in at least 
two ways. First, efforts to deter depredating whales can cause injury. Second, dependence on 
depredation can cause whales to lose natural behaviours, harming their populations in the long run. 
 
7) Various research projects are being initiated to look for ways to reduce or prevent depredation. 
Most promising among these are acoustic devices and modifications to fishing gear, particularly the 
conversion of hook and line gear to pots and traps. Research will be conducted collaboratively with 
both fishers and researchers. 
 
8) Because no "quick fix" solution exists at present, the best immediate advice for fishermen is a 
strict "do not reward" policy. Long-line fishers should drop their gear and troll fishers should remove 
theirs from the water when whales approach; both should only resume fishing when whales have left 
the area. 
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Workshop Summaries 



Workshop 1: Insights into killer and sperm whale depredation from fisheries interactions 
involving other marine mammal species 
Leader: Vicki Cornish 
Rapporteur:  Emma Pethybridge 
 
The objectives of the workshop were to 1) examine the problem of depredation in fisheries by 
small cetaceans, 2) identify commonalities in depredation and behavioral patterns, and 3) 
discuss possible solutions that may be applicable across species and fisheries.  The workshop 
participants were asked to relay observations and experiences from various fisheries to better 
understand the scope of the problem, the fisheries affected, research that has been conducted 
to date, and actions that can be taken by fishermen and fisheries managers to reduce 
depredation and its impacts on small cetaceans.  The goal of the workshop was to help guide 
the work of others in the immediate future. 
 
How have human behaviours influenced the spread of depredation in other fisheries?   
Marine mammals in captivity readily learn novel behaviours that yield predictable rewards, and 
often adapt quickly to consistent schedules and routines.  Fisheries management actions often 
contribute to the predictability of fishing, by restricting fishing to consistent areas and times.  This 
predictability likely contributes to the spread and severity of depredation. 
 
In addition, the activities and practices of fishermen may contribute to an increase in 
depredation.  In Hawaii, dolphins and whales are considered spiritual animals, and fishermen 
will give them some of the catch as a spiritual offering that symbolizes taking but also giving 
back.  Shrimp and crab pot fishermen that dump unwanted fish in the presence of dolphins train 
them to associate fishing boats with food.  This may create a problem for other fishermen, 
notably hook and line fishermen, who subsequently experience higher levels of catch stealing by 
dolphins.  Dressing fish on the boat may also have an influence, as the heads and guts of 
dressed fish are typically thrown overboard.  Some fishermen in Alaska reported that they 
purposely dump offal to deter whales from eating the target catch, and as a result they have less 
of a problem with depredation than boats that don’t provide offal. 
 
Depredation in Spain 
In Spain, bottlenose dolphins are abundant and remove mullet from both gillnet and trawl nets, 
damaging nets in the process.  Reports of depredation are increasing, but it is not known if the 
problem is increasing in frequency, or if more fishermen are speaking up about it in order to 
solicit help in solving the problem.   
 
Fishermen have been interested in using pingers to acoustically deter dolphins, but researchers 
are not optimistic that they will work well in reducing depredation. Pingers were banned from use 
in 2005 over concerns that they disturbed dolphins.  Trials with acoustic deterrence devices 
(e.g., alarms) around fishing activities have shown that animals may initially be deterred but 
quickly become used to the sound, overcome their discomfort, and continue to depredate.   
 
In the Atlantic US 
In the Atlantic pelagic longline fishery, where depredation by pilot whales on swordfish and tuna 
catches is a problem, a multi-stakeholder team developed a take reduction plan to reduce 
interactions.  The plan calls for shortening the length of the main line to no more than 32 km the 
area that experiences the highest rates of both depredation and interactions with fishing gear.  
The team focused first on strategies that would reduce the probability that whales would detect 
fishing activity, and then on strategies that would reduce the probability of depredation, and 



lastly on strategies that would reduce the extent of harm to depredating marine mammals from 
entanglement or hooking. 

 
Is bait or the catch targeted for depredation? 
There are questions regarding whether whales are stealing the bait or the catch.  Whales in 
Alaska are clearly feeding on the live catch and not the dead bait.  However, this question has 
not been resolved for other fisheries.  In cases where whales are stealing the catch, there are 
questions as to whether these fish species are part of the whales’ normal diet.  Researchers 
need a better understanding of the normal diet of whales in these areas.  Biopsies and isotopic 
analyses could help identify typical prey items as well as prey of depredating whales.   
 
Why do whales and dolphins depredate? 
More information is needed regarding what causes whales and dolphins to start depredating on 
fishing gear.  Declines in traditional prey species may be a factor.  Depredation may have given 
whales an opportunity to expand their diet – to try something new.  There was speculation that 
younger animals in the population are the first to experiment with novel food sources such as 
hook-caught fish.   If true, this may explain why depredation behaviours sometimes spread 
within a whale or dolphin population rather slowly.  In contrast, if mothers learned depredation 
first, it is expected that the behaviours would be picked up by their offspring rapidly.   
 
It is not known if individual animals within a group have preferences for different prey species. 
Social factors may also significantly affect patterns of depredation.  For example, tradition 
appears to play a strong role in the dietary preferences and feeding behaviours of killer whales, 
which appear generally slower than other whales and dolphins to turn to depredation.  However, 
when depredation behaviour does become entrenched in killer whale populations, the whales 
can become extremely efficient and difficult to deter.  Their seasonal distribution may change in 
order to take advantage of prey acquired by depredation, and it appears likely that populations 
could eventually become dependent on depredation.  In contrast, other whales and dolphin 
species may take advantage of fisheries more quickly than killer whales but never become as 
efficient, singled-minded, or dependent.  
 
It is not understood why depredation happens in some areas and not in others.  It may be linked 
to the availability of food, or it may be a localized behavior and there hasn’t yet been a transfer 
of behavior or exchange of animals between areas.  
 
Methods to avoid depredation 
Regardless of which deterrents are used, researchers need to test new deterrents and 
fishermen need assurances they will work.  There is annual variability in both fishing success 
and depredation rates.  Unfortunately, there has to be a fairly high interaction rate in order to test 
different mitigation strategies. Researchers also have to make the best use of scarce research 
dollars when choosing which new strategies to test.  It may be necessary to do a cost-benefit 
analysis of different strategies first. 
 
Prevention 
Prevention is better than cure – if a deterrence or a barrier is used initially, animals would not 
learn the behavior and would not be motivated to go after the catch.  However, once whales 
know where the fish are and how to get to them, they will not be deterred by noise or barriers. 
 
Changing the pattern of the fishery 
If depredation is linked to the predictability of fishing, it may be advantageous to change the 
starting date or length of the fishing season to keep one step ahead of the whales. Over time 



whales learn new patterns, so fishermen might have to change their fishing patterns from time to 
time to keep whales away.  In general, much more information is needed on whale movement 
patterns and normal feeding behavior to avoid fishing in areas and at times when whales are 
typically present.   
 
Conflict with other species 
Evidence of conflict between killer whales and other species may be useful in developing 
deterrents.  In the Strait of Gibraltar, killer whales disappear when pilot whales arrive in the area.  
This seems curious because killer whales are bigger, although pilot whales are more aggressive.  
There are typically 6 killer whales in a group, whereas pilot whale groups are larger (perhaps 15 
or more).  In Alaska, researchers have seen Pacific white-sided dolphins harassing killer whales. 
  
Acoustics 
Researchers have tried playing sounds of competitors or harassers to deter certain marine 
mammals from an area, but have had only limited success.  Marine mammals habituate to 
underwater sounds fairly quickly.  This may be because the sounds don’t mimic real life very 
well, in terms of the variety of sounds or the context that the sound is being used in.  Sound 
devices in general don’t seem to work in the long term. Note that this subject is discussed in 
much more detail in the workshop summary on acoustics. 
 
Shooting 
Some fishermen have shot at marine mammals in the past, but it is no longer an accepted 
practice and to a large degree fishermen have learned to live with depredation and loss of catch.  
It may not be a good situation, but at least in some fisheries the problems are manageable.  
 
Government regulations 
In some areas, the ideas that fisheries managers have come up with have not been taken up by 
fishermen voluntarily.  These include communication between captains and not dumping offal.  It 
may be more effective to put regulations in place so that fishermen comply with these avoidance 
techniques.  If marine mammals are to be trained to avoid fishing vessels, it will require 100% 
compliance from all who are fishing in the area. 
 
Suggestions for future research: 
Develop a better understanding of the problem through baseline observations and analysis of  
existing data.  More information is needed on the depredators (food habits, movement patterns 
(in time and space), population distribution and abundance, the age and sex of animals that are 
depredating).  If possible, identify individuals using photos to determine if it is the same whales 
depredating. 
 
Know the fishery well and ensure that realistic data describing the fishery is being collected. An 
understanding of where and when fishing takes place, and how the fishery has changed over 
time may provide insight into why depredation is taking place.  Solutions may depend in part on 
how adaptive the fishery is. Is it flexible in terms of timing, and can fishermen stop fishing if 
whales are present?  
Acoustic studies may provide some keys to avoiding depredation.  These are elaborated on in 
Workshop 6. 
 
Develop a better understanding of the impact of discharging offal and/ or discarded fish on 
depredation.  Whales are learning to feed near boats (through positive reinforcement), which is 
then prompting depredation. 
 



Develop a better understanding of the impact of depredation on the social structure, group size 
and dietary habits/preferences of whales. Are there potential effects on fitness, parasites, 
hunting abilities, disease resistance on whales, or on the carrying capacity of the area?  
 
Consider the impact of interactions between depredating species and their possible implications 
for deterrence. 
 
Use video equipment or acoustic recorders or echo-sounders to learn more about the ways that 
depredation occurs. 
 
Suggestion for managers 
Provide education and awareness amongst fishermen/stakeholders in different areas, and 
facilitate communication between and within groups of managers, fishermen, scientists, and 
other stakeholders directly involved with the problem. 
 
Management solutions should be considered in the context of ecosystem management. For 
example it may be possible to allow for full retention of valuable species. The fishery needs to be 
managed adaptively.  
 
What are practical solutions that fishermen can apply immediately?  
Be aware of the presence of whales, using visual observations, hydrophones, acoustic 
detection, etc.  
 
Do not provide any positive reinforcement (no intentional feeding and no discharging offal or 
discarding fish in the presence of whales across fisheries). Although some fishermen have found 
it beneficial to do this, it is a short term solution that causes more problems in the long run. 
 
Reduce engine noise associated with fishing. 
 
Stop fishing when depredation is taking place. 
 
Share information amongst the fishing community about what works and where the whales are 
at any given time. 
 
Use shorter lengths of gear so that it can be hauled more quickly.  
 
Actively monitor the situation, such as through the placement of observers on board (although 
this may present some challenges because some fishermen may be reluctant or unable to 
accommodate an additional person on board).  The observers need to be well trained on 
species identification and behavior. Observers must also be able to generate data in a useable 
form – i.e., there must be a user friendly data collection scheme. 
 
What are measures/applications that DON’T work? 
Although acoustic alarms may be effective in the short term, the workshop participants do not 
believe that they are a long term solution once depredation behaviours are well-established.  
Habituation is almost inevitable, given that marine mammals are intelligent and behaviourally 
flexible and fully capable of learning that the impact of alarms is outweighed by the benefits of 
extra food.    
Discharging offal in the presence of whales does not work in the long run, it makes the problem 
worse. 



Workshop 2: Insights into the prevention of depredation from knowledge of whale 
behaviour and impacts of depredation on whale populations 
 
Leader: Lance Barrett-Lennard 
Rapporteurs: Caitlin Rodwell-O’Connell and Kathy Heise 
 
The primary purpose of this workshop was to allow researchers and fishers to jointly discuss 
strategies for reducing or preventing depredation based on ongoing behavioural research and 
real-life observations of depredation.  The workshop participants also briefly discussed the 
potential impact of depredation on whale populations.    They agreed at the outset that the 
complex social behaviours of killer whales and sperm whales likely affect how depredation 
occurs, and that not all members of a population should be expected to respond in the same 
way to the opportunity to depredate.   They also agreed that since both species have strong 
behavioural traditions, once a behaviour (such as depredation) becomes entrenched in a 
population it is likely to be difficult to change.   
 
What do we know about whale behaviour that makes them likely to depredate?  
Both sperm whales and killer whales have very good underwater hearing, and they also use 
echolocation to help them acquire information about their environment.  Since light transmits 
relatively poorly in water while sound propagates efficiently over great distances, whales 
generally rely on hearing more than they do vision.  They are able to distinguish the sounds of 
different vessels, and can associate certain sounds (such as those produced by hydraulic 
winches) with certain activities (such as hauling gear).  Thus it is very hard for a vessel to hide 
its activities from whales.  It is known that many of the bottom fish depredated by killer whales 
are hauled up from depths exceeding the whales’ maximum dive range, and that it therefore 
provides a resource that they would not otherwise have access to.   Whales are capable of 
learning complex behaviours such as techniques for removing fish from gear with minimal risk of 
injury.  Both species are capable of learning such techniques from other members of their social 
group, so that once developed by one or a few individuals, the behaviours can spread. 
 
Where does depredation occur? 
Depredation occurs in areas where whales occur naturally.  Depredation seems more likely to 
occur in areas where whale populations are growing, compared to areas where whale 
populations are in decline. 
 
Some fishermen noted that when they fish in gullies, they are not bothered by whales.  The 
reason for this was unknown. If they fish in shallower areas, they are more likely to be 
depredated. 
 
Why does depredation occur? 
Depredation occurs because whales are rewarded with food, particularly in areas where fish 
abundance is low or high quality fish are difficult to acquire. 
 
Both killer whales and sperm whales can use echolocation to obtain information on the size and 
species of fish on the line.   
 
How do whales detect fishing activity? 
As described above, whales appear to use sound to locate vessels that are actively fishing. 
They recognize vessel noise and hydraulic noise.  Some fishermen have spent a great deal of 
money trying to make their vessels quieter, but it has not significantly reduced the frequency with 
which they are targeted by depredating whales.   This apparent contradiction may be explained 



if whales cue in on cavitation sounds produced by vessels accelerating or hauling at high power, 
since these sounds are intense, travel great distances, reliably indicate fishing, and cannot be 
reduced by insulating engine compartments, uncoupling mechanical devices from the hull, etc. 
 
Sperm whales appear to depredate any vessel fishing in the area, without showing preference 
for a particular vessel.  This may be because all of the vessels respond in the same way to 
depredation, ie they continue to haul their gear.  It is possible that if some vessels stop hauling 
their gear, or drop it back into the water, sperm whales will learn to start targeting only those 
vessels that continue to bring fish on board.  This would be a worthwhile research project. 
 
There is a general feeling that killer whales recognize boats from one year to the next, and some 
fishermen feel that they recognize individual humans.  They do interact differently with different 
vessels, for reasons that are not known. 
 
Sperm whale sounds travel further underwater than vessel noise, suggesting that fishermen 
should use hydrophones to detect sperm whales, and only set when they cannot hear them.   
 
How do whales interact with the gear when they are depredating? 
It seems as if killer and sperm whales interact differently with fishing gear.  Killer whales appear 
to be more conservative than sperm whales in terms of the risks that they will take to remove a 
fish from the line.  It is likely both species use a variety of methods to remove fish from the line. 
 
Despite their size, video footage shows that killer whales are capable of very delicate precise 
movements, which allows them to quickly take fish off the line.  They do not damage the fishing 
gear when they do this.   
 
Video footage from Alaska shows sperm whales raiding longline gear, and the line did not move 
when fish were taken, suggesting that sperm whales suck the fish off the line.  Since they have 
massive tongues, it is possible that they could create enough suction to do this. Sperm whales 
do damage the line occasionally. 
 
Sperm whales also tug on the gear. It is possible they can ‘twang’ the gear (pull hard on the line 
and then release it) to shake fish, particularly soft-mouthed species such as blackcod (sablefish), 
off the line.  In Alaska when a line is ‘twanged’, rockfish float to the surface, although they are 
not taken by the whales.  Perhaps sperm whales consume other more desirable species.  
 
What effect does depredation have on whale populations? 
Depredation is not known to have had population level effects on killer or sperm whales.  In the 
long run, however, food augmentation may lead to increased population size and/or 
dependency.  On the other hand, injury from depredation or depredation deterrence could 
reduce whale numbers.  In the early 1980’s in Prince William Sound black cod fishers shooting 
at depredating killer whales caused a number of serious injuries but had little success in 
reducing depredation. 
 
What does NOT discourage depredation? 
Retaliation appears to have little affect.  As noted above, even shooting does not generally 
prevent depredation---it simply encourages the whales to be more evasive and to surface further 
from the boat. 
 



Suggested Future Research Actions 
Examine whether electricity could be used to deter whales from taking fish while the lines are 
being hauled (it would probably deter fish if used while fishing).  
 
It is possible that if some vessels stop hauling their gear, or drop it back into the water, sperm 
whales will learn to start targeting only those vessels that continue to bring fish on board.  It 
would be worthwhile to test whether sperm whales respond to this change in human fishing 
behaviour. 



Workshop 3 :Implications of depredation for fishers, fisheries management and fish 
conservation 
Leader:  Marilyn Joyce 
Rapporteur:  Emma Pethybridge 
 
This workshop focused on the implications of depredation for fishers, as well as for fisheries 
management and conservation.  The most significant implication for fishers are the economic 
losses associated with the loss of their catch, but other consequences such as time loss and 
stress were also discussed.  In fisheries where depredation occurs widely, managers are 
potentially faced with the need to incorporate losses due to depredation in their stock 
assessments.  Improved data collection methods that describe and quantify the extent of 
depredation are key to developing effective management strategies to address the issue.  It is 
also important that the species that is depredating is clearly identified, since there is little point 
coming up with management strategies for killer whales if it is in fact sharks that are doing the 
damage. 
 
IMPLICTATIONS OF DEPREDATION FOR FISHERS: 
Lost or damaged fish 
When depredating, both killer and sperm whales may take the entire fish off the line, or leave 
the heads on the line.  Killer whales may also leave rake marks on fish, thereby reducing their 
economic value.  Economic losses associated with lost or damaged fish are the biggest problem 
that depredation presents to fishermen.  The type of damage to fish can vary from year to year 
(within the same species of predator doing the damage). 
 
Damage to fishing gear 
In some areas, whales take both fish and gear, whereas in others the hooks are straightened or 
only the heads remain on the hook.  For many fishers, the loss of fishing gear is considered to 
be a negligible cost relative to the loss of fish.  Some fishermen reported seeing depredating 
whales with lures hanging out of their mouth, so these are obviously not a significant deterrent.   
 
Frightening target species 
For some species, such as tuna, predators such as pilot and false killer whales will cause them 
to react, which can lead to gear damage.  Killer whales do not appear to frighten black cod, but 
do cause Chinook salmon to react.  However when fish are not being caught, it is difficult to 
determine whether the fish are simply not present, are being affected by the presence of 
predators, or are being captured by the depredators before the gear is brought on board.  
 
Lost time and increased costs 
Depredation results in a general increase in fixed costs associated with fishing less efficiently 
(bait, fuel, wages, insurance etc.).   If fishing is being done during restricted periods of time, 
there may be costs associated with losing gear due to increased risk taking.  If gear needs to be 
dropped in order to avoid feeding the whales, this also extends the time needed to fish and 
therefore increases costs. 
 
Stress 
Losing fish to depredating whales is demoralizing for the crew, particularly because it is difficult 
to ‘outsmart the whales’.  They feel pressure to make decisions without having enough 
information or knowledge to solve the problem.  If the fishing period is extended this also adds 
pressure to the family lives of crew members.   
 



Negative publicity 
Fishermen are concerned that there may be negative publicity around depredation, and they do 
not want to be perceived as threatening populations of whales.  Entanglement or accidental 
hooking that may lead to mortality of depredating whales is also a concern.  There needs to be 
more education on acceptable practices to deter whales.  There was acknowledgement that 
there needs to be more communication between researchers, managers and regulators, but this 
presents a bit of a conundrum because this may invite a mandate to fix the problem at a time 
when there are not yet clear solutions.  However there may be a time when fishing companies 
or their products could be eco-labelled to show that the fish were caught using best fishing 
practices. 
 
Safety concerns 
Depending on the situation, there may be issues related to safety, particularly if it is necessary 
to change fishing seasons to avoid times when whales may be present.  An entangled whale 
may also pose a risk to the crew as they attempt to disentangle the whale. As whales become 
more habituated to boats, they may put the crew or themselves at risk.  
 
IMPLICATIONS OF DEPREDATION FOR FISHERIES MANAGEMENT AND FISH 
CONSERVATION 
There were several key questions that may influence how fisheries affected by depredation are 
managed. 

1) Are the depredators taking natural prey or are they switching? 
2) How well understood are the population dynamics of the depredated species? 
3) Can the depredation be quantified easily (ie are heads being left or are the hooks simply 

empty? 
 
If the whales are depredating species that they normally prey on, then to some extent the 
depredation may be a component of natural mortality.  Knowledge of the natural diet of 
depredating whales is helpful in this regard.  If the whales are taking species that they normally 
wouldn’t prey on, this additional mortality needs to be incorporated in population models to 
avoid the risk of overfishing.   
 
Knowledge of what changes may be occurring in both the depredator and the prey populations 
is also important.  For example, are whale numbers increasing and /or are fish populations 
declining, and is this driving the whales to depredate? 
 
Establishing methods for quantifying depredation is a challenge for managers, and is the focus 
another workshop at this symposium.  It may be done in a number of ways. For example, the 
SEASWAP program in Alaska involves fishermen reporting depredation events through both an 
observer program and through log book data.  The observer program is probably the best way 
to collect data but the program isn’t always feasible.  An alternative method that is being tested 
may be for cameras to be placed on board.  The costs associated with such programs may be 
paid by the fishermen, or shared across the fishery. 
 
Better data collection is key to understanding the locations and extent of depredation, and 
fishermen need to be convinced that the data that they help to collect are valuable.  It may even 
be worthwhile for fishermen to be given cameras so that they can document individual 
depredating whales.  Areas where depredation are not occurring also provide meaningful data 
in establishing baseline levels.  Collection of data also has positive public relations benefits by 
being able to show that fishing practices are “in good order”.  
 



Workshop 4: Reducing or eliminating depredation through gear modifications 
 
Leaders:  Greg Beam and Nellie Warner 
Rapporteur:  Emma Pethybridge 
 
The focus of this workshop was to discuss gear modifications for pot fisheries, demersal longlining, pelagic 
longlining, and sport fishing that might reduce depredation.   Different fishing methods were discussed, 
including where the gear was used and in which fishery.  We made an effort to develop gear modifications 
that could be beneficial.  We did not exclude ideas based on cost or safety which allowed even the most 
radical ideas to be recorded.  Additionally, we did not consider prohibitions by marine mammal protection 
regulations in our brainstorming session.   
 
Pot fishing gear 
Pot gear is a fishing method in which baited mesh pots are deployed from a vessel and allowed to soak on 
the bottom.  Fish as large as or greater than the legal size swim in and cannot exit the pot.  This type of 
fishing is commonly used in the Aleutian Islands in the North Pacific, Southern Ocean, British Columbia 
and Australia.  The main advantage of pot gear is its efficiency as quotas can be filled in a very short time.   
In some areas switching from longlining to pot fishing has resulted in higher yields. The gear is 
inexpensive, although the cost of switching from longline to pot gear can be prohibitively expensive. 
Vessels need to be modified to hold pots and more crew are needed to deploy them. The disadvantages of 
pot gear are by-catch including non-targeted species and undersize fish, as well as loss of gear on the 
bottom.  This “ghost gear” can lead to difficult snarls with longline operations and the two methods usually 
cannot be employed in the same fishing area.  
 
Around the Falkland Islands there have been experiments with the use of demersal longlines and pots in 
the Patagonian toothfish fishery.  Depredation of pot gear in the Southern Oceans currently does not 
occur.  Some fishermen report significant by-catch problems and entanglement issues with seals and 
whales.  In Australia marine protected areas determine the type of fishing gear to be used in each area.  
Currently depredation on pot gear is minimal.  In Canada pot gear is used to achieve a reasonable yield 
and decrease rock fish by-catch with the objective of eventually using pot gear to catch halibut.  Evidence 
of depredation in the North Pacific includes sperm whales following pot vessels and eating discarded by-
catch, and possibly killer whales crushing pots to steal catch.   
 
Improvements and modifications of pot gear to reduce depredation mainly focus on reducing by-catch and 
include thickening escape rings and dumping offal away from the fishing grounds.  Fishermen report that 
the size of the average fish caught is decreasing which leads to a greater need to minimize the catch of 
undersize fish through alterations of escape rings.  Dumping offal away from fishing grounds severs the 
positive feedback whales receive when they associate with vessels that dump food in front of them.   
 
Possible changes to methodology and equipment include the use of live bait, reduction of soak time to limit 
the amount of time available for mammal interactions, and the use of excluder bars.  Comparing 
depredation rates between longlines and pot gear with excluder bars was proposed.  Large scale solutions 
such as re-designing fishing areas with fewer boats and re-allocating quotas may be possible but will vary 
regionally with respect to bathymetry, stock size, politics, and current fisheries.  In general pot gear does 

 
 



not experience the quantity or severity of depredation that are seen in longline fisheries, but it is still 
valuable to examine the fishing method for any possible mitigation methods to reduce depredation.   
 
Demersal longline fisheries 
Demersal longline fishing employs the use of a ground line with attached hooks that, like pot gear, is 
deployed by a vessel and allowed to soak for the desired amount of time on the bottom of the ocean and 
then retrieved hook by hook.  Different methods are used to attach hooks and spacing distances can vary.  
The advantage of demersal longline fishing operations includes lower environmental impact compared with 
other commercial and industrial fishing methods.  The disadvantages of longlining can include costly gear 
losses when line becomes snarled or tangled and must be cut, and occasional entanglement of marine 
mammals due to depredation activities.   
 
Demersal longline fishing operations exist in most of the world’s oceans and experience widespread 
depredation. A variety of animals, including killer whales, sperm whales, pilot whales, elephant seals, 
sharks, etc. may depredate, but species vary both spatially and temporally.  It can be difficult to determine 
how much catch is lost due to depredation because gear sits on the bottom and it is not clear if fish are 
consumed, or lost due to snagging. 
 
Strategies to reduce depredation 
Three main strategies emerged during this session and include:  

1) deployment of alternative types of gear with physical modifications,  
2) change of vessel and operator behavior to reduce acoustic clues for animals, and  
3) regulatory changes to reduce the amount of time and space animals and fishing operations 

share. 
However, it is important to remember that any strategy to reduce depredation needs to be evaluated in 
terms of harm to whales, ocean pollution, and elevated by-catch rates.  No ideas were excluded from this 
discussion with regards to these concerns. 
 
Modifications to demersal longline gear 
Gangion length 
Currently one third of halibut fishermen use gangions or clip on gear in the North Pacific while only a few 
vessels in South Georgia do so.  It is possible that clip on gear may be somewhat of a deterrent to whales, 
although gangion was found in the stomach of a killer whale.  Experimentation with gangion length may 
shed light on the acoustic clues that are used by depredating whales. 
  
Floating the longline 
Floating a longline off the bottom may allow the continued use of traditional longline gear with attached 
hooks.  Floating the line reduces the chance of snagging fish on the bottom which would help 
quantification efforts.  Unfortunately a floated line takes longer to sink and raises the risk of bird by-catch.  
Australia enforced 25% observer coverage when floated longlines were on trial to look for potential 
increases in bird by-catch.  It was found that birds were not at a higher risk but there was an increase in 
grenadier by-catch (a non-targeted fish species), which may be in part due to its high abundance that year.   
 

 
 



Friendly octopus 
In the Ross Sea fishermen are experimenting with a longline gear set-up called the ‘Friendly Octopus’ 
which was first used in the Falklands with some success.  This method uses a mother line with lines 
coming off- like a traditional longline- but then each line has two additional lines stemming off.  The 
intersection line that is attached to the mother line has dangling ropes attached to it so that when the line is 
being hauled the ropes shield the baited hooks.  The whales don’t like the hanging ropes and it deters 
them from trying to remove fish.   
 
Moving crucifier 
A variation of the Friendly Octopus is to use a cage that encases the fish.  The cage is attached to the line 
at the vessel when it is time to haul and it would slide down the line and shake fish into it.  When the 
‘Moving Crucufier’ reaches the end of the line it would be hauled up and whales would not be able to pick 
fish off as they are hauled.  If the cage could not support an entire set, it may be more effective and 
efficient to use multiple cages or a fixture that would clump sections of the line.  The bushel method may 
increase the difficulty of depredation.  Any of these methods could be used in conjunction with a weighted 
mother line that would disguise or reduce acoustic clues that reveal the presence of a line in the water.   
 
Additions to the longline brainstorming session: Modifying gear 
This discussion was a brainstorming session and no ideas were excluded, nor did we constrain ourselves 
by considering proposals that would be prohibited under any marine mammal protection regulations.   

1) Visual deterrence methods include adding flashers or snarls.  Adding a piece that would flutter 
would change the sound the line makes in the water and may give fishermen a window to fish 
without experiencing depredation before the whales adapt to the new sound.   

2) Lines could be outfitted with firecracker-type devices that could ping when a whale got too close.  
The cracker could be heat sensitive so that it would go off only when warm-blooded mammals 
approached.   

3) The suggestion of placing a J-hook every ten hooks and attaching a chili pepper dart generated a 
lot of conversation.   

4) Soaking the line in a solution that repelled whales, as has been used for sharks. 
5) Knots of rope or spacers added periodically to the line could prevent sperm whales from “flossing” 

the line, thereby stopping the whale from knocking off fish as the line runs up inside its mouth 
during hauling.   

6) The addition of dummy hooks to a line so that fish are only present on every other hook.   
7) Acoustically it might be beneficial to set a turbine next to a longline that could create turbulence and 

hide the sound of the line.   
8) Place a robot next to the line to be used to guard the line through visual or acoustic tactics by 

remote control.   
9) If killer whale depredation is the main problem hauling the line through the hull of the boat can be 

effective not only for killer whales but also for bird avoidance.  This ‘Moon Pool’ set up has been 
tried in South Georgia.  

 
Modifications to Vessel Operator Behaviour 
Acoustic signals attract whales to longline operations, and changes in hauling speed and vessels shifting 
in and out of gear are cues that whales associate with access to fish.  Experiment with reducing these 
sounds may help to reduce the ease with which whales discover fishing activity.   

 
 



 
Leave the fishing grounds before dumping offal.  
 
Experiment with the type or distribution or weights may be worthwhile.  Longlines are weighted every 40 m, 
and these weights need to be removed which takes time therefore increasing a whale’s opportunity to 
depredate.  Generally the last portion of the longline to be hauled experiences less depredation, likely 
because the line is straight.  Lines that are curved or have a bow (due to currents) as they are hauled likely 
make it easier for the whales to depredate.  Straightening the line with anchors or different weight patterns 
may change the line trajectory and reduce depredation. 
 
Regulatory Changes 
Using regulatory changes to reduce depredation lowers the amount of time whales are in the same vicinity 
as fishing operations.  Shortening seasons and therefore not fishing year-round teaches whales that 
depredation on fishing gear is not a reliable food source.  In Alaska there are relatively few depredation 
incidences from February through May, but increases in June and July.  Ending the season earlier in the 
year may reduce depredation, although the weather can make fishing more difficult.  Splitting the season 
such that there is a break during historically high depredation months may also prove effective.   
 
Pelagic longline fisheries 
Pelagic longlining occurs in the swordfish fishery in Brazil and also in the Indian Ocean.  Some of the first 
cases of depredation were reported in the tuna fishery in the South Pacific.  The South Pacific is especially 
complicated because of new, fledgling countries with overlapping territories, and little assessment or 
regulation ability.  The issue of depredation is further complicated by the presence of large fishing fleets 
from Korea and Taiwan in the area.  
 
A major difference between demersal and pelagic gear is that demersal gear is mostly depredated upon 
during the haul, whereas pelagic longlines are depredated at other times. It is not always possible to see 
the animals depredating the line when it is pelagic - it may only be noticed at the end of the haul.  In 
general deeper lines usually experience fewer depredations than shallower lines, but this varies by target 
species and location.  In pelagic longlining the rate and incidence of depredation is affected by whether the 
gear is set inward or outward of the continental break. 
 
Modifications to Pelagic Longline Gear 
There are many potential gear modifications from demersal longlining that can be applied to pelagic 
longlining.  Additionally, the majority of participants in the discussion had demersal longline backgrounds.  
Along with the need to evaluate gear modification for the effects on whales, by-catch, and pollution, it was 
also necessary to consider how changes in gear may affect the marketability of the targeted species.  
Especially in tuna fisheries, the quality and condition of the catch when brought to market is critical 
financially for fishermen.  For example, the length of the gangion has a measurable effect on the quality of 
tuna for the Japanese sashimi market.    
 
Suggested modifications include shortening the main line to reduce the amount of gear in the water and 
shorten hauling time.  Hauling and setting different lines at full speed has been tried but it is potentially 
dangerous because there is little time for fishermen to rest.  Experimenting with hauling and setting times 
may be effective to determine if depredation is more likely to occur during dark or light hours.  However, in 

 
 



Brazil, when the fishery focused on new target species, the hauling and setting times had to change, but 
before long depredation started again.  Hook spacing and vessel operation techniques as discussed for 
demersal gear have the potential to reduce depredation.  Switching to a rod and line fishery or pot gear 
would be impossible because the size of the fish caught can reach up to 80kg.   
 
Trolling and sport fisheries 
Trolling and sport fisheries operate on a smaller scale than longline and pot gear operations.  In recent 
years depredation on commercial and sport troll gear has increased in British Columbia.  The outside lines, 
those that run farthest abeam of the boat, suffer the most amount of depredation presumably because they 
are farthest from the vessel and therefore there is less gear to get snagged or caught up with.  The only 
solution being employed to date is to pull the lines when whales are present.  Possible gear modifications 
include using a dummy line outside the outside line without gear to protect inner lines from depredation or 
run shorter lines that end closer to the vessel.  Overall, the same need to increase our understanding of 
the process of depredation exists for sport and commercial trolling fisheries.   
 

 
 



Workshop Notes: Methods of depredation deterrence: passive, active, 
temporal/synchronicity 
 
Leader:  Tory O’Connell 
Rapporteur:  Chris Lundsford  
 
This workshop focused on methods to deter killer whales depredating longline and troll 
gear, sperm whales depredating demersal longlines, and pilot whales and other small 
cetaceans depredating pelagic longline gear.  Passive and active methods of 
deterrence, the timing and synchronicity of the fishery, and trying to identify knowledge 
gaps that need to be filled in order to successfully deter whales from depredation were 
the main discussion points. Understanding how whales interact with gear was identified 
as a major knowledge gap.   
 
Killer Whales and Demersal Longline Fisheries 
When killer whales depredate longline gear, there are often a number of whales and 
they can be extremely efficient at removing fish off lines.  Below is a discussion of 
methods of deterrence that have been attempted and their varying degrees of success, 
as well as ideas that may be worthwhile testing in the future. 
 
Change the timing and/ or area of the fishery 
It may be possible to change the timing of the fishery so that there is an abundance of 
preferred prey for killer whales.  This was done in Prince William Sound, Alaska.  The 
sablefish season was changed to the month of August, when chinook salmon, the 
preferred prey of killer whales, are in abundance.  This reduced depredation on longline 
gear (see Matkin abstract, this symposium, for more details).   
 
Changing the area of the fishery has had limited success in some areas, and yet not in 
others.  In Australia, traveling 160 km was effective.  In Alaska, fishermen had to move 
at least 115 km but did achieve limited success.  
 
In British Columbia, killer whales began depredating salmon caught using trolling gear 
during a year when the fishing fleet was heavily concentrated in a small area.  The 
whales learned they could easily travel from one vessel to the next. Dispersing the 
fishery over a larger area would reduce the rate at which whales depredate. 
 
Long distance changes in the location of the fishery were tried in the Crozet Islands, but 
unsuccessfully.  This year-round fishery was moved 550 km away from the old grounds, 
but killer whales quickly moved to the new area.  Killer whales are able to hear and 
easily follow vessels as they move around. That said, participants felt that a spatial and 
temporal change may be a short term solution to the problem.   
 
Visual cues 
Hiding flags that mark the ends of the longline did not work.  
 
Magnetism, electrical fields and currents 
The group also discussed the use of magnets or electrical fields or DC current to deter 
whales.  More research needs to be done to determine whether any of these would be 
feasible and effective deterrents.  Studies could be done on captive whales to determine 
what thresholds would be necessary to generate an effect. 
 



Acoustic deterrents 
Underwater sounds may be useful in deterring whales, but much more research needs 
to be done.  Commercially available sound sources such as the Orcasphere have been 
used to deter whales with limited success (see abstracts by Brotons et al., Dyb, Karyakin 
this symposium).  Suggestions were made to incorporate squeaky ‘toys’ which make a 
sudden noise may provide a temporary deterrent.  There was some feeling that turning 
on a sound source that produced white noise in response to whale sounds may be most 
effective, although at this point this technology is difficult and may be cost prohibitive.  
Information would also be needed as to what thresholds might be needed. 
 
In Spain, killer whales leave when pilot whales are heard in the area.  It might be 
possible to play pilot whale sounds to spook killer whales, but likely they will quickly 
habituate to the broadcast sounds.  Playing sounds of killer whales from a different area 
is not recommended, since in the past killer whales have reacted strongly (ramming the 
boat) to the sounds of whales that are not part of the local community.  
 
If a whale was tagged and tracked it might be possible to co-ordinate the use of 
acoustics such that sounds would only be broadcast when whales were within a certain 
range.  This would reduce the rate at which whales become habituated to the sound.  
 
Sperm whales 
Unlike killer whales, generally there are only a small number of animals that target a 
vessel to depredate.  They may also be less efficient than killer whales at taking the fish 
off the line. 
 
Changes in fishing methods 
During longlining depredation tends to happen during the middle of the haul, which may 
be because the line is taut at the beginning and end of the set, whereas it has a large 
bow during the middle.  It is possible that the orientation of the fish may make them 
easier to remove in these circumstances.  There may be modifications to the line that 
could be made to reduce the bowing of the line such as placing weights between the 
skates, which may make the line harder for the whales to manoeuvre around.  
 
Reduced soaking time may reduce the probability of an interaction and changes in the 
spacing of the hooks may be worthwhile to experiment with.  Deep shorter sets can be 
very inefficient – so there may be a happy medium where the sets are short enough to 
decrease depredation without being too inefficient.  Experiments with knots in the line or 
the use of streamer lines may be worth trying as well.   
 
Changes in fishermen’s behaviour 
In Sitka, Alaska, fishermen haul the gear as fast as possible when whales start to 
depredate.  It may be better for them to drop their gear if possible.   
 
There were different opinions on whether to discharge offal in the presence of whales.  
Some felt that it reduced the rate at which depredation occurred, but others felt that it 
encouraged depredation.  In areas where depredation is not occurring, discharging offal 
in the presence of whales should not be done, since whales begin to associate boats 
with food.  
 



Changes in the timing and/or area of the fishery 
As per the discussion with killer whales, it may be worthwhile to change the timing of the 
fishery, or to develop a split season with an extended rest period in the middle of the 
season, when no gear is allowed on the grounds.  Short openings may also be 
beneficial. 
 
Summary 
There is a need to understand the mechanics of depredation for both killer and sperm 
whales in order to most effectively develop deterrents to depredation.  As well, a better 
understanding of the distribution of whales, their behaviour and biology is important.  
Avoiding interactions with whales, including not fishing when they are in the area and not 
discharging offal in their presence are key factors in deterring whales, although these 
may not always be practical solutions.  The use of acoustics to deter whales holds much 
promise, both as a means to avoid depredation from happening in the first place, and in 
deterring it once it has begun.  Much of the discussion around this was expanded in the 
workshop on Acoustics (this symposium). 



Workshop 6: The use of acoustic information by depredating whales and implications for 
deterrence 
Leader:  Aaron Thode 
Rapporteur:  Aaron Thode 
 
Better insight into understanding how whales use underwater sound is critical to our 
understanding of how whales depredate fishing gear, and to find ways to deter them from this 
behaviour.  Whales may acquire information about their environment ‘actively’ by putting sound 
into the water, such as echolocation clicks, or they may do so ‘passively’, by listening and 
making deductions from what they hear.  These two different methods of using sound combine 
to enable whales to undertake their normal daily activities.  Depredating whales are able to 
passively listen for sounds that fishing vessels make, to determine whether or not it is worthwhile 
to approach the gear.  As the whales move closer to the fishing vessel, they are able to use their 
own active mechanisms (echolocation, vision) to acquire further information.  It is not possible to 
precisely state the distances at which whales cue in on fishing activity because the propagation 
of sound underwater is complex, and it depend on a number of factors such as the frequency 
range and intensity of the boat noise, the underwater bathymetry, the sound speed profile and 
the state of the sea. 
 
In this workshop, acoustic information (sound) was divided into long, medium  (1 km) and short 
(a few meters) ranges, and discussed accordingly.  A number of research goals and deterrence 
methods were also identified. 
 
Note: To better understand the role of sound underwater, it is important to remember that whales 
are adapted to use sound much the way humans use vision to acquire information about their 
environment.  That combined with the fact that sound travels much further underwater than it 
does in air points to the need for a greater understanding of underwater acoustics. 
 
What are the sounds that whales may use to detect fishing activity? 
Engine and propeller noise, particularly changes in speed and gear, as vessels jog to stay in 
position, likely provide key information to whales that the vessel is actively engaged in bringing 
fish on board.  
 
Hydraulic noise may provide information to whales, although in Prince William Sound, boats 
fishing side by side took turns hauling gear, but killer whales were able to quickly determine 
which vessels were actively fishing and which were simply turning their hydraulics on and off.  
This may reflect the difference between a boat that is actively jogging in position compared to 
one that is drifting. 
 
The tapping of the line with a gaff (longliners) 
 
Echosounders in the 28-200 kHz range are detectable by whales. 
 
What are the long range cues that whales use to enable them to depredate?  
It appears that killer whales can hear vessel noise from 50 to 70 km away, whereas sperm 
whales may respond to vessels within 20 km or possibly farther.  Boats tend to have their own 
underwater noise ‘signature’, that can enable whales to distinguish between boats.  Whales may 
use this information to decide whether to move towards the vessel or not.  Using hydrophones to 
record vessel noise while it is engaged in different activities may help to provide valuable 
feedback as to the cues that whales may use. 
 



What are the medium range (<1 km) cues that whales use? 
Within a kilometre, whales can use echolocation to acquire information, as well as to continue to 
listen passively to sounds. Whales may visually cue in to the lights, particularly sodium lights, 
that are used in some areas (particularly Alaska). It is possible that whales may also be able to 
detect the radio frequencies by boats, although more research is needed.  
 
Echolocation functions for whales much in the same way sonar does for boats: the size of the 
airspace determines the target strength, and can provide information on the type, size and 
condition of the fish that are being caught.  Tangles in the line may also generate bubbles that 
whales may be able to detect using echolocation.  It may confuse whales into thinking that a 
large fish is on the line, but more research is needed to better understand this phenomenon.   
 
Sounds that whales may be able to hear passively include gear being dropped on deck, the 
strumming of the line (which may make different sounds depending on whether there are 
hooked fish or not, as well as the species of fish caught [some fish spin, others lie flat]), tangles 
in the line, hydraulics being turned on and off, as well as listening to the communication signals 
or echolocation signals of other whales.   
 
Both killer whales and sperm whales are able to recognize different vessels, and they may also 
be aware of the ‘fishing routine’ that certain boats follow. This could be particularly true for 
vessels that set their lines for relatively short periods of time (due to the presence of sea lice or 
lack of freezer facilities on board, so that they must return to port frequently).  The whales 
therefore stay in the area in anticipation of gear being hauled aboard because they expect to be 
rewarded. 
 
What are the short range (within a few meters) cues that whales use? 
Whales likely echolocate and use visual cues to detect the species and size of fish on the line. 
They seem able to detect when a fish is hooked in the stomach, and leave the fish alone.  In 
some areas, such as South Georgia, whales do not depredate fish that are damaged by sea lice.  
As well, fish that are caught produce sounds as they struggle, which are likely detectable by 
whales.   
 
Methods to deter whales using acoustics- Suggestions for further research 
The group felt that some of these proposed suggestions may take years to be effective. 
 
Before vessels begin fishing: 
1.  Visual and acoustical monitoring for the presence of whales and avoid fishing in areas/ time 
periods, where whales may be in area.   
 
2.  Retrofitting vessels so that they are quieter underwater.  This suggestion has high costs 
associated with it but can be effective in reducing the distance that whales may be able to detect 
a vessel. 
 
Once vessels are out in the fishing grounds:  
1.  Change vessel handling behaviour, to avoid dramatic changes in speed or gear, since these 
sounds transmit very easily underwater.  It may be useful to measure boat noise during various 
stages of hauling. 
2.  Co-ordinate communication with other fishing vessels to the maximum extent possible.  A 
resounding conclusion throughout all of the workshops was that it is important that there be a 
commitment across the fleet not to feed the whales.  



3.  Minimize time in the areas that are characteristic of where fishing is taking place.  Do not 
loiter in the area unless actively engaged in fishing. 
4.  Be unpredictable in travel and setting patterns. 
5.  Use hydrophones, both remotely and on individual boats if possible, to acquire information 
before committing to setting the gear. 
6.  Set false cues, such as long lines without hooks, so that the whales begin to lose their 
association of longlines with food. 
 
Possible useful actions over medium range distances (1 km) while fishing: 
1.  Use fake visual (and possible auditory) cues, such as dummy gear 
2.  Mask the presence of gear using underwater noise 
3.  Experiment with the echosounder on and off to see what effect if any it has. 
4.  Use quiet auxillary systems 
5.  Minimize sodium and / or deck lights 
6.  Retain offal and discard when whales are not in the area.   Again, this is consistent with 
developing policies to not feed whales. 
 
Short range solutions to be studied (within a few meters): 
1. Shorten the lengths of the gangions  
2. Use hydrophones while hauling to determine when whales may be in area. This may be more 
reliable than relying on visual sightings of whales for determining when to return gear into the 
water to avoid feeding the whales. 
3.  Develop passive acoustic reflectors that reflect sound back to the whales. 
4.  Develop sources of active acoustic devices* that produce 

a) sounds that mask fishing activity 
b) predator sounds, such as killer whales 
c) bubbles, or bubble sounds 
d) pinging noises 
Such work would likely need to be performed by fishermen themselves, with researchers 
in an observation capacity.  Otherwise, obtaining permits for such work could take years. 

 
5. Measure the frequency range and characteristics of echolocation signals used to home in on 
fish using underwater video and acoustic recorders on the line. 

 
*These should be compatible with marine mammal protection regulations or guidelines within the 
relevant government jurisdiction. 
 
 
 
 



Workshop 7: Preventing the spread of depredation and the role of discard feeding in the 
spread of depredation 
Leader:  Naomi Rose 
Rapporteur: Lance 
 
This workshop focused on understanding why depredation behaviours develop over time, and 
the factors that may increase the rate at which they spread throughout an area.  There was a 
consistent message throughout this workshop that changes in human behaviours (ie the way 
that fisheries are conducted) will be the only way to avoid or reduce the spread of depredation.  
Innovative fishing methods will be required in areas where depredation is already a serious 
problem (as discussed in the workshops on gear modifications, deterrence and acoustics). 
 
Discards from fishing vessels include undersize fish, non-targeted species, and offal (internal 
organs etc. that are removed from the fish before they are processed).  
 
What role does discard feeding play in the spread of depredation? 
The role of discard feeding was somewhat controversial in this workshop.  Some fishermen felt it 
helped to stop whales from feeding directly on the catch.  However, the general consensus was 
that even though discard feeding may help to avoid depredation in the short term, over the long 
term it was likely to increase depredation as whales became accustomed to approaching 
vessels and associating them with food.   
 
The release of undersize fish presents some challenges if fishermen are trying to follow a policy 
of not feeding the whales.  In the case of black cod it was thought that they generally were able 
to swim away so quickly that they were not a significant source of food for whales.   
 
In some areas, grinder pumps are used to process offal before it is discarded, which likely 
reduces feeding by sperm whales, but killer whales are able to feed on ground offal.  In Australia 
offal may not be released around the gear, and there is a strict protocol to ensure that it sinks 
quickly.  In any area, it would be best to dump offal all at once, in order to reduce the number of 
possible feeding (and learning) opportunities by whales. 
 
There is also a potential ‘ripple effect’ associated with discharging offal: species other than killer 
and sperm whales may feed on it and come to rely on its availability.  This has happened in 
Canada where bald eagles began to rely on offal from the shrimp fishery, and when this source 
of food ended, the eagles attacked great blue herons causing significant declines in the blue 
heron population.   
 
Which areas are vulnerable to whale depredation beginning? 

• British Columbia (BC) longline fishery for sablefish (black cod) 
• BC salmon troll fishery (just beginning) 
• BC sportsfishery (just beginning) 
• BC halibut fishery 
• Southeast Alaska halibut fishery 
• South Australia fisheries (due to their proximity to Tasmania, where killer whale 

depredation is a large problem) 
• Denmark Strait, between Greenland and Iceland 
• Others? 
• In Australia depredation is only a problem in Tasmania, but it could spread to South 

Australia. Very little is known about killer whales in these areas. 



 
Specific advice to fishermen to prevent depredation from spreading 

• Don’t feed the whales 
• Stop fishing if possible if whales appear.  It is especially important to not haul gear while 

they are in the vicinity 
• Establish ways for fishermen to communicate with each other on the fishing grounds re: 

the presence of whales in the area (eg. speakers on deck) 
 
General steps that should be taken in British Columbia to prevent depredation from 
spreading 
A public education program is essential. Information and guidance on how to interact with 
depredating whales could be included in sportsfishing brochures that are issued as a part of 
government licensing programs.  Commercial trade associations could also include information 
in their magazines.  Encouraging the salmon troll and sports fishery to work together would 
benefit both.  An outreach educational program that targets fishing lodges could be very useful 
in reducing the spread of depredation. 
  
Why doesn’t depredation occur everywhere? 
Both killer whales and sperm whales are relatively slow to change their behaviours, although 
once they do change, the behaviour can spread quickly through the population.  This is 
especially so for killer whales, and it is likely that sperm whales change their behaviours more 
slowly. 
 
The motivation for whales to change their behaviours is reduced when prey is abundant. When 
favoured prey become less abundant, there is increasing motivation for the whales to change. 
 



Workshop 8: Quantifying depredation and establishing documentation protocols  
Leader: Chris Lunsford 
Rapporteurs: Vicki Cornish and Kathy Heise 
 
Quantifying depredation rates is a crucial component for assessing the impacts of depredation of 
fishing gear by cetaceans.  Quantifying depredation allows researchers to monitor trends in 
depredation, estimate economic losses to industry, assess and compare depredation levels from 
different regions, and help evaluate mitigation efforts.  This workshop took advantage of the 
diverse knowledge of participants and focused on developing standardized methodologies for 
quantifying depredation.  During this workshop participants identified four components to 
consider when quantifying depredation rates: 1) define depredation; 2) detect depredation; 3) 
measure depredation; 5) standardize and report depredation.   
 
What is the definition of depredation 
In 2002, a workshop in Samoa produced a report entitled Interactions between Cetaceans and 
Longline Fisheries.  During the Samoa Workshop, participants defined depredation in the 
present context as “the removal of hooked fish or bait from longlines by cetaceans.”   
 
While this definition of depredation is true for the majority of regions, participants in this 
workshop emphasized that depredation by cetaceans is not restricted to longline gear.  Other 
capture methods, such as gillnet fisheries, have also documented depredation events.   
 
Samoa Workshop participants concluded that the standard index of depredation rate should be 
defined as, “damaged fish (number or weight) as a percentage of the total catch in a given 
fishery.”  It was noted, however, that “this index may underestimate the true impact of 
depredation because, e.g. some fish that would have been caught are scared away from the 
longlines, some caught fish may be stripped away entirely leaving a bare hook and therefore no 
evidence of depredation. Alternatively, the index could be positively biased if damage by sharks 
and other organisms has been wrongly attributed to whales.”  Participants from this workshop 
suggested the index definition should be more robust and should be measured as total loss to 
the fishery rather than only damaged fish on the line.  Total loss could be interpreted as physical 
loss such as damaged fish or broken hooks and/or economic loss such as value of catch or 
extra fishing effort. 
 
How to detect depredation 
Participants in this workshop shared their expertise and experiences to help identify indicators 
for detecting depredation.  It was agreed that the standard index definition “damaged fish 
(number or weight) as a percentage of the total catch in a given fishery” is too limited because 
many depredation events do not leave evidence of damaged fish and are not easily detected.   
 
In Alaska, killer whales often remove the entire fish from every hook or leave only lips on hooks 
making it easy to detect depredation.  Sperm whales, however, rarely strip the entire line and 
evidence of depredation is mangled fish instead of bare hooks and occurs sporadically. Also, 
gear is occasionally interfered with and the only indicator of depredation is straightened hooks.  
Fishermen in Alaska also report bare hooks are commonly associated with depredation.  In the 
Southern Oceans killer whales leave parts of toothfish on the hook but damaged fish are often 
not a good indicator of depredation.  In pelagic longline fisheries, there is also the potential of 
cetaceans scaring targeted species away from the hooks and removing baits before the fish can 
be hooked. Discussions clearly indicated that detecting depredation is fundamental to accurately 
quantifying depredation.  Participants agreed that most depredation estimates are likely 



conservative because more depredation is likely occurring than what is evidenced by damaged 
fish left on the line. 
 
Discussions focused on what observations may be helpful for detecting depredation. The most 
common signs of depredation are presence of cetaceans and evidence of depredation.  
However, evidence of depredation is not always present. Conversely, many observations have 
shown that presence of cetaceans is not necessarily correlated with depredation but cetacean 
behavior may be. Diving behavior and cetacean location in relation to the vessel may be 
correlated with depredation behavior and should be researched.   
 
Participants came up with the following indicators as useful guidelines for detecting depredation:  

• Presence of cetaceans 
• Observed depredation (surface observations) 
• Evidence of damaged fish on the line 
• Evidence of damaged gear 
• Gear/cetacean interactions (tugging, entanglement) 
• Bare hooks 
• Cetacean behavior (diving, location in relation to vessel) 

  
How to measure depredation 
Samoa workshop participants stated, “There is a need for standard methods to quantify longline 
losses due to depredation caused not only by cetaceans but also by other organisms such as 
sharks, bony fish and squid.”  To effectively measure depredation an index of catch rate must be 
available.  The most common measurement used in fisheries is catch-per-unit-effort calculations.  
 
For longline fisheries the unit of effort may be individual hooks or entire sets.  Catch can be 
measured in numbers or weight and catch rates can be computed using the ratio of catch to total 
effort.  Participants stressed caution about the problems associated with estimating total catch 
loss when there are difficulties in identifying depredation. This clearly supports the importance of 
being able to measure depredation effects.  CPUE indices are not reliable if there are problems 
with detecting depredation.  Ideally, CPUE indices should be done for sets when depredation is 
occurring and for sets when depredation isn’t occurring to allow for comparison tests. 
Participants agreed CPUE analyses are useful for measuring depredation and are preferable 
over more rudimentary techniques.  
 
Defining a standard measurement of depredation is challenging due to the diversity of fisheries 
that are affected by depredation. Ideally, gear is standardized and catch is recorded by hook 
such as in research studies in Alaska.  More often, however, gear is not standardized and catch 
is subsampled or data is obtained through logbook information or skipper’s estimates.  
Dedicated research cruises will often have better quality data than observer collected or 
fishermen reported data. Data analyses and measurements of depredation will be dependent on 
the fishery, the type of data collected, and the quality of the data. Participants agreed a standard 
measurement is desirable and should be pursued but is unlikely.  
 
Discussions instead focused on utilizing ongoing studies and current data collections to help 
identify information necessary for measuring depredation.  Depredation observations are being 
made in many fisheries around the world and many data collections have been developed to 
record depredation.  Group recommendations were to make these forms available on the 
depredation website so interested parties could review a variety of sampling forms from a 
diverse set of fisheries and identify important data fields that were relevant and achievable for 



their respective studies. For example, forms used for SEASWAP are for fishermen and are 
designed to be simple and quick and are likely adaptable to many fisheries.  Several of the 
forms discussed in the workshop were: 
 

Contact Person Type of Form
Jan Straley Alaska sperm whale 
Vicki Cornish Southeast US small cetaceans 
Luciano Dalla Rosa Brazil  killer whales 
James Clark South Georgia sperm/killer whales 

 
These should be available on the web site (www.depredation.org). 
 
Participants reviewed several forms and came up with necessary data fields which could be 
used to help measure depredation: 

• Cetacean presence (Y/N) and numbers present 
• Measure of effort – e.g. # hooks hauled, # sets made, days of fishing 
• Measure of catch – e.g. # fish caught/ weight of fish caught 
• Suspected depredation and when/where it occurred during fishing operations 
• Evidence of depredation – e.g. # of damaged fish, # of damaged hooks 

 
Additional fields that should be considered and may provide valuable information to help 
understand depredation include: 

• Deterrent techniques employed and depredation response 
• Cetacean behavior during depredation   
• Cetacean pictures for identification  
• Gear modifications in response to depredation such as hook size or hauling speed 
• Fishing locations and depredation response 
• Oceanographic observations such as sea state or water temperature  
• Acoustic behavior and hydrophone observations 
• Fishing practices – e.g. offal discharge 

 
To ensure the appropriate data is collected the group suggested canvassing experienced 
observers of depredation such as fishermen and researchers and conducting informal surveys.  
Proper training and experience of depredation observers was also mentioned as important 
components for accurately measuring depredation.   
 
Workshop participants briefly discussed how to estimate the magnitude of loss when fish are 
removed or damaged. Several groups, such as the South Georgia Observers and the 
International Pacific Halibut Commission, have developed relationships between head size or lip 
width to body size to help address how much fish was lost.  Incorporating these types of 
methods are innovative techniques for reducing the uncertainty associated with estimating 
losses to depredation.  
 
Finally, the Samoa workshop identified “There is a lack of baseline data and statistics to 
corroborate alleged increases in depredation rates as a fishery develops. Therefore, it is 
important to monitor meticulously the development of any new fishery for interactions with 
cetaceans.”  Participants from this workshop strongly agreed and want to stress the importance 
of measuring catch and effort in regards to depredation even if the fishery currently has no 
interactions with cetaceans.  Baseline data is integral to measuring the effect of depredation.   
 

http://www.depredation.org


Standardizing and reporting depredation globally 
Workshop participants agreed that reporting standards are necessary due to the global extent 
and diversity of studies addressing depredation.  Measurements of depredation should be 
presented so conclusions can be drawn and comparisons to other studies can be made. CPUE 
analyses are preferable but numerous methodologies will suffice if properly defined data and 
information accompany the estimates.  Suggested measurements for quantifying depredation 
and reporting reduction in catch due to depredation may include: 

• catch numbers 
• catch weight 
• proportion of catch  
• catch rates  
• economic value  

 
To successfully quantify depredation studies should define what depredation is, explain how 
depredation was detected, express how depredation was measured, and report all findings in a 
standardized format similar to other depredation literature. 



Determining group priorities for research needs, gear modifications and 
mitigation techniques  
 
Leader and Rapporteur: Simon Walsh 
 
This extra session was offered fairly spontaneously, and the goal was to use the 
group’s combined experience and knowledge to prioritise the potential options 
available for research needs, gear modifications and mitigation techniques.   
This prioritisation process was necessary, as over the previous days the participants 
had generated literally dozens of mitigation options – which would be extremely 
costly in terms of time and money to test each alternative individually.  A different 
approach was used in order to attempt to use the collective knowledge / experience 
of the workshop participants to determine the methods most likely to be worthy of 
further investigation.  
 
Separate lists were produced on butcher’s paper that highlighted the available 
options for each of the three categories (research needs, gear modifications and 
mitigation methods).  Participants were then asked to identify their preferred top three 
options by placing a single tick next to them, on each of the category sheets. 
 
Pens were provided to do this, using a different colour to identify each main 
stakeholder group (blue for fishermen, green for researchers and red for managers).  
This enabled any distinctions between the stakeholders responses to be noted.  At 
the conclusion of the workshop, the lists were marked by the attendees and results 
are shown below. 
 
Results 
 
The group ranked the following as their top 5 research priorities: 
 
(N.B. The percentages below refer to the proportion of all responses; and the pie 
charts identify percentage as a proportion of the top 5): 
 

• Cues used by different species to detect boats    
 16.1% 

• Acoustic behaviour associated with depredation   
 14.3% 

• Home range / territory       10.7% 
• Depredation technique by different species    10.7% 
• Economic analysis       7.1% 
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These were the top 5 ranked gear modifications: 
 

• Shorten mainline       14.9% 
• Acoustic deterrents (loud noises, pinger, scrambler, white noise) 

 12.9% 
• Electric current on line      

 9.9% 
• Pots         9.9% 
• "Friendly octopus"       6.9% 
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The highest priority top 5 (6 as two are equally ranked) mitigation techniques were: 
 

• Reduce association between boats and food   
 20.2% 

• Avoidance (hydrophone, satellite / radio / acoustic tags)  
 19.3% 

• Avoid dumping offal       9.2% 
• Real time communication with other boats    9.2% 
• Reduce noise (engine, hydraulic, propellor, gear)   

 8.3% 
• Change fishing method      

 8.3% 
 

Group top 5 - mitigation techniques
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Example of completed tally sheet. 
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Killer whale (Orcinus orca) depredation on longline catches of bottom fish in 
Alaskan waters  
 
Marilyn E. Dahlheim 
Alaska Fisheries Science Center, National Marine Fisheries Service, Seattle, WA 98115.  
marilyn.dahlheim@noaa.gov 
 
Depredation by killer whales on longline catches of bottomfish has been documented in 
the Bering Sea and Aleutian Islands since the mid 1960’s.  Fish targeted include 
sablefish (Anoplopoma fimbria), greenland turbot (Reinhardtius hippoglossoides), Pacific 
halibut (Hippoglossus stenolepis), searcher (Bathymaster signatus), and arrowtooth 
flounder (Atheresthes stomias).  Predation rates vary considerable by season with an 
average of 20% to 25% of the sets documenting the presence of killer whales during 
fishing operations.  Fish are either damaged or completely stripped from the longline 
resulting in 70-80% of the longline caught fish consumed.  Although interactions with 
killer whales and Alaskan longline operations have been documented now for nearly 40 
years, it is not possible to determine if an increasing trend in killer whale depredation is 
occurring since reporting within the commercial fleet has been inconsistent. Available 
information (to include both photographic and genetic data) suggests that several, 
resident pods of killer whales are involved in these interactions.  
 
Various methods have been tried to reduce or eliminate whale depredation on 
commercially valuable fish.  Limited success has been achieved by 1) the use of dummy 
buoys, 2) long-distance movements greater than 60 nautical miles, 3) temporary 
cessation of fishing activities, 4) changing target species to Pacific cod, and 5) the use of 
pot gear.  Most fishermen stated that shooting, seal bombs, and other techniques were 
ineffective means of driving the whales away. A summary of the methods employed to 
help reduce or eliminate these interactions is provided in Table 1.  Possible other 
methods to help reduce or eliminate killer whale depredation on longline caught 
blackcod are given in Table 2.  Three important factors must be properly evaluated when 
considering methods to reduce or eliminate marine mammal/fishery interactions: 1) the 
adverse effect on the mammals, 2) the adverse effect to the fishery, and 3) the feasibility 
of the method being used in the fishery (gear, costs, etc).  In the case of killer whales, 
their depredation behavior is constantly being positively reinforced by food.  Food 
represents the strongest reward known for shaping animal behavior.  To alleviate fishery 
interactions involving marine mammals requires a high level of effort or harassment and 
a long-term commitment to properly reshape, if possible, the depredation behavior.  If 
animals are killed during the fishery interactions (i.e., no learning can take place), this 
would also limit the possible solutions to an even greater extent.   
 
 
 

mailto:marilyn.dahlheim@noaa.gov


Table 1.  Summary of methods employed to discourage whale depredation on longline 
catches. 
 
METHOD RESULT COMMENT 
Seal Bombs Not effective Occasionally a startled response but 

whales did not leave area. 
Decoy Boats Not effective Did not confuse whales. 
Blank Sets Not effective Whales immediately returned to vessel 

with live, blackcod on lines. 
Dummy Buoys Some effect Whales occasionally lost interest and left 

the area. 
Combined Hauling Not effective Whales would move between vessels.  
Stop Operations Some effect Occasionally helped. 
Night Fishing Not effective No apparent difference in behavior. 
Short Movements Not effective  Movements < 60 nmiles 
Long Movements Some effect Movements > 60 nmiles; vessels would out 

run whales. 
Change of Target 
Species 

Very effective Switch to Pacific cod. 

Shooting Not effective Whales still in area. 
Explosives Unknown  Not adequately tested. 
Electrical Current Not effective No other information. 
Trap Gear Very effective Depredation did not occur. 
Tangle Imitators Not effective Did not confuse whales. 
Acoustic 
Harassment 

Unknown Not adequately tested. 

Bang Pipe Not effective No apparent difference in behavior. 
 
 
 
 



Table 2.  Possible methods to help reduce or eliminate killer whale depredation on 
longline caught blackcod. 
 
METHOD COMMENT 
Sparker Devices Attached to gangion; emits flash of light and transient 

sound to startle whales. 
Rubber Bullets Irritant to whales. 
Electrical Current Electrical shock to whales. 
Masking of Sounds Interference of acoustical stimulus responsible for 

attracting whales to vessel. 
Playback Sessions Recorded sounds from longline operations reproduced 

back into the water.  No food reward associated with 
attraction to vessel. 

Bubble Screen Interference with active/passive acoustical sense or vision 
of whales. 

Accessory Skiffs Deployed from main vessel into vicinity of whales causing 
possible visual and acoustical harassment. 

Sonic Devices Acoustic harassment in frequency range that would be 
sensitive to whales’ hearing. 

Lithium Choride/ether Strong emetic producing vomiting reaction. 
Operant Conditioning Behavioral modification of whales.  Weak signal precedes 

strong, aversive signal. 
Management Solutions a) Gear modifications, b) pot gear, c) seasonal restrictions 

(fishing in an area when killer whale density may be low), 
d) actual fishery closure in areas with high levels of 
depredation. 

Multiple/Cumulate 
Approaches 

Various combinations of above. 

 



Experiences of the Norwegian longline fleet with ‘pingers’ and ‘scramblers’ 
 
Jan Erik Dyb 
Møre Research, PO Box 5075, Ålesund 6021, Norway 
 
The Norwegian longline fleet has since the mid 90s experienced an increasing problem with 
depredation by sperm whales (Physeter macrocephalus).  There was a need to both 
describe the problem and to experiment with gear to reduce sperm whale depredation. A 
survey was therefore arranged onboard a commercial longliner during the Greenland halibut 
(Reinhardtius hippoglossoides) fishery in the Greenland waters. The goal was to observe 
and describe the activity of the whales, and to test acoustical devices and describe their 
effect on the whales. The project was intended to lay the foundation for later more extensive 
surveys, and was mainly conducted by the crew of the longliner.  
 
Two different types of acoustic devices were tested. One acoustic device, a pinger was 
attached to the longline and the other, a scrambler, was lowered and operated from the 
vessel. The intention was that these devices create a sound barrier to prevent sperm whales 
from using their own sonar. The pinger was based on pingers used in gillnet fisheries to 
avoid entanglement with small tooth whales. These self-sustaining units were battery 
operated and periodically sent out different sounds. The signals were adjusted to match the 
sperm whales echolocation band, and the housing was modified to handle depths down to 
2,000 m. Up to five units were attached to each longline set.  
 
The scrambler was operated from the vessel and was comprised of a ceramic transducer, an 
amplifier and a computer. The resonance frequency was 11 kHz, and the omni beam pattern 
was +/- 1dB (up to 18 kHz). The effect on the amplifier was 2 kW. Pre recorded sounds were 
operated from the computer. White noise was mostly used, but it was also possible to send 
out other sounds and sweeps continuously or periodically. It was planned that the sounds 
should be used systematically. But as the frustration and the number of whales increased, 
the sounds were used at random whenever the crew thought they might have the biggest 
effect.  
 
Except at the beginning of the survey, sperm whales were observed at every station. In the 
beginning 2 to 4 individuals were observed around the vessel, but the number increased with 
time. In the end up to 15 whales were observed simultaneously. The best fishing time was 
the period without any observations of sperm whales. As soon as sperm whales arrived the 
catches dropped, and the catches decreased more or less steadily until the end of the 
survey. The catches were also under the influence of the acoustic devices, forcing the 
whales further away from the vessel and showed an effect in the beginning. The average 
catch number pr set without whales observed was 240 Greenland halibut pr set. When the 
sperm whales arrived the average number dropped to 147 and 106 Greenland halibut per set 
respectively, with and without the use of the scrambler.  
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Figure 1  The catch number of Greenland halibut per set during the 30 day trip. 
The solid circles represent sets when the scrambler was used and the hollow circles 
represent sets without the use of the scrambler.  
 
Under the influence of the scrambler the distance between the whales and the vessel was at 
its highest in the beginning of the trip. This distance decreased with time and by the end of 
the survey no difference in distance was observed with or without the scrambler. The 
average distance without the use of the scrambler also differed between sets, but there was 
no trend during the fishing period.  
 
The fishermen found the scrambler most effective in the beginning of the survey. As soon as 
the scrambler was turned on, the whales came to the surface and swam rapidly away. But 
after a while the whales got used to the sounds and came back to the vessel. When this 
happened, the fishermen used a new sound and again the whales came to the surface and 
swam rapidly away. As in the first time, the whales became adapted to the sounds and came 
back. This cycle repeated with each new sound, but the adaptation time decreased with each 
new sound.  
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Figure 2  The average distance per set between each whale observation and the 
vessel. The observations are separated with and without the use of the scrambler.  
 
It was hoped that the pingers would create a protective zone around the longline. This would 
lead to higher density of fish around the pingers, since whales would depredate other areas 
without the influence of the pingers.  Pingers were also used before the whale’s arrival. This 
period gave a significant difference in the catch in areas with and without pingers, where the 
catch was highest without the pingers. This indicates an effect of the pingers on the 
behaviour of the fish. This observation also repeated after the arrival of whales, were the 
highest densities of fish on the line were without any influence of pingers. On the other hand 
it was also observed areas on the sets completely without any fish, and no pingers were in 
these areas. There were always some fish around the pingers. If the pingers had an effect on 
both the fish and the whale, a pattern like this could be observed. But the data amount and 
quality were not sufficient to provide any clear conclusion.  
 
The conclusion of the survey is that sperm whales reduce catch rates. The decrease in catch 
is explained by the increasing number of whales and the decrease in the distance between 
the boat and the whales, due to the reduced effectiveness of the scrambler. Smaller catches, 
especially in the beginning, would have been the situation without the acoustical gear. The 
scrambler was most effective, but the effect decreased by time and ended up having more or 
less no effect in the end. None of them worked as planned, as they seemed to have more of 
a  ‘scaring’ effect then a ‘shielding’ effect.  
 
 



Sperm Whale and Longline Fisheries Interactions in the Eastern Gulf of Alaska  
 
Jancie Straley1; O’Connell, Victoria2; Behnken, Linda3; Thode, Aaron4 ;Liddle, Joseph1; and 
Mesnick, Sarah5

1University of Alaska Southeast, 1332 Seward Ave., Sitka, AK 99835 USA 
2Alaska Department of Fish and Game, 304 Lake St., Sitka, Alaska 99835 USA 
3Alaska Longline Fishermen’s Association (ALFA), PO Box 1229, Sitka, Alaska 99835 USA 
4Marine Physical Laboratory, Scripps Institution of Oceanography, San Diego, CA 92093-
0205 USA 
5Southwest Fisheries Science Center, NOAA Fisheries, La Jolla, CA 92037 USA 
 
In the eastern Gulf of Alaska, depredation by sperm whales (Physeter macrocephalus) of 

demersal longline fishing gear set for sablefish (Anoplopoma fimbria) has occurred since the 

1970s. Concern about the potential for entanglement with an endangered species and the 

growing economic losses to fishermen prompted ALFA to form the Southeast Alaska Sperm 

Whale Avoidance Project (SEASWAP). In 2003, the North Pacific Research Board funded 

this collaborative study among fishermen, scientists and managers to collect quantitative 

data on longline depredation.  The goal of the study is to recommend deterrents or changes 

in fishing behavior to reduce depredation.  SEASWAP fishermen and researchers collected 

acoustic, fishing, behavioral and photographic data. Acoustic findings will be presented by 

co-PI Thode. Fishermen recorded information on 124 sets. Researchers found fewer whales 

present at the set and while gear was “soaking” than at the haul. Whales were present about 

a third of the time at the haul and evidence of depredation was noted for 71% of these sets. 

When there was evidence of depredation the CPUE was significantly reduced by about 3% 

(t-test of difference in sablefish CPUE= -.0332, p=0.0228, 95% CI (-0.0047, -0.0616)).  

Genetic results determined the whales were male and 47 whales were individually photo-

identified.  Bayesian mark-recapture analysis estimated 96 (64, 134; 95% credible interval) 

whales in the study area. This study proved successful in monitoring sperm whales near 

fishing vessels, evaluating the magnitude of the depredation and recommending passive 

deterrents. 

 

Based on these observations and the acoustic findings we have derived four low-cost 

depredation reduction techniques to quantitatively test in 2006: (i) circle hauls that minimize 

engine cycling, which seems to attract animals, (ii) deploying anchor lines that have no 

fishing gear attached (decoys), (iii) testing of an existing variant of fishing gear using 

acoustic reflectors and shortened gangions and (iv) changing the time of year the fishermen 

deploy their gear.  
 



Observations of potential acoustic cues that attract sperm whales to longling activities in 
the Gulf of Alaska 
 
Aaron Thode1, Straley, Janice2; Tiemann, Chris3, Folkert, Kendall4, O’Connell, Victoria5; Behnken, 
Linda6; 
1Marine Physical Laboratory, Scripps Institution of Oceanography, San Diego, CA 92093-0205 
USA 
2 University of Alaska Southeast, 1332 Seward Ave., Sitka, AK 99835 USA 
3Applied Research Laboratories, University of Texas at Austin, P. O. Box 8029, Austin, TX 78713- 
8029  
4 PO Box 6497, Sitka AK 99835, USA 
5Alaska Department of Fish and Game, 304 Lake St., Sitka, Alaska 99835 USA 
6Alaska Longline Fishermen’s Association (ALFA), PO Box 1229, Sitka, Alaska 99835 USA 
 
 
Various species of pinnipeds and odontocetes depredate on human fishing activities, of which the 

sperm whale (Physeter macrocephalus) is the largest documented species.  While animals are 

known to follow vessels to deployment sites, depredating animals have also been observed to 

arrive after a haul begins, raising the question as to whether the animals are responding to 

distinctive acoustic cues inadvertently produced by the activity.In the eastern Gulf of Alaska, 

depredation of demersal longline fishing gear set for sablefish, (Anoplopoma fimbria) by sperm 

whales (Physeter macrocephalus) has occurred since the 1970s. Concerns about the potential for 

entanglements with an endangered species and the growing economic losses to fishermen 

prompted ALFA to form the Southeast Alaska Sperm Whale Avoidance Project (SEASWAP). In 

2003, the North Pacific Research Board funded this collaborative study among fishermen, 

scientists and managers to collect quantitative data on longline depredation.   SEASWAP 

fishermen and researchers collected fishing, behavioral, photographic and acoustic data.  See 

Straley abstract in this workshop for details. 

 

For the specific case of sperm whales, three prominent hypotheses for potential acoustic cues 

have included boat engine cavitation noise, activation of hydraulic winches, and potential low-

frequency sounds produced by the fishing gear itself when hauled under strain.  Passive acoustic 

recorders attached to longline gear deployments off Sitka have permitted continuous monitoring of 

the underwater noise environment, including sperm whale activity, before and during a longline 

recovery.   Here we report evidence, based on three particular encounters in 2004 and 2005, that 

cavitation noise from changes in the propeller speed of ship engines is associated with changes in 

the acoustic activity of sperm whales, while the activation of ship hydraulics is not.  No signals 

generated by the fishing gear itself could be detected in the data. 
 



The interaction of cetaceans with the longline fishing industry in Samoa, South 
Pacific 
 
Simon A. Walsh 
New South Wales Department of Primary Industries, Southern Cross University, 27 The 
Serpentine, Ballina, New South Wales 2478, Australia 
 
The longline fishery in Samoa has been subject to interactions with cetaceans since its 

inception around 1996. These interactions are characterised by ‘dolphins’ removing 

(depredating) bait from hooks and ‘whales’ depredating the catch itself.   

 
Occurrences of cetacean by-catch through foul hooking or line entanglement appear to 

be rare, however most aspects of the interactions are poorly documented. Depredation 

impacts are mostly realised by the fishery in terms of damaged product and extra costs 

for fuel, bait and time; although there are unquantified reports of cetacean shooting by 

fishers. Exports of fish products particularly those from the longline fleet, comprise the 

single highest source of foreign revenue for Samoa. 

 
A project has been established to firstly measure the scope and scale of these 

interactions and secondly, to trial a number of potential mitigation measures.  Seed 

funding has been secured and partnerships developed with local, regional and 

international fishery organizations, conservation agencies and NGO’s to tackle this 

issue.  

 
The issue is characterised by a lack of information regarding the particular species 

involved in depredation.  It is known that sharks also depredate longlines but the extent 

to which depredation in Samoa can be attributed to marine mammals or otherwise is 

uncertain.  Research trips conducted by the author have shown false killer whales to be 

present during depredation events and rough-toothed dolphins to be actively engaged in 

removing baits. 

 
Data on the amount of fish removed, and the times and areas of greatest or least 

depredation are unclear.  An observer programme is currently under development to 

assist in determining the impacts of cetacean depredation in Samoan waters.  A process 

of interviewing longline skippers combined with a review of fishermen’s catch logs has 

also assisted in establishing broad patterns and trends surrounding the issue.  

Approximately 3 – 6% of longline sets are estimated to be subject to depredation 

activities to a greater or lesser extent. 



Depredation by small cetaceans 
 

Danielle M. Waples, Andy J. Read, Kim W. Urian , Lynne E. Williams and Dave Swanner 

Duke University Marine Laboratory, 135 Duke Marine Lab Road, Beaufort, North Carolina 28516, 

U.S.A. E-mail: dwaples@duke.edu 

 

Our lab has a long standing interest in cetacean-fishery interactions.  Recently we have been 

examining interactions between bottlenose dolphins and coastal gillnets, and pilot whales and pelagic 

longlines.   

 

 We studied interactions between bottlenose dolphins and Spanish mackerel coastal gillnets in North 

Carolina from 2003-2005. During this period we used a variety of methods to examine these 

interactions.  We placed an observer aboard commercial boats and made observations of dolphins 

and their activities around nets, evidence of depredation and the catch of Spanish mackerel for each 

set.  We also observed dolphins from an independent research vessel.  From this platform we 

photographed the dorsal fins of individuals for photo-identification, conducted focal follows and 

deployed a hydrophone to record dolphin echolocation.   

 

Dolphins encountered more than a quarter (26%) of all gillnets we monitored while aboard commercial 

gill net vessels (136 sets) and interacted with nets on most (64%) of these occasions.  We observed a 

38% reduction in Spanish mackerel catch when dolphins interacted with nets.  Dolphins engaged in 

depredation typically approached the nets very rapidly and often from a distance.  They spent a brief 

time with the net (rapid surfacing along the net’s length, jumping over the net, pulling fish out of the 

net) and left just as quickly.  The interaction typically took only several minutes.  We analyzed 

acoustic recordings made during the focal follows and found no significant difference in the 

occurrence of echolocation behavior as a function of distance from the net. 

 

In 2004 and 2005 we assessed the efficacy of Save Wave® acoustic alarms designed to reduce 

dolphin depredation.  This was the first test of SaveWave® acoustic alarms in the U.S.  We used the 

same methods previously described: observations from commercial boats, focal follows and acoustic 

recordings.  The observer placed active or inactive (control) SaveWaves® on all nets each fishing 

day.  We observed 151 sets (83 active and 68 control) and found no significant difference in total 

Spanish mackerel CPUE between active and control sets (p = 0.23).  Observations from the 

commercial vessel showed that dolphins encountered control nets more frequently than active nets 

mailto:dwaples@duke.edu


(31% vs 5% respectively).  Dolphins echolocation increased significantly within 500m of nets 

equipped with active devices (p = 0.003).  Within this 500 m zone, echolocation was more frequent 

with active devices (p = 0.0003).  Unfortunately, during the two years we tested the SaveWaves® we 

saw no incidences of dolphin depredation.  Fishing was poor in both years and depredation occurred 

rarely, limiting our ability to draw conclusions about the effectiveness of the SaveWaves®.  During 

both our commercial vessel observations and our focal follows we did observe dolphins interacting 

closely with both control and active nets.   Given the data at hand, we cannot yet conclude that the 

SaveWaves® will deter dolphin depredation on Spanish mackerel gill nets. 

 

The objective of the second project is to characterize the nature of pilot whale interactions with pelagic 

longlines. The longline fishermen we are working with in North Carolina primarily target yellowfin and 

bigeye tuna.  Our work is multi-faceted.  We are obtaining photo-id images to determine whether 

particular individuals consistently engage in depredation.  We also are collecting skin samples from 

pilot whales to determine which of the two species (short or long-finned) interacts with the longline 

gear.  We also plan to conduct focal follows of pilot whales around longline gear.  A major component 

of our research involves placing acoustic recording equipment on longlines to document when in the 

fishing process pilot whales engage in depredation.   

 

We completed a successful two-day trial research cruise in September 2006.  There were no longline 

vessels working in proximity to us during these two days, so we were not able observe whales in 

association with fishing gear.  We had three sightings of pilot whales and made acoustic recordings of 

each group.  We collected six biopsy samples; all the whales were short-finned pilot whales. In 

addition, we took 590 digital images for photo-identification; many of the whales had very distinctive 

fins.  Finally, five longline vessels are currently deploying acoustic recorders on their gear.  To date 

we have analyzed acoustic recordings from two longline sets.  We recorded pilot whales during the 

soak time of one set in which depredation occurred, as evidenced by two tuna which had been mostly 

consumed by pilot whales, leaving just the heads on the line.   

 

Throughout the fall, winter and spring we will continue to work with fishermen to deploy recorders on 

their gear.  We also plan to provide digital cameras to fishermen, so that they can document pilot 

whales that interact with their gear and perhaps provide dorsal fin images for photo-identification.  

Most of our remaining field work will be conducted in a ten-day research cruise during the spring of 

2007.  During this cruise we plan to record the vocalizations of pilot whales in the vicinity of longline 



gear and obtain acoustic recordings of pelagic longline vessels during setting and haul-back for future 

playback experiments.   

 

During the course of these projects we have learned several valuable lessons.  The first is the 

importance of working directly with commercial fishermen.  Their experiences and observations are 

invaluable in planning, conducting and interpreting experimental results.  Secondly, not all animals in 

a population appear to engage in depredation.  This is certainly true for bottlenose dolphins and it will 

be interesting to see if the same holds true for the pilot whales, animals with a very different social 

structure than bottlenose dolphins.  Finally we learned the importance of using a variety of 

complementary methods to address these complex and logistically challenging questions. 
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Summary 
 
 Depredation is the partial or complete removal of captured fish or bait from fishing gear by 

predators. During this workshop discussion concentrated on depredation of tuna longline 
fishing gear in the Indian Ocean.  

 Depredation on longline gears are recorded for many marine species: fish, marine mammals, 
birds, crustaceans, squids, however current workshop discussed depredation by principal 
predators: sharks and cetaceans, The cetaceans mostly include false killer whales Pseudorca 
crassidens, and short-finned pilot whales Globicephala macrorhynchus but other cetacean 
species including killer whales Orcinus orca also contribute. The species composition 
estimates could be improved with better field guides/ training of fishers and observers. 

 Data were available from several countries and reported in their National Reports. 

 The quality of the data is variable, as are the metrics used to quantify depredation. 
Standard terminology should be adopted to quantify depredation. 

 The identification of the species causing the depredation is largely based on the shape of 
the wounds. Sharp edges are usually taken to indicate sharks, ragged edges to indicate 
cetaceans. However, this separation may be confounded by post-depredation feeding by 
both cetaceans and fishes which may reshape the original wound(s). There is a need to 
standardize and verify the criteria used to identify the predator species. 

 The magnitude of losses on sets where depredation occurs can be large, particularly where 
cetaceans are the major cause of the depredation. 

 Catch that has suffered from depredation by sharks can often still be marketed (one country 
reported that damaged fish are actually in greater demand.) than catch that is landed whole. 
Because of these factors cetacean depredation is the more important problem. 

 Those species causing depredation vary both seasonally and spatially. 

 Depredation rates vary by the species being depredated. 

 Species depredated vary spatially and seasonally, partly or wholly as a consequence of the 
availability of different species to longline gear. 

 Based on the data presented, the fraction of total catch that suffers from depredation seems 
often to be less than 5% on average. However, 

 On those sets where depredation occurs, a large part of the catch can be lost (up to 100%), 
with corresponding economic loss to the fishers. 

 Predators appear to prefer targeted tuna to other species, although one study found 
swordfish to be the primary target species depredated. 

 Both catch and depredation statistics need improvement for stock assessment purposes. 
Major fishing countries now treat the depredation data as confidential and have not provided 
them to the IOTC. It is essential that all fishing entities provide such data to the IOTC on a 
timely basis.  

 Methods to mitigate depredation losses to cetaceans involve shifting patterns in gear 
deployment to disrupt learned behavior, passive acoustic detection to avoid setting near pods, 
active acoustics to harass approaching individuals, and physical barriers to minimize attacks 
on hooked fish. The quantitative benefits of these methods have yet to be demonstrated, but 
have shown positive results that should be further researched. 
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  Background 
 
At its fifth Session of the IOTC Commissioner meeting in Kyoto in 2000, it adopted Resolution 
00/02 Resolution on a survey of predation of longline caught fish. In response to this at least seven 
countries undertook a program of predation surveys spanning (maximum) five years from 
2000/01-2004/05. The resolution also recommended that a workshop be held after the surveys 
were over. The surveys were completed in 2005 and all the survey data were recovered by the end 
of 2006. Given this background, in its 9th Session, the IOTC Scientific Committee endorsed a two 
day Workshop from 9-10 July, 2007 in Seychelles, in order to discuss the results of the five year 
predation surveys and other relevant topics. This current workshop fulfills the IOTC Scientific 
Committee endorsement and was organized by the IOTC and National Research Institute of Far 
Seas Fisheries (NRIFSF) of Japan. 
 
 
Election of Workshop Chair, Rapporteurs, and Panelists 
 
Workshop participants approved the Conveners‟ nominees for these posts. Charles Anderson 
assumed the Workshop Chair, P. Goodyear assumed the role of Chief Rapporteur and was 
assisted by F. Poisson, S. Varghesee, R. Pianet, B. Baker, and S. Peterson who rapporteured 
different agenda items. E. Romanov, K. Mcloughlin, N. Gales, and F. Marsac accepted posts as 
panelists for the different agenda topics. 
 
 
Terminology  
 
The scavenging of longline catch by sharks and cetaceans has been termed both “depredation” 
and “predation”. Workshop participants discussed the issue and selected the term “depredation” 
to refer to predator attacks on hooked fish, reserving the term “predation” to describe predator 
feeding on free swimming prey. 
 
The following sections summarize the presentations and discussions related to the topics 
addressed by the Workshop. The text labels refer to the agenda items and, when available, to the  
corresponding abstracts in Appendix 4. 
 
 
 
AGENDA ITEM 1 -   
SITUATION WITH REGARD TO DEPREDATION 
 
[A1-01] STATUS OF THE IOTC DATABASE  
The Secretariat presented a report on the status of the IOTC databases for depredation data 
(A1-01). Twelve countries were identified as potential contributors of data. Of these, 5 countries 
(UK, France, India, Mauritius, and South Africa) had already submitted data. Five other countries 
(Australia, China, Kenya, Ukraine, and Spain) described their data as not yet ready to be released. 
Japan and Taiwan declared their data to be classified confidential and appear unlikely to supply 
data for the IOTC database in the near future (see p.26-28, Appendix A for details). 
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NATIONAL AND REGIONAL REPORTS 
 
[A1-02] Australia  
Australia presented a case study based on observer information from longline vessels fishing off 
Australia‟s west coast. Observers collected data from Japanese longline vessels operating in the 
Australian Fishing Zone during the period 1992-1997 from Australian vessels fishing the AFZ 
and high seas from 1999-2006. Both programs collected accurate information such as fishing 
effort, target species, bycatch, and interactions with protected species. The data were collected on 
the condition of the catch, including damage, but the cause of damage to the catch was not 
explicitly recorded. Observer comments suggested that about 69% and 22% of the damage could 
be attributed to cetaceans and sharks, respectively. Overall, about 7.3% of the catch was damaged, 
but some of the damaged fish were retained for crew consumption or sale. There  
appeared to be no significant difference in the depredation rates observed for Australia and 
Japanese operators. Improved data collection would reduce uncertainty in stock assessment, and 
help quantify economic cost to the industry. Specifically, advice to observers to distinguish shark 
and cetacean depredation, logbook fields where the skipper could record lost gear and/or strategy 
changes to reduce the incidence of depredation events. 
 
[A1-03] China  
Monthly predation rates-loss estimated – 11.2 t. depredation 10% by sharks, remaining 90% by 
whales. 
 
[A1-04] France(La Réunion) 
Pelagic longlining was first introduced to fish for swordfish in off Réunion Island (France) in the 
Indian Ocean in the early 1990s.  As the fleet and fishing grounds expanded, fishermen recorded 
an increase in false killer whale Pseudorca crassidens and short-finned pilot whale Globicephala 
macrorhynchus pillaging bait and catch, especially target species. The damage can sometimes 
extend to gear as well. Between 1997 and 2000, an average of 4.3% (80 t) and 3.2% (60 t) of the 
annual swordfish catches were damaged by cetaceans and sharks, respectively. 
 
The effectiveness of pingers to reduce depredation and the inclination of fishers to use this device 
was tested during 4 domestic longline trips with a total of 23 sets with standard commercial 
longline gear equipped with pingers. The pingers had no discernable repellent effect on target fish, 
and they were not proven to protect the line against cetaceans. The fishers showed little interest in 
continuing to use these devices.  
 
Pseudorca crassidens and Globicephala macrorhynchus  responsible for depredation are not 
threatened by the longline fishery. During these 4 years survey, 3 juveniles have been caught 
purely by accident and released alive while One Risso‟s dolphin (Grampus griseus) was retrieved 
dead 
 
While depredation on the fishery in this study appeared not to be a major issue, worldwide 
interactions between marine mammals and fisheries are a growing conservation issue. 
Knowledge of the behavior, biology, hearing abilities, population sizes and migration patterns of 
these two species needs improvement. Observations and data collection should continue. 
However, observer protocols need to be standardized to get a global picture of depredation and 
other issues in the Indian Ocean. Fishing industry, scientists, economists and decision makers 
must be involved in these future research plans. 
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[A1-05] India  
The Fishery Survey of India (FSI) collected depredation data from daytime sets on three longline 
research survey vessels operating in the Indian EEZ from 2001-2005. Sharks appeared to be 
responsible for most of the depredation observed in this study. Analyses were restricted to only 
those sets where some of the catch suffered depredation damage. For this subset of the data the 
depredation rate was estimated to be about 16% by number for those sets where the damage was 
observed.  Extrapolation of this estimate to the fishery as a whole predicted a 20% loss in landings 
by weight which would amount to nearly 45 thousand tonnes. This estimate is likely very high 
because the depredation rate was based on only sets where depredation was observed. 
 
[A1-06] Japan  
The depredation rate for the Indian Ocean was estimated based on longline sets where at least one 
individual was damaged. For this subset of all longline sets an average of 5.1 fish per set was 
attacked.  The total number of depredated fish was 2270. Of these 51% were yellowfin, 26% were 
bigeye tuna and 12% were albacore. Sharks were estimated to be responsible for 55% of the 
attacks, killer and false killer whales took about 43%, and the other  2% may have been giant 
squids, other mammals etc. Since these estimates only considered sets where depredation had 
occurred, they are high when extrapolated to the fishery as a whole. 
 
[A1-07] Kenya 
Depredation in the artisanal and sport fisheries is mostly caused by sharks. The highest incidence 
of tuna depredation in these fisheries is in February and March which also corresponds to the 
highest catches of sharks. The problem is greater in the artisanal fishery than in the sport fishery. 
Partly eaten fish are retained for sale, and are preferred by the market.  The industrial longline 
fishers have more problems with killer whales than sharks, and the main problem seems to be that 
the killer whales are systematically removing 60-70% of deployed baits, rather than attacking the 
catch itself. 
 
[A1-09] Seychelles  
The target species of the longline fishery of the Seychelles archipelago include tunas, but 
swordfish is the main target species. Depredation data for swordfish were collected from 
preexisting databases, logbooks and fishermen interviews and VMS. The effects of gear geometry 
and set location were evaluated using GLMs. Depredation was mainly by shortfin pilot whales, 
false killer whales and pelagic sharks. Shark depredation was negatively related to length of the 
line and increased from north to south. The proportion of sets with shark depredation was 
significantly higher than by cetaceans (41% vs. 16%). However, when  depredation occurred, 
cetaceans took an average of 60% of the fish caught compared to 18% for sharks. The highest 
depredation rates occurred in areas of the highest swordfish CPUE, suggesting that both sharks 
and cetaceans congregate in areas of high swordfish abundance. Overall the depredation rate was 
19%, one of the highest in the world. Economic loss was estimated at 340 €/1000 hooks which 
equates to about 1,000,000 € over the 1995-2006 period 
 
[A1-10] South Africa  
Observers aboard pelagic longline vessels targeting tuna, swordfish, and sharks off South Africa, 
and demersal longline vessels targeting Patagonian toothfish off the Prince Edwards Islands 
recorded marine mammal and depredation data. Killer whales were observed in all months from 
the monitored South African longline vessels, but with seasonal variations (maximum in January 
and minimum in April-May). The study concluded that killer whales consumed 561 fish from 116 
longline sets, 83% of these were swordfish, and 10-20% depredation occurred in the depredated 
sets.  The study only evaluated the loss from sets where marine mammals were sighted, and 
assumed that all depredated fish were taken by marine mammals. Some shark depredation may 
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also have occurred and been erroneously attributed to marine mammals. Overall, the opinion of 
the study authors was that the overall depredation rate was about 0.5% 
 
[A1-11] Soviet Union  
Depredation of pelagic longline catch was evaluated from long-term historical data collected 
during Former Soviet Union research cruises in the Indian Ocean. The observations cover the 
1961-1989 period only, and may not be representative of the present situation taking 
consideration recent modification of fishing gears and changes in the target species and fishing 
tactic. Cruises where no depredation data were recorded were removed from the data set prior to 
analyses on the assumption that the scientific crews were not recording depredation on those 
cruises. This may have caused a 9-21% overestimation of the depredation indexes for 26.8% of 
the fraction of sets suffering depredation. GLM analyses showed a four-fold increase in the 
proportion of sets depredated by cetaceans with an increased soaking time of 1 hr. The proportion 
of the catch depredated (by number) was 6.8%, and tunas comprised 83.6% of the total number of 
damaged fish. Cetaceans accounted for 11.6%, sharks 43.8%, and unknown predators 44.6% of 
the total numbers of fish depredated. Most of the unknowns were probably also sharks. Shark 
damage was of less concern than that caused by cetaceans because shark damaged fish could 
often still be marketed. Also cetaceans tended to focus on the target species, high level of damage 
to individual fish, and their learning ability. Depredation rates were spatially heterogeneous being 
the highest in tropical areas. Shark depredation was also 4-times higher on sets deployed on sea 
mounts.  
 
[A1-12] Spain (IEO : La Coruña) 
Depredation of swordfish in the Spanish surface longline fishery by false killer whales 
(Pseudorca crassidens) was evaluated using 1992-2006 logbook and observer data in the Atlantic, 
Indian, and Pacific Oceans.  Depredation was detected in 2% of the sets observed by scientists.  
Depredation rates were estimated to be between 0.5-2.6% of the swordfish catch in the Indian 
Ocean in 2005, or between 50-2706 individual swordfish. However, when it did occur it could 
affect the equivalent of 50% or more of the swordfish catch. 
  
[A1-13] Spain (IEO: Tenerife) 
Data from scientific observers aboard 2 Spanish surface longliners fishing in international waters 
of the South Western Indian Ocean from December 2004-December 2005 were used to 
characterize depredation. Overall the depredation rate was about 2.6% by number. It varied by 
species group from 0.14% for sharks to 4.29% for tunas. Marine mammals accounted for 12%, 
and sharks 79% of the observed depredation by number. 
 
[A1-14] Sri Lanka 
This paper provided a description of the fisheries in the EEZ of Sri Lanka, but did not present 
information about depredation. 
 
[A1-15] Atlantic and Pacific Oceans (The author from Sri Lanka) (Data from Japan, 
Taiwan & USA)  
Scientific cruise data were employed to estimate shark depredation of tunas from the Atlantic and 
Pacific Oceans. Overall, depredation on tunas was estimated to be 4.0%, but varied from none to 
20.8% in the spatial strata considered; with the highest rates observe for equatorial waters. 
Workshop participants noted that the data analyzed were very old as the paper was published in 
1963, and that cetacean predation may have increased since the data were collected. Also, no data 
were presented for the Indian Ocean.  
 
 
 



 8 

[A1-16] Indian Ocean (1960s) (I) (The author from Sri Lanka) (Data from Japan) 
Depredation rates by sharks and “killer-whales” were estimated from 59,505 longline sets by 
research cruises, commercial fleets and training operations in the Indian Ocean from 1955-1963. 
The “killer-whale” category is believed to have consisted of a number of different cetacean 
species. On those sets suffering depredation by “killer-whales” the average depredation rate was 
55% but up to 100% loss was observed. For sets suffering shark depredation an average of 11% 
and a maximum of 41% of the catch was damaged. There was a positive correlation between 
fishing effort and the percentage occurrence of “killer-whales” suggests learning was an 
important element of the problem, and that “killer-whale” depredation was increasing over the 
period of the study. There was also a positive correlation between shark hooking rates and the 
percentage of tuna damaged by shark depredation. This would indicate that shark depredation is 
dependent on the abundance of sharks in the area where sets were made. The workshop noted that 
the category “killer whales” should be taken as a generic identification, as the fishermen who 
were reporting may not have been able to distinguish species. Further, the analysis used old data 
that may not reflect current conditions in the fisheries. 
 
[A1-17] Indian Ocean (1960s) (II) (The author from Sri Lanka) (Data from Japan) 
This paper evaluated the depredation of tuna by sharks in the Indian Ocean from longline 
operations conducted by research vessels during the International Indian Ocean, exploratory 
cruises of the Fishery Agency of Japan, and observations on vessels operated by Ceylon. The time 
period over which the data were collected is not given, but must have been pre-1969 when the 
paper was published. As with A1-16 there was a positive correlation between shark-hooking rates 
and the percentage of tuna catch damaged. The study concluded that because of the shark and tuna 
species distributions, shark predation is the highest in the tuna grounds north of 10°S, less 
between 10°S and 30°S and negligible below 30°S. The workshop noted that the analysis was 
based on very old data. 
 
[A1-18] British Indian Ocean Territory (BIOT)  
Depredation patterns around the Chagos archipelago were estimated from data collected by 
observers aboard longline vessels operating in the BIOT from 1997-2004, and hook-line survey 
data from 2000-2002. Shark and cetacean depredation events were identified by bite marks from 
1997-1999. Whale damage (attributed to killer whales, false killer whales, pilot whales, and 
dolphins) to yellowfin tuna averaged 2.5% of the catch for this period, and shark depredation 
6.3%. Estimates of depredation rates varied by species and year: from 1.9%-11.2% for bigeye 
tuna, 0.0 to 9.7% for swordfish, and 0.0 to 8.0% for yellowfin tuna. Some of this variability was 
attributed to low sample size in some years. Overall depredation rates were estimated to be about 
2.6% of all fish landed. It was also noted that 95% of all hooks set came back empty (no bait) 
which might partly be explained by cetaceans removing the baits. 
 
[A1-22] China (Pacific)  
The fraction of longline sets suffering depredation in the Chinese longline fishery in the tropical 
Pacific was estimated from scientific observer data collected aboard one vessel during the period 
July 13-November 30, 2003.  Bigeye and yellowfin tuna accounted for 80% of the total catch. The 
fraction of sets in which depredation occurred averaged 10.9% and ranged from 4.5% to 16% by 
month for the period evaluated. The fraction of total catch lost was not estimated, but for those 
sets where depredation occurred, the loss was estimated to be 0.93 mt/set. Based on bite marks 
10% of the depredation was attributed to sharks and 90% to whales or dolphins. 
 
[A1-23] Mediterranean Sea  
A video from the French public TV broadcasting association, THALASSA (a weekly journal upon sea 
matters on the French State Channel 3) was presented that showed killer-whale depredation of large 
bluefin tuna in a Spanish handline fishery directed at the species in the Mediterranean Sea.  
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AGENDA ITEM 2 - CATCH STATISTICS 
 
No working papers were distributed dealing specifically with catch statistics. The discussion 
started from a “synthesis” of the documents presented in agenda 1, outlining the major 
uncertainties: quantification of the phenomenon (and its impact on assessments) and 
identification of the “predator”. Workshop participants also noted that while the species 
contributing to the depredation are not important for stock assessments (which model total 
removals), the predator species composition will likely be crucial for developing mitigation 
measures. Such measures are likely to be time-space variable depending on the predator species 
composition i.e., toothed whales and sharks are unlikely to respond to the same mitigation 
measures. Accurate information on the numbers and biomass of fish lost to depredation would 
also allow realistic assessments of the actual economic losses to fishers from this phenomenon. 
 
Better catch statistics that include losses due to depredation are needed for stock assessments to 
account for fishing mortalities that are not normally included in the landed catch. Alternatives 
considered included more observer coverage and increased data reporting by fishers. Workshop 
participants concluded that better observer coverage is the best alternative, and noted some 
difficulties in asking for more reporting by fishers. Also with respect to the incorporation of 
estimates of the numbers of depredated fish into stock assessments, some attention needs to be 
given to issues related to whether the depredation replaces natural mortality, represents prey 
switching, or some combination thereof, so that the mortality can be properly incorporated in 
assessments. 
 

The longline catches of yellowfin, bigeye, albacore and swordfish relative to the total catches of 
these species in the Indian Ocean are shown in Figure 1. The catch of these species by longline 
increased considerably from 80,000 t (80-90% of the total) to 250-300,000 t (40-50% of the total) 
in the recent period even as the gear‟s contribution to total catch declined from 80-90% to 40-50%. 
Assuming a mean depredation rate of 5-10% of the longline catch implies a large amount of 
unreported catches. These unreported catches will impact the adequacy of assessments for these 
species. These losses can be considered as a „ghost fishing mortality‟ which has increased with F 
since the beginning of the longline fishery. Given that cetaceans may be learning, the depredation 
mortality may have increased at a greater rate than the fishing mortality attributable to longline 
gear. 

 

 

 

 

 

 

 
 
 
Figure 1. Total catch (tons) of ALB (albacore tuna), YFT (Yellowfin tuna), BET (Bigeye tuna) and SWO 
(Swordfish) (red line) and the composition (%) of the tuna longline catch to the total catch in the Indian Ocean   
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The difficulty of estimating depredation rates and amounts is directly linked to the large 
heterogeneity of the available information, as well of the coverage in time and space, the 
methodology used (observers or specific forms), and the target species. Obtaining reliable data 
with a consistent coverage of the concerned fisheries is a major task that should be continued. 
This, coupled with a good integrated database, will facilitate good estimates of the total 
depredation rate, the size and species composition of both the retained catch and the losses due to 
depredation. 

It is obvious that onboard observer programs are by far the best way to collect these data; however, 
they are not always easy to implement, and in general expensive. However, observer‟s 
depredation surveys can be quite easily combined within other observer programs, such as those 
on discards and bycatches implemented by IOTC and other tuna organizations.  

The present program included fishermen maintaining records of depredation on specific forms. 
The information collected is good, but with two major problems: the coverage (space, time and 
fisheries) can be quite heterogeneous as it is done on a voluntary basis, and the difficulty of 
relating the observed data to real fishing intensity. The second point makes it difficult to estimate 
overall depredation rates, as the number of sets (and associated catches) without depredation are 
generally unknown. Using this information necessitates more information on logbooks associated 
with the data reported on the depredation forms. It is also difficult to estimate how representative 
the reported data is with respect to the fishery as a whole. Both approaches were considered as 
complementary, and can possibly be combined (observers on some boats and forms on others). 

Last, the necessity to communicate the detailed information to IOTC was discussed. 
Unfortunately, at this time, all major fisheries consider this information as confidential and do not 
release it. This makes it quite impossible to use this information for assessments. 

 
 
AGENDA ITEM 3 – MITIGATION 
 
[A3-01] Review  of Mitigation Methods   
Depredation by killer and false killer whales (and perhaps other cetaceans) can in some areas and 
seasons be a more important problem than depredation by sharks because whales typically 
completely destroy the marketable portions of the catch they attack, while sharks often leave most 
of the depredated fish intact and marketable. Also, when depredation occurs on a longline set, 
whales tend to depredate a larger proportion of the total catch (up to 100%) than sharks. As a 
consequence, most attention has been paid to mitigating depredation due to whales. Historically, 
there have been 4 approaches to mitigation: 
 
1. Operations approach 

 Escape the presence of predators, by exchanging information among boats and moving 
away; 

 Co-existence (longline and marine mammals live together). Use marine mammals like a 
sheep dog, chase marine mammals and catch panicked tuna in set nets; 

 Decoy (agent provocateur), i.e., to let foreign vessels forced to be attracted by the 
predators. Ethically not good; 

 Non release of left-over foods; 
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 Drift without lights at night.  No attraction, no stimulation, wait until marine mammals 
move away; 

 Line alterations, to stop marine mammals moving along a line e.g., cutting lines, putting 
out unbaited lines to attract marine mammals and then fish elsewhere; and 

 Use all of these methods. 

2. Population control 

 Use powders in water to deter marine mammals; 

 Put chemicals in bait (lithium chloride); 

 Scare marine mammals using guns and bombs; 

 Scare marine mammals using large and odd shaped dummies; and 

 Scare marine mammals using electric shock.  Effective for sharks but not tried on marine 
mammals 

3. Physical barriers 

 Protection net as used for demersal longliners in Chile, or using a wire string curtain 
deployed after a fish is caught 

4. Acoustic Mitigation 

 Active acoustic devices e.g. pingers.  Generally small pingers are not effective, as marine 
mammals learn in time that pingers mean available prey on lines. 

 Need acoustic signals with large, strong and changeable patterns that deter marine 
mammals but not tuna. 

 A small boat carrying passive acoustical devices and working with tuna fleets 

 
The best option at present is to use a combination of these alternatives. Select an operational 
approach as a starting point, and then employ chemical and physical barriers, and/or active 
acoustic devices.  
 
Workshop participants noted that deep setting of lines in sub-Antarctic has not been effective with 
sperm whales.  Also in South Africa that dummies of sharks may deter shark depredation. The 
literature looking at active acoustics that are random and variable in amplitudes shows that such 
acoustics are not a long term deterrent. The concept of using the acoustic effects associated with 
seismic prospecting was raised. It appears that a lot of anecdotal information is available, which 
should soon form a good body of data.  Whales normally appear to move away from seismic 
activity, but the information about fish behavior is poor.  Also, a huge amount of energy and 
equipment is required, and this is not really a practical option for fishers at present. It can also 
cause damage and even death for some marine mammals. One workshop participant reported that 
some fishermen consider hauling the longline gear at night to be an effective deterrent. 
 
[A3-02] Mitigation of toothed whale depredation on the longline fishery in the eastern 
Australian Fishing Zone – Geoff McPherson (presented by Bach) 
This paper reported the results of a study to minimize depredation of longline catch in the Coral 
Sea by short-finned pilot and false killer whales by both avoiding depredation on a broad scale 
and minimizing it on a close-in scale. One recommendation from the study was that the radio 
buoys used to locate the longline gear be fitted with acoustic sensors to detect the presence of 
vocalizing toothed whales within a preset radius so that the longline skipper could take 



 12 

appropriate measures to avoid depredation.  Active and passive acoustic measures investigated to 
minimize depredation when whales encounter longlines were not successful. Some active 
measures elicited adverse responses but the range was too short for commercial longline use. A 
passive method involving fishing gear components with acoustic reflection capability showed the 
most promise, but needs more study. 
 
[A3-03] An option for long range acoustic detection of toothed whale depredation on 
longlines – Geoff McPherson (presented by Bach) 
Knowledge of the locations of toothed whales responsible for depredation would help longline 
skippers to select set locations to avoid whale interactions.  This study reported progress on the 
design of cost-effective methods to identify the presence of toothed whales based on their 
vocalizations. The use of existing equipment associated with radio beacons would simplify the 
process for fishermen as no operation changes would be required.  However, if multiple herds are 
present, some semi-automated signal isolation and enhancement software and associated 
hardware would be needed to increase the proximity detection range. 
 
[A3-04] Development of passive acoustic tracking systems to investigate toothed whale 
interactions with fishing gear ? – Geoff McPherson (presented by Bach) 
False killer whales and short-finned pilot whales are major participants in toothed-whale 
depredation in the Coral and Tasmanian Seas. This study investigated passive acoustic tracking of 
toothed whales with a high-resolution integrated passive acoustic tracking system to provide an 
accurate estimation of the source location of whale vocalizations. The integrated passive system 
is designed to provide location estimates of vocalizing toothed whales close to the gear with 
sufficient resolution to detect events as depredation of catches occur. This resolution is important 
to test the effectiveness of acoustic, mechanical and chemical approaches to mitigate depredation. 
System trials for inshore toothed whales showed similar accuracy for two methods. Offshore tests 
have not yet been conducted. 
  
Workshop participants discussed whether the good recordings that can be used as a reference 
exist for all marine mammals.  Such recordings exist for some species, but many species 
contributing to depredation have not been well studied acoustically.  More targeted research is 
needed to characterize the acoustics of these species and the behaviors associated with the various 
vocalizations. 
 
[A3-05] Device Demonstration – Guinet (presented by Vely) 
A device that can be placed on branch lines and deployed after a fish is caught was demonstrated.  
The device contains a number of plastic streamers that will slide over the fish after it is caught 
with the intent of deterring marine mammals from attacking the caught fish.  The device needs to 
be tested under operation conditions to ascertain its efficacy.  The device has been developed in 
collaboration between French and Seychelles scientists. A workshop participant reported that the 
Australian government is currently funding the development of a similar device in Samoan 
fisheries. 
 
[A3-06] Learning to coexist with whales – the Chilean experience in the Patagonian 
toothfish fishery. Moreno (presented by Gales). 
A new fishing technique was described, called the mixed or Chilean system, adapted from an 
artisanal fishery for Patagonian toothfish.  The artesianal system was modified to include a net 
sleeve that is placed on secondary vertical lines, which has practically eliminated depredation by 
Sperm and Killer Whales.  In addition to this, the 15-m vertical lines carry a weight at the end, 
which provides a sink rate of 0.8 m/s. This causes the line to sink immediately behind the vessel 
preventing seabirds from seeing the baited hooks at the surface.  Additionally, this system does 
not reduce catch per unit effort (CPUE) when compared to the traditional Spanish longline system.  
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The performance of this fishing technique was evaluated with regard to both seabird mortality and 
depredation of Sperm and Killer Whales on catch rate between September and December 2006.  
The gear was shown to be extremely effective, totally eliminating seabird mortality and 
significantly reducing depredation by marine mammals. Shark depredation was not an issue in 
this fishery. 
 
[A3-07] On the invention of effective and perspective device (protective net) for the 
mitigation of depredation of fishes in longline fisheries. Pshenichnov (presented by 
Romanov). 
This paper described the development and deployment of gear similar to that described in the 
previous paper for use in the Patagonian toothfish fishery in the waters off Argentina in the 
Atlantic Ocean.  The device successfully reduced depredation by Sperm Whales 
 
 
 
AGENDA ITEM 4 –  
RELATIONS WITH MARINE ECOLOGY 
 
[A4-01] Ecological interactions between fisheries and marine mammals in the Indian Ocean. 
Do whales and fisheries compete for resources? – Nick Gales  
Whales have the potential to interact with fisheries directly (e.g. bycatch and depredation) and 
indirectly (e.g. competition for a shared resource). While mitigating the direct interactions 
represent substantial challenges for fishery management, given adequate resources they are 
relatively easy to quantify and understand. The indirect, ecological interactions are vastly more 
difficult to measure and understand, primarily due to the complexity and dynamics of marine food 
webs and ecosystems.  
 
Attempts to understand these ecological interactions have been developed using data on diet and 
with models that attempt to simplify the workings of ecosystems. However these models cannot 
yet accommodate the complexity of the systems nor deal with the uncertainty that arises from 
imperfect knowledge. While science attempts to better model marine ecosystems, a number of 
hypotheses and model outputs have been proposed and are being represented in some forums as 
being sufficiently robust that management should respond to them. Among these are suggestions 
that consumption by whale populations is directly limiting fishery yields. Evidence for this is 
based on whales and fisheries targeting a common prey, and modeling the results of the 
interactions between the fishery, the whales and the shared prey. 
 
This paper discussed the relationship between ecological competition and the simple 
circumstances of feeding on (or fishing for) a common prey. The spatial and temporal aspects of 
consumption by cetaceans in the Indian Ocean were also discussed, and the plausibility of 
ecological competition occurring with fisheries investigated. The conclusions clearly demonstrate 
that ecological competition between whales and fisheries in the Indian Ocean is highly unlikely, 
and that if it occurs at all, it does so at transient and highly localized scales. As a result, scientists, 
managers and fishermen who deal with interactions between cetaceans and fisheries should focus 
on the more important and influential direct interactions such as mitigation of bycatch and 
depredation, rather than worry about whether direct competition is occurring. 
 
 
 
 
 



 14 

[A4-02] Fine scale behavioral and underwater video observations of sperm whales near 
longline fishing vessels in the Gulf of Alaska and recommended deterrents to avoid 
depredation – Janice Straley (Gales) 
 
A study among fishermen, scientists and managers collected data on depredation of sablefish 
(Anoplopoma fimbria) demersal longlines by sperm whales (Physeter macrocephalus) in the Gulf 
of Alaska, 2003-2007.  The goals were to characterize the whales involved, determine the 
mechanics of depredation, and recommend changes in fishing behavior to reduce depredation.  At 
sets when whales were present (N=39), 71% had evidence of depredation. Genetics determined 
the whales (N=19) were male. Bayesian mark-recapture analysis estimated 123 (94, 174; 95% 
Confidence Interval) in the study area. Passive acoustic recorders permitted monitoring of the 
underwater noise environment, including sperm whale activity, before and during longline 
recovery.  Engine cavitation noise was found to correlate with changes in acoustic activity of 
sperm whales, while vessel hydraulics or cable strum was not. Three passive deterrents were 
tested: decoy anchorlines, hydrophones for passive acoustic monitoring and minimizing engine 
cycling during the haul.  Fewer interactions occurred and whales were less likely to follow vessels 
using one or more of these strategies. To observe how animals remove individual fish, an 
underwater video camera was attached to a longline that had been partially hauled and then 
lowered between depths of 90m and 120 m, with sablefish attached 2-4 m above the camera.  
Hydrophones were deployed at 17 m depth during the 40-60 minute deployments, and mounted 
1.3 m below the camera. During two encounters, one whale investigated the line, producing 
characteristic “creak” sounds that were recorded on the three hydrophones, and which were 
subsequently time-aligned using vessel noise in order to permit acoustic tracking. A second whale 
interacted with two fish within 4 m of the camera, but only the camera hydrophone was available.  
Acoustic analyses show the maximum click production rate is 33 clicks/second and echolocation 
is used by sperm whales to target prey. 
 
Workshop participants noted from the presentation that whales may remove the whole 
fish from the hook.  Consequently, to the extent the count of fish heads is used to estimate 
the impact of depredation the magnitude of the problem may be underestimated.  
 
 
PANEL DISCUSSIONS 
 
Agenda item 1 – Situation with regard to depredation 

 
Depredation is an important issue in the Indian Ocean pelagic longline fisheries. The level of 
depredation is highly variable by area, target species and fleet (Table 1). At least two symposia on 
depredation on fishing gears have been held recently (Samoa, 2002 and British Columbia, Canada, 
2006); however, there was no attempt to disseminate the main findings from these symposia here, 
and our discussions reiterate findings of the earlier symposia:  
 

 There is no unified terminology for depredation. Most of the presentations applied 
various non-standardized terms and often referred to the same metric with different terms 
or used the same term to refer to different metrics: 

 The phenomenon itself was termed „Predation‟ and „Depredation‟ as well as 
„Interactions‟, „Mutilation‟, „Damage‟, etc.  

 Most of the presentations applied different, usually incompatible metrics to quantify 
depredation. This highly complicates comparisons of depredation even on same types of 
fisheries. Existing reports quantify depredation as: 
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o Damaged fish as a percentage of the catch in affected sets exclusively 

o Damaged fish as a percentage of the catch of particular species 

o Damaged fish as a percentage of the overall number of caught fish or weighed catch 

o Ratio of fishing operations affected to total number of fishing operations 

o Number of fish damaged by particular predator irrespectively to fishing effort 

o Economic loss to fisheries: 

 Losses of catch 

 Fishing gear damage 

 Revenue lost to industry 

o Some studies focused on single predator groups like cetaceans or sharks, which 

makes impossible to estimate overall level of the problem for the fisheries. 

 

We should accept unified terminology in accordance with recent recommendations (Donoghue et 
al., 2003, Gilman et al., 2007): 

 

 To use the term „depredation‟ as “the partial or complete removal of hooked fish or bait 
from fishing gear… by predators…” to distinguishing depredation from „predation‟, i.e. 
“the taking of free swimming fish (or other organisms)…”   

 To used standardized indexes of depredation or to present information, which allow to 
calculated such indexes 

 Indexes: a). Damage rate: ratio of operations affected to total number of operations, b). 
Depredation rate: ratio of fish affected in all the operations to total number of fish caught 
(total and for target species or by principal groups) 

 Information for indexes calculation: Number of operations affected, total number of 
operations, total fishing effort in number of hooks, number of fish damaged by species, 
total number of fish caught by species. 

 
Other estimates like value of economic losses or gear damage could be very useful. 
No effective mitigation measures were presented in the national reports. 
 
It was clear from the discussions that there is a need to develop a guide for predator identification 
that uses the wound marks caused by predators during depredation events, and to verify the 
veracity of using these traces to identify the predators. Also, it is essential to provide a better 
distribution of identification guides for marine mammals. 
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Table 1. Summary of the current level of the depredation problem (as it was presented plenary or in the papers). 
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/ Tuna, swordfish  

Cetaceans, 
sharks, others     7.3%     0-15%   

Gear damage 
33000-49000 

AU$ 

France 
(La 

Reunion) 

Small-scale 
commercial 

Southwestern and 
western equatorial 

waters Indian Ocean / 
Swordfish 

Cetaceans     4.3%     3.7-5.5%     

Sharks     3.2%     3.0-3.5%     

India Research 
Arabian Sea, 

Andaman & Nikobar / 
Tuna, Swordfish 

All (Cetaceans + 
Sharks)   

By areas 
12.8-24%*, 
15.3-16.7%* 

3.0%     12-36%*   20% landings** 
45,000 tonnes 

Japan Large scale 
commercial 

Atlantic, Indian, 
Pacific / Tuna 

Cetaceans and 
sharks, focused 

on cetaceans 

No index used, number of operations with damage 
reported and number of damaged fish reported 5.1%*** 2-3%     

Seychelles Small-scale 
commercial   

All     19.4%     19% 4.2 
Lost revenues 

1,000,000 € for 
1995-2006 

Cetaceans 16%   10.3%       15.3*   

Sharks 41%   9.10%       3.8*   

* in the sets affected 
** in weight 
***in depredated sets only 
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Table 1. (continued) Summary of the current level of the depredation problem (as it was presented plenary or in the papers). 
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South 
Africa 

Commercial, 
small-scale 

Southern 
Atlantic/Indian, SA 

EEZ / Tuna, 
Swordfish 

Killer whale   10-20% 0.5%     10-20%***     

USSR Research Indian Ocean / Tuna 
All 26.8%   6.8% 11.4% 4.0% 6.8% 

Overall 2.32   

Cetaceans 1.6% 44% 0.8% 1.5% 7.6% 44-56%*  0.27   
Sharks 25.6% 16% 6.0% 9.9% 3.7% 13-16% * 2.05   

Spain Commercial Atlantic, Indian, 
Pacific / Swordfish 

False killer 
whale      0.5-2.6%   

Overall 
0.5-2.6% 0.02-0.18   

Up to 10% 

Spain Commercial Indian / Swordfish 
All, also 

presented by 
predators 

    1.7% 
1.3%** 

2.6% 
2.1%**   3.8-4.3%     

Sri Lanka Commercial Sri Lanka EEZ / Tuna No data on depredation presented 

UK 

    All     2.6%     5.8-8%     

    Cetaceans      2.5% 2-3%       

    Sharks      6.3%  3.8-5%       

* in the sets affected 
** in weight 
***in depredated sets only 
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Agenda item 2 – Improvement of catch statistics 
 
Catch statistics need to be improved to address essentially 2 complementary issues: 
 

 Depredation impacts on catch statistics and the importance of this information for stock 
assessment 

 The need for further information on the species being depredated and the species causing the 
depredation in order to develop mitigation measures. 

The importance of observer information and the need for observer training were highlighted (need to 
avoid preconceptions affecting reporting). Species identification guides are becoming more readily 
available. 

Observer programs have a range of objectives and while some aspects of fisheries monitoring are 
well covered there is a need to consider the focus of the programs. It was noted that although there are 
some national observer programs in place, there are a number of fleets operating in the Indian Ocean 
with poor coverage by observers. 

A strong recommendation from the meeting was for improved overall observer coverage. It is 
recognized that this is the only way to collect certain types of information. In the CCAMLR region it 
is a requirement that there is 100% observer coverage in the finfish fisheries. Although this level of 
coverage is unlikely in the short term, there is a need for improved and more extensive observer 
programs in the Indian Ocean and a preference to move towards a regional observer program. There 
is the potential for coastal states licensing foreign vessels to fish within their EEZ‟s to require a 
specified level of observer coverage. 

Much of the existing information is based on assumptions about which cetaceans are responsible, i.e. 
reporting of depredation being by pilot whales or false killer whales when it could be any of a range 
of similar sized „black‟ whales. Similarly there are often assumptions that if there is a head only on 
the hook then it is the result of a cetacean rather than a shark.  

A range of approaches in presenting depredation rates was seen in the papers at the meeting. It was 
evident from some of the presentations that when considering depredation rates, information from 
sets where there is no depredation should be incorporated. Similarly, rates are sometimes presented 
on the basis of damaged fish without accounting for empty or lost hooks.  

With respect to catch statistics, it was noted that impacts are mainly on the large tunas taken by 
longline and we have to be able to account for this in historical catch information. The impact of 
incorporating depredation information into stock assessments is not clear as it will depend on a 
number of factors including the species involved and changes over time. However, it is desirable that 
all sources of mortality be accounted for in future assessments. 

 
Other considerations for stock assessment include:  

 The impacts of depredation on species composition 

 Potential for species switching 

 How should depredation be accounted for as fishing mortality? 

It was suggested that more information should be collected through logbooks without a major impost 
on the industry, i.e. information on fish loss or damage would be a relatively simple addition to 
logbooks. The need for additional requirements being placed on the fishing industry was questioned. 
The issue has been well known for some time and progress with mitigation is needed. The level of 
depredation suggested by some of the presentations and the value of lost catch indicate the potential 
cost benefit of mitigation and additional research.  
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Agenda Item 3 – Mitigation 
 
The focus on mitigation dealt with depredation by cetaceans for reasons already mentioned. Three 
main categories of mitigation were discussed. These included 1) avoidance of marine mammals, 2) 
Marine mammal deterrents, and 3) physical protection of catch 
 
Avoidance of marine mammals 

 Techniques that can be implemented to avoid marine mammal interactions. 
o Passive acoustic detection (and tracking) 
o Visual detection 
o Control of „cues‟ that attract MMs 

 Propeller cavitation 
 Waste dumping 

 Issues 
o Range of acoustic detection needs improvement 
o Targeting marine mammal aggregations 

Marine mammals deterrents  
 Techniques 

o Active acoustics  
 Acoustic harassments  
  (anecdotal evidence suggested that recent military conflicts naval 
sonar had  
  impacted marine mammal abundance / depredation in some areas) 
 Pingers 

 Model sharks, whales etc 
 Direct harassment – herding 
 Shooting and culling (not an acceptable option) 
 Issues (Acoustics and models)  

o Poor performance in other marine mammal interactions 
o High level of technical and operational maintenance 

Techniques for the physical protection of catch 
 Devices 

o  “Net sock” – Chile and Ukraine 
o “Streamer cone” – Guinet et al 

 Issues 
o Successfully deployed in demersal fishery 
o Not yet tested for pelagic fishery 
o Need for investment in gear design, experimental design and testing in fishery 
o Indian Ocean – Pacific collaboration? 
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Workshop participants discussed the need to develop a list of relative priorities for addressing 
depredation.  The discussion focused on cetacean mitigation and there was in fact no mention of 
mitigation to reduce shark depredation.   Acoustic methods will be ineffective for sharks. A shark is 
less likely to be deterred by a net covering.  Electro-magnetic methodologies including the use of 
rare-earth magnets may deter sharks.  This will also have the effect of reducing shark capture which 
may not be desirable to fishers.  The relative cost and benefit of reducing shark depredation of 
commercially valuable catches versus the decrease in shark capture needs to be considered.  
 
Agenda Item 4 – Relation with the marine ecosystem. 
 
The pelagic marine ecosystem is complex with different trophic levels and species interrelated by the 
resources they consume (Figure 2). This is reflected by the overlaps in diets of the various animal 
taxa, that create complex food webs. Common items in the diets of species do not necessarily mean 
competition. The marine ecosystem is also spatially-structured, and exhibits fluctuations at various 
timescales. Cetaceans that participate in depredation are at or near the top of the food web. They are 
opportunistic and efficient predators and smart animals that can identify and react to sounds emitted 
from fish schools and fishing vessels and learn new behaviors to take advantage of new sources of 
food. Baleen whales feed on krill and possibly compete with other components of the food web (e.g., 
Engraulids, Cubiceps, pelagic crustaceans, etc.), but it is unlikely they directly compete for food with 
tuna and tuna-like species. Deep-diving toothed whales such as sperm whales feed at great depths on 
big size prey items and have virtually no common food with tuna and tuna-like species. Tuna also 
may avoid sperm whale pods. Other toothed whales do have common food with that of tuna. They 
also forage over common depth ranges, perhaps best illustrated by the strong and well-known 
co-occurrence patterns of dolphins and tuna in the East Pacific. Thus, there is at least a potential for 
trophic competition among these species. No information was presented at the workshop concerning 
the trophic dynamics of shark species.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Schematic representation of the pelagic food web (by Alain Fonteneau, IRD, France) 
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Just as there are spatial variations in the distribution of targeted species, there are spatial patterns in 
depredation. For example, depredation hotspots exist around seamounts. These hotspots highlight 
the existence of higher pelagic diversity and species abundances that provide more prey for tuna and 
other apex predators. Evidence was presented that suggested longline and purse seine catches in the 
Indian Ocean follow concentrations of sea-surface chlorophyll which reflect the primary production 
patterns. These distributions have seasonal spatial structures and vary with longer term phenomena 
such as El Nino and La Nina as reflected by spatial and seasonal interannual anomalies of measures 
of primary production. It was suggested that longline effort may be a proxy for distributions of 
cetaceans with both following the trophic influences of shifting patterns of primary production. 
 
Despite numerous interactions cases described in the papers presented, it has been noted that in any 
case marine mammals species identify as responsible of depredation were not threatened by the 
longline fisheries. 
 
 
Citations 
 
Anonymous. 2006. Symposium on fisheries depredation by killer and sperm whales: behavioural insights, 

behavioural solutions.October 2-5, 2006, Pender Island British Columbia, Canada. Vancouver 
Aquarium [http:/www.killerwhale.org/depredation/index.htm]. 
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and longline fisheries, Apia, Samoa: November 2002. New England Aquarium Aquatic Forum 
Series Report 03-1. 45p. (http://neaq2.securesites.net/ scilearn/conservation/ 
LonglineReport2002.pdf).  

Gilman, E., Clarke, S., Brothers, N., Alfaro-Shigueto-J., Mandelman, J., Mangel, J., Petersen, S., 
Piovano.S., Thomson, N., Dalzell, P., Donoso, M., Goren, M., Werner, T. 2007. Shark 
Depredation and Unwanted Bycatch in Pelagic Longline Fisheries: Industry Practices and 
Attitudes, and Shark Avoidance Strategies. Western Pacific Regional Fishery Management 
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WORKSHOP RECOMMENDATIONS  
 
Workshop participants appeal strongly to resource managers and others responsible for sponsoring, 
planning and conducting research that recommendations need to stimulate action! These 
recommendations include: 
 

1. Because mitigation is a key issue: 

a. Pursue the further development of current mitigation suggestions. 

b. The Ecosystem and bycatch working party should review progress on depredation mitigation 
regularly. 

c. Further development of mitigation is necessary which will need to be taken up by national or 
regional programmes. 

2. Encourage the submission of historical data and current catch and effort data (some of the major 
stakeholders have not submitted data which limits the present analysis). 

3. All data used in the country reports to be made available to IOTC within one month. 

4. IOTC should follow up with the commission to develop a regional observer programme. 

5. Progress is also needed on potential ecological interactions with fisheries that consider both 
cetaceans AND sharks 

http://neaq2.securesites.net/%20scilearn/conservation/%20LonglineReport2002.pdf
http://neaq2.securesites.net/%20scilearn/conservation/%20LonglineReport2002.pdf
http://www.wpcouncil.org/
http://www.killerwhale.org/depredation/index.htm]
http://www.wpcouncil.orgor
http://www.Killer-whale.Org/depredation/index.html
http://www.Killer-whale.Org/depredation/index.html
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Appendix 1.  Agenda 
 
Welcome by workshop organizers 
 
Objectives and remarks 
 
Elections of the Chair, rapporteurs, and panelists 
 
Greetings from the Chair 
 
Discussion of terminology: “depredation” or “predation” 
 
Workshop topics: 

A1. Situation with regard to depredation 
Indian Ocean 
Other waters 

A2. Catch statistics 
A3. Mitigation 

Acoustic 
Operational 

A4. Relations with marine ecosystems 
 
Panel discussions 

A1. Situation with regard to depredation 
A2. Improvement of catch statistics 
A3. Mitigation methods 
A4. Relation with the marine ecosystem. 

 
Closings 
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Appendix 4. Abstracts 
 

[A1-01] 

STATUS OF IOTC DATABASES FOR PREDATION DATA 

 

IOTC Secretariat 
 

This document describes the status of information at the IOTC Secretariat on the predation by 
marine mammals and sharks on the catches made by commercial longliners.  
 
In the late 1990‟s, predation problems in the western Indian Ocean become an important issue 
and the IOTC Scientific Committee and Commission recommended an examination into 
predation be undertaken. A “Survey form of predation on distant water tuna longline fisheries” 
was proposed by Japan in the document presented by Japan during the third session of the 
Scientific Committee (see the next page).  
 
Twelve fleets showed their interest in participating in this large scale survey by providing data 
already collected or initiating dedicated surveys. 
 
In November 2006, Japan informed the SC about plans for a workshop on the predation in tuna 
longline fisheries to discuss the results and implications of the five year predation survey on 
tuna longline fisheries.  
 
As of June 2007, five countries: France (Réunion island), Mauritius, India, United Kingdom 
and the Seychelles have provided data while two major fishing countries: Japan, Taiwan, China, 
operating in the Indian have classified their information confidential due to the complexity and 
the sensitivity of the predation by marine mammals issue.  Other countries are still working on 
their datasets prior releasing them.  
 
The quantity of information available at the IOTC Secretariat is very low (Table 2).  Some data 
may not be easily comparable as some institutions used different data collection protocols. For 
example, in Mauritius, La Reunion and in the Seychelles data were extracted from logbooks as 
fishing masters and crew demonstrated their willingness to co-operate to this program and 
agreed to collect information required on a voluntary basis. In other countries this task was 
completed by observers. 
 
Overall, the data covers 1997 to 2007 and while in some years there is data from more than one 
country, from 1997 to 2000, there was only one country collecting information.  On the other 
hand coverage rates were generally low.   
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Survey form of predation on distant water tuna longline fisheries 
Ｐｌｅａｓｅ fill this form when predation 

occur 

              

            

On the 1st day of every month, please fax survey forms to Union or Association 
via fishery companies (for September-November, 2000).  From December, 
please submit to a Union or Association with catch report required by the 
Minister of Agriculture, Forestry and Fishery, via fishing companies whenever 
your boat arrive at domestic or foreign ports) 

            

 Name of Ship   
Name of 

home port 
   

            

                

 Date of  Fishing  Noon position 
Damaged species (select no.) and   

Name of predators (choose 
alphabet below) Others (*) 

 Year Month Date Latitude Longitude number of damaged fish (example: ③2, ⑤1) (fill out if species names known) (other important information) 

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

 2000     deg. min. Ｎ ・ Ｓ deg. min. Ｎ ・ Ｓ         

              

 species code:    ①northern bluefin, ②southern bluefin  ③albacore, ④bigeye, ⑤yellowfin,  ⑥swordfish, ⑦striped marlin, ⑧blue marlin, ⑨black marlin, 

      ⑩sailfish, ⑪skipjack, ⑫sharks, ⑬not identified, ⑭others    

              

 Predator code    [Ａ] killer whale, [Ｂ] false killer whale, [Ｃ] other whales（including dolphin）, [Ｄ] sharks, [Ｅ] not identified  

              
 Examples of 'Others'   ： （１）about fifty false killer whales （２）Three hours after casting a net, killer whale started follow our ship. Also damaged by sharks, （3）predator followed our boat for an hour at the right board. Species not identified.. 
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Table 2. Data collection status on predation on commercial longlines by marine mammals and sharks 
 
 

 

 

 

Country 
 

Received 
by IOTC 

Status Precision Fishery Period Coverage 
raising 

National 
report 

Estimated  
loss (species) 

 
Program  

 
Australia 

 
 

 
no 

 
not ready 

to be released 

 
- 

 
Tuna longliners 

 
- 

 
- 

 
yes 

 
- 

 
- 

 
UK 

 

 
yes 

  
Per set 

 
Tuna longliners 

 
2000-2003 
(6 months) 

3% 
not raised to entire 

fleet 

 
yes 

 
target species 
 and bycatch 

 
Observers 

 
China 

 
no 

 
not ready 

to be released 

 
- 

 
Tuna longliners 

 
- 

 
- 

 
yes 

 
- 

 
- 

 
France 

(Reunion) 
 

 
yes 

 
- 

 
Per set 

 
Surface longliners 

 
1997-2000 

 
not raised to entire 

fleet 

 
yes 

  
Only SWO 

 
Logbook 
Scientific 

cruises 
 

India 
 

yes 
 
- 

 
Per set 

 
tuna experimental 

longliners 

 
2001-2005 

 
not raised to entire 

fleet 

 
yes 

 
target species  
and bycatch 

 
Observers 

 
Japan 

 
 

 
No 

 
Classified  

confidential 

 
- 

 
tuna longliners 

 
2000-2007 

 
- 

 
yes 

  
Observers 

 
Kenya 

 

 
no 

 
not ready 

to be released  

 
- 

 
Artisanal  

Tuna longliner  

 
 

 
- 

 
yes 

  
- 

 
Mauritius 

 

 
yes 

 
- 

 
Per set 

 
Surface longliners 

 
2002-2006 

 
not raised to entire 

fleet 

 
no 

 
target species 

 
Logbook 

 
 

Soviet 
Union 

 

 
 

no 

 
not ready 

to be released  

  
Longliners 

 
- 
 

 
- 

 
yes 

 
- 

 
- 

 
South Africa 

 

 
yes 

 
- 

 
Per set 

 
Tuna longline 

 
2002-2007 

  
yes 

 
target species 

 
Observers 

 
Spain 

 
no 

 
not ready 

to be released 

  
Surface longliners 

   
yes 

  
Observers 

 
Taiwan,China 

 
no 

 
Classified  

confidential 

  
Tuna longline 

   
yes 

  
Observers 

(Note) Data submitted to Working Party will be retained by the Secretariat or made available for other analyses only with the permission of the source.        
           They are subject to the rules of confidentiality specified by the Commission (resolution 98/02) 
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A1-02 
 

Informal Review of Observer Data from the Australian Fishing Zone with regard to 
Depredation from Pelagic Longline Operations (Report). 

 
Anthony DE FRIES1, Jay HENDER2 and Kevin McLOUGHLIN2 

 
1Executive OfficerWestern Tuna and Billfish Fishery Management Advisory Committee, 

27 Saltair Street Kings Beach QLD 4551 Australia 
Phone/Fax +61 7 5499 6822, adefries@bigpond.net.au 

 
2Fisheries Scientist, Bureau of Rural Sciences, GPO Box 858 Canberra ACT 2601 Australia 

Phone: +61 2 6271 6658, Fax: +61 2 6272 3882 

Jay.Hender@brs.gov.au, kevin.mcloughlin@brs.gov.au 
 

 
 
A pilot observer program on Australian flagged longline vessels operating off Western Australia 
concluded in June 2006. Prior to this Australian observers monitored Japanese longline vessels 
operating in the AFZ under Bilateral Agreement. The scientific focus of both programs was to collect 
accurate information on fishing effort, target species, bycatch and interactions with protected species. 
Systematic information was collected on catch condition (including damage) however current codes for 
this field do not distinguish between damage caused by sharks, billfish or cetaceans. This report 
summarizes an examination of the generic damage data for landed catch in relation to non-standardized 
comments made by observers associated with these events. The authors make a number of suggestions 
for improving estimates of losses due to depredation by way of changes to observer data collection 
methodology.  
 

mailto:adefries@bigpond.net.au
mailto:Jay.Hender@brs.gov.au
mailto:kevin.mcloughlin@brs.gov.au
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A1-04 
 
Interactions of cetaceans and sharks with the Reunion Island swordfish longline fishery 

in the Indian Ocean between 1997 and 2000. 
 

François POISSON*, Corentin MARJOLET, Kim METE, Marc VANPOUILLE. 
Délégation IFREMER de La Réunion, BP 60, rue Jean Bertho 97822 Le Port cedex 

*current address : IOTC P.O Box1011, fishing port, Victoria, Mahé, Seychelles. 
 
 
Pelagic longlining was first introduced to fish for swordfish in off Réunion Island (France) in the Indian 
Ocean in the early 1990s.  As the fleet and fishing grounds expanded, fishermen recorded an increase in 
cetaceans pillaging bait as well as eating caught fish, especially target species. Ifremer conducted a 
survey financed by the European Union and Réunion local Councils to evaluate the interactions, to 
identify the cetacean species involved and to estimate the levels of predation. Two cetaceans; the false 
killer whale Pseudorca crassidens and the short-finned pilot whale Globicephala macrorhynchus are 
attracted to fishing gear to remove bait and eat fish from it. These species do not appear to be adversely 
affected by the Longline fishery (3 juveniles have been caught purely by accident and released alive). 
The damage can sometimes extend to gear as well.  
 
Results indicated that an average of 4.3% (80 t) and 3.2% (60 t) of the annual swordfish catches were 
damaged respectively by cetaceans and by sharks between 1997 and 2000. In addition, in close 
collaboration with fishing industry, the effectiveness of pingers to reduce predation and the likely 
uptake and use of these devices by fishermen was tested. During four trips onboard domestic longline, 
23 sets were completed with standard commercial longline gear and line equipped with pingers.  
 
An analysis of swordfish catch rates showed that pingers had no repellent effect on target fish. The 
effectiveness of pingers to protect the line against cetaceans was not proved as the fishers showed little 
interest in continuing to use these devices.  
 
While the effects of the depredation on the fishery in this study appeared not to be a major issue, 
worldwide interactions between marine mammals and fisheries represent a growing conservation issue. 
There is a need to improve our knowledge on the behavior, biology, hearing abilities, population size 
and migration pattern of these two alleged species which are poorly known in Indian Ocean. 
 
Observations and data collection should continue in order to document changes, however a priority 
would be to standardise observer protocols in order to get a global picture in the Indian Ocean. Fishing 
industry, scientists, economists and decision makers must be involved in the future research plans. 
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A1-05 
 

DEPREDATION IN THE TUNA LONG LINE 
FISHERY IN INDIAN WATERS 

 
S.Varghese, Sijo.P.Varghese and V.S.Somvanshi 

Fishery Survey of India 
Mumbai, India 

 
 
Depredation in the long line fishery continues to be a common and regular phenomenon in the Indian 
waters. An observation programme on the tuna predation was initiated by India from the year 1977 on 
the recommendation of the Scientific Committee of the IOTC that the member nations may collect and 
report the predation data on tuna long line catches. The present paper provides information on the 
depredation on fishes caught  by the long line survey vessels of Fishery Survey of India (FSI) Yellowfin  
and Matsya Vrushti operating in the Arabian sea and Blue Marlin  conducting survey in the seas 
around Andaman and Nicobar waters during the period from 2001 to 2005. The shark related average 
annual depredation on long line caught fishes in the Indian waters is found to be in the order of about 
2.15%. How ever during the year 2004 in the Arabian sea, the depredation rate was as high as 14.29 %. 
Monthly observation further shows that maximum predation was reported during the month of July in 
both the regions. The important varieties of fishes affected by depredation are the tunas, sailfishes and 
sword fishes. The predation does not seem to be either species specific or area specific as far as the 
Indian waters are concerned.    Although sharks constitute the highest percentage of the by-catch 
component of the tuna long line fishery in Indian waters there appears to be no direct relevance to the 
number of tunas damaged due to predation. The extent of damage is observed to be partial in some cases 
and total  in certain cases.  
 
There is no practice of using any mitigation device in the Indian tuna fishing sector. Introduction of 
acoustic devices in the tuna long line fishery could prove highly beneficial. The data furnished in the 
paper is exclusively collected from the survey vessels operated by FSI. Similar data from the 
commercial vessels are lacking or reported nil 
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A1-07 
 
 

Status of tuna depredation in Kenya 
 

Stephen Ndegwa and Okumu Makogola 
 
 
With decreasing catches of demersal fish, tuna fishing in Kenya has increased in importance over time. 
Artisanal, sports fishing and industrial long lining are the main tuna exploitation methods experienced 
here. The peak season for both sports fishing and artisanal tuna fishery in Kenya is between November 
and March when the sea is calm and a lot of fishermen can venture outside the reef for their activity. 
 
As fishing effort targeting the tuna stocks increases, the fishers have been encountering a lot of losses 
due to depredation of their catches mainly by the sharks and the killer whales. Both artisanal and sports 
fishing have mostly been affected by sharks. Depredation of the tuna is highest during the months of 
February and March which coincides with the high catches of sharks. However, although both the 
sports fishers and the artisanal fishers have been experiencing the loss of their catches, the artisanal 
fishers have been more affected than the sports fishers although they share the same fishing grounds. 
 
Longline catches have mostly been affected by the killer whales. The only Kenyan registered long liner 
has not only been loosing the tuna catch but also the baits. According to the skipper of the long liner, 
bait loss to the killer whales has been as high as 75%. Tuna depredation for the long line is throughout 
the year and is experienced all over the Kenyan, Tanzanian and Madagascar waters where they have 
been fishing. 
 
A remedy to this loss would be very welcome as the losses have sometimes been so huge that some 
players have been contemplating moving out of the business. This loss has seriously affected their 
profits and with the ever increasing fuel prices and reducing catch per unit effort, fishing has become a 
costly undertaking altogether. This workshop offers a good opportunity to address the plight of these 
fishermen and also address the unreported catch data due to depredation. 
 



 34 

A1-09 
 
 

Depredation by sharks and cetaceans on semi-industrial pelagic longliners targeting 
Swordfish in the Seychelles 

 
1,4Rabearisoa N.,,   1Aumeeruddy R.,  1Dorizo, J., Vely M., 1Giroux F., 3Adam O., 4Guinet C*., 

 
1. Seychelles Fishing Authority, BP 449, Victoria, Seychelles 

 
2. Ministère de l'environnement et des ressources naturelles. BP445. Victoria. 

Mahé. Seychelles 
 

3. Laboratoire Lissi-iSnS, Bât P2, Université Paris 12, 61 av Général de Gaulle, 94010 Créteil cedex, 
France 

4. CEBC-CNRS, 79 360 Villiers en Bois, France, 
 
 
Depredation is defined as the damage or removal of fish from fishing gear by cetaceans or sharks. It 
occurs throughout the world and has been notably documented in several regions of the Indian Ocean. A 
database was built to assess its extent on the pelagic longline fishery of the Seychelles archipelago. Data 
were collected from pre-existing databases, fishermen‟s logbooks and location of fishing vessels from 
satellite data. Depredation involves short finned pilot whale (Globicephala macrorhynchus), false killer 
whale (Pseudorca crassidens) and pelagic sharks. Targeted fish include swordfish (Xiphias gladius) 
and tuna (Tuna spp.), but within the scope of this study we focused on swordfish, the main target species. 
Factors likely to influence depredation rate such as the length of the line, soak time,  the period of the 
year, location and orientation of the line were investigated... The proportion of sets, with shark 
depredation was significantly greater than with cetacean (41% v.s. 16%). However when depredation 
occurred, mean number of damaged fish on the line by cetaceans (15.3 fish/1000 hook,  i.e. 60 % of the 
fish caught ) was higher than by sharks (3.8 fish/1000, i.e. 18 % of the fish). Data were analyzed using 
Generalized Linear Models. Shark depredation rate was negatively related to length of the line and 
increase from North to South. Both depredation rate by cetaceans and sharks occurred in areas or 
periods of higher Catch Per Unit of Effort suggesting the co-occurrence of shark and cetaceans in areas 
of high concentration of sword fish. No other factors were found to influence depredation rate, 
suggesting that no easy solutions are likely to be found by modifying the fishing practice and that 
further studies are requested to better understand the depredation process. Other solutions such as the 
protection of the fish caught on the line have to be investigated. The global depredation rate was 21% , 
representing   4.2 fish lost/1000 hook, and is one of the highest in the world. For sword fish only, we 
estimate that the economical loss is about 340 €/1000 hook set which represent an estimated loss of 
nearly 1,000,000 € over the 1995-2006 period.  
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A1-10 
 

Killer whale depredation in the South African pelagic longline fishery 
 

Samantha Petersen and Tony Williams 
 
 
Killer whales are known to depredate on pelagic longline gear.  A total of 1843 sets or 3.8 million hooks 
were observed in South African waters from January 2002 to March 2007 for killer whale depredation.  
A total of 689 killer whales sightings were recorded from 228 or 12.4% of sets observed.  There was no 
trend evident between years or months, although less sightings were recorded during in April and May.  
Killer whale interactions with the pelagic longline fishery predominantly occurred on the Agulhas Bank 
and along the continental shelf towards Port Elizabeth. Pod size varied between 1 and 10 animals 
(mean=3.06, std dev=1.94).  Depredation by killer whales resulted in the loss of 4.8 tuna or swordfish 
per set (n=116 sets). 
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Depredation on pelagic longlines in the Indian Ocean: an analysis of the Soviet historical 

database  
(1961-1989) on tuna research 

 
Evgeny V. ROMANOV*, Daniel GAERTNER, Pascal BACH, and Natal‟ya ROMANOVA; 

 
Unite de Recherche n° 109 (THETIS) IRD Centre de Recherche Halieutique Mediterraneenne et 

Tropicale; 
 
 
Depredation on pelagic longline catch was studied from long-term data series (1961-1989) collected 
during Soviet research cruises in the Indian Ocean. Depredation was analysed for two principal groups 
of predators involved: cetaceans and sharks. Breakdown at a finer species resolution was impossible 
due to potential misidentification of predators sighted at sea or identified from the traces of damage. 
Depredation by billfish was not considered here since billfish attacked fish caught usually hooked and 
therefore treated as catch. From a total of 4142 sets with capture (positive sets) conducted during 91 
cruises throughout Indian Ocean, 4588 individuals of 65 fish species/taxa were reported as depredated. 
Total average damage rate (DR, i.e. % of sets with recorded depredation to total number of operations) 
reached 28.0% of sets, with 3.95/1.11 damaged individuals per depredated set/per set. Overall 
depredation rate (PR, % of fish damaged to total number of fish caught) was 6.77. Yellowfin (Thunnus 
albacares), bigeye (T. obesus), albacore (T. alalunga) tuna and remains of unidentified large tuna 
(Thunnus sp.) comprised 83.6% of the total number of damaged fish (while these species represent 
49.7% of the total number of capture including depredated fish). Sharks were responsible for 43.8% of 
depredation cases, cetaceans for 11.6%; the rest of damage (44.6%) was caused by unidentified 
predators. Spatial distribution of highest depredation level „hot spots‟, long-term trends and seasonal 
variations in depredation level (overall and for target species) for both groups of predators are presented. 
The potential bias on tuna abundance indices (catch per unit effort) due to unreported information of 
depredation in longline fishery statistics is discussed.  
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INTERACTION OF THE FALSE KILLER WHALE (Pseudorca crassidens)  AND 
DEPREDATION ON THE SWORDFISH CATCHES OF THE SPANISH SURFACE 

LONGLINE FLEET WITH SPECIAL REFERENCE TO THE INDIAN OCEAN. 
 

A. Ramos-Cartelle & J. Mejuto 

 

 

On the basis of information provided by the fleet and by scientific observers during the 1992-2006 
period, it was possible to identify the areas of interaction between the surface longline fishery and 
Pseudorca crassidens, the level of sporadic incidental bycatches of this cetacean and its depredation 
level carried out on the swordfish individuals caught by this fleet. In roughly 98% of the sets sampled by 
scientific observers, no depredation was detected on the swordfish and in only 2% there were signs 
evidencing depredation on the swordfish catches.  According to on-board scientific observations, the 
incidental catch rate of the false killer whale was estimated to be 1.685 individuals per million hooks for 
the Indian ocean although the incidental mortality rate was null.  The  intertropical region of the three 
oceans presented the greatest interaction with the swordfish fishery, reaching in some of the areas a 
mean impact affecting over 10% of the catch in number. On the basis of mean predation rates by region 
and quarter, the average number of swordfish estimated to have been depredated by the false killer 
whale in 2005 would range from 509-2706 swordfish individuals in the Indian Ocean. These modest 
overall incidences are probably due to the recent fishing areas and fleet's effective practice of avoiding 
areas of major interaction with the false killer whale.  
 
However, when attacks do occur, they can be devastating to the fishery interests of the vessel and may 
ruin their yields. Data from sets  in different oceans with HPUE>0 indicate that predation usually 
amounts to less than 5 swordfish per thousand hooks, although, it may sporadically reach or exceed 20 
fish. Sets having HPR>0 indicate that, when attacks occur, depredation may affect a number of 
swordfish equivalent to 50% or more of the catch held on board and may even damage the catch in a 
proportion that is several times greater than the number of swordfish retained on board. For general 
purposes it was estimated that in 2005  Peudorca crassidens carried out a mean overall depredation in 
the Spanish surface longline fleet of around 0.5-2.6% on the total number of swordfish caught in the 
Indian ocean. 
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Some data of predation from the Pilot Action RAI-AP-08/2004 by two Spanish surface 

longline ships in South-western Indian Ocean during 2005 
 

Ariz J.1, A. Delgado de Molina1, Mª L. Ramos1, J.C. Santana1 
 

1 Centro Oceanográfico de Canarias 
Instituto Español de Oceanografía 

P.O. Box 1373 
38080 Santa Cruz de Tenerife 

Islas Canarias. Spain 
 
 
According to the IOTC announcement of the workshop on the depredation in the tuna longline fisheries 
in the Indian Ocean, this document presents data about predation obtained during 2005 by scientific 
observers on board two Spanish surface longliners in waters of South-western Indian Ocean. 
 
Data are analysed by groups of species, preys and predators. These groups of species predated are tuna, 
sharks, billfishes and other fishes. This report includes some non-commercial groups of species such as 
Family Alopiidae, Pseudocarcharias kamoharai and Alepisaurus ferox. 
 
Analysing percentage of predation, in number of specimens and tons, as the relationship between the 
number or tons of fishes predated and total catches, it is observed that he main group of commercial 
species discarded owing to predation is tuna (3,66% of total catches, in number of specimens), followed 
by billfishes (2,55% of total catches, in number of specimens), other fishes (2,41%) and finally a low 
percentage of sharks and rays (0,07%); while the percentage of incidental catches predated is really no 
significative (0,02-0,05%). 
 
The percentage of predators is around 78-79% for sharks over all the groups of species caught by the 
longline, adding a 3-4% of damage owing to Isistius sp. bites. 

                                                 
1 Centro Oceanográfico de Canarias 
   Instituto Español de Oceanografía 
   P.O. Box 1373 
   38080 Santa Cruz de Tenerife 
   Islas Canarias. Spain 



 39 

A1-14 
 
 

 
Studies of the Tuna depredation of EEZ of Sri Lanka 

 
J.A.D.B. Jayasooriya,  

Fishery Statistician, Sri Lanka 
 
 

This report summarizes experience and available knowledge on tuna fishery in Exclusive economic 
zone (EEZ) of Sri Lanka. 

 
Inboard motorized boats (Multy day and Single day) and out board FRP boats carried out the tuna 
fishery in Sri Lanka. The total tuna catch in Sri Lanka was 100,000 tons in 2006. The civil disturbances 
and tsunami in 2004 affected to decline the catch. 
 
Tuna catch rates are high in the south, south west coasts and south east coasts. Highest catch rates were 
reported for yellowfin tuna. The peak season for yellofin and skipjack is south west monsoon. No 
seasonal variation for yellowfin in south and west coats of Sri Lanka. 
 
After tsunami in 2004, Tuna fishery in Sri Lanka has considerably changed from gill net to longline 
fishery.  Length and weight data which are collected by NARA the research institute of Sri Lanka, used 
to analyze the average length. 
 
Export of tuna to the sashimi market and the European market is increasing. The hygienic quality of 
tuna landing is becoming better to meet the international demand. 
 
Low grade fish or especially skipjack tuna landing for dry fish or animal feed increased. No sufficient 
information was available to determine the proportion of the bycatch and the nominal catch. 
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On the Sharks and Other Undesirable Species Caught by Tuna Longline 
 

K. Sivasubramaniam 
(Department of Fisheries, Faculty of Agriculture, University of Tokyo, Tokyo) 

 
Records of Oceanographic Works In Japan Vol. 7, No. 1, March 1963 

 
The study of undesirable species or those species other than tunas and spearfish caught by tuna longline 
would contribute to the knowledge of the community life in the tuna fishing grounds, the density, 
distribution of undesirable species and also the effect of these undesirable species on the catch of tunas 
and spearfish. 
 
The results of the analyses showed that, (1) the undesirable species from 10% to 25% of the total catch, 
(2) Carcharinus longimanus and C.brachyurus are abundantly distributed in the yellowfin tuna fishing 
ground and similarly the glyphis glauca and Isurus species are distributed in the albacore, bluefin and 
bigeye tuna fishing grounds, (3) both seasonal and regional variation of the undesirable species 
composition depends on species of tuna abundance during those seasons and those areas, respectively, 
(4) the shark catch reaches a maximum after a certain length of soaking time as in the case of tuna catch 
and (5) the percentage of tunas damaged by sharks varies with season and region, however the 
percentage of tunas damaged by sharks appears to be higher in the yellowfin grounds than in the other 
types of tuna fishing grounds. 
 
 
 
 
 
 
A1-16 & A1-17. No abstracts available 
 

A1-16  Sivasubramaniam, K. Predation of tuna longline catches in the Indian Ocean, by killer-whales 
and sharks. Bull. Fish Res. Stn, Ceylon, Volume 17, Number 2 pp 221-236, Decenber, 194. 

A1-17  Sivasubramaniam, K. New evidence on the distribution of predatory pelagic sharks in the tuna 
grounds of the Indian Ocean. Bull. Fish. Res. Stn., Ceylon Vol 20, pp 65-72, 1969. 
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Depredation of fish caught on tuna longlines in the BIOT area. 
 

J. Moir Clark, J. Roberts, C. Mees. 
 

Marine Resources Assessment Group Ltd. 
18 Queen St 

London W1J 5PN 
enquiries@mrag.co.uk 

 
 
Data collected by observers operating on longliners in the BIOT Fisheries Conservation and 
Management Zone (FCMZ) since 1997 were analysed to determine the levels of depredation caused by 
sharks and whales.  Since 2000 observers have been required to monitor all hooks hauled while on the 
vessel, recording the species and condition of the fish that are coming up (i.e. 100% hook coverage). 
Prior to this between 1997 and 1999 the condition of all fish were recorded as part of the biological 
sampling requirements (i.e. 100% fish coverage).  In total 120,178 hooks were observed between 2000 
and 2002 with a further 4,436 fish samples analysed between 1997 and 1998. 
 
Information on levels of depredation were taken from the observer reports between 1997 and 2003, 
where the number of fish observed and the number of fish mutilated were recorded.  Depredation levels 
for these years averaged at 6.44% for yellowfin tuna, 4.20% for swordfish and 1.98% for bigeye tuna.  
Some bycatch species were also mutilated including sailfish, lancetfish and blue sharks. 
 
The majority of the depredation was caused by sharks, as identified by toothmarks in the mutilated fish 
and from anecdotal reports by the skipper and crew of the vessels.  It was also reported that killer whales, 
false killer whales, pilot whales and dolphins were responsible for removing both bait and fish from the 
lines. 

mailto:enquiries@mrag.co.uk
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Sperm whales have learned to remove sablefish from long-line gear in Alaska. Concerns about 
economic losses and whale entanglement prompted a study of sperm whale depredation. We estimated 
the amount of fish consumed, described whale arrivals at the fishing gear and estimated sperm whale 
abundance.  
  
We compared 124 long line sets, with and without sperm whales, and found that 2.83% of the fish were 
lost to sperm whale depredation. We fitted a repeated measures model to estimate whale counts 
dependent on stage of the set and month. Abundance was estimated with Bayesian mark-recapture 
method developed by the authors: 104ˆ N  and 95% credible interval (74,165).  
 
These results are a part of the North Pacific Research Board study (R0309) to define the interactions 
between sperm whales and fishing vessels. 
 
 
 
 
 
A1-22 
 
Observation of predation occurred in the Chinese longline fishery in the tropical Pacific 
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Based on the scientific observer data and some logbook data, the paper reported  the predation 
observation in the longline fishery operated in the tropical Pacific Ocean. There are two types of 
predation, which resulted from dolphins(or whales) and sharks respectively, mostly from dolphins. The 
rate of predation in the total set was recorded,. Based on the appearance of hooked catch bited and 
damaged by predator, species of hooked catch were identified. The total catch of predation was 
estimated. Measures for mitigating predation from longline fishery were suggested. 
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The mitigation methods for marine mammals are reviewed. There are four approaches, i.e., Operational, 
Population control, Chemical & Physical and Acoustical. In the operational approach, there are seven 
methods, (a) Escape, (b) Co-existence, (c) Decoy (agent provocateur), (d) No left-over foods, (e) Drift 
without lights, (f) Line alternations and (g) Deep setting. Based on the review, the most effective 
approaches at this stage are considered to be the combinations of the seven operational approaches. If in 
the future, the effective active acoustic device and/or the protected nets (one of the physical approaches) 
were developed, it is suggested to use them with the combined operational approach. The table below is 
the summary of this paper.  
 

Summary (Effectiveness) O: good, Δ :less X: No

-Signals with 
large, strong & 
changeable
patterns may be
effective.

-Protected 
cover (net)
(some 

hope)

Not 
realistic 

- Consistent 
effectiveness  
are not 
expected.

- Need to   
change    
alternatively  

comment

- Small pinger X
- Large & strong 

one O(?)

-Protected   
cover O(?) 

- Others X

XO, Δ or XEffective-
ness

acousticalChemical 
Physical 

Population 
Control

Operational 
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In the Coral Sea, short-finned pilot whales and false killer whales were the main species responsible for 
depredation.  This project evolved a dual mitigation strategy to avoid depredation on a broad scale, and 
to minimise the problem on a close-in scale.   
 
To meet the avoidance objective, improvements in acoustic localisation of vocalising toothed whales 
were achieved. Two three-dimensional acoustic tracking systems developed to track the swimming 
trajectories around longline gear, one for echolocation clicks and one for whistles.  The Madry 
Technologies Versamon software package featured the real-time capability to track whales with the 
capability of detection of the real-time bearings to sperm whales.  The JCU Electrical Engineering 
3DLOC software package featured the capability to track whistles in 2D and 3D and incorporated 
whistle isolation and enhancement to extend tracking range. 
 
Oceanic acoustic propagation models were considered to assess the minimum standoff capability range 
required by fishing crews to achieve a workable avoidance strategy.  A project recommendation is that 
radio direction finding buoys used to locate segments of longline gear should be fitted with acoustic 
sensors to detect the presence of vocalising toothed whales within a preset radius and transmit the 
information to the vessel in order that the skipper could take appropriate action to avoid depredation.   
 
To meet the minimisation objectives, active and passive acoustic mitigation methods were trialled.  
Various active acoustic systems evoked a range of reactions, however even when aversive responses 
were observed the range was far too short for commercial longline use.  Some systems demonstrated 
potential to reduce interactions with other species in different fisheries.   
 
A passive acoustic depredation mitigation device based on combinations of fishing gear components 
with acoustic reflection capability showed most potential.  The project device was as much a visible 
deterrent to depredation as it was a reflector of toothed whale echolocation clicks designed to confound 
the acoustic perception of the target.    Depredation will not be reduced in longline fisheries by 
workshops that repeatedly discuss the same issues.  Specific research to investigate the mechanism and 
detection of depredation, and the toothed whale capability for vessel of fishing gear detection is still 
required.  Logistical aspects of depredation detection are being pursued by industry (Clarke et al., this 
workshop), as institutional support is often lacking.  This research was supported by Australia‟s 
Fisheries Research and Development Corporation. 
 
There will always be some risk, real and perceived, to marine mammals that interact with fishing gear 
during depredation events.  Risks to depredating toothed whales should be minimised but should also be 
considered in the light of population enhancements due to depredation.   
  
 
 
 



 45 

A3-03 
 
An option for long range acoustic detection of toothed whale depredation on longlines. 
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Localisation of toothed whales responsible for longline depredation would assist the longline fishing 
sector to identify the presence or general location of vocalising toothed whales in oceanic conditions.  
Knowledge of the location of toothed whale herds would permit fishing crews to make informed fishing 
decisions to avoid toothed whales prior to setting gear, or to avoid the losses due to depredation when 
toothed whales encountered longline captured fish. 
 
An acoustic sensor system is proposed as the most cost-effective option to detect vocalising toothed 
whales at maximum ranges to avoid depredation.  The sonobuoy-type system would utilise a 
hydrophone acting as an omni-directional proximity detector. Output of acoustically distinctive 
whistles generated by depredating toothed whales would be collected then encoded to a narrow 
frequency bandwidth and transmitted using existing radiolocation buoys.  The transmission range will 
be the same as the existing buoys which could be moored or drifting, to allow for the detection of 
toothed whales over a wide area.  
 
To this end, RSM Systems (Sydney) has commenced design options to incorporate a hydrophone and 
acoustic electronics module into an existing radio buoy, to operate over its radio transmitter.  The 
hydrophone will be suspended below the buoy and connected to an acoustic module positioned inside 
the buoy which will convert the acoustic data for transmission using the existing RF transmission 
system. There are substantive electronic reasons why the signals should be transmitted as the simple 
presence / absence of vocalisations around a buoy rather than transmission of the entire whistle 
frequency range.   
 
RSM Systems is considering the most cost-effective method of displaying the presence/absence of 
toothed whale vocalisations around the radio beacons, either by utilising existing hardware associated 
with the beacons or as a small stand-alone indicator.  The use of existing equipment would simplify the 
process for vessel‟s crew and ensure no operational changes are required. 
 
Where multiple herds were vocalising in a region, manual detection systems would not be appropriate 
for a fishing vessel.  Semi-automated signal isolation and enhancement software (such as McPherson et 
al., this workshop) would be increase the proximity detection range. 
 
 
CONTACT: gclarke@rsm-systems.com 

mailto:gclarke@rsm-systems.com


 46 

A3-04 
 

Development Of Passive Acoustic Tracking Systems To Investigate Toothed Whale 
Interactions  

With Fishing Gear. 
 

Geoffrey R. McPherson(1)*, Chris Clague(1), Phillip Turner(2), Craig R. McPherson(2), 
Andrew Madry(3), Ian Bedwell(4) and Douglas H. Cato(5). 

 
(1) Queensland Fisheries Service, DPI&F, PO Box 5396, Cairns, QLD, Australia 

 
(2) School of Electrical Engineering, James Cook University, Townsville, QLD, Australia 

 
(3) Madry Technologies Pty Ltd, PO Box 1269, Castle Hill, Sydney, NSW, Australia 

 
(4) Thales Underwater Systems, 274 Victoria Rd, Rydalmere, Sydney, NSW, Australia 

 
(5) Defence Science and Technology Organisation, PO Box 44, Pyrmont, Sydney, NSW, 

Australia 
 
 
Depredation (=stealing) by toothed whale species of Coral Sea tuna longline catches threatens the 
viability of the fishery through direct removal of bait and hooked fish and behavioural modification of 
the target fish species.  The false killer whales and short-finned pilot whales responsible for depredation 
on longline catches generate frequency modulated communication whistles, time constant broadband 
burst-pulses with a possible emotional context, and time variable broadband echolocation trains used in 
hunting.  All vocalisations offer potential for passive acoustic tracking.  A range of methods is being 
developed to mitigate depredation including acoustic, mechanical and chemical approaches.  To assess 
the effectiveness of these methods, an integrated passive acoustic tracking system to determine 
movement trajectories of toothed whales relative to longline gear is under development for use in 
oceanic situations.  A real-time tracking system for broadband clicks using a small aperture Mills Cross 
array to obtain an initial azimuth to source, is being integrated with a post-processing, wide aperture 
sonobuoy system for all vocalisations to obtain localisation in three dimensions. Data obtained from the 
small aperture array showed that comparable azimuth estimates were obtained for inshore toothed 
whales using both tracking systems.  Trials over wide areas in oceanic conditions with larger arrays 
(1.5-1,000 m) to determine 3 dimensional trajectories, are yet to commence. 
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Abstract 
 
Sizeable damage for longline fisheries in the World Ocean inflict on eating away caught fishes by 
sperm-whales and killer-whales. Aboard commercial longliner that fished Patagonian toothfish with 
modified bottom Spanish type longline for the first time was applied device for mitigation of interaction 
of caught fishes with marine mammals. 
 
Fishing for toothfish carried out in South-West Atlantic Ocean out of EEZ bordered countries on depths 
750-1900 m. At fishing time constantly some sperm-whales (2-5) were near vessel. After each hauling 
observed some dozens of damaged fishes or fishes with eaten away trunks (sometimes it was about 50% 
of total catch).  
 
For prevention of depredation of catch in second half of trip applied special device. Used kapron net, 
which closes hooks with caught fish at time of hauling. At time of fishing net not hinder to contact fish 
with bait. While at time of hauling net covers of hooks and prevent contact mammals with caught fishes. 
After beginning of using of protected nets damaged or depredation of fishes not observed. 
 
Key words: longline fisheries, sperm-whales, protected nets. 
 
 
 
 
 

mailto:lkp@bikent.net
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Whales have the potential to interact with fisheries directly (e.g. bycatch and depredation) and 
indirectly (e.g. competition for a shared resource). While mitigating the direct interactions represent 
substantial challenges for fishery management, given adequate resources they are relatively easy to 
quantify and understand. The indirect, ecological interactions are vastly more difficult to measure and 
understand, primarily due to the complexity and dynamics of marine food webs and ecosystems.  
 
Attempts to understand these ecological interactions have been developed using data on diet and with 
models that attempt to simplify the workings of ecosystems. However these models cannot yet 
accommodate the complexity of the systems nor deal with the uncertainty that arises from our imperfect 
knowledge.  
 
While science attempts to better model marine ecosystems, a number of hypotheses and model outputs 
have been proposed and are being represented in some forums as being sufficiently robust that 
management should respond to them. Among these are suggestions that consumption by whale 
populations is directly limiting fishery yields. Evidence for this is based on whales and fisheries 
targeting a common prey, and modelling the interactions between the fishery, the whales and the shared 
prey. 
 
In this paper I discuss the relationship between ecological competition and the simple circumstances of 
feeding on (or fishing for) a common prey. I also discuss the spatial and temporal aspects of 
consumption by cetaceans in the Indian Ocean and investigate the plausibility of ecological competition 
occurring with fisheries. The conclusions clearly demonstrate that ecological competition between 
whales and fisheries in the Indian Ocean is highly unlikely, and that if it occurs at all, it does so at 
transient and highly localised scales. Scientists, managers and fishermen who deal with interactions 
between cetaceans and fisheries should rather focus on the more important and influential direct 
interactions such as bycatch and depredation 
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A study among fishermen, scientists and managers collected data on depredation of sablefish 
(Anoplopoma fimbria) demersal longlines by sperm whales (Physeter macrocephalus) in the Gulf of 
Alaska, 2003-2007.  The goals were to characterize the whales involved, determine the mechanics of 
depredation, and recommend changes in fishing behavior to reduce depredation.  At sets when whales 
were present (N=39), 71% had evidence of depredation. Genetics determined the whales (N=19) were 
male. Bayesian mark-recapture analysis estimated 123 (94, 174; 95% credible interval) whales in the 
study area. Passive acoustic recorders permitted monitoring of the underwater noise environment, 
including sperm whale activity, before and during longline recovery.  We found engine cavitation noise 
is correlated with changes in acoustic activity of sperm whales, while vessel hydraulics or cable strum 
was not. We tested three passive deterrents: decoy anchorlines, hydrophones for passive acoustic 
monitoring and minimizing engine cycling during the haul.  We determined fewer interactions occurred 
and whales were less likely to follow vessels using one or more of these strategies. To observe how 
animals remove individual fish, an underwater video camera was attached to a longline that had been 
partially hauled and then lowered between depths of 90m and 120 m, with sablefish attached 2-4 m 
above the camera.  Hydrophones were deployed at 17 m depth during the 40-60 minute deployments, 
and mounted 1.3 m below the camera. During two encounters, one whale investigated the line, 
producing characteristic “creak” sounds that were recorded on the three hydrophones, and which were 
subsequently time-aligned using vessel noise in order to permit acoustic tracking. A second whale 
interacted with two fish within 4 m of the camera, but only the camera hydrophone was available.  
Acoustic analyses shows maximum click production rate is 33clicks/second and echolocation is used by 
sperm whales to target prey. 
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Workshops focusing specifically on the reduction of sea turtle, marine mammal, and seabird incidental 
catch (i.e., bycatch) in longline fisheries have recommended the need for standardized data collection 
procedures employed by fisheries observers onboard commercial longline fishing vessels.  However, 
these reports lack sufficient detail regarding what these standardized data collections should be.  To 
facilitate research and analysis of factors influencing bycatch of marine mammals, sea turtles, and 
seabirds in longline fisheries, a workshop was organized to develop “best practices” in observer data 
collections. The workshop was held in conjunction with the International Fisheries Observer 
Conference, November 8-11, 2004, in Sydney, Australia. 
 
The objectives of the workshop were to share and solicit information, coordinate with observer program 
staff, recommend best practices for observer data collection in longline fisheries, and establish a 
network to continue to develop, refine, and implement best practices.   
 
Prior to the workshop, two web-based surveys were developed and distributed to observer program 
managers and data users worldwide.  The objectives of the survey were to ensure broad input from 
researchers and observer program staff who may not be able to attend the workshop, and to provide a 
base of information from which to focus discussions during the workshop. At the workshop, 
participants discussed the results of the surveys and need to develop best practices for observer data 
collections.  
 
Critical and preferred variables were identified, based on the responses provided by data users in the 
pre-workshop survey and discussions by workshop participants.  This list of variables represents “best 
practices” that should be included in the collection of longline data by fisheries observers.  Optimal data 
specific to bycatch species was also identified and included a recommendation for collecting evidence 
of depredation on catch (by marine mammals or other species), including species of fish damaged, 
description of type of damage, photographs of damaged fish, and number of fish damaged. 
 
Workshop participants also made recommendations for observer programs to consider when 
incorporating these best practices into observer data collections.   
 
The full report is available at http://www.fakr.noaa.gov/protectedresources/seabirds/llreport0307.pdf 

http://www.fakr.noaa.gov/protectedresources/seabirds/llreport0307.pdf


False killer whale (Pseudorca crassidens)
echolocation and acoustic disruption: implications
for longline bycatch and depredation

T.A. Mooney, A.F. Pacini, and P.E. Nachtigall

Abstract: False killer whales (Pseudorca crassidens (Owen, 1846)) depredate fish caught by the North Pacific pelagic
longline fishery, resulting in loss of target species catch and the whales themselves becoming bycaught. This incidental
take of false killer whales exceeds sustainable levels. In an effort to address a potential solution to reducing this depreda-
tion and bycatch, we tested an acoustic device designed to deter false killer whales from approaching longlines by reduc-
ing the whales’ echolocation performance capabilities. The device produced a series of complex, broadband signals (1–
250 kHz) at high intensity levels (up to 182 dB). In the experiment, a trained false killer whale was asked to detect a tar-
get in the presence or absence of the acoustic device. Baseline performance capabilities were 95% correct responses. Ini-
tially, the device reduced the whale’s echolocation performance to chance levels. However, subsequent sessions
demonstrated improvement in echolocation performance up to 85%. This improvement was likely a result of behaviorally
adapting to the task and a decrease in the source level of the echolocation ‘‘disruptor.’’ The results underscore the chal-
lenges in using acoustic devices to reduce depredation and bycatch, and demonstrate the need for concern regarding
anthropogenic noise levels and effects on odontocete echolocation capabilities.

Résumé : Les fausses orques (Pseudorca crassidens (Owen, 1856)) pillent les poissons attrapés par la pêche à la palangre
dans le Pacifique Nord, ce qui entraı̂ne une perte des espèces ciblées et la capture accessoire des orques elles-mêmes.
Cette capture accidentelle de fausses orques dépasse les niveaux viables. Dans le but de trouver une solution potentielle
pour réduire ce pillage et ces captures accessoires, nous avons évalué un appareil acoustique destiné à décourager les
fausses orques de s’approcher des palangres en réduisant les capacités de performance de l’écholocation chez les orques.
L’appareil produit une série de signaux complexes à large bande (1–250 kHz) à de fortes intensités (jusqu’à 182 dB). Du-
rant l’expérience, une fausse orque entraı̂née a été appelée à détecter une cible en présence ou en l’absence de l’appareil
acoustique. Les capacités de performance de base comportaient 95 % de réussites. Au début, l’appareil réduisait la per-
formance d’écholocation de l’orque à des niveaux aléatoires. Cependant, aux sessions subséquentes, il y a eu une améliora-
tion de l’écholocation de jusqu’à 85 %. Cette amélioration est vraisemblablement le résultat d’une adaptation
comportementale à la tâche et d’une diminution du niveau source du « disrupteur » d’écholocation. Ces résultats sou-
lignent les défis qu’il y a à utiliser des dispositifs acoustiques pour réduire le pillage et les captures accessoires et ils dé-
montrent la nécessité de se préoccuper des niveaux de bruits anthropiques et de leurs effets sur les capacités
d’écholocation des odontocètes.

[Traduit par la Rédaction]

Introduction
It is well documented that marine mammals interact with

fisheries around the world, and this widespread relationship
between fishers and marine mammals rarely seem to benefit
both parties. For example, dolphin–tuna associations in the
Eastern Tropical Pacific have been utilized to locate and
identify tuna schools for harvesting, which at one time re-
sulted in substantial herding and incidental catch of dolphin
species (NRC 1992). Both pinnipeds and cetaceans have

learned to remove target fish from various fishing operations
such as aquaculture facilities (Quick et al. 2004), gillnets
(Cox et al. 2003), longlines (Thode et al. 2007), and trawlers
(Broadhurst 1998). This often results in damage to fishing
gear and harvestable fish. As a consequence of these and
other marine mammal – fisheries interactions, two primary
challenges can be established: (1) loss of target catch for
fisherman, which may have deleterious economic and social
consequences (Gilman et al. 2006), and (2) incidental catch
of marine mammals (bycatch), reducing populations and re-
sulting in potential ecological changes (Read et al. 2006).
Thus, mitigation measures are often suggested to reduce
both the loss of target catch and bycatch rates of marine
mammals.

Situations that present a particularly important need to re-
duce these interactions include populations or species of ma-
rine mammals that are of limited size. In this case, further
reduction in numbers can threaten a population’s survival,
perhaps leading to extinction (Slooten et al. 2006; Turvey et
al. 2007). The population of false killer whales (Pseudorca
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crassidens (Owen, 1846)) in Hawaiian waters has consider-
able interaction with longline fisheries (Baird and Gorgone
2005); whales are removing target catch, such as tunas,
from the longlines (depredation) and as a result, are being
occasionally caught on the longline hooks (Gilman et al.
2006). Fisherman may lose a substantial amount of market-
able fish and whales may be seriously injured or killed in
this process. The rate of bycatch exceeds the ‘‘potential bio-
logical removal’’ (PBR) set for the population by the Na-
tional Oceanic and Atmospheric Administration National
Marine Fisheries Service (NOAA–NMFS) resulting in a
stock of ‘‘strategic’’ importance (Caretta et al. 2006), indi-
cating that such bycatch rates could result in a decline of
the population size.

Methods to reduce marine-mammal bycatch depend on
the fishery but may include (i) reducing fishing seasons or
regions (Murray et al. 2000), (ii) establishing marine pro-
tected areas (MPAs) with fishery regulations (Dawson and
Slooten 1993), (iii) modifying the gear to prevent entangle-
ment (Mooney et al. 2004, 2007), or (iv) deterring animals
from approaching the fishing area (Quick et al. 2004). Lim-
iting fishing capabilities through regulation or MPAs may
have the negative consequences of reducing the economic
intake of fisherman and some social components of fishing
communities. However, developing technology that reduces
bycatch but maintains target species catch has obvious bene-
fits to both fisheries and ecosystems.

We investigated an acoustic tool proposed to deter false
killer whales from approaching longlines, thus reducing dep-
redation and bycatch. The device, a SaveWave Long-line
Saver, was designed to emit sounds hypothesized to reduce
echolocation capabilities, one of the primary sensory modal-
ities of odontocete marine mammals. This, in turn, was pro-
posed to discourage false killer whales from attempting to
remove target catch from longline gear. Similar acoustic de-
vices such as pingers have reduced harbor porpoise (Pho-
coena phocoena (L., 1758)) bycatch in gillnet fisheries
(Kraus et al. 1997) by presumably alerting the animal of the
net’s presence. In longline fisheries the goal of an acoustic
device would likely not be a warning of gear presence but
rather to disrupt the animal’s depredative behavior. The effi-
cacy of an acoustic device or disruptive tool has not yet
been addressed in reducing marine mammal bycatch in long-
line fisheries. The goals of this experiment were to
(i) characterize the sounds produced by the device and
(ii) determine the tool’s efficacy in reducing false killer
whale echolocation performance, thus evaluating its poten-
tial to reduce depredation and bycatch.

Materials and methods

Animal subject and background
The study animal was an approximately 30-year-old fe-

male false killer whale (4.1 m and 528.4 kg), housed in the
open-water sea pens off the HIMB’s Coconut Island, Ka-
neohe Bay, O‘ahu, Hawai‘i, USA. The animal has had con-
siderable experience with echolocation research, including
target detection tasks similar to the experiment presented
here (see Nachtigall and Supin 2008). Experiments were
conducted in March and April of 2007, over 15 experimen-
tal sessions, each consisting of 50 trials. All sessions were

designed around a target detection task in the presence, or
lack, of an acoustic device that emitted broadband acoustic
signals. The device, a SaveWave Long-line Saver (Delft, the
Netherlands), was intended to reduce false killer whale dep-
redation and bycatch on longline fishing sets by producing a
loud, broadband acoustic signal. This signal was proposed to
decrease a false killer whale’s echolocation performance
abilities, and consequently, deter them from approaching a
longline, attempting to depredate it, and becoming hooked.
We sought to investigate the capability of this device in
‘‘jamming’’ a false killer whale’s sonar in a series of target
detection experiments.

Experimental procedure
The experiments were conducted across two experimental

pens (Fig. 1). The animal was tested in the first pen, which
was supported by floats, bounded a wire net, and was 8 m �
10 m in size (1). At the far end of this enclosure was an
equipment shack (2), which housed the electronics for the
experiment and an operator. A second ‘‘enclosure’’, 7 m �
10 m in area (3), was used to suspend the echolocation tar-
gets. This structure was without the wire net, and the sup-
porting floats were positioned to the side to prevent any
potential acoustic reflections during the echolocation task.
A trainer (4) sat along the side of the first pen to provide
instructions and monitor the animal during the experiment.
A hoop-opening 55 cm in diameter was fixed between the
two pens, which served as a hoop station (5) for the animal
during the echolocation task, so that it could be positioned
in pen 1, but required to echolocate into the free-field of
pen 2. Near the hoop station was an underwater camera (6),
which allowed the animal’s behavior to be monitored from
the shack. One metre in front of the hoop was an acoustical
baffle (7), which could be raised or lowered and prevented
the animal from echolocating into the target pen until the
proper time. Just behind the baffle was an acoustically trans-
parent plastic screen that did not preclude sound transmis-
sion but inhibited the whale from seeing the target. A
Reson 4013 hydrophone (8; Slangerup, Denmark) was posi-
tioned 2 m in front of the hoop and 1.34 cm in front of the
whale to detect the animal’s echolocation pulses. An alumi-
num cylinder, 3.8 cm in diameter and 12.7 cm in length,
served as the target (9) for which the animal was trained to
echolocate for and was hung 8 m in front of the animal from
an aluminum pipe and pulley, the pipe spanning the width of
the target pen. The cylinder was hung from a thin monofila-
ment line and could be pulled out of, or lowered into, the
water. Near the hoop station was a response ball (10)
mounted above the water surface, serving as a target-present
response indicator. Except for early training sessions and the
last session, the Long-line Saver (11) was suspended 8 m
from the whale and 1 m to the side of the target.

Each session began with the false killer whale stationing
near the trainer. Upon a cue from the trainer, the animal
would leave the surface station and swim to the hoop sta-
tion, 1 m below the water’s surface. When the animal was
in position, the target would either be gently lowered into
the water (for a target-present trial), or lowered and then
raised (for a target-absent trial). The acoustic baffle was
then lowered allowing a free and direct path between whale
and target. This was also the whale’s cue to echolocate. A
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go or no-go paradigm was employed in which the go re-
sponse was associated with target present and the no-go
was associated with target absent (Schusterman 1980). If
the whale detected a target, it would back out of the hoop
and touch the response ball with its rostrum (a go). If the
whale did not detect the target, the animal remained in the
hoop for approximately 5 s (a no-go), until the trainer blew
a whistle recalling the animal. Only correctly indentifying
target presence (a hit) or absence (correct rejection) was re-
warded with fish, and both present and absent trials were
equally rewarded. Incorrect responses included false alarms
(responding when no target was present) or a miss (failure
to respond when the target was present).

The Long-line Saver was designed to reduce false killer
whale echolocation capabilities, thus the experiment was de-
signed to determine if the device would reduce the echolo-
cation performance of detecting the aluminum target. Two

initial sessions were devoted to establishing the animal’s
baseline performance level, without the acoustic device in
the water. Two subsequent sessions were run with the device
in the water but turned off, with the device being placed 8 m
from the whale, 1.5 m to the side of the target. A session
was then run with the device on for the entire session. The
sessions were then broken up so that the acoustic device was
off for 10 trials, on for 20 trials, and off for 10 trials. Five
‘‘warm-up’’ and ‘‘cool-down’’ trials preceded and followed
the experimental trials. These ABBA sessions were run until
the animal’s performance level stabilized again, four ses-
sions later. A session was then run with the device in the
water but off, ensuring that the whale’s detection baseline
performance was consistent. Then, to determine how dis-
tance and reduced sound pressure levels (SPLs) might affect
detection performance, the device was moved 30 m from the
whale, but still in line with the target. All sessions were 50

Fig. 1. The experimental setup for the target detection task of a false killer whale (Pseudorca crassidens). The various components are
referred to in the text.

Fig. 2. (a) Sample spectrograms of the various acoustic signals produced by the acoustic deterrent. (b) The Long-line Saver hung in sea
water for calibration. (c) A diagram for the suggested use and deployment of the device.
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trials, consisting of 5 blocks of 10 trials. Each block was
randomized to target present versus absent following a Gel-
lermann series (Gellermann 1933).

Acoustic signals
The Long-line Saver was half-spherical in shape, with a

diameter of 38.1 cm and weighing 24 kg (Fig. 2). The
acoustic signals emitted by the SaveWave device were a
complicated assortment varied up- and down-sweeps, pure
tones, and harmonics. We calibrated the sound levels emit-
ted before the experiment on three separate days with essen-
tially the same results. The Long-line Saver device was hung
off a dock at 1 m depth in the open seawater environment of
Kaneohe Bay. Signals were received 2 m from the source
using a calibrated Biomon 8235 hydrophone (sensitivity –
182 ± 2 dB up to 300 kHz; Santa Barbara, California,
USA), which was connected to a Krohn-Hite 3364 filter
(Brockton, Massachusetts, USA) for anti-alias bandpass fil-
tering (300 Hz to 250 kHz). Ten 1 s files were recorded
from three different directions (front, side, and back) on
each of the three calibration days to get a general estimate
of the directionality of the device. Files were recorded using
a custom LabView program working with a National Instru-
ments DAQ card (6062E; Austin, Texas, USA) implemented
into a laptop computer. Signals were sampled at a rate of
512 kHz. The Long-line Saver sounds were extremely
broadband (from 1 to 250 kHz), but signals were not re-
corded above 250 kHz, as this was considered well beyond
the range of hearing for false killer whales and other odon-
tocetes (Thomas et al. 1988; Yuen et al. 2005). These
sounds were referenced to calibrated pure tones of 20, 40,
60, 80, 100, and 120 kHz, produced by a Wavetek function
generator (Everett, Washington, USA) connected to a Reson
4040 transducer and recorded in the same manner as the
Long-line Saver signals above. All signals were monitored
as they were recorded using a Tektronix TDS 1002 oscillo-
scope (Richarson, Texas, USA).

The recorded signals were assessed off-line using CoolE-
dit (Adobe Systems, San Jose, California, USA) and MatLab
(MathWorks, Natick, Massachusetts, USA) programs. Por-
tions were selected from each of the pure tones and the
broadband SaveWave noise files and analyzed with a 2048-
point fast Fourier transform (FFT). The peak values of the
FFTs were compared between tones and the noise files to
determine the peak intensity of the Long-line Saver. Before
the experiment, the device produced a relatively intense
source level (SL = 182 dB re: 1 mPa) from the forward di-
rection, but signals dropped off to the side and back at 174
and 164 dB, respectively. After the experiment and approxi-
mately 25 h of use, the Long-line Saver device dropped off
in sound pressure level to 162 dB peak intensity at the
source and in the center of the front-facing beam. Peak re-
ceived levels at the animal were 164 dB.

Data collection and analysis
The primary data collected were based on the perform-

ance of the false killer whale in the echolocation task. Cor-
rect responses (hits and correct rejections) were measured
against incorrect response (misses and false alarms) and
compared using a two-tailed t test. A number of complimen-
tary parameters were collected for each trial to measure ad-

ditional effects of the Long-line Saver. Because the Saver
might be considered an acoustic harassment device, several
of the parameters were designed to assess the acoustic devi-
ce’s influence on the animal’s behavior. This included the
delay (s) from when the trainer sent the whale to the hoop
to when it actually stationed in the hoop, the number of
echolocation clicks used, the latency of time (s) for the
whale to respond (only in target present responses), and any
overt behavioral alterations during the experiment. Within
each category the variable was averaged and compared us-
ing a two-tailed t test. The animal’s behavior in the hoop
and at the surface was video-recorded. Minitab and Excel
softwares were used in the behavioral data analysis. All
methods and animal care abided by national and university
animal care guidelines (Institutional Animal Care and Use
Committee (IACUC) Permit No. 93-005-13; National Acad-
emy of Sciences 1996).

Results

Echolocation performance
The experiment was initiated by establishing the false

killer whale’s baseline echolocation performance ability and
ensuring that the percentage of correct responses was stable.
Across the first four sessions, the animal demonstrated a
mean 97% correct response rate (SD = 1.15) to the presence
and absence of the cylinder target (Fig. 3). For the first two
sessions, the acoustic device was not yet suspended in the
water and the animal responded 98% correct. The single er-
rors in both sessions were misses. In the following two base-
line sessions (3 and 4) the Long-line Saver was hung in its
experimental position, but the sound was not turned on and
the whale’s performance was a similar 96%. The acoustic
device was kept in the water for the remainder of the experi-
ment. The errors in these sessions were made within the first
5 trials of both sessions and 3 of the 4 errors were false
alarms.

During session 5, the Long-line Saver was turned on as
the animal first entered the hoop station for the first echolo-
cation trial of the session. The sound then remained on for
the entire session (50 trials; approximately 1 h), including
all subsequent target presence or absence trials. The ani-
mal’s performance dropped off to 46% for this session.
Eleven errors were false alarms and 16 errors were misses.
We then returned to a session with the Long-line Saver off
for the session’s entirety. With the device off, the whale re-
sponded correctly for 96% of the trials, reaffirming its base-
line performance capabilities.

We then switched to an ABBA format of the trial order
within sessions to hopefully reduce frustration of the animal
in the apparently difficult task of target detection when the
Long-line Saver was emitting sound. During this portion of
the experiment, the animal’s detection performance im-
proved significantly when the Long-line Saver was on
(Fig. 4), although performance was never at the level of tri-
als without sound. In the first session, the animal correctly
identified target presence or absence at 60% with the Long-
line Saver on and 95% with it off. Of the incorrect responses
when the device was on, 87.5% were false alarms. For the
remaining three sessions, the animal’s performance leveled
off at 85% for sound-on trials and 98% for sound-off trials.
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Over the course of these four sessions, the animal detected
target presence or absence significantly better when the
Long-line Saver was off (mean on = 78.8%, mean off =
96.2%; two-tailed t test, p = 0.03).

After performance stabilized, we returned to a full session
with the Long-line Saver off to re-establish baseline capabil-
ities, and the whale demonstrated 94% correct responses. In
the final session we moved the device 30 m from the ani-
mal, turned the acoustic device on, and returned to the orig-
inal echolocation task. The animal was 100% correct in
identifying the presence or absence of the target.

Receiver Operating Characteristics
The animal’s hits (correct detections) and false alarm

probabilities were plotted in receiver operating characteristic
(ROC) curves (Figs. 5a–5c) to asses how the whale might
make decisions of detecting the target within background
noise (the acoustic disruption device). As noted, when the
sound was off the animal’s hit rate was very high, near
100%, and the probability of false alarms was relatively
low (£20%; Figs. 5a, 5c). Such clear responses indicate the
ease at which the whale could detect the target in the stand-
ard situation. However, when the acoustic disruption device
was turned on, it was obvious that the echolocation detec-
tion task became more difficult. Hit rates initially dropped

below 40% and false alarm rates increased to near 50%
(Fig. 5a), indicating that the animal became less ‘‘conser-
vative’’ and was apparently lowering its detection threshold
or guessing. However, as sessions continued, the false alarm
rate dropped and the hit rate increased, as the whale im-
proved and returned to a more conservative approach.

For a more detailed look at the decisions made when the
acoustic device was first turned on, we analyzed the first
two sessions with the device on, broken up into 10-trial
blocks (Fig. 5b). Notably, the animal’s false alarm and hit
rate changed substantially throughout the sessions. Nearly
all hovered around the major diagonal, indicating the ani-
mal’s likelihood of a correct response was near chance thus
supporting that the whale was guessing. Or by changing
strategies from conservative to ‘‘liberal’’, the whale could
have been searching for a strategy to improve her chances
of correct detection. While overall, the whale’s strategy

Fig. 3. Target detection performance displayed in percent correct
responses of the false killer whale (Pseudorca crassidens) for ses-
sions where the acoustic deterrent was on (solid) or off (open). The
Long-line Saver was suspended 8 m from the animal during its
echolocation task except for the last session when the device was
placed 30 m from the whale.

Fig. 4. Target detection performance in correct responses of the
false killer whale (Pseudorca crassidens) for sessions in ABBA
format, as well as the mean performance of those sessions.

Fig. 5. Receiver operating characteristic (ROC) graphs for the false
killer whale (Pseudorca crassidens) performing the echolocation
task. (a) All data when acoustic Long-line Saver was in the water.
Circle indicates session 5 when sound was on for the entirety.
Squares indicate sessions 7–9 when the device was on for an
ABBA format. Diamond indicates a summary of all trials when the
acoustic device was on. Triangle indicates all sessions when the
device was off. (b) Sessions 5 and 7 when the acoustic device was
on. Squares indicate 10 trial blocks. Large square (i.e., 60% hit rate
and 20% false alarms) indicates last block and apparent improve-
ment in correct responses. Triangle indicates the summation of
data. (c) Sessions 1–4, 6, and 11 when acoustic device was off.
Times indicate 10 trial blocks. Square indicates the summation of
data.
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across the two sessions was 50% for both hits and false
alarm, the last trial block (large square) showed improve-
ment to 60% hit rate and 20% false alarms.

Behavior
In addition to echolocation capabilities, we monitored

several behavioral parameters to address potential reactions
to the acoustic device. The animal did not demonstrate any
significant behavioral alterations in the presence of the
acoustic stimulus. The animal also did not increase its swim-
ming time (delay; s) from the trainer station to the
echolocation-hoop station (Table 1, Fig. 6). However, the
false killer whale did take significantly longer to decide tar-
get presence when the Long-line Saver was turned on. Addi-
tionally, the animal used a significantly greater number of
echolocation clicks when the acoustic device was on.

Discussion

The SaveWave Long-line Saver did work to significantly
reduce the echolocation performance of an experienced and
well-practiced false killer whale. The increased number of
echolocation clicks used and latency of time to decide target
presence or absence indicate that the device apparently
made the echolocation task more difficult. However, the an-
imal’s performance in the presence of the device improved
over the duration of the experiment, from 46% (or essen-
tially guessing) to a respectable 85%. This indicates that ei-
ther the false killer whale devised a strategy to improve its
target detection capabilities in noise, or that the decrease in
sound pressure levels over time allowed for easier target de-
tection, or both, contributed to the animal’s improved per-
formance.

Unfortunately the decrease in sound pressure levels over a
relatively short period of time (~25 h of use) confounds the
results of the experiment somewhat because the decrease
makes it difficult to discern whether the whale’s improve-
ment was from learning or reduction in sound. However,
moving the device 30 m away from the animal (typically
the device was 8 m away) obviously decreased the received
sound levels at the animal and, consequently, the whale was
100% correct in identifying target presence or absence dur-
ing that session. Thus, the output of the device and received
levels at target animals have a crucial effect on echolocation
performance and the effectiveness of the Long-line Saver.
This may be crucial in many longline situations with gear
tens of kilometres in length (Gilman et al. 2006). If the
acoustic device has a limited radius of effectiveness, then
its use in deterring depredation may well also be restricted.
Perhaps a better acoustic solution might be the implementa-
tion of smaller, but loud acoustic devices fixed repeatedly
on the longline to cover the line effectively.

The decrease in source level (SL) also indicates how the
device may have worked to reduce echolocation perform-
ance. At the start of the experiment, when the Long-line
Saver was operating at higher SLs, the device effectively re-
duced echolocation performance to chance level. As SLs ap-
parently decreased but signal types remained consistent,
performance improved. Thus, it was not the complex acous-
tic signals that were the basis of reducing the echolocation
performance, but more likely, the masking of the echoes by
the intense noise. Consequently, the sound pressure (or re-
ceived level) and frequency spectrum of the acoustic disrup-
tor–masker may be more important than the type of signal
itself.

Interestingly, echolocation performance was reduced

Table 1. Two-tailed t tests for behavioral alterations of the false killer whale (Pseudorca crassidens) asso-
ciated with the use of the Long-line Saver acoustic device.

Behavioral parameter Long-line Saver status Trials (n) Mean value SD p
Latency to hoop (s) On 36 5.175 0.522 <0.001

Off 149 4.772 0.380
Delay (s) On 82 9.79 1.13 ND

Off 173 9.93 1.34
Number of clicks On 128 21.1 10.4 <0.001

Off 297 12.63 6.70 .

Note: ND, no difference.

Fig. 6. Behavioral responses of the false killer whale (Pseudorca
crassidens) during sessions when the Long-line Saver was on. Re-
sponses noted include latency (s) to the echolocation-hoop station,
delay (s) to respond to target presence, and number of echolocation
clicks used per trial. Large stars indicate significant differences be-
tween groups.
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slightly (85%) even when the device’s source levels had
dropped. Bottlenose dolphins (Tursiops truncatus (Montagu,
1821)) demonstrate similar decreases in echolocation per-
formance in the presence of background noise (Au and Pen-
ner 1981). These decreases in performance occur at noise
spectrum levels that are above background but not necessa-
rily significantly higher in intensity (Au 1993). This is be-
cause masker levels are relative to the echo level, thus the
lower the echo level, the lower the effective masker-noise
level may be. This raises concern for animals which echolo-
cate and forage in environments that have high levels of
anthropogenically induced background noise. The animals’
echo detection may be reduced by the surrounding noise lev-
els. This is particularly true if the animal is echolocating on
targets that may not have strong echo returns (i.e., squid,
monofilament nylon line, or fishing hooks), making certain
items difficult to detect.

Detecting the target in noise also revealed that when the
task was difficult and the target was not easy to detect, the
animal seemed to vary its strategy from high false alarms
and high hit rates, to low false alarms but lower hit rates.
While this may simply have been guessing during a trying
task, this may also indicate that the animal was ‘‘searching’’
for a strategy which would yield greater success. Further-
more, the incidence of less conservative, higher false alarm
rates indicates that this false killer whale might have at-
tempted a fairly liberal target detection strategy. This is
quite different than what has been shown typical for bottle-
nose dolphins, which tend to be conservative and not allow
false alarm rates to rise above a certain level (Au and
Snyder 1980). Research along similar lines with other odon-
tocetes that live in varying niches may find further evidence
for differing decision strategies. Furthermore, the study
whale is well experienced in experimental investigations.
Different strategies may be used by wild or younger animals
inhabiting a complex, pelagic environment.

This device was intended to be suspended from the side
of a boat and broadcast sound into the ocean environment
to deter false killer whales (Fig. 2). Sound intensity levels
were apparently engineered to be relatively high (up to
182 dB peak energy). The device might be considered more
of an ‘‘acoustic harassment’’ tool, rather than a deterrent
(Quick et al. 2004). Received levels at our false killer whale
were approximately no more than 164 dB peak energy for
relatively short durations of time (4–6 s), which are well be-
low any physiological effects (Nachtigall et al. 2004; Fin-
neran et al. 2005; Mooney et al. 2009). The animal also did
not demonstrate any overt behavioral modifications to ap-
proaching the hoop station, where the maximum received
levels were measured. However, this animal was well
trained in many experimental procedures such as this echo-
location task, and obvious behavioral reactions would not
have been expected. More dramatic reactions to acoustic
harassment devices would be expected and have been noted
in wild, naı̈ve animals (Quick et al. 2004).

The complexities and relative ineffectiveness of this well-
engineered acoustic device underscores the challenges re-
lated to deterring odontocetes from depredation and becom-
ing caught on longlines. The simple mass of this device
unfortunately causes it to be difficult to handle and operate.
Furthermore, applying a single device from a boat and ex-

pecting acoustic disruption on longline kilometres away
does not seem to be a realistic means of reducing echoloca-
tion performance, depredation, or bycatch. However, it
seems that the masking of echolocation signals reduces
echolocation performance. Thus, smaller, louder, and more
numerous devices might cause such effects and should be
tested. As these devices would likely be costly and difficult
to implement and maintain, government support would
likely enhance implementation if the devices prove success-
ful in echolocation disruption. Mechanistic devices that
shroud catch and reduce depredation should also be explored
for their detection possibilities in captive research settings. It
is obvious that devices to decrease bycatch and depredation
must meet certain characteristics, including that they ac-
tually succeed, are relatively easy to disseminate and imple-
ment, are cost effective, and do not decrease the catch rates
of target species (McPherson 2003; Gilman et al. 2006).
However, as seen here and in other studies (Cox et al.
2001; Gilman et al. 2006), cetacean species often habituate
to certain devices. Such modifications and assessments are
often seen in animal foraging strategies (Pyke et al. 1977;
Lima and Bednekoff 1999). Solutions to these fisheries-re-
lated issues will probably need to be equally flexible. It is
likely multiple tools, including acoustic and mechanistic,
should be applied to deter depredation and bycatch. To
achieve these goals researchers, fisherman, and regulatory
agencies will need to work closely to find suitable resolu-
tions.
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Sperm whales �Physeter macrocephalus� have learned to remove fish from demersal longline gear
deployments off the eastern Gulf of Alaska, and are often observed to arrive at a site after a haul
begins, suggesting a response to potential acoustic cues like fishing-gear strum, hydraulic winch
tones, and propeller cavitation. Passive acoustic recorders attached to anchorlines have permitted
continuous monitoring of the ambient noise environment before and during fishing hauls. Timing
and tracking analyses of sperm whale acoustic activity during three encounters indicate that
cavitation arising from changes in ship propeller speeds is associated with interruptions in nearby
sperm whale dive cycles and changes in acoustically derived positions. This conclusion has been
tested by cycling a vessel engine and noting the arrival of whales by the vessel, even when the vessel
is not next to fishing gear. No evidence of response from activation of ship hydraulics or fishing gear
strum has been found to date. © 2007 Acoustical Society of America. �DOI: 10.1121/1.2749450�

PACS number�s�: 43.80.Nd �WWA� Pages: 1265–1277
I. INTRODUCTION

Sperm whales �Physeter macrocephalus� are distributed
throughout the world’s oceans and are considered an endan-
gered species in U.S. waters.1–6 The current population in the
North Pacific is unknown, although acoustic recordings from
bottom-mounted recorders suggest a year-round presence.7

While females and immature individuals are known to reside
at low latitudes,6 adult males are known to travel and forage
at higher latitudes in both hemispheres.6,8–12 The diet of these
deep-diving animals primarily consists of various species of
cephalopods, based on an analysis of stomach contents.6,13–19

However, in certain regions fish seem to comprise part of the
diet as well,4,6,15,18,20 including the eastern Gulf of Alaska,19

but it is unknown what fraction of this population’s diet con-
sists of fish.

The sperm whale is the largest marine mammal known
to depredate on human fishing activities. While the vast ma-
jority of reports of cetacean depredation involves killer
whales, pilot whales, and other smaller odontocete
species,21–24 depredation activities by sperm whales have re-
ceived increasing coverage in scientific literature.21–23,25–29

This species has been associated with fishing operations, par-
ticularly demersal longline operations, in a number of loca-
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tions around the globe,6,21,25–27 including Norway, Green-
land, eastern Canada �Labrador and Newfoundland�, Chile,
and the Falkland Islands. Although quantitative data are not
available, anecdotal accounts suggest an increasing trend in
sperm whale depredation.

In the eastern Gulf of Alaska �GOA� an active longline
fishery for sablefish Anoplopoma fimbria �also called black-
cod and butterfish� continuously occurs from late February
through mid-November. Sablefish occur on the continental
slope and most commercial longliners fish for this species in
water depths between 400 and 1000 m. The continental shelf
off the Kruzof and Baranof islands is very narrow; conse-
quently, these sablefish grounds are relatively close to shore,
within 12 to 20 miles �Fig. 1�. In the GOA, depredation of
longline gear set for sablefish by sperm whales has been
occurring since at least 1978 in the domestic U.S. fishery,
and observers on Japanese longline vessels in the Gulf of
Alaska reported depredation occurring in the mid 1970s.
This fishery occurred year-round until the early 1980s, when
fleet expansion resulted in a shortened season. By 1994, the
entire quota was caught in 10 days. In 1995 individual fish-
ing quotas were implemented, reducing overall effort while
maintaining an 8.5-month open season. This extended season
apparently provided more opportunities for sperm whales to
depredate longline gear, and by 1997 reports of depredation

had increased substantially. A domestic sablefish survey in
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the GOA looked at catch rates from 1999 to 2001 for all sets
with sperm whales present; they compared boats with and
without evidence of depredation and found a 5% lower catch
rate in boats with depredation.29

While local Sitkan longliners have observed sperm
whales following fishing vessels to deployment sites, they
also often observe whales arriving after a haul begins, raising
the question as to whether the animals are responding to
distinctive visual or acoustic cues inadvertently produced by
the activity. An example of a potential visual cue is the flock-
ing of tens to hundreds of seabirds to a fishing haul site, and
popular hypotheses for acoustic cues have included propeller
cavitation, activation of auxiliary hydraulic systems to haul
gear, echosounders, and strum noise produced by the vibra-
tion of the taut gear line as it is hauled out of the water. To
our knowledge little to no acoustic monitoring has been con-
ducted to observe or test potential acoustic cues for most
marine mammal species, with the exception of Refs. 30 and
31.

While much of their foraging behavior cannot be ob-
served directly, sperm whales are acoustically active under-
water, and during a single dive one individual can make
thousands of impulsive sounds called “clicks”32–34 over a
typical 45-min length dive. Measurements in other areas of
the world have found that about 10–15 min before returning

18,35
to the surface, an animal typically falls silent. Thus pas-
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sive acoustic monitoring of an animal’s vocalizations can
yield an estimate of the animal’s dive cycle, even if the ani-
mal is not observed at the surface. Other statistics on the
sounds’ rhythm and internal characteristics can be collected
as well. Furthermore, under certain circumstances these
clicks generate multipath returns from the ocean surface and
bottom that can be used to derive an animal’s depth and
range from the hydrophone, provided that the ocean depth is
known. The technique has been previously used in the Gulf
of Mexico to track the dive profiles of female sperm
whales,36 as well as in the Mediterranean Sea.37 A compan-
ion paper discusses how this multipath can be used to track
sperm whales off Sitka.38

This natural acoustic activity has provided an opportu-
nity to observe correlations, and in some cases direct effects,
of various types of potential acoustic cues on the acoustic
activities of whales in the vicinity. Section II describes how
demersal longline deployments can be converted into nonin-
vasive listening posts by attaching compact autonomous pas-
sive acoustic recorders to the anchorlines of the deployment,
and then discusses acoustic data analysis and tracking proce-
dures. Section III describes the circumstances behind three
independent encounters of sperm whales with instrumented
longline gear sets between 2004–2005, of which two permit-

FIG. 1. Locations of four experimen-
tal sites discussed in the paper. All
sites are along the continental slope
off Sitka, AK. Bathymetry contours
are in meters, with 250-m intervals.
ted some form of “controlled cue” hypothesis testing.
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Finally, Sec. IV discusses the cumulative evidence for and
against various hypothetical acoustic cues.

II. EXPERIMENTAL PROCEDURE

A. Equipment and deployment

Acoustic data presented here were collected from au-
tonomous acoustic recorders, or “Bioacoustic probes,” de-
signed and built by Greeneridge Sciences Inc.39 These instru-
ments could sample acoustic data at sampling rates of
100 Hz to 20 kHz, using an HTI-96-MIN/3V hydrophone
�typical sensitivity of −172 dB re :1 V/�Pa� and storing the
data to 1 GB of flash memory with 16-bit precision. For the
data presented here, the data sampling rates varied between
8192 and 20105 Hz. The unusual sampling rates are a con-
sequence of the low-level hardware requirements of the elec-
tronics. Additional auxiliary measurements of pressure, tem-
perature, and acceleration on two axes were sampled once a
second and also stored to memory. Four AAA batteries were
found to provide sufficient energy to fill the memory. All
components except for the hydrophone were inserted into a
transparent acrylic pressure case with a Delrin end-plug,
manufactured by Cetacean Research Technology in Seattle,
WA. The resulting length and diameter of each recorder is
25 cm and 5 cm. The hydrophone is connected to the inter-
nal electronics via a Subconn underwater connector.

Figure 2 shows a schematic of a demersal longline de-
ployment, once a vessel has left the area. The longline itself
lies along the ocean bottom over a typical distance of a few
nautical miles, typically at depths between 300 and 700 m.
At each end of the longline a 35-kg anchor is used to fix the
ends, and from each anchor an “anchorline” rises to the sur-
face, attached to a spar buoy. To recover the line, the fishing
vessel transits to the upstream buoy, and a deckhand pulls the
anchorline over a set of rollers mounted on the side, wrap-
ping the anchorline around a hydraulic winch, which then
pulls the anchor and longline off the floor. As the hydraulic
systems on these vessels are typically only activated just be-
fore a haul begins, the acoustic tones made by such a system
have been a popular hypothesis for a potential acoustic cue.
Once the anchor has been retrieved, the vessel attempts to
drift with the current, while continuing to winch the longline

FIG. 2. �Color online� Schematic view of longline deployment, including
instrumented anchorlines deployed separately from longline.
aboard. Often the vessel captain has an auxiliary set of steer-
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ing controls next to the rollers, which he/she will use to
engage the engine during a haul in order to permit fine-scale
control of the vessel.

During a typical instrumented deployment, two autono-
mous recorders are attached to a third anchorline, deployed
before beginning the actual longline deployment, and recov-
ered once the haul is complete. The instrumented anchorline
is generally deployed within 1 km of the upstream anchor-
line, with recorder depths between 100–200-m depth, as far
from the ocean surface as practical given the structural
strength of the pressure cases. Given the large scope of the
anchorlines, the actual deployment depths can vary consid-
erably and must be logged from the pressure transducers.
Flow noise was an initial concern, but it was found that
continuous flow noise was only significant at frequencies
below 50 Hz, although one significant exception will be dis-
cussed in Sec. III E. Visual observers record all major vessel
and bird activities sighted from either the longlining vessel
or from a small sport fishing vessel chartered for the day, and
auxiliary acoustic data have been recorded from a hydro-
phone deployed 10–20 m beneath the bow of the fishing
vessel.

B. Single-hydrophone analysis

Once acoustic data from an encounter have been trans-
ferred to hard disk in WAV format, three low-level acoustic
analyses are performed on the data: sperm whale click detec-
tion, interclick interval �ICI� estimation, and source sound
exposure level rate �SASELR� estimation of the fishing ves-
sel acoustic output.

To detect sperm whale clicks the acoustic software
analysis program ISHMAEL �Ref. 40� scans the record using
the “energy detection” feature and activates a MATLAB script
to process each detection. ISHMAEL computes the audio spec-
trogram, “equalizes” the spectrogram levels by subtracting a
time-averaged background noise spectrum, and then inte-
grates the squared modulus of the pressure spectrum between
100 Hz to 80% of the Nyquist frequency of a given
recording.7 Whenever this integrated value exceeds a thresh-
old of 1.5, the MATLAB script logs the pulse time, amplitude,
and duration. Upon completion of an ISHMAEL run, a second
MATLAB script then consolidates the detection data into his-
tograms of click rate. The effects of acoustic multipath were
removed, to first order, by accepting only pulses that were
not followed by another pulse within 0.2 s. Some acoustic
multipaths can arrive later than 0.2 s after the main pulse,
but the detection threshold would be set so that these weaker
arrivals are generally not detected. However, some multipath
arrivals are still accepted by the detector, so the click counts
here may be biased toward an overcount.

Another useful parameter that could be automatically
extracted from the raw acoustic data is the interclick interval,
or the interval between two consecutive direct path click ar-
rivals from the same sperm whale. The ICI is automatically
estimated for each detected click by hypothesizing a range
ICI values between 0.1 and 2 s, and then examining the sub-
sequent time series to determine whether pulses are present

41
at three predicted times after the click in question. Best
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estimates were obtained whenever multipath arrivals were
first removed from consideration, as discussed previously.
The ICI can be useful in distinguishing sperm whale clicks
from other random pulsive sounds.

Finally, to characterize the acoustic output of the fishing
vessel, the square modulus of the sound-pressure level is
integrated between frequency ranges dominated by vessel
noise when sperm whale clicks were absent, which in this
paper will be between 250 and 1000 Hz. The integrated lev-
els were then averaged over 5 s to produce an estimate of
what is defined here as the “average sound exposure level
rate” �ASELR�, with units of uPa∧2. In more common termi-
nology the ASELR is the ensemble-averaged “power spectral
density level” �PSDL�,42 integrated over a given frequency
bandwidth. This term ASELR is used here because this quan-
tity is not really an acoustic intensity or power measurement,
as a true measurement of acoustic intensity requires an inde-
pendent measure of the acoustic particle velocity.43 Instead,
if the ASELR is multiplied by a time interval, one obtains a
bandlimited quantity defined as a “sound exposure level,”
�SEL� or “energy flux density,” which has been argued to be
a biologically significant metric of the acoustic field.44

As the GPS position of the fishing vessel relative to the
instrumented anchorline is known to within 10 m �0.1% of
typical vessel range�, the received ASELR can be corrected
for vessel slant range to produce an estimated “source level”
SEL at 1-m range, or SASELR, with units of uPa∧2 @ 1 m.
The SASELR permits fundamental changes in the vessel
acoustic signature to be separated from simple changes in
vessel translational position. In all figures that follow the
SASELR will be plotted, using a spherical spreading as-
sumption if the slant range is less than the ocean depth, and
using a cylindrical spreading assumption if the slant range is
greater than the water depth. For the latter case the SASELR
is defined to be 2�RD* ASELR, where R is the vessel’s
horizontal range from the instrument and D is the local water
depth.

C. Acoustic tracking procedures

Whenever feasible, one of two types of acoustic tracking
is conducted. For situations where the bottom bathymetry is
well characterized out to ranges of 2 km from the recorder,
the relative arrival times of the acoustic multipath can be
used to estimate the 3D position of the whale over time. This
analysis, which is featured in Sec. III C, is the subject of a
companion paper.38

Unfortunately, accurate bathymetry information is often
not available, so in one of the 2005 deployments to be dis-
cussed, an alternative array geometry used two instrumented
anchorlines deployed 4.9 km apart, at opposite ends of a
longline deployment. The autonomous recorders were acti-
vated and time-synchronized before and after the deploy-
ment, and a linear clock drift was assumed to derive the time
offset at all times in between. After processing each station’s
data stream using the pulse detection procedure outlined
above, “direct path” detections were designated whenever
the arrival in question is not preceded by another detection

within a time tmin. The selected direct-path arrivals were then
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matched between the stations by comparing the ICI patterns
at both stations, using N direct-path detections following the
pulse in question, and using a time tolerance of 25 ms for
matching the arrivals.45 For instruments spaced 4.9 km apart,
good values of tmin and N were 0.4 s and 16, respectively.
The resulting relative time-of-arrival �TOA� values fix the
whale position to a locus of points that form an
“isodiachron,”46 which becomes a hyperboloid surface if a
homogeneous sound speed is assumed throughout the water
mass. Even if the sound of the vessel cannot be recorded on
both stations, given a vessel’s GPS position an “effective”
vessel TOA can be computed and plotted against the TOA of
whale clicks, and some information about changes in the
animals’ position relative to the vessel can be inferred. If two
recorders are deployed at the same location, but at different
depths, then false matches can be eliminated by comparing
whether the TOA estimates from each recorder for a given
click match to within 0.5 s. This latter technique is used in
Sec. III E.

III. RESULTS

A. Overview

Passive acoustic measurements of sperm whale depreda-
tion activity began in 2004, with an initial goal of observing
and identifying potential acoustic cues produced by hauling
longliners. Sec. III B describes near-field measurements of
acoustic signatures of the engine and hydraulic systems of a
fishing vessel, taken on 7 May 2004, and Sec. III C discusses
the first complete acoustic observations of two sperm whales
arriving in the vicinity of a longline haul on 8 May 2004.

By 2005 potential acoustic cues had been identified, and
the level of coordination and cooperation between the SEA-
SWAP fishermen and researchers had reached a level where
limited hypothesis testing became feasible during opportu-
nistic encounters at sea. Sec. III C discusses how a potential
hydraulic cue was tested during an 8-h sperm whale encoun-
ter on 7 May 2005, while Sec. III D describes the results of
an engine cue test conducted on 15 May 2005, utilizing two
instrumented anchorlines to permit crude localization esti-
mates. All 2004 and 2005 encounters took place close to the
continental shelf break near Sitka �Fig. 1�.

B. Acoustic signatures of a fishing vessel

On 7 May 2004 the 58-ft. fishing vessel KELLEY MARIE

volunteered to approach an instrumented anchorline during a
time when no whales were present, engage and disengage the
engine, and then activate the hydraulic system that is used to
power the haul winch. The engine was a 6-cylinder diesel
with 250 horsepower, and the propeller had five blades. Fig-
ure 3 shows a spectrogram �of the square modulus of acous-
tic pressure in units of power spectral density, or dB
re :1 uPa∧2/Hz� of the propeller cavitation noise and winch
hydraulic system as the vessel passed within 10-m horizontal
range of a 100-m-deep hydrophone mounted on the anchor-
line, sampling at 15 019 Hz. At 10 s the vessel put the engine
in neutral, and at 22 s the ship’s hydraulics were activated,
producing the tone visible at 190 Hz. The broadband cavita-

tion signal from the ship’s propeller is also clearly visible,
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with the largest spectral density levels lying between 250 and
1000 Hz, but with significant detectable levels past 4 kHz.
�The vertical lines between 0–1.25 kHz are not sperm whale
sounds�. The measured ASELR for the engine cavitation was
110 dB re :1 uPa∧2 between 250 and 1000 Hz, and 95 dB
re :1 uPa∧2 for the hydraulic system between 150 and
250 Hz, yielding effective signal-to-noise ratios of 20 and
6 dB, respectively. A predicted spherical spreading transmis-
sion loss of 44 dB yields respective SASELR values of 153
and 139 dB re :1 uPa∧2 @ 1 m. Interference effects from the
Lloyd’s mirror phenomenon have been ignored in the trans-
mission loss computation, but simultaneous measurements
by a second hydrophone at 195-m depth generates the same
SASELR values to within 3 dB.

C. Acoustic measurements of sperm whales
approaching a hauling vessel

The first acoustic measurements of sperm whales inter-
acting with a hauling longliner began the morning of 9 May
2004, during a longline recovery by the F/V COBRA off a
local promontory at the edge of the continental shelf. The
previous day the COBRA had deployed the gear and departed
to let the longline “soak” overnight. At 07:55 the next morn-
ing an instrumented anchorline was deployed in 460-m-deep
water, 1.6 and 1.5 km from the two original anchorlines,
with two recorders attached at 83 and 155 m depth. If one
were east of the deployment looking west, one would see a
similar deployment geometry as shown in Fig. 2. After
slowly circling the area for an hour, the vessel retrieved the
first anchorline buoy at 9:04, and by 9:16 the buoy anchor
was on deck. The fish haul began immediately afterward, but
sperm whales were not sighted until 10:08, when a sperm
whale surfaced approximately 50 m away from the vessel,
followed 3 min later by a second whale surfacing. Both ani-
mals dove around the vessel vicinity until the recovery of the
second anchorline buoy at 11:00, and then proceeded to fol-

FIG. 3. Spectrogram of F/V KELLY MARIE, measured at 13:21:14, 7 May
2004, at a depth of �100 m directly underneath the hull, using FFT size of
1024 with 25% overlap. The gray scale shows the square modulus of the
acoustic pressure in units of power spectral density �dB re :1 uPa∧2/Hz�.
Cavitation noise from the propeller is visible between 0 and 10 s, and the
hydraulic system to power the hauling winches has been activated at 22 s,
generating the 190-Hz tone visible in the spectrogram. The thin vertical lines
between 0 and 1.25 kHz are not sperm whale clicks.
low the vessel back toward the instrumented anchorline. The
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COBRA then drifted for 2 h before finally hauling the instru-
mented longline around 13:00.

The acoustic record of the beginning of the encounter,
displayed in Fig. 4, shows substantial sperm whale acoustic
activity. Subplot �a� shows a histogram of sperm whale clicks
detected per minute, computed as described in Sec. II B, by
integrating the squared pressure modulus between 500 and
7500 Hz �sampling frequency 15 019 Hz, 256-pt FFT, 1/16
overlap�, and using a preset threshold of 1.5 in ISHMAEL.

Subplot �b� shows an estimate of the interclick interval
�ICI� derived via the procedure in Sec. II B. From both the
ICI and detection plots, it is clear that within minutes of the
instruments’ entering the water, sperm whale activity was
detected in the area �8:05 AM�. The sounds lasted for 2 min,
had no acoustic multipath, and had a steady ICI of about 1 s.
Five minutes of sperm whale clicks were also detected
around 8:30, also with an ICI of about 1 s. These ICIs are

FIG. 4. Beginning of 9 May 2004, encounter, between 8:00 and 10:30 AM.
�a� Histogram of pulsive sounds detected per minute. Vertical dashed lines
indicate presence of acoustic signatures of an engine engaging and disen-
gaging the propellor. The circle indicates time at which an anchor is dropped
on deck �anchorline on board�, and the square indicates the start of substan-
tial sperm whale acoustic activity at 09:17:01; �b� ICI of sperm whale
sounds detected on the instruments; �c� horizontal range of fishing vessel
from instrumented anchorline buoy; �d� source-averaged sound exposure
level rate �SASELR�, in units of dB re :1 uPa∧2 @ 1 m, averaged over 5-s
intervals, integrated between 250 and 1000 Hz �solid line� and 150 and
250 Hz �dashed line, shifted −10 dB for clarity�. Received levels have been
adjusted by measured vessel slant range to produce effective source levels at
1-m range.
typical of natural sperm whale foraging behavior found in
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this area and at other high-latitude locations.18,47 The lack of
multipath indicates that the animals are greater than the few-
kilometers range.

Subplot �c� shows the range of the vessel from the in-
strumented anchorline, and thus from the hydrophones’ ap-
proximate position, while subplot �d� displays the estimated
SASELR of the received acoustic field at 155-m depth, with
the solid line representing integrated square pressure be-
tween 250 and 1000 Hz. The SASELR levels have been de-
rived from the vessel range from the instrumented longline
shown in �c�, assuming a cylindrical spreading transmission
loss, which seems to adequately model the propagation en-
vironment in that the final SASELR curve remains at a
steady level between 9:00 and 10:20 even as the vessel range
decreases from 1800 to 900 m. The dotted line represents the
SASELR measured between 150 and 250 Hz, the region
where a hydraulic winch tone would be expected. The exact
time that the hydraulic system was switched on was not
noted, but it was approximately 9:00 AM, a few minutes
before the first anchorline retrieval, and the system remained
on until the end of the haul. However, the SASELR over the
hydraulic frequency band shows no sudden, permanent jump
at this time, and a careful review of the acoustic record
around 9:00 AM confirms the absence of any distinctive hy-
draulic signature at 1.6-km detection range.

However, an interesting feature in the SASELR appears
as the vessel begins to haul the anchorline at 9:04. The 250-
Hz–1-kHz curve displays a series of short-duration peaks
that change the SASELR by 3–5 dB between 9:05 and 9:20.
�The cycling continues after this time, but numerous sperm
whale clicks contaminate the SASELR curve.� The short-
term peaks beginning at 9:05 arise from a particular method
of handling the vessel in order to keep the winched longline
vertical. Generally a longliner tries to keep the engine in
neutral and drift with the current while hauling the line. Of-
ten, however, due to snags, currents, or delays in gaffing fish,
the line will begin to angle underneath the hull of the vessel.
Under this circumstance the engine is briefly engaged for
5–10 s to swivel the vessel around the line, the result being

FIG. 5. Example of “engine cycling” as fishing vessel fine-tunes its position
relative to the longline, during a time �9:51:03� that the vessel is closest to
the acoustic recorder during the haul �900-m range�. The engine is engaged
at 6 s and disengaged at 20 s, generating broadband cavitation noise visible
up to 4 kHz. Sperm whale clicks are visible between 1 and 4 kHz through-
out the figure.
a cavitation bubble cloud. Figure 5 shows an example of
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what a spectrogram of this signal appears like, taken at
9:51:03, or 34 min after substantial sperm whale activity has
begun, and when the vessel is 900 m from the instrumented
anchorline. Figures 4�a� and 4�d� use vertical dashed lines to
mark discrete times when this activity occurs while hauling
the anchorline.

At 9:16:14 the anchorline has been completely recov-
ered, and the anchor that is attached to one end of the lon-
gline has been dropped on deck, producing an audible tone
detected on the recorders 1800 m away �marked by a circle
in the subplots�. At 9:17:01 sperm whale clicks are again
detected �black square in the subplots�, but the clicks display
two important differences from the sounds previously de-
tected around 8:05 and 8:30.

First, there are considerable amounts of time-separated
multipath present in the signal, enough to permit tracking of
an animal in range and depth. Figure 6 shows the range,
depth, and bearing of the clicks derived from this multipath,
relative to the hydrophones, using data analyzed in Ref 38.
The range and bearing of the F/V COBRA are also displayed,
as well as the derived horizontal separation between whale
and vessel. The clicks detected at 9:17 seem to arise from a
different whale at a different spatial location than those made
after 9:20, since the best-fit bearing for the former sounds is

FIG. 6. �a� range; �b� depth, and �c� bearing of sperm whale clicks �circles�
relative to instrumented anchorline, between 9:15 and 10:00. Bearings are
with respect to true north. Subplots �a� and �c� also show the fishing vessel
range and bearing �squares�, respectively. Subplot �a� also displays the de-
rived horizontal separation between sperm whale and vessel �crosses�. Gray
regions indicate bounds of uncertainty in whale azimuth and horizontal dis-
tance from vessel after 9:45, due to lack of bathymetry variation vs. azimuth
in that region. The sperm whale clicks before 9:20 seem to be from an
animal different than the one clicking after 9:20.
nearly 130 deg, and the latter 80 deg. If the sounds were
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made by the same animal, it would have had to cover 790 m
in 4 min, or 3.3 m/s �6-knot� mean speed, inconsistent with
the speeds and directions derived after 9:20. However, later
bearing estimates suggest that after 9:20 an animal is con-
verging on the location of the fishing vessel, arriving about
300 m north of the vessel at 9:31, when the echolocation
clicks stop for a few minutes. A second track obtained after
9:45 finds that the range of the whale and the fishing vessel
lies within 50 m, but unfortunately the bathymetry profiles
lying between an azimuthal arc of 100–150 deg are suffi-
ciently similar such that the whale’s azimuth can only be
determined as being somewhere between the gray bars in
subplots �a� and �c�. Thus, while the whale may also be at the
same azimuth as the vessel, the convergence of the whale
and vessel positions cannot be proved.

The second difference between the clicks detected be-
fore 9:17 and those afterward is that the ICI for the latter is
very high—3.4 s when the sounds begin �subplot �b� of Fig.
4�. Over the next 10 min, bouts of clicking are detected with
minutes of silence in between, and the ICI steadily decreases,
until at 9:26 continuous clicking starts and the ICI drops to
0.5 s or less for the rest of the encounter.

Finally, note that after 9:26 the sperm whale clicks con-
tribute significant energy to the SASELR function in Fig.
4�d�, at a level at least 3–6 dB greater than the cavitation
sounds of the fishing vessel. The visual sighting of the
whales by the vessel by 10:00 indicates that relative
SASELR levels between vessel and whale can be justifiably
compared in this manner. The fact that whales around a ves-
sel can produce SASELR levels greater than the vessel itself
has implications to be discussed in Sec. V.

D. Testing hydraulic and engine cues on a single
whale around an anchorline

In 2005 potential acoustic cues began to be tested during
opportunistic encounters. The first testing opportunity arose
on 7 May 2005, when the F/V COBRA �the same vessel as in
Sec. III C� traveled to the Spenser Spit, approximately 60
nautical miles northeast of Sitka �Fig. 1�. After deploying a
longline at 20:11, the COBRA moved about 1 km away to
deploy an instrumented anchorline �“buoy 1”� by 21:11. At
21:22 a sperm whale was sighted swimming directly toward
the vessel, and within minutes was circling around the vessel
at a radius of less than 50 m. The COBRA set its engines into
neutral and began drifting, dropping an additional instru-
mented anchorline �buoy 2� at 22:10, 1.1 km from buoy 1.
As night fell at 22:52 whale was observed to be swimming in
circles around buoy 2, occasionally diving within 20 m of
the spar buoy.

For several hours the vessel continued to drift away
from the instrumented anchorlines. At 02:49 the following
morning the COBRA finally engaged its engines to move to-
ward buoy 2, and when the spar buoy was sighted in the
sodium lamps, the engines were placed into neutral at 3:09.
At 3:35 the whale was sighted in front of the vessel’s sodium
lamps, but visual contact was lost as the vessel drifted away
from buoy 2 once again. The situation seemed auspicious for
testing various acoustic cues, so at 4:19:25 the winch hy-

draulics were engaged for 3 min while leaving the engines in
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neutral. Finally, at 4:45:20 the propeller was re-engaged and
the vessel moved back to buoy 2 to mimic a longline recov-
ery.

Figure 7 summarizes the acoustic behavior of this lone
animal throughout the night, as measured from a recorder
sampling at 8.192 kHz on buoy 1. �Unfortunately, the re-
corder on buoy 2 failed to record.� Subplot �a� shows the
number of acoustic detections per minute logged by the sen-
sor, using a spectral integration range between 500 and
3.5 kHz.

Between 22:00 to shortly after 23:00 the time intervals
of vocal activity versus silence are short and irregular. How-
ever, by 23:15 the animal had settled into a pattern of long
intervals of vocal activity averaging 38 min, followed by an
average of 16 min of silence. Shortly before 3:00, just after
the COBRA’s engines had been engaged and the vessel was
moving back to buoy 2, the cycles of acoustic activity and
silence become irregular once again. At 3:55 the animal
seems to resume an extended cycle of acoustic activity,
which is not interrupted by the activation of the vessel’s
hydraulic system at 4:19 �marked by black circle�. From Fig.
7�c� one notes that transitions to “normal” dive cycle behav-
ior �23:10 and 3:58� correspond to times when the vessel
drifts more than 800 m away from buoy 2.

Subplot �b� quantifies this discussion by plotting the
“acoustic cycles” of the sperm whale over this time period.
An acoustic cycle is defined here as the time interval be-
tween acoustic gaps, where a gap in turn is defined as a
period of time where the number of acoustic detections av-
eraged over a 3-min interval is less than 30 clicks per minute
�i.e., an ICI greater than 2 s�. As mentioned in the Introduc-
tion, acoustic cycles are associated with the start of the dive
cycle and an animal’s foraging time at depth. The periods of
silence correspond roughly with the animal’s ascent and rest
at the surface �e.g., Refs. 18, 35, and 48�.

Subplot �b� also quantifies the variance in natural acous-
tic cycles measured from sperm whales in this area, using
recordings of natural acoustic activity of sperm whales col-
lected on 8 and 11 May 2004, and 25 April 2005, yielding
measurements of 15 complete natural acoustic cycles. The
median of this natural distribution is 25 min, and is plotted
as a horizontal line in subplot �b�, along with two dashed
lines that indicate one standard deviation of 11 min above
and below this median.

One sees that, after the initial encounter with the whale
early in the evening, the observed acoustic cycles lie at or
above the median acoustic times recorded under natural con-
ditions until shortly after 3:00, the time at which the boat’s
engines have been engaged and disengaged. Once the engine
has been disengaged and the vessel is within 100 m of the
buoy, the animal displays five acoustic cycles of 10 min or
less, before reverting to acoustic cycles consistent with both
its earlier behavior and the other results from naturally for-
aging animals. Neither the hydraulic activation nor second
engine engagement are associated with consistently short
acoustic cycles.

The SASELR source level between the 250-Hz and
1-kHz band has been computed in Fig. 7�d�. As the vessel’s

engines are disengaged most of the night, much of the acous-
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tic energy detected is actually associated with the sperm
whale. However, it can be seen that at the two times when
the boat engine is engaged the SASELR jumps 6 dB above
the ambient noise background. As in Sec. III B, no hydraulic
acoustic signal was detected at 1-km range either via the
SASELR plot or visual or aural monitoring of the data.

E. Testing of engine cues on multiple whales
with multiple acoustic sensors

On 15 May 2005, 8 days after the previous section, an-
other whale encounter with the COBRA took place, providing
an opportunity to test whether the vessel cavitation noise
initially observed in Sec. III B is associated with changes in
vocal behavior. Furthermore, two instrumented longlines
were deployed simultaneously, permitting relative time-of-
arrival measurements and thus providing a rudimentary
acoustic tracking capability over long distances, as discussed
in Sec. II C. Figure 8 shows a map of the deployment geom-
etry off the continental shelf, in an area only a few kilome-
ters away from the first encounter discussed in Sec. III B. At
10:50 an instrumented anchorline �buoy 1� was dropped with
one recorder attached at 92-m depth, and from 11:15 to 11:55
a longline was deployed beginning from a location �anchor
1� 640 m south from buoy 1, and ending at anchor 2. The
COBRA then deployed a second instrumented anchorline
�buoy 2� 1.2 km east of anchor 2 at 12:40, with two record-
ers attached at approximately 100-and 200-m depth, respec-
tively. Buoy 2 was thus 4.9 km NW from buoy 1. Both in-
strumented anchorlines had a lead weight attached beneath

the recording instruments to prevent substantial inclination
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of the recorders, in order to permit more predictable deploy-
ment depths.

The COBRA then traveled 3 km to the NE to make a
detailed bathymetry map of the area where the encounter in
Sec. III B occurred, finishing by 15:30 �labeled “Survey
15:30” in Fig. 8�. The vessel then traveled back to buoy 1 at
6 knots, passing within 400 m of buoy 1. At 16:08 the vessel
put its engine in neutral and began to drift. Throughout the
morning and afternoon no whales had been sighted, but a
hydrophone dropped overboard at 16:10 detected sperm
whale clicks at 16:13, and a decision was made to cycle the
engine to simulate a haul, while keeping the hydraulic sys-
tem off. The engine cycling began at 16:17:30 when the ves-
sel was 1.1 km away from anchor 1 �labeled “Engine test” in
Fig. 8�. At 16:21:57 a sperm whale surfaced 20 m away from
the vessel, and began a dive at 16:29:06. By 16:30 two
whales had been sighted next to the vessel, and by 16:37 the
first albatross were sighted approaching the vessel. The en-
gine cycling continued until 16:48, when the vessel re-
engaged the engines and started to move toward anchor 1,
now about 1.6 km away, to begin a haul of the anchorline.
Over 100 albatrosses had settled by the vessel by 17:10,
marking the first large aggregation of birds encountered dur-
ing the test, and thus the first time a potential visual cue was
available. Once the haul began at least three distinct sperm
whales had been identified.

Figures 9 and 10 display the relative time-of-arrival
�TOA� measurements of sperm whale acoustic pulses be-
tween buoys 2 and 1, using the methods discussed in Sec.
II C. Mapped over the data is the modeled vessel TOA,

FIG. 7. 7 May 2005, overnight en-
counter, between 21:00 and 6:00 local
time. Local time in hours and minutes
is plotted on the x axis. �a� Histogram
of pulsive sounds detected per minute.
Vertical dashed lines indicate times at
which boat engine was engaged and
disengaged, as well as a time that the
ship hydraulics were activated for
3 min, with the engine set in neutral
�04:19:25�. A black circle marks the
time of the hydraulic system test. �b�
Duration of sperm whale acoustic
cycle in minutes �see the text for defi-
nition�. Circles display the start time
and duration of a cycle, the horizontal
solid line indicates the median acous-
tic cycle culled from acoustic mea-
surements of natural foraging behavior
in the area, and the horizontal dashed
line indicates the standard deviation of
the natural acoustic cycles; �c� hori-
zontal range of fishing vessel from in-
strumented anchorline buoy �buoy 2�;
�d� SASELR �dB re :1 uPa∧2 @ 1 m�
averaged over 5-s intervals, integrated
between 250 and 1000 Hz �solid line�
and 150 and 250 Hz �dashed line�.
which is not derived from the acoustic record, but computed
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from the COBRA’s GPS log. Positive TOA values indicate
that the sound source is closer in range to buoy 2, which lies
north of buoy 1, and will be interpreted as a “northerly”
location in Fig. 8.

While sperm whales were not visually sighted until
16:21, the raw detection data indicate that sperm whale

FIG. 9. Relative time-of-arrivals �TOA� of direct-path sperm whale clicks
on buoy 1 relative to buoy 2. A positive TOA is defined as a signal that
arrives on buoy 2 before buoy 1, i.e., a “northerly” bearing. The solid black

line is the computed TOA for the fishing vessel.
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clicks were detected on the southern buoy 1 by 11:41:26.
After buoy 2 had been deployed at 12:40, consistent TOA
measurements become possible and two whales are detected
near buoy 1 �TOA of −2 to −3 s in Fig. 9�, passing south of
the buoy at 13:45, since only locations south of buoy 1 could

FIG. 8. Bathymetry map of region sur-
rounding engine cycling test on 15
May 2005. A “buoy” marks an instru-
mented longline, and the “anchor”
points mark the ends of the longline
deployment. The publicly available
bathymetry shown here is only accu-
rate at 200-m depths or less due to the
low spatial resolution of the data in
this region.

FIG. 10. Same as Fig. 9, but for times between 15:00 and 17:00. Vertical
hashed lines represent deliberate cycling on the engine, with the square
representing the first test, and the circle representing the first visual sighting
of a whale next to the vessel. The gap in TOA activity seem between 16:00

and 16:10 is due to masking of sperm whale sounds by boat engine noise.
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produce TOA values of -3. The animals moved north at an
estimated 2 m/s �4.7 km in 37 min� toward the vessel loca-
tion, until the vessel and animal TOA merge at 14:50. From
that time to 15:30, the whales’ and vessel’s TOA mirror each
other, suggesting that the whales were either following or
somehow coordinating their movements with the fishing ves-
sel as it conducted its bathymetry survey, located at the label
“Survey 15:30” in Fig. 8.

Figure 10 shows the TOA data from 15:00 through
17:00, and Fig. 11 shows a single-hydrophone analysis from
buoy 1 over the same time period, viewed in terms of pulse
count and COBRA SASELR. Unfortunately, there were sub-
stantial impulsive “knocking” sounds on buoy 2 that pre-
cluded automated detection analysis in Fig. 11�a�, and sub-
stantially contaminates the SASELR curve for buoy 2 in Fig.
11�b�.

At 15:00 the COBRA was still north of the set, traveling
in a large circle mapping bathymetry, but shortly thereafter it
left the area and traveled rapidly south to buoy 1. By 16:04
the vessel has passed close to buoy 1 at 6 knots, generating
substantial acoustic noise, as can be seen from the SASELR
plot in Fig. 11�b�. Note that when the vessel was underway at
full speed, its adjusted SASELR is 25 dB above background
levels in the 250-Hz to 1-kHz range. The noise is sufficiently
intense to mask sperm whale click detections over the time
period from 16:00 to 16:05 in the pulse detection histograms
in Fig. 11�a� and the TOA detections in Fig. 10. The reason
that the absence of detections is known to be due to masking,
and not absence of whale activity, is that sperm whale activ-
ity is still detected on buoy 2 during this time.

Once the COBRA’s engine had been set to neutral by
16:08, the background noise subsided and buoy 1 detected
sperm whale activity again. As the deliberate engine cycling

FIG. 11. 15 May 2005, test of engine cycling as an acoustic cue. �a� Sperm
whale click detections per minute vs time—note the gap from 16:00 to
16:05 reflects masking of the sperm whale signals by vessel noise, not lack
of acoustic activity. Dashed lines represent engine cycling events, while the
black circle indicates time of first visual sighting of sperm whale 20 m from
vessel; �b� SASELR corrected for vessel range, computed over the 250–
1000-Hz frequency band for buoy 1 �black line� and buoy 2 �dashed line�.
The latter curve is substantially contaminated by acoustic “knocking” on the
hydrophone.
began, all sperm whale acoustic activity ceased on both sta-
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tions, as shown in Figs. 10 and 11�a�. The commencement of
the engine cycling can be seen as vertical lines in Fig. 10 and
as 6–10-dB spikes in the SASELR curve in Figs. 11�a� and
11�b�. The visual sighting of a whale next to the vessel is
shown as a circle in both figures, and fluke shots confirm the
presence of two individuals after this time. These whales
must be different than the acoustic active whales near buoy 2
in Figs. 9 and 10, and thus four whales were in the area by
this time. At the same time two additional animals were
floating next to the vessel, with both animals diving at 16:29
and 16:33. The dive cycles were short—7 min or less, and
the two animals’ dive cycles are apparently staggered—thus,
there are no clear gaps of silence in the pulse detection
record.

The key observations from this encounter can be sum-
marized as follows:

�1� Between 13:00 and 15:30 two whales traveled at least
5 km from the south and mirrored the fishing vessel’s
movements, bypassing the gear deployment.

�2� All sperm whale acoustic activity tapered off during the
engine cycling test, as is visible in Figs. 10 and 11.

�3� Two initially nonvocalizing animals surfaced next to the
vessel within 10 min of starting the engine cycling.

IV. DISCUSSION

The three encounters described above provide cumula-
tive insight into what sperm whales do and do not respond to
with regard to acoustic cues. Below we review the list of
potential acoustic cues and summarize the evidence for and
against each candidate.

A. Hydraulics

Before this study began, the narrow-band acoustic tones
produced by the hydraulics were a popular candidate for a
distinctive acoustic cue that could be exploited by whales, as
the hydraulic system for the winch is typically never acti-
vated until shortly before a haul begins, and would thus be a
distinctive signature. Indeed, as Fig. 3 illustrates, the signal
can clearly be detected underwater when a vessel is 100 m
away in calm ocean conditions.

During all of our actual acoustic encounters, however,
no hydraulic signature was ever detected through either the
automated SASELR computations or direct monitoring of
the acoustic data from instruments as close as 1-km range,
even though the flow noise levels of the instruments between
100–200 Hz were sufficiently low to presumably permit
such detection. Furthermore, the activation of the hydraulic
system without engaging the engine in Sec. III D prompted
no apparent changes in the acoustic pulse rate or dive cycle
of the lone sperm whale in the anchorline vicinity �Fig. 7�.
Finally, during the activity recorded in Sec. III E no hydrau-
lic systems were activated until after 18:00, yet sperm whale
positions are clearly mirroring the vessel’s movements be-
fore then, and whales were visually sighted next to the vessel
by 16:20. These combined observations suggest that the ves-
sel hydraulic system is not a primary acoustic cue for attract-

ing sperm whale attention.
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B. Fishing gear strum and echosounders

Another hypothesis for an acoustic cue is that longline
fishing gear would produce an acoustic signal as it “strums”
while hauled under tension. Once again, direct monitoring of
the acoustic record for all deployments indicates no evidence
of a distinctive acoustic waterborne signature generated by
fishing gear under tension. However, if the gear were pro-
ducing sounds at very low frequencies, say 50 Hz or below,
it is conceivable that such a signal could be buried in the
flow noise recorded on the instrument. However, during at
least two encounters in Secs. III D and III E, sperm whale
reactions to the fishing vessel were noted even when the
longline was not being hauled; indeed, the vessel was at least
1–2 km distant from the closest surface expression of the
gear in both cases. Thus, acoustic strum from fishing gear
seems to be an unlikely candidate for an acoustic cue for
these encounters.

Similarly, echosounder signals are generally not detected
in the data unless the vessel is less than 50 m from the ves-
sel. Statistical analysis by the SEASWAP project has found
no difference in encounter rate between vessels with and
without echosounders. Since the frequency range of most
echosounders lies in the kilohertz range, they would not be
expended to propagate great distances compared to the other
acoustic cues discussed here.

C. Birds and other visual cues

A large concern throughout this effort was distinguish-
ing acoustic cues from potential visual cues such as the ar-
rival of seabirds scavenging on the fishing haul. During a
haul hundreds of birds can surround the vessel, including the
northern fulmar �Fulmarus glacialis�, the black-footed alba-
tross �Phoebastria nigripes�, and various species of gulls. In
principle these bird flocks could be visually detected miles
away. While the visual acuity of dolphins is excellent,49 little
is known about the visual capabilities of the sperm whale
above water.

Fortunately, birds were not a significant confounding
factor in two of the three encounters above. All the measure-
ments in Sec. III D took place without the presence of birds
as no longline was actually hauled, and most of the observa-
tions were recorded at night. Also, in Sec. III E the visual
observers noted whales surfacing by the vessel at least
15 min before more than three birds had circled and settled
by the COBRA. Thus, birds cannot be discounted as a poten-
tial visual cue for the animals, but in the context of these
observations they were not a significant cue.

D. Cavitation noise from propeller

From the first acoustic observations conducted in 2004,
it was apparent that the cavitation noise generated by
changes in the propeller rotation speed produced a significant
broadband acoustic signature that could be detected kilome-
ters away. These changes occur via engaging the engine from
neutral, or to a lesser extent via changes in vessel shaft
speed. In all three encounters documented here, the act of
engaging the propeller from a neutral state increased the

SASELR by 6–10 dB between 250 to 1000 Hz and pro-
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duced a detectable signal on a single hydrophone from 1 to
nearly 2-km range, with a signal-to-noise ratio �SNR� of at
least 6–10 dB. Even in a spherical-spreading environment, a
worst-case propagation scenario, a signal with 10-dB SNR at
1 km would propagate 3 km before it merges with the mea-
sured ambient background noise spectrum. Measurements on
buoy 2 from Sec. III E suggest that the cavitation signals do
not propagate further than 5-km range in 600–700-m-deep
water.

The act of engaging and disengaging the ship’s propeller
provides a distinctive acoustic cue for a longline haul, and
sperm whale acoustic activity seems to alter in response to
these cues. As Figs. 4�d� and 11�b� illustrate, the fact that a
hauling vessel needs to engage and disengage its engine fre-
quently makes a distinctive mark in the received acoustic
data between 250 and 1 kHz. In the encounter described in
Sec. III C, after an initial period of silence large amounts of
sperm whale acoustic activity were detected 15 min after
these signatures began, and derived acoustic tracks in Fig. 6
reveal that at least one whale was converging on the vessel
location within 15 min of the start of the engine cycling ac-
tivity. In Sec. III E deliberate engine cycling was associated
with a complete cessation in acoustic activity from two
sperm whales, and 4 min after the cycling began a third
whale surfaced within 50 m of the COBRA. At this time the
COBRA was over 1 km from the nearest anchorline spar buoy
�anchor 1�.

Section III C also suggests that engaging the engine to
move the vessel from a drifting state produces an acoustic
signature that is perceptually significant to sperm whales.
The only observed disruptions in the animal’s dive cycle that
night, as inferred from the acoustic activity record, took
place when the drifting vessel engaged its engines and trav-
eled back to an instrumented anchorline. While the effect of
the vessel’s lights cannot be discounted, the lights should
have been visible at a range of 1.5 km and thus would have
been present as a constant stimulus the entire night. The
TOA trajectories of the two whales before 15:30 in Sec. III E
also suggest that vessel engine noise is sufficient to attract
whales that are at least 5 km away.

V. CONCLUSION

Beginning with passive observation and then advancing
to hypothesis testing, acoustic monitoring of depredating
sperm whales off Sitka has gathered evidence that cavitation
noise arising from the ship’s propeller is the best candidate
for a distinctive acoustic cue that causes changes in the be-
havior of sperm whales in the area, and hydraulic system and
fishing gear signatures have at most a secondary role. In
particular, the tendency of vessels to cycle their engine as
they conduct a haul produces a distinctive signature that is
projected to propagate 4–8 km under the conditions mea-
sured here, and this signature is associated with the interrup-
tion of sperm whale acoustic activity, the convergence of
animals toward the vessel, and the surfacing of animals next
to the vessel. Whales also seem to respond to situations when

a vessel is transitioning from drifting to transiting.
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A natural question to ask would be whether knowledge
of acoustic cues could be practically applied to reduce dep-
redation encounters with vessels. Given the well-known abil-
ity of marine mammals to habituate quickly to sounds in-
tended to discourage depredation �e.g., Refs. 50 and 51�, it
would be easy to conclude that any change in fishing activity
strategy to alter acoustic cues would be a temporary situation
at best.

However, knowledge of acoustic cues opens up a variety
of strategies, including reducing cue detection range, evalu-
ating whether passive acoustic monitoring for sperm whales
from fishing vessels is a viable avoidance measure, and fak-
ing cues to decouple the association of a cue with fishing
activity. Even a set of actions that causes a delay in the
response time of the animals can help reduce losses.

An animal cannot react to an acoustic cue that it does
not hear, so any activity that reduces the intensity of a dis-
tinctive sound will reduce the volume of water over which an
animal can detect a cue. A signal reduction of 6 dB translates
into a factor of 4 reduction in intensity, or a halving of the
detection radius under spherical spreading conditions, and
greater reductions in less attenuating environments. Thus, re-
ducing noise levels would potentially reduce the number of
animals detecting the sound. Local fishermen have been ad-
vised not to linger in an area where gear has been deployed,
and particularly not to drift in the same area as a haul, as well
as to conduct “circle hauls” or other techniques that mini-
mize the number of times engines need to be disengaged
while fishing.

Figure 11�b� in Sec. III E also shows that the acoustic
signature of a vessel is difficult to extract from a receiver
100–200-m depth at 5-km range, while the TOA plots in
Figs. 9 and 10 demonstrate that sperm whale acoustic signals
can propagate beyond that distance, a result consistent with
previous observations of sperm whale detection distance dur-
ing acoustic surveys.52 There is thus a possibility that fishing
vessels could acoustically monitor an area for the presence of
sperm whales before deploying or retrieving gear. Practical
experience in deploying cabled hydrophones indicates that, if
an HTI-96 min hydrophone can be dropped to at least 20-m
depth underneath an idling vessel, sperm whales can be de-
tected to at least a couple of kilometers range in Beaufort 3
conditions. Further work would be needed to determine
whether a fishing vessel could detect a sperm whale at a
greater distance than a sperm whale could detect a fishing
vessel.

Knowledge of acoustic cues also raises the possibility
that they can be faked, thus introducing an element of risk in
a whale’s decision to expend time and energy investigating a
cue. For example, at present if a sperm whale hears engine
cycling from a fishing vessel, it is almost guaranteed to en-
counter a haul if it responds, which apparently more than
compensates for the energy loss sustained in traveling to the
site, and the opportunity cost of forgoing natural foraging
activity during that transit time. From a game-theoretical per-
spective this is an optimal strategy,53 and from the perspec-
tive of behavioral theory depredation behavior is strongly

positively reinforced. Even if the cue changes, but still un-
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ambiguously indicates the presence of fishing activity, the
animal would quickly habituate and continue its behavior.

Suppose, however, that the acoustic cue remains the
same, but the consequences of responding to that decision
are altered. For example, what if fishing vessels make a habit
of cycling their engines at random, or cycling engines around
“decoy” anchorlines? In this situation the presence of the
acoustic cue no longer guarantees an encounter with a lon-
gline haul, and the whale faces a potential energy loss when
responding to the action. From a game-theoretical
perspective,53 if the whale is a “rational” decision maker then
one can see how a widespread adoption of faking cues by a
fishing fleet might eventually disassociate the cue from an
actual haul, if the negative consequences of responding to a
cue, in terms of lost time and effort, are large enough. Of
course whales, like people, may not be rational decision
makers. In comparative psychology it has been long noted
that intermittent schedules of reinforcement can condition
stronger behavioral responses than a consistent reward
schedule.54,55 However, the effectiveness of “extinction” or
“negative reinforcement” in deconditioning undesirable be-
haviors has also been well-documented in the same litera-
ture. The key unknown factor is what opportunity cost an
animal faces when responding to a faked cue. If there is little
to no “punishment” in terms of lost time and energy when
responding to a faked cue, then from both a game theory and
learning theory perspective the behavior may continue and
even strengthen. However, if the cumulative punishment ac-
crued from lost feeding opportunities were large enough,
then the conditions for an extinction or negative reinforce-
ment learning model might exist.

Thus, the ability of animals to habituate quickly to
changes in acoustic stimuli does not negate the importance of
identifying acoustic cues that attract the animals, because
efforts to reduce the detection range of these cues and to
produce “false cues” might be effective long-term strategies
in reducing depredation, or at least delaying the response of
animals to fishing activity.
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TESTING OF ACOUSTIC TRACKING SYSTEM FOR TOOTHED WHALES 

AROUND LONGLINE AND GILLNET FISHING GEAR,  
AND PRELIMINARY TRIALS OF DEPREDATION MITIGATION DEVICES 

FOR LONGLINE FISHERIES. 
 
SUMMARY 
 
The prime objective of the current project was to demonstrate the potential of a MATLAB 
based tracking system to track toothed whales around longlines and gillnets.  The ability of 
the system to track an acoustic source was demonstrated at extremely close range in a 
domestic swimming pool.  A source was tracked in two dimensions at extremely close range 
under disadvantageous conditions for the system, where small measurement errors would 
generate major source location variation.  Despite this, the source was located within 
centimetres of the known source.  The array configuration relative to the array origin could 
also be determined by the acoustic pinger system associated with each hydrophone. 
 
While the array was deployed underwater, it was capable of tracking the sonar emissions of 
nearby foraging insectivorous bats that have many acoustic and behavioural similarities to 
toothed whales including the use of high frequency short duration echolocation pulses and 
flexible, task dependent call repetition rates.   
 
The system demonstrated its potential to track sound producing marine mammals in oceanic 
conditions where greater distances would nullify the constraints found, yet overcome, in the 9 
m pool.  Based on this small scale test, the full scale system proposed for the Coral Sea tuna 
longline fishery in Phase I is expected provide locations of toothed whales around longline 
fishing gear with sufficient resolution to statistically estimate distance between the whales 
and the gear, as the basis of an experimental evaluation of depredation mitigation methods. 
 
The toothed whale primarily responsible for depredation in the northwestern Coral Sea has 
been determined to be the short-finned pilot whale (Globicephala macrorhynchus).  
Underwater photographs taken by fishing crews of toothed whales feeding on hooked fish 
were clear.  The acoustic signature of depredating animals, and bite marks on fish, were 
comparable at least to pilot whales.  Depredation from false killer whales, from identification 
of the bite marks at least, still occurs in some areas of the Coral Sea fishery. 
 
Within the time frame of the known Japanese and domestic tuna handline and longline 
fisheries in the Coral Sea, short-finned pilot whales are considered to be recent comers 
relative to other species such as the false killer whale, although the short-finned pilot whales 
was present in the Coral Sea at the time of the development of the domestic tuna fishery. 
 
Available gut content data for beached pilot whales of both short-finned and long-finned pilot 
whales in sub-temperate and temperate waters suggest that squid species are a major 
component of their diet.  Krutzler (1952) proposed that short-finned pilot whales described as 
teuthophagous (i.e. squid eaters) were suction feeders.  Werth (2000) described long-finned 
pilot whales as being close range suction feeders and described the process in detail.  Squid 
were generally consumed mantle-first, and small fish head-first.  If prey items were not 
sucked through to the stomach on the first attempt, the peg-like teeth and tongue were used to 
re-position the prey in preparation for another attempt.   
 
With squid almost certainly the major component of pilot whale diet it would seem 
appropriate that east coast and southern and western tuna and billfish longline fisheries refrain 
from using squid as bait during periods when pilot whales were present in fishery areas.  
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Presentation of a natural food source as a bait would positively reinforce the depredation 
response. 
 
The diurnal diving behaviour of short-finned pilot whales was recently studied by Baird et al. 
(2003).  Deep diving behaviour observed off Hawaii, presumably for feeding, was reported 
during the day and night.  Deepest dives (typically 600-800 m, maximum 27 minutes) were 
recorded during the day.  Night-time dives were shallower (typically 300-500 m) that 
reflected a rise in the prey within the deep scattering layer.  The rate of deep dives (>100 m) 
was four times greater at night.   
 
Social activity occurred during long bouts of shallow (<100 m) diving during the day (Baird 
et al. 2003).  It is unlikely that Coral Sea tuna longline operations would exceed the depth 
range of short-finned pilot whales and that these toothed whales would always be able to 
access longline hooked fish within Australian tropical tuna fisheries.  It would not be feasible 
to expect that alternative gear setting arrangements could significantly reduce interactions on 
a time or depth basis.  It is unfortunate that the social activities of short-finned pilot whales 
could well coincide with the same depth range as tuna hooked on longlines during daylight 
hours during the spring/summer fishery in Coral Sea waters. 
 
This project commenced logistic trials with the Coral Sea tuna longline fishery to assess the 
feasibility of deployment and anticipated longevity of gillnet bycatch mitigation pingers 
primarily as they could be the basis for a future acoustic depredation mitigation device.  
While logistic improvements are required, some encouraging results for the devices, although 
totally unexpected, were observed by one industry vessel. 
 
In November 2002, the South Pacific Regional Environment Program in Apia, Samoa hosted 
a toothed whale depredation workshop.  The essential elements of the Plan of Action from the 
Workshop were that a series of Priorities be established for mitigation approaches.  Of real 
concern to longline industry management was the apparent recognition by the Workshop of 
incidental toothed whale bycatch, although no data are available to confirm the extent of this.  
This has EPBC Act significance for Australian tuna longline fisheries.  Depredation was not 
considered normal behaviour, rather opportunistic behaviour that should be reduced or 
prevented, as long as the methods were compatible with the conservation of toothed whales. 
 
Developments of an acoustic strategy of AFMA, ECTUNAMAC and SWTBMAC to address 
the depredation problem were presented at the 8th Western Pacific Acoustic Conference in 
Melbourne, 7-9 April.  The first ever bio-acoustic session at a Western Pacific Acoustic 
Conference provided an opportunity for an international audience to be acquainted with the 
problems of the fishery, with opportunities for further collaborative assistance with acoustic 
bycatch mitigation and tracking.  WESPAC provided an opportunity to demonstrate that 
ETUNAMAC, SWTBFMAC and AFMA were approaching the problem in a methodical and 
ecologically sustainable manner. 
 
The current project was to assess the effectiveness of possible acoustic and mechanical 
depredation mitigation devices.  Discussions during the course of this project with defence 
scientists, mammal acousticians, behaviourists and physiologists have provided optimism for 
a wider range of depredation mitigation approaches than initially considered.  The approaches 
include in no specific order; 

• ‘stealth’ characteristics of fishing vessels, in particular acoustic disguise of their 
fishing operations involving specific fish finding equipment and machinery; 

• acoustic modification / conditioning of toothed whale behaviour; 
• chemical modification / conditioning of mammal behaviour;  
• more appropriate species specific deterrent acoustic signals. 
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TESTING OF ACOUSTIC TRACKING SYSTEM FOR TOOTHED WHALES 
AROUND LONGLINE AND GILLNET FISHING GEAR,  

AND PRELIMINARY TRIALS OF DEPREDATION MITIGATION DEVICES 
FOR LONGLINE FISHERIES. 

 
INTRODUCTION 
 
The study was intended as a Phase II extension component of the initial study on the 
depredation effects of toothed whales funded by Australian Fisheries Management Authority 
(AFMA) and Eastern Tuna Management Advisory Committee (ETUNAMAC)  (McPherson 
et al. 2002).  This extension was to further assess the potential for depredation mitigation 
acoustic devices in Australian tropical tuna longline fisheries, and to continue development of 
methods for tracking toothed whales around longline gear as a means of achieving more 
appropriate experimental results to assess effectiveness.  Analyses of acoustic source location 
methods concluded that the most appropriate tracking system for deployment from co-
operating commercial vessels should be based on a 2 hard-wired hydrophone (ship-deployed) 
and 2 remote hydrophone (sonobuoy-deployed) system.   
 
For the current extension, substantial yet temporary modifications were required to the 
optimal system partly developed in Phase I in order to demonstrate a lower resolution 
tracking ability suitable for demonstration purposes.  The system was based on the 
construction of a 3 element temporary towed array with an aperture width of 50 m and a 
remote sonobuoy with an existing DAT recording system.  It was proposed that this system 
would achieve approximate tracks of acoustic sources for demonstration purposes.   
 
Up to 2000, false killer whales were thought primarily responsible for depredation events 
(Hisada 1973; McPherson 1991).  McPherson et al. (2002) indicated that industry had 
recognised a species of pilot whale as being primarily responsible, presumably the tropical 
and warm temperate short-finned pilot whale Globicephala macrorhynchus.   Other species of 
toothed whale in the area and capable of depredation events although not been implicated in 
regular depredation included killer whales (Orcinus orca),and sperm whales (Physeter 
macrocephalus), pygmy killer whales (Feresia attenuata), and melon headed whales 
(Peponocephala electra) (Nishida and Tanio 2001). 
 
The Phase I study obtained acoustic data from the toothed whales in the Coral Sea including 
several echolocation runs directly toward hydrophones suspended behind baits.  However no 
clear conclusions could be made concerning the taxonomic status of the toothed whales 
responsible for the depredation events and echolocation runs. 
 
This extension was jointly funded between the two Australian Fisheries Management 
Authority Management Advisory Committees that currently experience major depredation 
losses on catch from toothed whales in tropical north eastern and northwestern Australian 
waters, namely the ETUNAMAC and Southern and Western Tuna and Billfish Management 
Advisory Committee (SWTBMAC) respectively.  
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OBJECTIVES 
 
Five objectives were identified for this extension project.  
 

1. Construction of a temporary, horizontal towed array, incorporating a pinger location 
system, a remote sonobuoy, and an FM radio control pinger activation system. 

2. Test tracking of acoustic sources including pre-recorded mammal signals in shallow 
coastal waters and around longline gear. 

3. Development of industry recommended prototype mechanical devices incorporated 
into existing commercial gear. 

4. Procurement of 12 variable frequency sweep acoustic pingers (at $300 each) and 
distribution to commercial vessels for testing under specific conditions. 

 
 
METHODS 
 
Acoustic hardware and software 
 
A single channel, low noise and variable gain (i.e. 10-50 dB) amplifier boost in addition to the 
36 dB gain from the HITECH hydrophones was constructed by James Cook University 
Engineering Lab (Mr John Renehan) to increase the hydrophone signal to the audio-industry 
based RME HAMMERFALL sound card.  Construction of a 6-track signal amplifier has 
commenced.   
 
COOLEDIT PRO ver 2.0 (Syntrillium Software) was initially used as the multi-track acoustic 
software to save digital multi-track data from the 96 kHz analogue-to-digital sound card.  
Time-of-arrival-differences (TOAD’s) between the tracks were completed manually 
(McPherson et al. 2002).  However as COOLEDIT PRO could not save multi-channel (i.e. 
n>2) files in isolated tracks, the automated MATLAB cross correlation feature written for the 
system could not be used.   
 
RAVEN v1.0 from Cornell University School of Ornithology permitted the saving of multi-
track WAV files that could be read by the MATLAB cross-correlation feature.  RAVEN was 
not available until after the field recording components of the project.  ISHAMAEL 
(Mellinger 2001) was available to save multi-track WAV files for interrogation by MATLAB 
but could not be configured for the RMW sound card.  ISHMAEL is configured for National 
Instruments data acquisition cards. 
 
MATLAB v6.5 was used to develop a three dimensional tracking system. 
 
 
Acoustic tracking 
 
Fig 1 shows a MATLAB plot for the array configuration proposed to demonstrate the tracking 
system using synthetic data intended for this project extension (McPherson et al. 2002).  
Hydrophones were positioned in a line at 50 m spacing as a linear towed array.  The 
hydrophone orientation originated at the origin with the second and third hydrophones aft of 
the origin and with negative X values as if the array was being towed towards the hydrophone 
in a sonobuoy 300 m forward and 200 m to the left (port) of the array.  The sonobuoy is 
attached to the simulated net in green .  The references to X and Y axes are arbitrary and are 
readily interchangeable. 
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Fig. 1.  Proposed MATLAB tracking array configuration for this project.  3D view of location 
of source relative to the area of fishing gear (█) and origin of the towed array (100 m ahead 
on X axis, 100 m to port on Y axis, 50 m depth on Z axis) using linear towed array and single 
remote sonobuoy (• hydrophones at 10 m depth, ∝ acoustic source, • possible locations). 
 
 
Logistic deployment trials of dolphin bycatch reduction device 

 
To assess the logistic effect of bycatch pingers at least on commercial fishing gear, 12 
AQUAmark 200 units were purchased from the UK at approximately $300 each.  Each unit 
weighs 370 cm and is 14 cm by 5.6 cm with a single attachment point (Fig. 2) and features an 
immersion activation switch. 
 
The pingers arrived in November 2002 and were immediately deployed on a Great Barrier 
Reef Tuna vessel.  Total deployment on Coral Sea longline gear was 30 days. The fishing 
crew was asked to assess the most frequent and optimal setting rates of pingers in association 
with normal longline setting, and the robustness of the units in longline fishing situations. 
 
 

 
 

Fig. 2.  AQUAmark 200 pinger used for logistic trials for depredation by catch mitigation 
trials. (dimensions 14 cm by 5.6 cm). (photo AQUA Tec) 
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RESULTS 
 
Acoustic source tracking system 
 
Towed array construction 
 
To minimise costs the horizontal array cables were incorporated within flexible plastics for 
physical protection from the housing electrical industry.  No permanent changes were made to 
the hydrophone cables in order that the towed array could be deconstructed for conversion 
back to the optimal configuration described in Phase I, specifically as the vertical array.   
 
Three hydrophones were incorporated into the temporary array for preliminary tracking work 
(Fig. 1).  The horizontal strength of the array was based on 12 mm diameter water ski float-
rope that had a slightly buoyant capacity.  The ski-rope and cables were bundled inside 12 
mm plastic spiral-wrap that provided a horizontal rigidity.  The cables and spiral wrap were 
then bound in two layers of overlapping 50 mm black duct tape.  Present Naval and seismic 
systems use Kevlar sections for horizontal and vertical rigidity and are enclosed in PVC or 
dense rubber tubes filled with neutrally buoyant hydrocarbons and feature banks of vibration 
dampeners. 
 
Hydrophone elements were not included within the spiral wrap therefore exposing them to the 
water for maximum signal detection.  This also increased turbulence and subsequently ‘self 
noise’.  A pinger system for hydrophone location was incorporated.  Undersea industrial 
grade cable connectors and joiners (at approximately $250 per pinger) were incorporated into 
the system. 
 
The array was maintained at an average 5 m depth by a 4 kg torpedo-shaped lead weight 
paravane/downrigger.  Cable from the vessel to the horizontal component of the array was 
surrounded in slotted black fluming to reduce cable strum.  The horizontal configuration 
required was achieved by split fishing floats wrapped into the array at 2.5 m intervals and a 
small sea anchor at the distal end of the array.  A schematic diagram of the array is given in 
Fig. 3. 
 
The deployment performance of the array was tested from Great Barrier Reef Tuna vessels in 
shallow reef waters off Cairns where underwater diver observations of the gear were possible.  
The array performed as planned for forward motions of 0.5 to 3.0 kts to prevent catenary 
shape development caused by the horizontal cable sinking between floats.  However the upper 
bound of the feasable towed speed is the standard idle speed for most tuna longline vessels 
making this system sub-optimal for deployment from Coral Sea tuna vessels. 
 
During the project, more cost-effective towed arrays were offered for use by the project.  
However as the arrays were either military or seismic-based, the limited lower frequency 
acoustic bandwidth of the arrays were not considered suitable for the current application.  
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Fig. 3.  Schematic diagram of temporary towed array.  Hydrophones are 50 m apart, pingers feature a fundamental 3 kHz signal and mean depth 
of deployment is 5 m.
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Acoustic controls 
 
Control of the acoustic array is based on a 19” enclosure case that houses the laptop 
computer, the RME HAMMERFALL I/O sound card or proposed DAQcard, oscilloscope for 
signal calibration, pinger controls and appropriate cabling (Fig. 4).  Battery (12V gel cell), 
rechargers and 240V power board are in the lower compartment.   
 
 

 
 
Fig. 4.  Enclosure box for array control (laptop, sound card, oscilloscope and pinger controls) 
 
 
Towed array tracking 

 
Tracking of low amplitude acoustic sources such as the recorded source levels of toothed 
whales at 100-200 m range was not achieved from commercial tuna longline vessels by the 
temporary towed array partly due to an absence of animals on the days selected, and partly 
due to vessel ‘self-noise’.  Signal filtering could reduce much of this self noise with little loss 
of signals as most toothed whale signals are >1 kHz extending to >20 kHz.   
 
Noise production occurs from the auxiliary, main engine, gearbox, water pump output 
splashing into the water, and hull movement through the water particularly near the stern of a 
vessel.  Tracking with a shallow towed array at 5 m depth would be possible when drift 
conditions were >0.5 kt in the correct direction and all engines were turned off as 240V 
generation systems produce unacceptable levels of vessel noise.  This would not be suitable 
for an operating vessel with catch aboard.  Deeper deployed arrays incorporating remote 
sonobuoys would be less influenced by vessel noise. 
 
 
Acoustic source within swimming pool 
 
With deployment of the towed array from commercial vessels being considered sub-optimal 
the system was tested under confined small-scale experimental conditions where logistic 
problems were reduced.  However accurate positioning problems were compounded by the 
need for extremely precise cross-correlation estimates for time of arrival differences between 
hydrophone pairs.  
 
The array was deployed in a domestic swimming pool approximately 9 m by 4 m with depth 
ranging from 1 to 2 m.  The hydrophone / pinger nodes were suspended from a floating 
wooden frame at set spacings at 0, 2.7 and 6.3 m and a constant depth of 0.5 m to simulate the 
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three element towed array.  A single hydrophone 3.0 m perpendicular to the third hydrophone 
on the array was also at 0.5 m depth.   
 
The array was deployed as a scaled-down length of 6.3 m comparable to the deployment 
shown in Fig. 1.  The X, Y, and Z co-ordinates of the simulated towed array were (0.0, 0.0, -
0.5); (-2.7, 0.0, -0.5) and (-6.3, 0.0, -0.5) respectively while the simulated sonobuoy co-
ordinates were at (-6.3, 3.0, -0.5). 
 
A LIEN (Cairns) acoustic alarm (McPherson et al. 1999) designed for humpback whale 
bycatch mitigation by QFS operating at only half power to simulate distant and potentially 
weak received mammal signals, was deployed from the wooden frame (X, Y, and Z co-
ordinates of –2.70, 1.65, -0.50).  The acoustic alarm generated a fundamental frequency of 3 
kHz with a strong second harmonic frequency at 6 kHz (McPherson et al. 1999).  The alarm 
simulated the low frequency variable output of the toothed whale signals described in 
McPherson et al. (2002) where the peak energy of an echolocation run directed toward a bait 
and hydrophone was between 3 and 4 kHz. 
 
The 4 channel recordings of the alarm signals were digitally notch filtered to a centre 
frequency of the fundamental output of the alarm with a 400 Hz bandwidth.  The six possible 
TOADs between the signals recorded by the four hydrophones (one per channel) were 
manually cross-correlated from COOLEDIT time series waveforms.   
 
The project written automated MATLAB cross-correlation procedure for multi-channel .wav 
files was disabled for this operation as the COOLEDIT multi-track .wav files could not be 
interpreted as multi-track files by the MATLAB wav-read procedure.  The incorporation of 
RAVEN multi-track software late in the project permitted the use of the automatic cross-
correlation procedure on selected wav file segments.  
 
The six combinations of hydrophone pair TOADs observed from the four hydrophones 
differed from the theoretical TOADs predicted by the system for <0.1 milliseconds 
corresponding to a distance of <15 cm in water at a speed of sound of 1,540 m/sec.  The alarm 
was considered to be a point source, however as sound is produced from all outer surfaces of 
the 50 mm diameter and hydrophones recorded the signal from 360° around the source, errors 
of up to 5 cm were be anticipated.  
 
The MATLAB system determined the location of the acoustic source within the pool.  The 
three-dimensional system provided more solutions than required for the two-dimensional 
array and pinger that were all deployed at 0.5 m.  The MATLAB screen with GUI inputs for 
hydrophone position adjustment, manual input of cross-correlated TOAD’s, target position 
report giving maximum and minimum X, Y and Z-axis locations, tolerance adjustment, and all 
possible solutions for acoustic source location were plotted in Fig 5. 
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Fig. 5.  MATLAB acoustic tracking system screen with input data screens and acoustic 
source solutions (●) in the swimming pool tracked by a 4-element array.  The location of the 
acoustic source is given (∀). 
 
 
The source location for plan and side views of the array with the approximate pool margins 
included are given in Fig 6.  The X-axis is arbitrarily defined as the forward (positive) - aft 
(negative) axis that would normally define a ships heading.  The Y-axis is to starboard 
(positive) and port (negative).  The axes could readily be reversed to resemble a conventional 
number plane with X on the horizontal axis and Y on the vertical axis. 
 
 

    
 
Fig. 6.  Plan and side views (left and right respectively) of the MATLAB solutions for the 
acoustic source in the swimming pool.  Approximate pool edge ( ▌), hydrophones (●), 
solutions (●) and acoustic source (∀).   
 
 
The three dimensional solutions within the pool volume for the acoustic source as point 
sources are given in Table 1.  The location of the source, and the locations of the 11 possible 
solutions predicted by the system for the given input parameters of Fig. 5 are given to the 
nearest centimetre.  Mean solutions differ from the real location by 3 cm in the X-axis and 0 
cm in the Y-axis.  The mean solution in the Z-axis differed by 4 cm although the range of 
estimates was higher.  The acoustic alarm is omni-directional (McPherson et al. 1999) with 
the piezo source in the centre.  As the alarm is 5 cm in diameter and the acoustic signals 
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originate from the outside surfaces of the alarm with a 5 cm diameter in the X-Y dimension 
variation of <5 cm would be expected. 

 X (m) Y (m) Z (m)
Acoustic source -2.70 1.65 -0.50 
Solution   1 -2.72 1.64 -0.40 
Solution   2 -2.72 1.64 -0.45 
Solution   3 -2.72 1.64 -0.50 
Solution   4 -2.72 1.64 -0.55 
Solution   5 -2.73 1.64 -0.35 
Solution   6 -2.73 1.65 -0.40 
Solution   7 -2.73 1.65 -0.45 
Solution   8 -2.73 1.65 -0.50 
Solution   9 -2.73 1.65 -0.55 
Solution 10 -2.73 1.65 -0.60 
Solution 11 -2.73 1.65 -0.66 
MEAN estimate -2.73 1.65 -0.54 

 
Table 1.  Locations (in metres) of the acoustic source and 11 possible solutions calculated by 
the MATLAB system in X, Y, Z-axis co-ordinates within the swimming pool. 
 
 
The range of solutions in the depth plane (Z-axis) would be reduced further when at least one 
hydrophone was deployed at a greater depth than the others.  This would be the case in an 
oceanic situation (McPherson et al. 2002).   
 
The MATLAB system described above provides for the estimation of the location of a single 
acoustic source.  The system has the ability to plot multiple locations of acoustic sources, 
whether from the same or multiple animals, with the provision for input of specific objects 
such as longline hook locations.  
 
 
Bats overflying towed array in domestic swimming pool 
 
During late evenings at the Principal Investigators home, a relatively large insectivorous bat 
with audible acoustic signals was heard vocalising in the vicinity of trees surrounding the 
swimming pool where the towed array was deployed below the surface.  The regular search 
sonar pulses, as well as the quicker duration terminal stage depredation pulses emitted by the 
bat in the vicinity of the pool were readily detected by the array hydrophones deployed in the 
pool.  The ability of submarine passive sonar to detect and categorise military aircraft is 
discussed by Urick (1983).   
 
The bat emitted tonal signals with sharp inflections within the 9-15 kHz range.  The signals 
were not unlike toothed whale communication whistles described by Rendell et al. (1999) in 
that the signals were tonal with frequency sweeps. 
 
The sonar emissions of the bat were tracked during its normal feeding / socialising activity by 
the system while it was deployed in the swimming pool 0.5 m below the surface.  Initially 
source locations were estimated using times modified for a speed in air of 330 m/sec with a 
speed of sound in water of 1540 m/sec for the distance to the hydrophone 0.5 m below the 
surface and at a grazing angle of 45°.   
 
When the hydrophones were brought to the surface to eliminate media interface difficulties 
tighter source location boundaries were obtained (Fig. 7).  The exact location of the bat was 
not known.  It was tracked to be approximately 6-7 m above the level of the pool and at least 
5 m away from the hydrophone at the origin of the array.  It’s flight path was known to be 
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constrained to between two trees 3 m apart adjacent to the pool.  The estimated source 
locations of repeated calls were demonstrated to pass between these two trees, and at other 
areas around the pool area where the bats were known to frequent.  The attributes of bat 
sonar, and how it is used during foraging, have often been compared to delphinid sonar 
systems (Au 1993). 
 
 

 
 
Fig. 7.  MATLAB acoustic tracking system screen with input data screens and acoustic 
source solutions (●) in the swimming pool tracked by a 4-element array.   
 
 
Alternative mammal tracking systems 
 
Dr Andrew Madry (Madry Technologies) has developed a method for real time tracking of 
dolphins emitting sonar clicks.  A pair of hydrophones records the TOADs of the sonar clicks 
(in milliseconds), and plots the lag time difference against a time sequence (Fig. 8).  Repeated 
clicks from foraging dolphins may be plotted against time that permits an X-Y bearing angle 
to be established in real time.   
 

www.madry.com.au

DOLPHIN TRACKING

 
 

Fig. 8.  Madry Technologies plot of hydrophone pair lag times for dolphin click train. 
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This system is straightforward in shallow two-dimensional situations provided a matched pair 
of hydrophones is deployed a short distance away to also assess bearing angle in order to 
eliminate the possibility of left-right ambiguity.  Pairs of hydrophones in the depth dimension 
would permit three dimensional plotting of foraging clicks.   
 
The strength of the system is that it permits real time, high speed tracking of sonar clicks that 
would be generated by toothed whales actively predating on hooked tuna during the hauling 
stage.  Further development of this system is necessary to integrate with the MATLAB based 
hyperboloid tracking system in post-processing to provide three dimensional source location 
estimates.   
 
Dr Dave Mellinger of the Pacific Marine Environmental Lab (National Marine Fisheries 
Service, Seattle) has provided preliminary three-dimensional tracking software based on 
MATLAB that uses a mathematical approach rather than the engineering approach described 
in McPherson et al. (2002).  This system has not been used as yet as a trade-off between 
analysis speed and visual representation.  Incorporation of the hydrophone signal 
amplification has permitted the utilisation of the 16-bit ISHMAEL program.  Multi-channel 
ISHMAEL will be feasible when the multi-channel pre-amplification system is constructed.  
ISHMAEL is configured for a multi-channel National Instruments DAQcard. 
 
 
Coral Sea toothed whale signals  
 
In Phase I, McPherson et al. (2002) described burst-pulses, and echolocation runs toward a 
bait suspended immediately in front of a hydrophone deployed from a GBRT vessel.  The 
echolocation clicks were therefore representative of source levels at 1 m re 1 micro Pascal at 
the instant of taking the bait.  The toothed whale species responsible for the signals was 
arbitrarily attributed to false killer whales while it was noted that the bite patterns and 
industry observations suggested that a pilot whale (presumably short-finned pilot whale) 
could be responsible. 
 
A 250 millisecond (250 ms) segment including a burst-pulse communication signal (Popper 
1980) is expanded and presented in Fig. 9.  The requency of the clicks is attenuated over 16 
kHz due to limitations set on the recording system, namely 32 kHz sampling rate.  
Considerable burst-pulse energy existed down to at least 1 kHz while burst-pulse energy of an 
unknown level extended beyond 25 kHz. 
 
Murray et al. (1996) provide a brief description of false killer whale click-trains, burst-pulses, 
whistles and considered that numerous states existed for a graduation between whistles and 
pulsed sounds (burst-pulses and clicks).  There was no evidence for this form of graduation in 
the Coral Sea recordings, partly as no clear whistles were recorded.  Scheer et al. (2003) 
reported a click vocalisation ‘grunt’ for Atlantic short-finned pilot whales assumed to be a 
burst-pulse with frequency components extending >24 kHz. 
 
The available burst-pulse data are not sufficient to attribute species identification.  Little is 
known of the frequency and relevance of toothed whale (presumably short-finned pilot whale) 
burst-pulses in open water, let alone around fishing gear when implicated in depredation 
events.  Caldwell and Caldwell (1971) indicated that burst-pulses in spotted dolphins 
probably have a more emotional context while Overstrom (1983) linked burst-pulse behaviour 
with aggressive displays of bottlenosed dolphins resulting in auditory and tactile discomfort 
in conspecifics.  McPherson et al. (2002) noted the comments of fishing crews that burst-
pulses were the most common signals heard through the vessel hulls, rather than whistles. 
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Phase I (McPherson et al. 2002) presented a low frequency impulsive signal that coincided 
with a 1.2 second echolocation run, the acoustic signature of the terminal predation stage of a 
toothed whale toward, and taking, a bait suspended within 1 m of a 30 kHz hydrophone.  The 
sonagram of the segment recorded by GBRT BALANCE is presented (Fig. 10).   
 
McPherson et al. (2002) suggested the segment could be a low frequency component, or 
system tone, of an echolocation signal (Ken Schultz, pers comm.).  Pairs of clicks were 
evident in the early or left hand component of the highlighted segment that were thought to 
represent multi-path transmission of low frequency clicks (Cato 1998; Kaschner et al. 1999).  
The first clear click was considered to be the direct path of the signal to the hydrophone, and 
the second indistinct click the reflected path of the signal off the water surface to the 
hydrophone.  The time between the component clicks was approximately 2 ms.   
 
The peak energy of the apparent click trains occurred between 3 and 4 kHz.  Spectral analysis 
(SPECTRA PRO software) of the echolocation run with the hydrophone at 1 m from the bait 
indicated that source levels of the clicks varied from approximately 135 to 140 dB re 1 m at 1 
micro Pascal.  
 
The echolocation clicks of false killer whales usually have a peak frequency of approximately 
40 kHz with energy extending down to about 10 kHz (Au et al. 1995).  There are no data on 
clicks extending below 5 kHz.  
 
The echolocation click data available for pilots whale species generally, are extremely limited 
and quite different to those of false killer whales.  Brusnel et al. (1971) described each click 
of long-finned pilot whales as being composed of two component clicks separated in time by 
1.25-2 ms with peak energy of each component click at around 3.2 kHz.  Higashi et al. (1992) 
used a 8 kHz frequency hydrophone to identify a double click structure for some echolocation 
clicks of short-finned pilot whales.  The peak energy of clicks was clipped to below 8 kHz by 
the system although peak energy appeared to occur between 5 and 7 kHz.  
 
The echolocation runs recorded from the Coral Sea therefore appear to be those of a pilot 
whale species, presumably the tropical short-finned pilot whale.  Tonal whistles were 
recorded however the signal-to-noise-ratio was so poor from the malfunctioning system 
(damaged DAT-hydrophone 3/8” and ¼” jack fittings) that descriptions were not possible.   
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Fig. 9.   Spectrogram of the time expansion of the burst-pulse highlighted above 
 (Sample rate 32 kHz, FFT 64). 

 

 
 
Fig. 10.   Spectrogram of expansion of false killer whale highlighted presumed echolocation 

signal (Sample rate 32 kHz, FFT 64) 
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Diet and feeding behaviour of toothed whale species 
 
McPherson et al. (2002) described two clear bite patterns from Coral Sea depredation events, 
one precise pattern attributed to false killer whales, and a ragged pattern attributed to short-
finned pilot whales.  The association between bite pattern and species is still speculation. 
 
False killer whale depredation (visual sightings or presumed bite pattern) was the most 
common form of depredation during the period of the Japanese tuna handline fishery and 
developmental domestic longline fishery (McPherson, pers. obs.) up to the mid-1980’s.  
Small numbers of false killer whales were identified around fishing gear and bite patterns 
identified in from field work conducted as part of an ECTUNAMAC funded examination of 
marlin bycatch in the longline fishery 1995 and 1996 (Campbell et al. 1997; pers. obs.).  
Evidence for false killer whale depredation was reported by industry from a restricted area of 
the Coral Sea during this study. 
 
Nothing is known of the normal feeding behaviour of false killer whales in the Coral Sea.  In 
the eastern Pacific false killer whales were most often seen chasing smaller dolphin species 
during tuna purse seine operations.  Gut contents of false killer whales, from beached animals 
in temperate waters  indicates that squid are a dominant prey (Alonso et al. 1999).  
 
The crew of GBRT ‘ENQUIRER’ provided clear underwater photographs taken during 
fishing operations of toothed whales, identified as short-finned pilot whales by project staff, 
remaining next to hooked tuna and marlin, and appearing to be ‘holding onto’ fish, while they 
made repeated bites of the fish (Fig. 11).  Toothed whales have also been observed removing 
the fish from the hooks with repeated bites and tugs, and taking the carcass away.  These 
observations contrast sharply to the rapid and precise attack of false killer whales observed in 
the Coral Sea during the 1980’s (McPherson, pers. obs.). 
 

 
 
Fig. 11.  Short-fin pilot whale depredating on hooked marlin remains.  Two other whales are 
nearby. 
 
 
The crew of GBRT ‘BALANCE’ provided tuna remains from Coral Sea depredation events 
that matched pilot whale depredation.  Figures 12 and 13 are the plan and rear looking views 
of two tuna that were subjected to separate depredation events.  The damage is ragged and 
could well represent the result of a ‘chewing’ action rather than a ‘twisting’ or ‘snapping’ 
action.  Fig. 14 clearly shows the puncture mark of a large canine tooth in the cornea of the 
tuna eye.   
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Fig. 12.  Plan view of tuna head after toothed whale predation. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13  Front view of tuna head after toothed whale predation. 
 

 
 

Fig. 14.  Side view of tuna head after toothed whale predation showing canine teeth punctures 
in cornea. 
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Potential depredation mitigation methods 
 
The AFMA/ECTUNAMAC Phase I study (McPherson et al. 2002) study identified the 
AQUAmark 200 dolphin bycatch reduction pinger built in the UK as a pinger device that 
offered potential for development into an acoustic depredation deterrent.  The current 
production unit was never intended as a depredation mitigation device although it was 
considered that any depredation mitigation prototype would be of comparable size and 
weight. 
 
Some of the eight random acoustic signatures of the AQUAmark 200 pingers spanned the 
echolocation click and peak acoustic sensitivity of false killer whales (Au 1993; Au et al. 
1995; Thomas et al. 1988, Richardson et al. 1995; Thomas and Turl 1990; Rendell et al. 
1999) and the presumed region of peak acoustic sensitivity of short-finned pilot whales 
assuming they have comparable attributes as other delphinids such as killer whales, false 
killer whales  (Au 1993).   
 
Loughborough University (UK) and IFREMER (France), are involved with the development 
of the AQUAmark pingers and are monitoring the effectiveness of AQUAmark 200 pingers in 
reducing depredation on line and net gear by large dolphins in Mediterranean waters under 
the ADEPT programme.  Initial results of the program indicated that the AQUAmark devices 
had a very limited radius and the initial anticipated displacement, in the order of 200 m, may 
not be sustained as the animals could habituate (Dave Goodson, pers. com.).  Later results of 
the ADEPT programme were published (STREP 2002).  The units were effective for a 
trammel net fishery where landed catch weights increased, although inconclusive for other 
small-scale net fisheries.  No reports were available for hook-based fisheries. 
 
Vernicos et al. (2003) described the use of a multi-frequency acoustic device, one version 
specifically designed to deter dolphins depredating fishing nets in Greece.  The devices 
reduced dolphin induced damage to the nets by >75%.  Nets with reduced numbers of dolphin 
holes, produced significantly greater fish catches.  The devices were distributed at 200 m 
along the net.  
 
 
Deployment frequency and durability 
 
The GBRT fishing crew determined that it was possible to deploy pingers at a rate of one 
pinger per branchline for relatively short to moderate longline lengths without affecting 
normal gear deployment.  Pingers were initially trialled in three locations, namely 

1. clipped to mainline 
2. on the branchline at the clip 
3. on the branchline attached to leaded swivel. 

 
For simplicity, pingers could be attached on the mailine midway between branchline 
attachments that would provide comparable acoustic received level coverage.  Pingers at the 
end of branchlines would not be difficult to deploy although they would occupy a large 
volume in the gear shooting boxes.  Pingers attached to the lead swivels on branchlines would 
require substantial shooting box re-design. 
 
Within two months of testing (approximately 30 longline sets) only three units were still 
functioning.  Two units had been dropped or rolled overboard, while eight units had appeared 
to sustain external damage when striking the retrieving ‘bullhorns’ that coincided with unit 
failure.  Most of the units failed over a two-day period when weather conditions were poor 
and identification of units coming up the line was difficult. 
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The units were not heavy (120 g in water) however the speed with which the units reach the 
‘bullhorns’ then stop as the winch drum is braked to remove gear, may cause substantial 
damage to the operators hands as they are currently deployed on a short snood and tend to 
wrap around the hand of the operator.  This could lead to some instances to unit loss. 
 
A single malfunctioning pinger was shipped back to the UK manufacturer for examination.  
The manufacturer concluded that damage had occurred to the pinger casing although water 
intrusion was not a factor for the malfunction.  The assessment of the manufacturer was that 
the sharp blows sustained during the retrieval process damaged the internal battery causing a 
short circuit (Edmund Ceurstemont, pers. com.).   
 
Mammal bycatch reduction pingers attached to gillnets are usually protected from hauler 
damage (although approximately 50% slower than longline retrieval) by protection within 
small heavy fibre net bags.  Given that only a single attachment point is included in these 
pingers to permit one end clear for unit start-up immersion sensors, an alternate deployment 
arrangement has been considered for longline retrieval for future generation pingers.  As 
longline retrieval would not include the crushing effect that bycatch reduction pingers 
experience when passing through the ‘bullhorn’ equivalent, a small flexible wire cage is 
currently being considered that could readily be constructed/modified from existing stainless 
steel materials.  The cage should minimise acoustic absorption of output that would be a 
factor with net bags.   
 
The design was circulated to a number of GBRT commercial fishing crews.  Specific 
concerns were raised about the danger of any heavy device on a branchline recoiling at great 
speed toward the crew member holding the gear when gear breaks occurred.  Serious 
concerns already exist for weighted swivels recoiling toward crew members on deck.  This 
safety issue could be exacerbated for heavier, or angular, depredation mitigation devices. 
 
 
Effects of pinger deployment on depredation rates 
 
Formal monitoring of depredation rates from longline gear was not anticipated for this 
project.  QFS / SEANET experience with acoustic alarm / pinger development in Gulf of 
Carpentaria gillnet fisheries has demonstrated that logistic trials are essential prior to the 
development of feasible effectiveness trials.   
 
While the logistic trials were underway the participating skipper considered that losses to 
depredation were either non-existent, or reduced primarily due to partial deployment of 
pingers along the gear.  When the number of functioning pinger units had declined to three, 
the skipper noted that predation rates rapidly reached the same level as other vessels in the 
northwestern Coral Sea.  The skipper did acknowledge that his observations, although 
encouraging, were merely conjecture and could well have been influenced by the relatively 
low incidence of toothed whale depredation events experienced that year up until the mid-
January. 
 
It should be noted that the QFS trials with the AQUAmark 200 devices were intended 
primarily for logistic reasons and do not reflect on the ability of the devices to function for the 
purpose they were designed for, namely bycatch mitigation.  The initial observations in the 
Coral Sea were established on initial deployment distances of a minimum of approximately 
280-300 m (i.e. at float intervals for the fishery at that time).  With an assumed line 
shortening rate of 30% that would equate to a distance between buoys/pingers of 200 m at the 
conclusion of each set.  The mechanism of possible aversion to the pingers is not known.   
 

AFMA Project R02/0923.  Toothed whale acoustic tracking and depredation. 19



The AQUAmark manufacturer cited a nominal source level of 140 dB re 1 µ Pa at 1 m peak-
to-peak, equivalent to 131 dB re 1 µ Pa at 1 m RMS for the pingers.  A peak-to-peak source 
level around this level was recorded for approximately half of the eight random programs 
during tank tests.  The tests were calibrated with an acoustic source previously calibrated by 
Defence Science and Technology Organisation at Pyrmont, Sydney. 
 
Using the AQUAmark device manufacturers nominal source level, the received level of the 
signals experienced by a mammal along the longline with approximately 200 m spacing 
allowing for longline shortening, would range from a maximum of around 120 dB (RMS) the 
end of longline branchlines to 100 dB (RMS) at the mid-point between the pingers.  The short 
duration and infrequent received levels in themselves would not be sufficient to cause any 
distress.  Richardson et al. (1995) considered that short term hearing loss or discomfort would 
not be anticipated for long-term received continuous levels below 120 dB as a lower estimate.  
Transient signals could well be higher before the same effect occurred.  The literature has 
expanded in this area including the workshop on the effects of anthropomorphic noise in the 
marine environment prepared by Gisiner (1998) and further investigation of this issue is 
warranted. 
 
The frequency of the signals may have some bearing to any perceived confusion or aversion.  
The oceanic environment is generally devoid of any signals within the acoustic ultrasound 
range >20 kHz with exception of the bio-sonar systems of other toothed whales.  Snapping 
shrimp have a significant ultrasound capacity up to 200 kHz, however they would not be 
present in the deep oceanic environment.   
 
The presence of ultrasound signals within the peak sensitivity of the depredatory toothed 
whales may have a behavioural effect on the mammals.  Given the appreciable acoustic 
absorption rates for signals >20 kHz (Richardson et al. 1995), omni-directional ultrasound 
signals at 40 kHz would be reduced to background levels within 1,000 m while transient 
acoustic power levels integrated to continuous levels would be even lower.  Background noise 
levels in the Coral Sea at an arbitrary lower frequency of 1 kHz and at 40 kHz have not been 
established, although available data for tropical oceans with little vessel traffic and Beaufort 
Sea State 1 suggests ambient spectrum levels of 45 and 30 dB re 1 µ Pa / 1 Hz band of the 
above frequencies respectively (Cato 1999).  Converting to a more general broadband level 
suggests ambient levels for comparative purposes of 69 dB re 1 µ Pa. 
 
The directional hearing ability of false killer whales has been studied although little is known 
about pilot whales.  For this report it is sufficient to say that dolphins generally would have 
difficulty in isolating the source of a sound if it was below background levels.  For higher 
frequencies (40 kHz) improvement would occur if the source were within 30° of the dolphin 
cranium midline.  There is indeed optimism for the development of specific acoustic 
depredation mitigation devices that would not be broadcast over great ocean expanses. 
 
 
Alternative approaches to depredation mitigation systems 
 
Passive acoustic systems 
 
Passive systems involved modification of fishing methods.  Japanese and Australian vessels 
that fished in the north-western Coral Sea during the 1980’s would change course or leave 
areas of mainline without hooks to try to eliminate leaving a ‘feeding’ trail.  The attempts 
rarely succeeded (McPherson et al. 2002).  Australian and Papua New Guinea longline and 
dropline fishing vessels that currently experience depredation generally recognise that fishing 
vessels all have specific acoustic signatures and that toothed whales either detect the vessels 
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as they commence hauling operations, or appear to choose some vessels over others to focus 
their depredation behaviour. 
 
A GBRT vessel ‘TOTAL’ was tentatively assessed for acoustic signature of engine at idle, 
engagement of the main engine gearbox that would signal commencement of fishing, and 
engagement of the hydraulic pump associated with the drum winch that would also signal 
commencement of fishing.  The source level of the broadband lower frequency signature of 
the vessel at a nominal 1 kHz with all engines operating was approximately 110 db while the 
source level increased to about 120 dB when the gearbox was engaged with a transient higher 
level at the instant of engagement.  The source level of the operating vessel at 3 kts would 
attain background levels within 500 m of the vessel.  While toothed whales would hear a 
vessel at lower than background levels, identification of the direction of the source would be 
more difficult.  Source levels < 1 kHz would be higher. 
 
These fishing vessel source levels are compared to a freighter at 10 kts and destroyer at 20kts 
with broadband levels at 1kHz of 140 and 150 dB respectively (Urick 1973).  Little data 
exists for the acoustic nature of fishing vessels. 
 
Engaging the hydraulic pump on the fibreglass construction GBRT vessel of New 
Westcoaster design and construction produced a negligible acoustic signature.  This was not 
the case for all vessels.  Engaging hydraulic steering rams in prawn trawlers monitored in 
Trinity Inlet, Cairns, could be detected at ranges of at least 1,000 m.  Hydraulic rams and 
other machinery in steel vessels would compete with gearboxes for production of a dominant 
signal. 
 
 
Active acoustic systems 
 
Anecdotal information from the Russian World Wildlife Fund indicates that the Russian Navy 
has assisted fisheries in the Bering Sea with potential predation mitigation systems (Stephen 
Powell, Environment Australia, pers. comm.).  What appears to have been a military towed 
array was modified as an active transducer to replay loud signals considered appropriate for 
the fishery concerned, e.g. constantly updated local ocean killer whale sounds in fisheries 
where the mammals that predate on lines are usually in turn predated upon by killer whales.  
Other signals likely to interfere with toothed whale sonar systems, loosely described as 
jamming systems, were also broadcast in a directed manner with apparent effect. 
 
 
Chemical / physiological 

 
GBRT crews have observed the reactions of toothed whales to various forms of decaying 
marine mammal flotsam.  Exposure to decaying mammals, and specific components in 
particular, have suggested avoidance from the wider vicinity of the fishing gear deployed by 
the vessel nearest the flotsam.   
 
Mammal physiologists have tentatively identified the decaying component of the toothed 
whale flotsam that apparently evokes an avoidance response.  There is scope for the probable 
decaying mammal protein responsible, to be synthesised, deployment may be an issue, 
especially for crew on the back deck. 
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Mammal behaviour 
 
Fishing crews have observed behavioural interactions between small toothed whales and 
larger adults that appeared to be a selection of young animals by a pod of animals for 
‘training’ by a large animal thought to be the largest male.  A few incidents have been 
reported of the history of the domestic fishery in the Coral Sea since 1981 where gear systems 
were changed on successive days and the training at ‘hook stealing’ received by the small 
animals was inadequate to prevent accidental bycatch. 
 
The effect of negative conditioning on the long-term modification of predatory behaviour of a 
wide range of terrestrial mammals has been the subject of recent research.  There is scope to 
attempt these trials with toothed whales. 
 
 
Toothed whale depredation workshop 
 
In November 2002 the South Pacific Regional Environment Programme (SPREP) hosted a 
Workshop in Apia, Samoa on predation by toothed whales.  A summary of the major 
Workshop objectives is presented, namely, 

• Review the available evidence on the interactions between whales and commercial 
longline fishing operations and accurately define the scope of the problem in the 
South Pacific region; 

• Review when and how such damage occurs; 
• Identify species involved and the nature of interactions; 
• Determine what kinds of actions have been taken by the fishermen to deal with the 

problem and evaluate the implications for cetacean populations; 
• Search for common features as well as differences among the various fisheries; 
• Propose possible mitigation strategies; 
• Identify areas of research that are critical to evaluating/solving the problems; 
• Develop a research program to investigate toothed whale behaviour around pelagic 

logline vessels and to field-test various mitigation strategies; 
• Establish a mechanism to facilitate ongoing communication amongst participants. 

 
The Workshop recommended that the term predation be replaced by depredation.  This was to 
draw a distinction between the normal hunting behaviour of marine mammals i.e. predation, 
from the directed or opportunistic stealing/removal of fish from hooks or gillnets i.e. 
depredation. 
 
A Plan of Action and Priorities for Research to Reduce Depredation on Longlines by 
Cetaceans was prepared on 15th November 2002.  Salient points of the Plan of Action are 
given.  They include, 

• Acknowledgement that the first priority is for research into the extent and process of 
depredation; 

• Acoustic behaviour of cetaceans was listed as key unknowns; 
• A conclusion that “The workshop strongly encourages research into the development 

of acoustic and other approaches to mitigation and emphasised the need for rigorous 
scientific trials to demonstrate effectiveness before broad-scale adoption”. 

 
The Workshop concluded that the range of experiences with depredation mitigation methods 
tried to date (by November 2002) was that not one known method to have been tried was 
identified as successful, let alone fail-proof in the longer term.  The participants were 
supportive of research to investigate the problem and acknowledged that it was a problem 
facing industry and fishery managers worldwide.   
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Depredation was not considered normal behaviour, rather opportunistic behaviour that should 
be reduced or prevented as long as the methods were compatible with the conservation of 
toothed whales.  The workshop participants indicated that incidental take of cetaceans did 
occur in longline fisheries although comments were made indicating that the mortalities posed 
threats to the genetic diversity of the toothed whale species.   
 
 
Western Pacific Acoustic Conference, Melbourne April 2003 
 
The 8th Western Pacific Acoustic Conference was held in Melbourne, April 2003.  A mammal 
bio-sonar session was instituted for the first time.  A presentation was made detailing the 
progress made by the AFMA, ECTUNAMAC and SWTBMAC funded project to develop 
ecologically sustainable tuna longline fisheries (McPherson et al. 2003).  
 
 
JCU Engineering Honours projects 
 
Several projects relevant to toothed whale predation problems were nominated to the JCU 
School of Engineering for consideration and funding assistance by the project.  Following 
consultation with supervisors one project was selected for commencement in March 2004.   
 
Software controlled guidance system for tracking array 

 
The Madry Technologies dolphin tracking system is composed of hydrophones deployed by 
any appropriate method (depending on vessel configuration) with a suite of stand-alone 
LABVIEW–based software that tracks dolphins swimming at high speed.  The array provides 
a real-time assessment of bearing to target in two-dimensions, in real time.  
 
In order to customise this system for commercial fishing operations (either longline or gillnet) 
where vessel forward motion occurs and the chance of gear entanglement is real, the 
hydrophones need to be protected while there would need to be an indication of array attitude 
for accurate tracking.  
 
While an automated system for array control was partly beyond the scope of an Honours 
project, JCU lecturers believed that a data logger for monitoring of depth, fore-aft attitude 
(i.e. yaw) and bearing offered development potential.  Direct software control of array 
orientation during towing operations is not seen as essential at this stage. 
 
Costs of materials such as undersea connectors, saltwater temperature probes are being 
investigated for possible inclusion in the current project of as a desk study for incorporation 
into the proposed FRDC project. 
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DISCUSSION 
 
The ability of the MATLAB system to track an acoustic source has been demonstrated at 
extremely close range in a domestic swimming pool.  A source was tracked under 
disadvantageous conditions for the system, where small measurement errors would generate 
major source location variation.  Despite this, the source was located within centimetres of the 
known source.  The array configuration relative to the array origin could also be determined 
by the acoustic pinger system. 
 
While the array was deployed underwater, it was capable of tracking the sonar emissions of 
nearby foraging insectivorous bats that have many acoustic and behavioural similarities to 
toothed whales including the use of high frequency short duration echolocation pulses and 
flexible, task dependent call repetition rates.   
 
The system has therefore demonstrated its potential to track sound producing marine 
mammals in oceanic conditions where greater distances would nullify the constraints found, 
yet overcome, in the 9 m pool.  Based on this small scale test, the full scale system developed 
for the Coral Sea tuna longline fishery in Phase I is expected provide locations of toothed 
whales around longline fishing gear with sufficient resolution to statistically estimate distance 
between the whales and the gear as the basis of an experimental evaluation of depredation 
mitigation methods. 
 
The construction of a fully operational toothed whale tracking system has progressed in a 
cost-effective manner.  However the towed array has now been deconstructed.  The 
hydrophones will be reconstructed into the vertical component of the hard-wired array 
described in McPherson et al. (2002). 
 
The hyperboloid tracking system of McPherson et al. (2002) is now operational.  
Determination of three dimensional locations are possible within the bounds of the array and 
up to five times the array aperture (minimum distance between any hydrophone pair) away 
from the array.  Determination of a three-dimensional bearing to an acoustic source at ranges 
greater that 10 times the array aperture are also feasible.  Software modifications and 
improved propriety multi-track recording software now permit automated, quasi real-time, 
acoustic source location.  Signal filtering capacity also improves acoustic source localisation.  
The steps involved in source location previously described are, 
 

1. Identify clear signal present on all 4 incoming channels. 
2. Save the multi-track segment as WAV file. 
3. Input WAV file name to MATLAB tracking system 
4. MATLAB cross-correlation and source location procedures determine possible 

locations for acoustic source. 
5. MATLAB source locations are output graphically, or by individual X, Y and Z co-

ordinates. 
6. MATLAB mean source locations or trajectories may be plotted sequentially in 

relation to specific regions such as fishing gear, or individual hooks.  This routine is 
still being developed. 

 
The objective for the development of a tracking system is not to have a tracking system per 
se.  A tracking system, or range of systems, is viewed as an essential scientific tool to better 
assess the effectiveness of a range of predation mitigation strategies.  The current emphasis of 
marine mammals in noisy oceanic environments is leading to rapid developments of systems 
to track marine mammals with the subsequent general release of these systems will be of 
significance to develop cost effective methods to track toothed whales around fishing gear.  
The current project has benefited, and will continue to benefit, from these developments.   
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Little data exist to confirm the species of toothed whale responsible for depredation events in 
the Coral Sea longline fishery.  Current industry and project observational, acoustic, and 
depredation damage evidence suggests that a species of pilot whale (presumably short-finned 
pilot whales that have a tropical ocean distribution) is primarily responsible for the 
depredation.  Evidence for false killer whale depredation that was so common during the 
early, then mid-1980’s (pers. obs, 1983 Qld project leader FRDC tuna tagging, 1986 Qld 
project leader FRDC tuna biology) is restricted to a specific area of the Coral Sea.  False 
killer whales still occur in the Coral Sea, and they could well dominate depredation again in 
future years, however the photographic evidence of current depredation by short-finned pilot 
whales provided by fishing crews were clear.  The crews are to be congratulated for obtaining 
such photos taken under commercial fishing conditions in oceanic waters.   
 
Available gut content data for beached short, and long-finned pilot whales in sub-temperate 
and temperate waters suggest that squid species are the major component of their diet.   
Stomach contents of short-finned pilot whales in tropical waters were dominated by squid 
(Hacker-Sinclair 1992).  Seagars and Henderson (1985) described the general presumption 
that short-finned pilot whales consumed squid based on their presence within shools of squid.  
They cited the limited number of references that described squid beaks from stomach 
contents, and presented observations of squid in stomachs from short-finned pilot whales off 
California. 
 
Deepest dives of Pacific short-finned pilot whales were recorded immediately after sunset in 
the Pacific (Leatherwood et al. 1973) and appeared to go past the shallower margins of the 
rising deep scattering layer.  Deep dives to feed on squid were suggested.  In the Coral Sea at 
the time of the tuna peak spawning and aggregation behaviour, the tuna rise to the surface at 
the same rate as the rise of the deep scattering layer (McPherson 1988, 1991) and feed on 
Diaphus sp.myctophids.  There are no evidence of other species within the deep scattering 
layer that the tuna feed on. 
 
Werth (1991) described long-finned pilot whales as being close range suction feeders.  Squid 
were consumed mantle first, and small fish head first.  If prey items were not sucked through 
to the stomach on the first attempt, the peg-like teeth and tongue were used to re-position the 
prey in preparation for another attempt.  Considerable effort was expended to position the 
head to ensure the prey item was ‘lined up’ before the suction feeding process commenced. 
 
With squid almost certainly the major component of pilot whale diet it would seem 
appropriate that tuna longline fisheries refrain from using squid as bait during periods when 
pilot whales are present in fishery areas.  Presentation of a natural food source as a bait would 
positively reinforce the depredation response. 
 
The diurnal diving behaviour of short-finned pilot whales in oceanic waters off Hawaii was 
recently studied by Baird et al. (2003).  Deep diving behaviour presumably for feeding were 
reported during the day and night.  Deepest dives (typically 600-800 m, maximum 27 
minutes) were recorded during the day.  Night-time dives were shallower (typically 300-500 
m) that reflected a rise in the prey within the deep scattering layer.  The number of deep dives 
(>100 m) was four times greater at night.  Social activity occurred during long bouts of 
shallow (<100 m) diving during the day. 
 
It is unlikely that the fishing gear of tropical tuna longline operations would exceed the dive 
range of short-finned pilot whales.  These toothed whales will always be able to access 
longline hooked fish.  It would not be feasible to expect that alternative gear setting 
arrangements would reduce interactions.  
 
There are no data on the most common time of depredation on hooked fish, nor the depth 
range of depredation.  Given that most interactions during the spring and summer in the 
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north-western Coral Sea occur during short duration daytime sets in shallower waters (<200 
m) when tuna abundance is highest, it is likely that interactions between tuna gear and toothed 
whales coincide with the periods of peak social interaction.  Whether a differential 
availability between natural prey (squid) or opportunistic prey (tuna) exists is not known, 
however it is possible that short-finned pilot whales may incorporate depredation behaviour 
into daytime social behaviour, as much as they do for ‘serious’ feeding. 
 
Current acoustic data do not differentiate between pilot whale species.  The role of eyesight 
and echolocation is not known in terminal stages of natural predation or depredation on 
longline caught fish.  It is assumed that eyesight would not be useful for terminal phase 
depredation due to the orientation and wide spacing of their eyes, and inability to focus 
immediately in front of their jaw. 
 
At this stage there are no data that suggests pilot whales or false killer whales feed naturally 
on the large tuna, marlin and swordfish species taken by longline gear in the Coral Sea.  It is 
possible that the large mammals involved in depredation events may take the baits and 
hooked fish as they provide an easy source of prey and may not necessarily be a major item of 
their natural diet.  This opportunistic and readily obtained food source may well have an 
adverse effect on the population biology of these large marine mammals. 
 
A double echolocation click was described by Busnel et al. (1971) and Higashi et al. (1992).  
Some evidence existed for a double echolocation click from this study when pilot whales 
conducted echolocation runs directly toward suspended baits with a hydrophone directly 
behind.  Relatively low frequency clicks of 3-4 kHz were observed, while Higashi et al. 
(1992) reported clicks with peak energy between 3-8 kHz.   
 
The significance of this low frequency signal for tracking their major prey species squid, is 
not clear as the wavelength of the clicks would not be suitable for determining high target 
resolution better than that of a cube with sides 0.25 to 0.5 m.  However even if pilot whales 
could not obtain fine resolution of the hooked tuna being attacked, they would likely be aware 
of high target strength ‘glints’ from metal hooks within a low resolution picture (Chris 
Clague, pers. com.), and would take steps to avoid the area of the fish containing the hook. 
 
As the observations of Higashi et al. (1993) used hydrophones with a sensitivity to 10 kHz, 
and the present study used hydrophones with a sensitivity to 30kHz, it is unclear what 
echolocation capacity exists at higher frequencies >30 kHz for pilot whales.  Future research 
should focus on this aspect. 
 
The Coral Sea recordings featured regular broadband impulsive, yet single signals that 
extended to at least 16 kHz.  On some occasions these impulsive signals occasionally 
appeared to grade into click trains.  At the time there was some uncertainty about whether 
these single impulsive signals were artefacts from a malfunctioning DAT recorder.   
 
However Thompson and Friedl (1982) using hydrophones with a flat sensitivity to 300 Hz, 
described a 500 Hz centred regular ‘thump’ that could occur with or be independent of, 
whistles and low frequency click trains. The thumps occurred in trains of 3 and 36 at a 
repetition interval of between 0.4 and 2.8 seconds.  The authors found that thumps were 
geographically restricted and considered that they may have some sonar function.  Whatever 
the origin or use of the thumps, they do provide an impulse signal for ready tracking by the 
MATLAB system. 
 
The Coral Sea pilot whale burst-pulses extend to at least 25 kHz.  As burst-pulses are 
produced by the same mechanism as echolocation clicks, it is reasonable to assume that their 
sensitivity to their own echolocation clicks extend to beyond 25kHz.   
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The auditory sensitivity (i.e. peak sensitivity) of pilot whales is not known.  Matthews et al. 
(1999) noted an inverse relationship between delphinid size and communication frequency 
while Au (1993) presented data indicating another inverse relationship between delphinid size 
and peak auditory sensitivity.  Matthews et al. (1999) noted that the largest delphinid, the 
killer whale, had a frequency for best hearing of 15-30 kHz (an apparent peak at 20 kHz), the 
smaller false killer whale 17-74 k Hz (an apparent peak at 60 kHz), and bottlenosed dolphin 
15-110 kHz (an apparent peak around 70kHz).  Given the inverse relationship noted between 
delphinid size and communication frequency (including pilot whales) and the inverse 
relationship between delphinid size and peak hearing sensitivity (no data available for pilot 
whales) it seems reasonable to assume a working hypothesis that pilot whale peak sensitivity 
would be approximately between 20-40 kHz.  
 
Pilot whales have similarities to the largest toothed whale, although not a delphinid, the sperm 
whale.  Pilot whales and sperm whales appear to feature a preference for squid, feature deep 
diving characteristics and feature low frequency echolocation clicks.  Thode et al. (2002) 
questioned the relevance of low frequency echolocation clicks and detection of squid that are 
essentially water filled. 
 
Thode et al. (2002) noted that the click spectra of sperm whales was dominated by energy at 4 
kHz with some energy at 10 kHz.  As the animals dived the energy of the click spectra peaked 
at 10 kHz and beyond 500 m rose to a peak at 15 kHz.  The change was associated with a 
change in the structure of the sound production mechanism associated with depth.  The four 
fold increase in peak frequency would also improve their ability to echolocate squid their 
main diet.   
 
Pilot whales also feed beyond 500 m (Baird et al. 2003).  It is likely that their echolocation 
output would change with depth with the observed surface clicks at 3-4 and 7-8 kHz 
potentially changing four-fold.  Given this speculation, the echolocation frequency at their 
peak hunting depth could well be 12-32 kHz assuming a four-fold increase that would support 
a presumed peak sensitivity for the species at 20-40 kHz. 
 
The concept of a peak sensitivity occurring at a higher frequency than those of recorded clicks 
and whistles may be partly explained by the change in frequency of clicks with increasing 
depth of sperm whales and pilot whales.  The killer whale does not appear to have the same 
deep diving capacity as pilot and sperm whales yet is reported to have a peak sensitivity at 22 
kHz, range of 18-42 kHz and maximum response at 100 kHz (Szymanski et al. 1999).  The 
peak frequency of clicks occurred at a slightly lower 11-17 kHz (Bowles et al. 1987).  It is not 
clear whether this differential could be optimised when killer whales echolocate at depths. 
 
The significance for the acoustic observations of Coral Sea toothed whales is directly relevant 
to the choice of the most appropriate acoustic signals for depredation mitigation systems.  The 
appropriate signals are those most likely to interfere with pilot whale echolocation, or deter 
them due to a behavioural response to a signal within their region of peak acoustic sensitivity. 
 
The project commenced logistic trials with the Coral Sea tuna longline fishery to assess the 
deployment and longevity of gillnet bycatch mitigation pingers primarily as they would be the 
basis for a future acoustic predation mitigation device.  While logistic improvements are 
required, some encouraging results for the devices although totally unexpected, were 
observed by one industry vessel.  The encouraging results occurred only when whale numbers 
were low to moderate.   
 
Akamatsu et al. (1993) conducted 68 three minute exposure trials on the two captive false 
killer whales over an eight day period to determine the sound source level and frequency most 
aversive to the species.  Responses were variable.  At the beginning of the experiments the 
received sound pressure level for most frequencies was about 160 dB re 1 micro Pascal 
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(presumably peak-to-peak levels).  By the end of the experiments the sound pressure level 
that evoked a response increased by about 10 dB as the cumulative number of experiments 
increased.   
 
The types of signals presented included low frequency (0.5-5 kHz) and stable and pulse 
modulated sounds (repetition rate and duration) at set frequencies throughout the ultrasonic 
range to 200 kHz including the frequency of peak sensitivity for the species of 16 to 74 kHz 
(Thomas et al. 1988).  A simulated broadband echolocation click was also included. 
 
Akamatsu et al. (1993) considered that pulse-interval and pulse-duration sounds at set 
frequencies seemed more difficult for the whales to acclimate to than stable sounds at the 
same frequency.  Broadband pseudo-echolocation clicks performed well initially although 
with long term exposure, the animals’ responses towards the end of the long series of 
exposure experiments.  The single stable pulse signal that initially produced distinct aversive 
effect was a pulse at 24 kHz, the only frequency within the peak sensitivity estimates of 
Thomas et al. (1988) and Au et al. (1995). 
 
Frequency, pulse-interval and pulse duration did not seem to be the decisive factors in 
producing aversive behaviour.  In general, unexperienced or novel sounds above 170 dB 
(presumed to be peak-to-peak levels) and within the whales audition range were thought to be 
more effective that experienced sounds. 
 
Extremely loud but low frequency signals 0.5-5.0 kHz were effective in causing aversive 
behaviour.  The mechanism to produce such loud signals at these frequencies is not 
considered to be cost-effective for incorporation into longline fishing and especially not 
portable.  It should be noted that Akamatsu et al. (1993) observed that explosive ‘bombs’ had 
no aversive effect. 
 
The observations of STECF (2001), Goodson et al. (2001) and Vernicos et al. (2003) that 
frequency modulated pulses with source levels substantially lower than those used for 
duration modulated tones of Akamatsu (1993) modified dolphin depredation behaviour on 
gillnets in the Mediterranean are significant.  The WAVESAVER acoustic devices used by 
Vernicos et al. (2003) are attributed with a peak output of 155 dB re 1 micro Pascal 
(presumed peak-to-peak) for at least one part of the frequency range.   
 
These observations suggest that while future acoustic devices for toothed whale depredation 
in the Coral Sea should be directed toward the known acoustic ability of presumably short-
finned pilot whales, minimum source levels should at least occur within the 140-155 dB range 
and based on the observations of Akamatsu et al. (1993) possibly attain 170 dB re 1 micro 
Pascal (at peak-to-peak).  Current acoustic tags operate at these source levels at 
approximately 70 kHz although they utilise transducer sound sources in the vicinity of $200 
each.  Achieving comparable output at lower frequencies becomes technically more difficult 
and certainly more energy and unit size, demanding.   
 
The available acoustic data for pilot whales suggest that it’s calls extend from 3-4 kHz with 
low frequency clicks to well beyond 25 kHz.  The source levels of clicks at 1 m appear to be 
in the vicinity of 140 dB re 1 micro Pascal (peak-to-peak).  Matching this level is not difficult 
as it is directly is comparable to the LIEN (Cairns) alarm produced by QFS for mammal 
bycatch reduction (McPherson et al. 1999).  Based on the inversely proportional comparisons 
between delphinid size and the click output and peak sensitivity, between the largest 
delphinid namely the killer whale to one of the smaller oceanic species the bottlenose, the 
best estimate is that the peak sensitivity of pilot whales is 20-40 kHz. 
 
At this stage it seems appropriate that the acoustic signals that should be directed toward pilot 
whales must occur within the range 3-40 kHz.  The data of Akamatsu et al. (1993) suggest 
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that set frequency tones must be high to evoke a substantive behavioural response, while 
those of Vernicos et al. (2003) suggest that frequency modulated tones are more appropriate 
to evoke a response expressed as less dolphin-caused depredation holes in gillnets.   
 
Dr Sam Ridgway (Office of Naval Research, Marine Mammal Program, pers. com.) found 
that long duration, frequency modulated sweeps produce greater auditory evoked potentials 
and for an extended period than single frequency tones, suggesting that sweeps are extremely 
important to cetaceans.  Therefore any acoustic mitigation system should feature frequency 
sweeps and source levels that at least reach 140 dB re 1 micro Pascal at <5 kHz to match 
recorded echolocation clicks, and exceed 150 dB re 1 micro Pascal (peak-to-peak) for short 
durations >20 kHz.  
 
The project staff appreciates the observations made by fishing crews of depredation events in 
longline fisheries in eastern and western fishery areas.  The information has been valuable in 
increasing awareness of the precise nature of the depredation events from different species.  It 
is likely that final prototype systems used for future work will be based on the combined 
anecdotal observations from within industry.  For the moment, project staff appreciate the 
hardship industry is experiencing from the predation of toothed whales on baits and hooked 
fish.   
 
In November 2002, the South Pacific Regional Environment Program in Apia, Samoa hosted 
a toothed whale predation workshop.  The essential elements of the Plan of Action from the 
Workshop were that a series of Priorities be established for mitigation approaches.  Of real 
concern to longline industry management was the apparent Workshop recognition of toothed 
whales being taken incidentally as bycatch.  This has EPBC Act significance for Australian 
tuna longline fisheries.   
 
A significant conclusion was that the Workshop strongly “encouraged research into the 
development of acoustic and other approaches to mitigation and emphasised the need for 
rigorous scientific trials to demonstrate effectiveness before broad-scale adoption”. 
 
A positive Workshop finding was that participants recommended emphasis should be given to 
providing a pro-active message from mammal conservation groups that would continue to 
foster a positive involvement by the fishing industry.  This is a more positive finding for the 
fishery than the observations of Bache and Evans (1999) that while Australian fisheries 
albatross bycatch policy was influenced by scientific data, environmental non-government 
organisations (NGO’s) were instrumental in determining Government dolphin bycatch policy.   
 
In conclusion, a number of recommendations are made for future investigations looking to 
assess effectiveness of acoustic and mechanical depredation mitigation devices.  Discussions 
during the course of this project with defence scientists, and mammal acousticians, 
behaviourists and physiologists have provided optimism for a wider range of depredation 
mitigation approaches than initially thought.  The approaches include; 
 

• ‘stealth’ characteristics of fishing vessels, hulls, machinery, types of acoustic fish 
finding equipment, and ‘acoustic’ disguise of their fishing operations; 

• modification / conditioning of mammal behaviour; 
• chemical modification of mammal behaviour; 
• more appropriate species specific deterrent acoustic signals, with signal focussing to 

raise source levels yet reduce overall omnidirectional anthropomorphic sound. 
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Abstract

A new fishing technique, adapted from the artisanal trotline fishery for Patagonian 
toothfish (Dissostichus eleginoides) in Chile is described. The modified artisanal system, 
which includes a net sleeve that is placed on secondary vertical lines, has practically 
eliminated depredation of fish by killer whales (Orcinus orca) and sperm whales (Physeter 
macrocephalus). The performance of this fishing technique with regard to seabird mortality. The performance of this fishing technique with regard to seabird mortality 
and depredation by sperm and killer whales on fish catch rate was assessed during 
September–December 2006. The results were then compared with similar data obtained 
in 2002 in the same fleet in the same fishing grounds prior to the implementation of the 
modification. The number of seabirds killed in 2002 was 1 542 compared to zero in 2006; 
there was also a reduction in depredation of the catch from a maximum of 5% in 2002 to 
a maximum of 0.36% of the total catch in 2006. The fishers who developed the net sleeve 
modification called it ‘cachalotera’ (from ‘cachalote’ meaning sperm whale in Spanish). 
The term ‘Chilean longline’ is preferred in this paper because it was developed in 2005 in 
the Chilean toothfish fishery in the Magellan region.

Résumé

Description d'une nouvelle technique de pêche, adaptée de la pêcherie artisanale chilienne 
de type "trotline" visant la légine australe (Dissostichus eleginoides). Ce système artisanal 
modifié, qui comprend une manche en filet placée sur les lignes verticales secondaires, 
a pratiquement éliminé la déprédation du poisson par les orques (Orcinus orca) et les 
cachalots (Physeter macrocephalus). Cette technique de pêche a été évaluée pendant la 
période de septembre à décembre 2006 pour déterminer son efficacité à pallier la mortalité 
des oiseaux de mer et les effets des cachalots et des orques sur le taux de capture de 
poisson. Les résultats ont ensuite été comparés à des données similaires obtenues en 2002 
dans les mêmes flottilles et zones de pêche avant la mise en œuvre de la modification. Le 
nombre d'oiseaux tués en 2002 était de 1 542 par rapport à zéro en 2006 ; on a également 
noté une réduction de la déprédation qui, de 5% de la capture totale en 2002, est passée à 
un maximum de 0,36% en 2006. Les pêcheurs ayant mis au point la manche en filet l'ont 
appelée "cachalotera" (de "cachalote" qui veut dire cachalot en espagnol). Nous préférons 
toutefois utiliser dans ce document le terme "palangre chilienne" car ce système a été mis 
au point en 2005 dans la pêcherie chilienne de légine de la région de Magellan.

Резюме

В статье описывается новый промысловый метод, основанный на чилийском 
кустарном промысле патагонского клыкача (Dissostichus����i�oi��s ����i�oi��s����i�oi��s) с использованием 
трот-ярусов. Эта модифицированная кустарная система, которая включает сетной 
рукав, помещаемый на вторичные вертикальные поводцы, практически прекратила 
нападения косаток (Orci�us orc� orc�orc�) и кашалотов (Phys�t�r ��croc��h��us ��croc��h��us��croc��h��us) на уловы 
рыбы. Эффективность этого метода промысла в плане смертности морских 
птиц и влияния нападений кашалотов и касаток на коэффициент вылова рыбы 
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introduction

The interaction between killer whales (Orcinus 
orca) and longline vessels is a global problem 
and occurs in many longline fisheries (Yano and 
Dahlheim, 1995; Secchi and Vaske, 1998; Hucke-
Gaete et al., 2004; Purves et al., 2004; Donaghue et 
al., 2003; Kock et al., 2006), with depredation levels 
of almost 100% recorded on some lines (Secchi and 
Vaske, 1998). Sperm whale (Physeter macrocephalus) 
interactions have been reported from the black cod 
(Anoplopoma fimbria) longline fishery in the Gulf of 
Alaska (Mitchell et al., 2002), where interactions 
ranged from entanglement to depredation of catch, 
or the aggregation of individuals around the ves-
sel with no apparent connection to fishing opera-
tions. In the Patagonian toothfish (Dissostichus 
eleginoides) fishery Ashford et al. (1996) and Nolan 
et al. (2000) reported killer and sperm whales 
interacting with longline vessels at South Georgia 
and the Falkland/Malvinas Islands respectively. 
Ashford et al. (1996) reported high levels of depre-
dation with ‘almost the entire catch’ lost from some 
lines. Off Chile, sperm whales have been reported 
to become entangled with longline fishing gear, 
have been observed feeding on fish off the lines, 
and have been reported following vessels for days 
(Hucke-Gaete et al., 2004). Crespo et al. (1997) also 
reported killer and sperm whales stealing bait and 
fish from longlines close to Tierra del Fuego off 

South America. On some lines hauled at the Prince 
Edward Islands, south of South Africa, observers 
have estimated toothfish losses due to predation 
by killer whales to be as high as 50% (Tilney and 
Purves, 1999).

Simultaneously many interactions occur with 
traditional longlines and seabirds, especially alba-
trosses and petrels (Ashford et al., 1995; Moreno et 
al., 1996; Gales, 1998; Cherel et al., 1996). This prob-
lem has been solved in part by the use of mitigation 
measures, such as streamer lines, night setting, line 
weighting, discharging all offal on the opposite 
side of the hauling bay of vessels and changes in 
the fishing season to the time of year in which the 
birds are absent from the fishing area. CCAMLR 
has provided developments in this area, engaging 
an ecosystem approach to fishery management, but 
without modifying the actual fishing gear to avoid 
by-catch of seabirds.

There has been little research into finding new 
operational solutions to both the problem of bird 
mortality and toothed whale predation on long-
lines. Robertson et al. (2006, 2007b) have experi-
mented with the sink rates of longline gear in order 
to improve the autoline system and the traditional 

оценивалась в сентябре–декабре 2006 г. Результаты были затем сопоставлены с 
аналогичными данными, полученными в 2002 г. по той же флотилии и на тех же 
промысловых участках до применения этой модификации. В 2002 г. количество 
погибших морских птиц составило 1542, тогда как в 2006 г. – 0; также сократилось 
потребление уловов китами с максимум 5% в 2002 г. до максимум 0.36% от общего 
улова в 2006 г. Рыбаки, разработавшие эту модификацию сетного рукава, назвали 
его «кашалотера» (от испанского слова «кашалот»). В этом документе отдается 
предпочтение термину «чилийский ярус», т.к. он был разработан в 2005 г. при 
чилийском промысле клыкача в районе Магальянес. 

Resumen

Se describe una nueva técnica de pesca adaptada del espinel usado por pescadores 
artesanales de austromerluza en Chile. Este sistema artesanal fue modificado para incluir 
un cono de red que se coloca en las líneas secundarias (barandillos) que prácticamente 
elimina la depredación de la captura por las ballenas dentadas (Orcinus orca y Physeter 
macrocephalus). Se informa el desempeño que esta técnica de pesca tuvo en relación a 
disminuir el efecto de los cachalotes y orcas en la tasa de captura durante la temporada 
de pesca de 2006 (setiembre a diciembre) y se comparó con datos similares obtenidos en 
2002 por la misma flota y en las mismas zonas de pesca, usando el espinel español clásico. 
Se encontraron diferencias significativas por uso de la nueva técnica de pesca en términos 
del número de aves marinas muertas de un promedio de 1542 en el año 2002 v/s cero en 
2006. Asimismo, una reducción en la tasa de depredación por ballenas dentadas de 5% en 
2002 v/s un máximo de 0.36% de la captura total en 2006. Los pescadores llaman a esta 
técnica ‘cachalotera’ (de cachalote que equivale a sperm whale en inglés), pero hemos 
preferido llamarlo sistema chileno debido a que fue desarrollado por la flota chilena de 
austromerluza en 2005 en la Región de Magallanes (Chile).

Key words: Cooperative research, longline fishing, albatross, petrels, killer and sperm 
whales, southern Chile, CCAMLR
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Spanish double-line system by introducing 
modifications of the gear, like changing the dis-
tance between weights or integrating weight in the 
line.

During the last five years in the Chilean long-
line fishery for toothfish, strong positive interac-
tions have occurred between the fishers and scien-
tists who developed the National Plan of Action for 
Reducing Incidental Catch of Seabirds in Longline 
Fisheries (NPOA-Seabirds). During the diagnostic 
period of the NPOA-Seabirds, it was discovered 
that the Chilean artisanal longline fishery did not 
kill seabirds and it was therefore excluded from the 
NPOA. The reason for this exclusion was based on 
the configuration of the gear used. This gear was 
based on a modification of the traditional Spanish 
longline, called the trotline, which is obtained by 
eliminating the mother line, or hook line, char-
acteristic of the Spanish system, and placing the 
hooks on secondary branch lines which also carry 
weights, thus producing fast sink rates of baited 
hooks in the top 9 m (see Moreno et al., 2006).

This paper describes developments in the 
Chilean industrial fishery, using the gear configu-
ration from the artisanal fishery, based on the use 

of trotline gear plus a net sleeve, and the impact 
of this on incidental seabird mortality and fish loss 
to marine mammal depredation. The results of 
an evaluation, carried out during the 2006 tooth-
fish fishing season, are described together with a 
discussion of how this technique could easily be 
expanded to other Spanish longline demersal fish-
eries with similar seabird and marine mammal 
issues. 

materials and methods

Study area

The Chilean industrial longline fleet operates 
south of 47°S in the southeastern Pacific Ocean in 
the vicinity of Cape Horn (Figure 1). There are three 
longline fisheries operating in this area targeting 
D. eleginoides, austral hake (Merluccius australis) 
and ling (Genypterus blacodes). The last two fisheries 
set lines at night under normal operations and so 
have no interactions with albatrosses and limited 
interactions with white-chinned petrels (Procellaria 
aequinoctialis) (Phillips et al., 2006). They also oper-
ate further north in the region so have fewer inter-
actions with toothed whales (Hucke-Gaete et al., 
2004). 

Figure 1: Colony positions of black-browed and grey-headed 
albatrosses in southern Chile; fishing for Dissostichus 
eleginoides in this region occurs between the 500 and 
1 500 m isobaths.
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Figure 2: (a) General design of the Chilean longline. The actual ‘main line’ corresponds to 
the former ‘retenida’ of the traditional Spanish system double line. (b) Details of 
the branch line where (i) is the net sleeve or ‘cachalotera’; (ii) provides details of the 
measurements of the configuration of the branch line with net sleeve, hooks and 
weight; and (iii) shows the position of the baited hooks at the end of the hook lines 
with the position of a weight.
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According to Robertson et al. (2007a) this 
area holds about 123 000 pairs, or about 22% of 
the world’s population, of black-browed alba-
trosses (Thalassarche melanophrys) which breed 
at the Diego de Almagro Islands (15 594 pairs in 
2001/02) (Lawton et al., 2003), the Evangelistas 
Islets (4 670 pairs in 2002/03) (Arata et al., 2003), 
the Diego Ramírez Archipelago (55 000 pairs in 
2002) (Robertson et al., 2008a) and a small colony 
of 62 pairs in the Seno Almirantazgo (57º27'20"S 
69º01'12"W) (see Robertson et al., 2008a) and 
finally at the Leonard Islet (594 pairs in 2007, 
53º23'S 74º04'W) (Marin and Oehler, 2007). The 
same area holds approximately 17 000 pairs, 23% 
of the world’s population, of grey-headed albatross 
(T. chrysostoma). 

Description of the new gear

This new technique is characterised by three 
key changes from the traditional Spanish longline. 
Firstly, elimination of the hook line whilst keeping 
the thicker main line from which the hook line hangs 
by a series of branch lines (Figure 2a). Secondly, the 
hook line and supporting branch lines are replaced 
with 15–20 m long vertical branch lines placed 
at 40 m intervals (Figure 2a). Each of the vertical 
branch lines supports multiple short hook lines 
and, at its extremity, a bag of weights (Figure 2b). 
Finally, on each vertical hook line a buoyant net 
sleeve is attached in such a way that it allows the 
sleeve to slide up and down the line. During the 
set, this sleeve remains at the upper end of the 
branch line, but when the thick main line is hauled, 
the movement of the vertical branch line through 
the water causes the sleeve to slide down the line 
covering the hooks and any captured fish. Chilean 

fishers call this sleeve or cone a ‘cachalotera’ (from 
‘cachalote’ meaning sperm whale in Spanish). The 
term ‘Chilean longline’ is preferred in this paper 
because it was developed in 2005 in the Chilean 
toothfish fishery in the Magellan region.

The use of net sleeves has a precedent in this 
fleet. As in 2005, a knotted line was used around 
hooks to ‘camouflage’ the hooks and caught fish. 
This technique was dubbed ‘pulpo’ (the octopus) 
by the fishers. However, line movements caused by 
the currents or the movement of the boat made the 
pulpo flap, revealing the fish to the whales. Whilst 
searching for a way to keep line in place, the net 
sleeve was invented, which gave better results than 
the pulpo. These first trials took place in 2005 on 
board a vessel owned by Pesca Suribérica in Chile.

In this gear configuration, hooks were concen-
trated at the end of the branch line, close to the 
weight. Individual weights were much heavier 
than on the artisanal longline, where weights were 
never more that 0.5 kg per branch line. The weights 
used in the industrial fishery were the same bags 
of stones used in the Spanish system (between 4 
and 10 kg per branch line). This meant that the sink 
rate of baited hooks was double that achieved in 
the artisanal longline (0.47 m s–1), with a mean sink 
rate of at least 0.8 m s–1, until the branch line was 
totally extended at a depth of 15 m.

Scientific observation

The fleet of 11 vessels that operated between 
September and December 2006, were all industrial 
factory vessels (>45 m in length). The total effort 
during the period was 4 137 000 hooks (Table 1), 

Table 1: Fishing effort of the Chilean fishery for Dissostichus
eleginoides between October and December 2006. 

Vessel Number of sets using the new 
mix design of the longline 

 Number of sets Effort

1. Isla Camila 101 353 500 
2. Isla Santa Clara 113 395 500 
3. Isla Sofía 99 346 500 
4. Cisne Blanco 107 374 500 
5. Magallanes III 120 420 000 
6. Polar Pesca 110 385 000 
7. Faro de Hercules 114 399 000 
8. Puerto Ballena 108 378 000 
9. Tierra del Fuego 110 308 000 
10. Globalpesca I 109 381 500 
11 Globalpesca II 113 395 500 

Total  4 137 000 
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of which 1 508 500 (36.5%) were observed by one 
of the four scientific observers. Data recorded 
included: (i) number of seabirds around the vessels 
and associated mortality; (ii) sightings of sperm 
and killer whales around the vessels; and (iii) loss 
of fish from the line to sperm and killer whale dep-
redation. 

Observations made on vessels during the 
study period (September to December 2006) were 
extrapolated to estimate the total effort during the 
study period. Data on incidental mortality of sea-
birds were recorded following the methodology of 
Moreno and Arata (2006) for comparative studies 
of seabirds killed in previous years. The depreda-
tion rate by toothed whales was evaluated follow-
ing the modification of Hucke-Gaete et al. (2004) 
to the relationship of Yano and Dahlheim (1995), 
where the depredation rate (dr) is:

* 100
nd

dr
nd nt

 =  + 

where nd is the number of damaged fish, ascer-
tained by the number of heads, trunks or lips, and 
nt is the total number of fish showing no evidence 
of damage. This was calculated as a percentage of 
damaged fish per setting. Depredation rates for 
the 2006 season were then compared with the data 
for the 2002 season. Some fish are totally removed 
from hooks by toothed whales indicating that the 
depredation rate is usually an underestimation. 
However, under the assumption that the data 
of 2002 and 2006 have the same bias, a contrast 
between the estimates was made using the mean 
and upper 95% confidence interval (CI) of the dep-
redation rate.

In the 2006 season, when fishers began to use 
the new system, an experiment to assess the effects 
on seabird by-catch was carried out on board the 
FV Isla Santa Clara (Suribérica S.A.). This involved 
comparing randomly sequenced sets with and 
without streamer lines (30 sets each). The num-
bers of black-browed albatrosses around the vessel 
were counted 10 min before each set began. That 
information, along with the number of birds sub-
sequently caught, was compared with similar pre-
vious studies carried out in the D. eleginoides fish-
ery in Chile during the diagnosis for the Chilean 
NPOA-Seabirds in 2002 (Moreno et al., 2003).

results

Use of the Chilean longline in reducing 
depredation rate by marine mammals

The results of the application of this gear con-
figuration in 2006 were compared with similar data 
of depredation rates from 2002 in Hucke-Gaete et 
al. (2004). This analysis showed a great difference 
between the traditional Spanish longlines used in 
2002 and the new Chilean longline used in 2006. 
The presence of groups of sperm and killer whales 
was similar in terms of abundance in both years 
(sightings of ≈500 sperm whales and ≈40 killer 
whales in the season) but the difference in percent-
age of catch damage was two-fold less with the use 
of the new system (Figure 3).

One important observation was made by sci-
entific observers when the fleet started using the 
Chilean longline. After about one week of unsuc-
cessful attempts by sperm whales to obtain fish 
from the line, the whales disappeared from the 
fishing grounds. The observers also noted that 
South American sea lions (Otaria flavescens), that 
normally attempt to take fish from the line, were 
prevented from doing so. 

Incidental mortality of seabirds

With the use of the Chilean longline during the 
2006 season, the total number of seabirds killed 
was zero (Figure 4). 

When the fishing season started (September 
2006), the Chilean longline was used together with 
streamer lines. When comparing the incidental mor-
tality with and without streamer lines, using the 
new Chilean longline the same results were found 
in both treatments; no birds were killed. The fishers 
soon realised that the fast sink rate of the Chilean 
longline (>0.8 m s–1) did not allow seabirds to seedid not allow seabirds to see 
the bait at the surface, (see Robertson et al., 2008b,(see Robertson et al., 2008b,see Robertson et al., 2008b, 
for further details on sink rates in this system), and 
were able to remove the streamer lines during sets. 
In order to show a quantitative comparison of the 
number of albatrosses and petrels around the ves-
sels, data were obtained from Moreno et al. (2003) 
of birds-per-unit-effort (�PUE) or birds killed per(�PUE) or birds killed peror birds killed per 
hook per set) in relation to the number of birds 
counted around the vessel 10 min before setting 
the line, with similar data obtained during the 2006 
season. Figure 5 shows clearly that the new gear 
did not kill a single black-browed albatross in spite 
of their high abundance around vessels that were 
fishing close to the Diego Ramírez Archipelago. 
This area also holds very large numbers of grey-
headed albatrosses (see description of the study 
areas under ‘Methods’) as well as wandering 
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Figure 3: Losses due to depredation from toothed whales during 
the fishing season in the Cape Horn area; data for 2002 
are from Hucke-Gaete et al. (2004).

Figure 5: Incidental mortality in relation to the abundance of flying 
black-browed albatrosses (��A) counted around the vessel 
10 min before setting and birds caught per unit effort 
(�PUE) in different fisheries, note especially the Dissostichus 
eleginoides (TOP) fishery in 2002 (circles – y = 0.0081e0.02x,  
R2 = 0.92) and 2006 (diamonds).
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Figure 4: Total incidental mortality of seabirds in the 
Dissostichus eleginoides fishery in 2002, 2004 and 2006 
(from Moreno et al., 2003; Moreno and Arata, 2006 
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albatrosses (Diomedea exulans) from South Georgia 
and northern royal albatross (D. sanfordi) from 
New Zealand; no incidental mortality of these spe-
cies was recorded.

Considerations on capture rates 

The catch-per-unit-effort (CPUE) data show 
that in 2006 the CPUE was higher than in at least 
three of the previous four years (Figure 6), thus 
clearly indicating that the Chilean longline does 
not adversely affect fish catch rates. 

Cost of the trotline/net system

The new Chilean longline is derived from the 
traditional Spanish system that was in use in the 
Chilean fleets in previous years. The modifica-
tions reduce the cost of the hook line, because the 
hooks are attached directly to the branch line. The 
only additional cost is to build the cachaloteras or 
net sleeves at an estimated cost of US$25–30 each. 
However these net sleeves are durable and can be 
used for a long time. 

The operation of the new system also needs 
less crew than the traditional Spanish syste, which 
requires 12 people; the Chilean longline requires 
only eight. During operation of the Chilean longline 

it was noted that during setting, the longline had 
less entanglement as it is relatively easier to set the 
line.

discussion

The new Chilean longline, performed excel-
lently in avoiding sperm and killer whales, fish dep-
redation and seabird by-catch during September–
December 2006 in the southern Chilean industrial 
fishery for D. eleginoides. 

Hucke-Gaete et al. (2004) described a strong 
correlation between the number of whales and 
the number of fishing vessels operating in the area 
within the western mouth of the Magellan Strait 
and Cape Horn. As a result of such interaction, the 
predation rate of fish estimated by Hucke-Gaete et 
al. (2004) ranged between a maximum of 5% to less 
than 1.5%, with an average of 3%. This is certainly 
an underestimation of the predation rate because 
the estimate relies on portions of fish remaining on 
hooks (indicating that fish were caught), whereas 
fish are often totally removed, especially by killer 
whales. However, assuming that the bias in both 
years (2002 and 2006) is similar, the netting sleeves 
represent a significant advance in efforts to reduce 
the number of fish lost to toothed whales as the dep-
redation rate fell to a maximum of 0.36%. The net 

Figure 6: Catch-per-unit-effort (CPUE) obtained during the fishing season for a vessel from 
the fleet for the last five years, from 2001 to 2005 using the Spanish longline system 
and in 2006 using the new Chilean longline.
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sleeves are also effective in reducing depredation by 
other organisms1 such as sleeper sharks (Somniosus 
pacificus) and ‘marrajo’ or porbeagle sharks (Lamma 
nasus).

The use of these net sleeves was the third step 
in the search for an effective deterrent to the dep-
redation of fish by marine mammals. The first step 
was when the artisanal fishers divided the exten-
sive longline of 10 000 or 12 000 hooks to four or 
five short lines. Then, in order to add more hooks, 
branch or secondary lines (referred to as ‘paňo’ by 
Moreno et al. (2006)) were lengthened from 0.5 to 
9 m to hold more hooks, in most cases between 
two and four hooks, with a stone weight at the end 
(Moreno et al., 2006). The second step occurred 
when industrial fishers enlarged this set-up fur-
ther by lengthening the branch lines to 15 or 20 m 
and adding filaments above the hooks to disguise 
or camouflage the fish. The third step involved the 
use of a net sleeve which was initially of a size of 
1.4 m but, to be more effective against killer whales, 
was enlarged to 1.8 m.

The rapid sink rates of the Chilean longline 
appear to make it impossible for seabirds to see 
the baits or reach them by diving, even with only 
minimal levels of phytoplankton in the water. The 
most relevant demonstration of the efficiency of 
this mitigation measure comes from examining 
the mean abundance of seabirds around vessels 
10 min before setting the line. Previous research 
has shown that the expected number of albatrosses 
killed by a longline is higher if seabirds are concen-
trated around the vessel before the set, as occurs 
during the second half of the seabird incubation 
period, from the last week of October to the first 
three weeks of November (Arata, 2004). In the 
current study, the mean number of black-browed 
albatrosses around vessels exceeded 200 birds 
(that number was exceeded if other species, such 
as giant petrels and other albatross species, were 
included). The results for 2006 were absolute; no 
birds were killed from an effort of almost 4 million 
hooks during October–December despite a 100% 
overlap between the fishing season and the repro-
ductive period of the seabirds in the area. 

In 2002, a large number of black-browed alba-
trosses were killed by the Chilean D. eleginoides 
fleets in the fishing zone. According to Moreno 
and Arata (2006), the annual mean mortality was 
1 588 seabirds, including 1 555 black-browed alba-
trosses, 6 grey-headed albatrosses, 2 Cape petrels 
(Daption capense) and 25 white-chinned petrels. 
This mortality was the reason why the Chilean 
fishery authorities began to implement the NPOA-
Seabirds. Two years after the application of the 

mandatory use of streamer lines, and many other 
measures included in the Chilean NPOA, the mean 
number of seabirds killed was only 448 (including 
440 black-browed albatrosses and 8 grey-headed 
albatrosses). No petrel deaths were recorded in that 
year (2004) in the Chilean toothfish fishery. The 
Chilean longline described here was added as an 
appendix to the NPOA-Seabirds in Chile (Supreme 
Decree No. 136 of 17 April 2007) as a measure that 
replaced the use of streamer lines. However, if the 
fleet return to using the traditional Spanish long-
line, it is essential that it also reverts back to using 
the complete suite of mitigation devices included 
in the Chilean NPOA. 

future research

The fish by-catch was not quantified during these 
trials in the Chilean toothfish fishery. Although few 
rays and grenadiers were taken as by-catch in the 
main fishing ground around Cape Horn and Diego 
Ramírez Archipelago this matter is one that needs 
further study to consider this aspect of the Chilean 
longline.

conclusion

Without doubt there has been a breakthrough 
in solving the problem of interactions between 
Spanish longline fishing activities and various 
vertebrates, from birds to mammals, making for 
a friendlier relationship between the fishers and 
the ecosystem. This is a lesson that has been learnt 
through fishers being motivated to solve problems 
with whale interactions and scientists motivated 
to reduce seabird interactions. Preventing seabird 
by-catch and reducing bait loss from longlines 
provides some motivation to address the problem 
of seabird by-catch. However, nothing must be 
harder to watch than recovering only the head of 
a large fish that has been taken by a whale. Here 
both motivations have found an effective solution 
without affecting the catch rate.
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1.0 INTRODUCTION 

1.1 DEPREDATION OF LONGLINES BY WHALES 

Depredation (removal from the hook) of bait and catch by certain species of toothed whales is a 
worldwide problem that is receiving increased attention from researchers due to the potential effects on 
the whales and the costs to the fisheries. 
The Hawaii-based longline fishing industry is experiencing frequent depredation from cetaceans, 
specifically false killer whales (FKWs) (Pseudorca crassidens) and pilot whales (Globicephala 
macrorhynchus). The Hawaii-based longline fishery consists of two main components: the deep-set 
fishery that targets tuna, and the shallow-set fishery that targets swordfish. A survey of longline owners 
and captains was conducted to collect data on depredation rates in those fisheries, cetacean depredation 
hotspots and seasonal trends, and ideas for managing cetacean/longline interactions in a manner that is 
beneficial to both the longline fishery and the cetaceans. Longline fishermen have the greatest experience 
with cetacean-longline interactions, and thus the input of the fishermen is potentially valuable in the 
management process.   
Depredation is costly to both cetaceans and the longline fishery. The National Marine Fisheries Service 
(NMFS) lists negative impacts of cetacean/longline interactions to cetaceans that include serious injury or 
death due to hooking or entanglements; retaliation by fishermen including shooting, throwing explosives 
or bottles filled with fuel; a change in prey source; dependency on longline catch; or changes in foraging 
behavior. Impacts on the fishery include increased costs due to loss of bait and catch, avoidance strategies 
which entail additional and displaced effort, reduced product quality, lost fishing gear, and a reduced 
window of opportunity for successful fishing (NMFS 2007).  

1.2 HAWAII LONGLINE FISHERIES 

Longline fishing has been conducted for many decades in Hawaii. Development of local markets and 
export of fresh yellowfin (Thunnus albacares), bigeye (Thunnus obesus) and albacore (Thunnus alalunga) 
tuna to the U.S. mainland and Japan led to the expansion of longline fisheries in the 1980s (Gilman et al. 
2006). Participation in the longline fishery increased from 37 vessels in 1987 to 88 in 1989, and then 
nearly doubled again to 141 vessels in 1991. In 1991, entrance into the longline fishery in Hawaii was 
regulated by limiting participation to a maximum of 164 vessels. The current vessels are mostly steel 
hulled, with shallow-setting, swordfish-targeting boats up to 30.8 meters (m) in length and smaller, deep-
setting, tuna-targeting vessels measuring up to 17 m in length (NMFS 2001). Longline refers to the nylon 
monofilament lines used that can vary in length from 30 km to 100 km and hold 1,200 to 3,000 hooks 
(tuna) and 700 to 1,000 hooks (swordfish) (Gilman et al. 2007). 
Of a possible 164 active vessels, there were 127 active Hawaii-based longline vessels in 2006, which set 
34,895,229 hooks and made 1,427 trips targeting tuna and 106 trips targeting swordfish (Clemens 2006). 
The Hawaii longline fishery is the most economically productive of Hawaii’s pelagic fisheries, 
accounting for 82% of total commercial fish landings in the state in 2006 (WPRFMC 2007). Tuna 
accounted for 59% of all pelagic landings (all gear types combined) (WPRFMC 2007). 
Prior to 2001, the fishery was easily separated into deep-set fisheries targeting tuna, and shallow-set 
fisheries targeting swordfish. Swordfish became heavily regulated in order to prevent bycatch of protected 
sea turtles, which led to closure of the fishery from February 2002 through May 2004. Since reopened, the 
swordfish fishery is limited to 2,120 sets per year, or until turtle caps are reached, a limit that leads to 
very short seasons for swordfish fishing (Gilman et al. 2006). In 2006, the fishery reached the annual 
turtle cap after only three months and was closed. As a result, vessels were forced to become both deep 
and shallow-set equipped or to leave the islands to survive financially. In 2006 there were 92 vessels 
targeting tuna exclusively and 35 targeting both tuna and swordfish (WPRFMC 2007). 
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Proposed Amendment 18 to the Fishery Management Plan, Pelagic Fisheries of the Western Pacific 
Region, proposes increasing the turtle interaction cap to 46 loggerheads and 19 leatherbacks per year, as 
well as removing the shallow-set effort limit (2,120 sets/yr). The Western Pacific Regional Fishery 
Management Council (WPRFMC) proposes the regulation change due to decreased turtle interactions that 
have resulted since the use of mackerel-type bait and circle hooks was required in 2004 (50 CFR Part 
665.33). The Amendment is under review, and no change has been made to regulations at the time of this 
report. 

1.3 SPECIES OF CONCERN 

False Killer Whales are found in tropical and warm-temperate waters throughout the world. In the North 
Pacific Ocean, FKWs are found from the eastern tropical Pacific to areas of southern Japan and Hawaii. 
The Hawaiian stock of FKWs is reproductively isolated from other stocks found throughout the eastern 
tropical Pacific (Carretta 2006). While not listed as threatened or endangered under the Endangered 
Species Act, FKWs are considered a strategic stock under the Marine Mammal Protection Act because the 
rate of mortality and serious injury in the Hawaii-based longline fishery exceeds the potential biological 
removal (PBR), the number of individuals that can be removed from the population without interfering 
with the ability of the whales to support an optimal sustainable population. The stock is estimated at only 
268 individuals (Baird and Gorgone 2005). 
In the Hawaii-based longline fishery between 1994 and 2004, 18 FKWs were recorded hooked and/or 
entangled, with 4-26% of all effort observed (Carretta 2006). During this time period, 11 other cetaceans, 
possibly FKWs, were also hooked or entangled (Carretta 2006). 
Like FKWs, pilot whales are found in all oceans, mostly concentrated in tropical and warm-temperate 
waters. The Hawaiian stock of pilot whales is also reproductively isolated from other stocks in the eastern 
Pacific, and is found near the main Hawaiian Islands and the Northwestern Hawaiian Islands (Carretta 
2006). Mortality and serious injury in the Hawaii-based longline fishery does not exceed the PBR for this 
species, thus they are not listed as depleted or strategic under the Marine Mammal Protection Act. Six 
pilot whales were seen hooked in the Hawaii-based longline fishery between 1994-2004, with 4-26% of 
all effort observed.   
Along with cetaceans, fishermen also suffer from shark depredation. Depredation is easily distinguished 
between sharks and cetaceans because sharks eat only the bottom half of the fish and do not always eat all 
the catch. Whales usually eat everything except the head and will often eat up to 99% of the catch.   

1.4 STUDY METHODOLOGY 

Informal dockside interviews were set up with longline fishing vessel captains and owners. Each 
interview consisted of 21 questions that can be found in Appendix A. Interviews were conducted between 
November 2007 and January 2009 and lasted thirty to sixty minutes. Interview notes, including specific 
interview dates, may be found in Appendix B.  
Twenty-two longline captains and owners were interviewed. The ethnicities of the interviewees were six 
Vietnamese, seven Caucasians, eight Koreans and one Chinese. Interpreters were required for interviews 
with the Korean and Vietnamese longline captains and owners. Our Vietnamese interpreter was Thu 
Huong Crumpton and our Korean interpreter was Taisuk Hahn. Both provided outstanding support in 
arranging the interviews and very professional assistance in conducting the interviews. Prior to the 
interviews, both interpreters were briefed on the problem and the intent of the study. It was important to 
establish with the interviewees that the intent was to gather information about potential solutions to the 
depredation problem, not to gather evidence that would be used to impose further regulations on the 
fishery. To our interpreters’ credit, they were successful in transmitting that message and consequently we 
believe the responses we received were truthful and provided in a constructive spirit. That’s not to say 
there wasn’t a fair measure of suspicion as to NMFS’ intentions and apprehension about how the issue 
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ultimately would be resolved. Nevertheless, the severity of the problem and dearth of obvious solutions 
has left the fishermen feeling helpless and hopeless. They are fearful of the whales, but fearful of NMFS 
as well. 
In the following sections, results of the interviews are summarized, along with historical and economic 
information on the longline fishery. 
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2.0 FISHERIES 

2.1 PROCEDURES 

Deep-set fishermen start to set lines at sunrise or shortly thereafter at depths ranging from 300 to 600 feet 
(ft). Deep-set lines target tuna, but are known to hook oil fish, monchong, shark and other species as well. 
The majority of the deep-set fishermen interviewed began hauling lines at about 5pm.  
All captains interviewed operated steel-hulled vessels and were in agreement that the greatest noise they 
created was the sound of the engine. Some pointed out, however, that the high pitched noise of the 
hydraulics during hauling the line could be an attractant.  
From January through March, tuna fishing is concentrated between latitudes 15° N and 35° N and 
longitudes 150° W and 180° W. From April through June tuna fishing expands to the south and spreads 
further east and west to about longitudes 145° W and 170° E (Gilman et al. 2007). The fishery is open 
year-round. 
Shallow-set fisherman set lines in the evening at depths ranging from 50 to 150 ft and are fishing for 
swordfish. Lines are typically hauled at sunrise. The shallow-set fishery is limited to 2,120 sets annually, 
or until turtle interaction caps are reached, whichever occurs first. In 2006, the turtle interaction cap of 17 
loggerheads and 16 leatherbacks was reached after only three months, closing the fishery for the 
remainder of the year (Gilman et al. 2007). Proposed Amendment 18 to the Fishery Management Plan, 
Pelagic Fisheries of the Western Pacific Region (see Section 1.2), is under review, but no change has been 
made to this regulation at the time of this report. 
The swordfish fishing effort is concentrated to the northeast of the Hawaiian Island Chain, in the North 
Pacific Transition Zone (Gilman et al. 2007). Five of the six Vietnamese-American owned and operated 
vessels switched back and forth between swordfish and tuna targeting. All of the remaining vessels 
targeted tuna. No vessel was reported to fish exclusively for swordfish.  
Of the 22 owners and captains interviewed, no one had personal experience hooking a cetacean. All 
agreed that the procedure, if it were ever to occur, would be to cut the line as near as possible to the 
cetacean. All agreed that while the FKWs sometimes seem to get tangled in the line, hooking one is 
extremely rare. 

2.2 DEPREDATION PREFERENCES AND RATES 

The majority of captains interviewed agreed that they were equally likely to lose their bait or catch to 
whales during all stages of fishing, the set, soak and haul, but previous studies have shown that the whales 
often wait for the hauling process to eat, presumably to avoid having to dive too deep (Gilman et al. 
2006).  
Interviewees were consistent in reporting that bigeye and yellowfin tuna are the favorites of the whales, 
and that large ahi are too fast for whales to catch, but once they are hooked the whales eat them even if 
they are still alive. While the whales prefer ahi, they also eat mahimahi, ono, and a variety of other 
hooked fish, but do not eat shark.  
All fishermen interviewed routinely experience problems with depredation, although their estimates of the 
range of the annual landings lost to depredation vary considerably. At the high end, three interviewees 
estimated that up to 60% of their annual catch is lost to whales. At the other end of the spectrum, an 
estimate as low as 5% was given. Figure 2-1 shows graphically the individual estimates of percentage of 
catch depredated for interviewees who provided an answer to that question. An average was calculated by 
summing the mean of each estimated range and the point estimates and dividing by the number of 
respondents. The average estimate thus calculated was 31%. The median of these estimates was 27%. So, 
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from this very limited survey it appears that the perception of owners and captains is that they lose about 
30% of their annual catch to whales.  
 

Figure 2-1.  Estimated Annual Percentage of Catch Depredated  
in the Hawaii-based Longline Fishery 

 
 

There are not currently any vessels in Hawaii that limit fishing to shallow-sets because of the limited 
number of sets permitted, thus it was not possible to separate the depredation rate for the shallow-set 
fishery from that of the deep-set fishery. It was clear from the interviews that the shallow-set lines are not 
hit as frequently by the whales, and depredation in that sector of the fishery was much less of a problem. 
Swordfish fishing grounds are in cooler water about 800-1,000 miles north of Hawaii, in areas that 
captains believe whales are less likely to be found. 
Assuming the estimate of the quantity of fish lost is reasonable, we should be able to make a “back-of-
the-envelope” estimate of the minimum depredating whale population by the amount of fish consumed 
and the amount of fish required to sustain a healthy whale. Let’s assume that total annual Hawaii longline 
landings are 25 million pounds, but 5 million pounds of that is sharks, swordfish and incidental catch in 
more northern latitudes where depredation is not a significant problem. That leaves 20 million pounds of 
tuna and incidental catch in more southern latitudes where depredation losses were 30%. The total amount 
of hooked fish would have been 28,571,429 pounds, giving roughly 8.57 million pounds depredated. 
For simplicity, let’s assume that FKW was the only species responsible for the depredation. If an adult 
male FKW weighs a maximum of about 1,500 pounds, let’s assume the average weight of a depredating 
whale is 1,000 pounds, assuming females and juveniles engage in the activity. Trites et. al. (1997) 
estimated the daily rations of large baleen whales at 1.1% of body weight and that of small dolphins at 
4.5%, so a FKW, falling somewhere between those extremes might have a daily ration of 3% of body 
weight. If so, over the course of a year, the average whale would consume 10,950 pounds of fish. 
Dividing the annual amount of hooked catch depredated by the annual FKW ration yields a total of about 
783 whales. This number of FKW could be sustained wholly on longline depredated catch. It is most 
unlikely that any FKW subsists wholly on longline depredation; more likely, the depredated catch 
represents a food subsidy to a larger number of whales. The largest unknown in this scenario of course is 
the FKW’s share of the depredation. Presumably some portion of the depredation is done by pilot whales 
or perhaps other species as well. Given the great disparity in size between FKW and pilot whales, it 
should be relatively easy to distinguish between those two species. Eight of nine respondents who 
answered the question do you see the whales when they depredate your catch answered affirmatively. 
Unfortunately, information regarding the size of the whales observed was not collected. Several 
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interviewees suggested that observers record numbers and species of whales seen, and other interviewees 
suggested adding space for this information on the logbook form. Several interviewees who were familiar 
with the population estimates for the FKW thought that the population surveys were being done in the 
wrong places and the resulting numbers were too low. The whales are where the fish are, which is where 
the fishing effort is. One respondent thought that random transects across the ocean for FKW were like 
“looking for tilapia in a parking lot.”  
Some of the interviews touched on the respondent’s impression of long-term trends in depredation. 
Several respondents believe interactions with FKWs are increasing. One captain said that of the 13 sets he 
makes per trip, three to four are lost to depredation, while in his previous experience only one to two sets 
per trip were lost to depredation. Other interviewees did not believe the whale depredation was increasing 
and one said it has been a problem for decades. A captain who regularly makes 15 sets per trip and loses 
two or three of these sets to depredation believes some boats have more problems with depredation than 
others, but does not think the problem is getting worse overall. Another captain, who reports depredation 
of 50% of his catch, says that the whales will eat all the catch on half of his sets, but that every set usually 
has some loss. Sometimes the whales eat only a few fish, but the majority of depredation events take the 
entire set, and only heads are hauled in. The worst depredation experience relayed during the interview 
process was when a captain pulled up 220-230 fish heads near Palmyra Island, a set that would have been 
his best of the year. After that, his next 11 sets were depredated.  
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3.0 DEPREDATION HOTSPOTS  

There was no agreement among the interviewed captains about the locations of whale concentrations, and 
in fact there were some inconsistencies and contradictions. Nevertheless, captains generally agreed that 
whales are not a problem north of Hawaii. The following represent the various opinions offered: 

 Depredation is worse to the south and north of Kauai, and south of the Big Island.  
 High concentrations of whales southwest of Oahu, east of Hilo, and anyplace to the south of the 

Hawaiian Islands.  
 The greatest concentration of whales is near Palmyra Island and west to 168°, not north or 

northwest of the Hawaiian Islands. 
 Palmyra is the worst area, and people no longer fish there. 
 Skalpin Island [unable to locate on a map] near Johnston Island is an area of concentration. 
 Musicians Range. 
 East of the Big Island and near Maui. 
 Baird Sea Mount, Karin Sea Mount, West Mount and JFM. 
 The area west and southwest of Oahu, not so much to the east.  
 Northwest and east of the islands, but mostly to the southwest. 
 Whales are not usually present in waters below 67-68°F.  

The hotspots suggested by interviewees are mapped on Figure 3-1. 
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Figure 3-1.  Potential Depredation Hotspots 
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4.0 SEASONAL DEPREDATION 

Interviewees were not consistent about seasonal fluctuations in whale depredation. Fifty percent of those 
who offered an opinion said there was no seasonal pattern. The following estimates of the months of 
maximal depredation were received from those who thought there was seasonality: 

 June and July; 
 Summer and fall (assumed to mean June through November); 
 October through March worst, but summer also; and  
 September through January. 

A plot of these data is shown on Figure 4-1. The most frequently mentioned months were October and 
November and the summer months. The only months not mentioned by anyone were April and May. 
February and March were mentioned by only one respondent. This very limited amount of data suggests 
that depredation rates are highest from June through December and taper off from December through 
March to their lowest values in April and May. 
Two respondents thought that depredation rates varied throughout the month rather than annually, with 
more depredations happening when skies are clear and the moon is bright.  
 
Figure 4-1.  Months of Highest Perceived Depredation Rates in the Hawaii-based Longline Fishery 
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5.0 CETACEAN AVOIDANCE METHODS 

Fisherman face depredation around the world; and many methods of cetacean depredation avoidance are 
used with varying amounts of success. In Taiwan, tuna and swordfish longline captains report that the 
majority of depredation occurs when hauling. The methods that have been used to prevent depredation 
include harpooning, hanging cetacean parts on the longline and making noise with metal pipes; all have 
had very limited effectiveness (Donoghue et al. 2002). 
Off the coast of Georgia, longline captains face killer and sperm whale depredation in the Patagonian 
toothfish fishery. Hotspots of depredation events were noted in this fishery, and avoidance methods tried 
included seal bombs, tying magnets to the longline, interrupting and delaying hauls when cetaceans were 
present, and offal retention when hauling (Donoghue et al. 2002). Adequate research has not been done to 
determine the effectiveness of any of the methods used in the Patagonian toothfish fishery. 
Other methods that have been used to deter birds, turtles and mammal depredation include acoustic 
deterrents, vessel noise reductions, animal predation sounds, pyrotechnics (including seal bombs), dyed 
bait, novel bait species, thawed bait, alternative methods of offal discharge, decreased soak time, 
weighted lines, decoy deterrents, vessel chasing, break-away lines, and line shooters (Werner et al. 2006). 
While not all are designed for use in the longline fishery, these methods may have the potential for 
effective cetacean mitigation with further research. Some methods, such as quick-release metal wire or 
mesh bags that surround the bait line after a fish is captured, are not operationally or financially feasible 
in the longline fishery.  
Previous studies have suggested fishing at depths greater than 400 m to reduce depredation; however, this 
would not prevent the whales from eating the catch as it is hauled in (Donoghue et al. 2002). Also, pilot 
whales have been observed diving to depths of 600-800 m for feeding, so deeper fishing depths are 
unlikely to mitigate depredation (McPherson et al. 2003). 
In the Hawaii-based fishery, interviewed captains were unsure of what attracts the whales to their vessels. 
Some believe it might be the engine, hydraulics or shaft noise, while others believe the smell of the fish or 
the boat itself attracts the cetaceans. Others think that the bottom sounder is the trigger attracting the 
whales. When numerous boats are in the same vicinity, it seems that they are easier for the whales to find. 
One of the captains interviewed once turned off all the lights on the vessel and was able to get away from 
the whales. The same captain also said that he sometimes uses a fish-finder during a set, but that it doesn’t 
seem to affect the whales.  
Respondents were nearly unanimous in their response to the presence of whales (the sole exception was a 
captain who had only been fishing for about three months). If whales are sighted before the set begins, the 
captain will move away. On rare occasions this movement might be as short as a few hours. Usually, to 
successfully elude the whales, the movement will require a full 24 hours or more. Responses included 
durations of one to one and a half days and one to two days. If whales are sighted during the set, the 
common strategy is to cut the line, move and set the remainder at some distance away. One of the 
captains interviewed stated that when he spots whales while steaming, he will change his course by 45° 
and try to move at least 20-25 miles from the whales’ track. 
Various tactics for whale avoidance have been tried by the interviewed captains without success. Some of 
these unsuccessful attempts include: 

 Turning off the vessel’s lights, 
 Chemical deterrents, 
 Shooting flare guns under water, 
 Seal bombs, and 
 Aiming powerful sonar at the whales. 
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All of the captains interviewed agreed that there seemed to be some luck involved in eluding the whales, 
and that there was no way of knowing if the whales were going to hit. No successful methods of avoiding 
or deterring the whales have been found by the interviewed captains. 
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6.0 CAPTAINS’ SUGGESTIONS 

One of the interviewed captains reported that Japanese longline vessels fish in the areas with whales and 
do not seem to have problems, so further research may include interviews with the Japanese captains to 
ascertain if they have better methods of avoidance. Some think that Japanese boats use a long metal leader 
that reduces their problems with depredation, but one Hawaii-based captain said he uses a wire leader for 
his bait and it is not a deterrent. Others have heard that the Japanese use a noise-maker to scare away 
whales within a 20-30 mile area.  
Many of the interviewed captains said that the Vietnamese fishermen put nails in the bait so that the 
whales will sense the metal and not eat the bait. One of the captains interviewed has tried this method 
with some success, but it added to the set time too much for him to do it regularly. Captains suggest that 
more research be conducted on nails in bait as a form of cetacean deterrence. Some respondents suggested 
that dropping a metal wire alongside the bait that would wrap around the catch as it twisted on the line 
might be a deterrent. A variation of that would be to use a metal wire strung with beads. 
It has been reported that some boats shoot the whales in an effort to save their catch, although none of the 
captains interviewed have done so. Other fishermen have suggested catching the whales using a net as a 
possible solution to the depredation problem. 
Many fishermen suggested that observers record nearby species whenever possible. One captain 
suggested following up with scientists, such as those at Sea Life Park, to determine what might scare the 
whales. He also said that a powerful sonar device would help scare the whales away. Putting a noise 
source on the floats might also be a deterrent, but he questioned the cost-effectiveness of these two 
options.  
Other suggestions included putting shark repellant on the bait, feeding the whales birth control pills, 
shooting them, and experimenting with alternative baits. 
The captains were in agreement that the whales are very intelligent and that attempts at preventing 
depredation were futile. The whales would likely get used to any single deterrent and it’s likely that a 
series of deterrents would be needed to be successful. The captains also agreed that further research is 
needed to determine an effective method of cetacean avoidance.  
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7.0 CURRENT RESEARCH ON DEPREDATION MITIGATION 

Research on cetacean depredation within the Hawaii fishery is on the rise. Currently, mitigation measures 
have only short-term success, if they are successful at all. More research on vessels reporting fewer 
interactions with cetaceans should be done to analyze how they differ from those facing more frequent 
and costly depredation (Gilman et al. 2006).  
The NMFS Pacific Islands Fisheries Science Center website reveals a large number of relevant ongoing 
research projects just by this one agency. Additionally, a recent study at the University of Hawaii, 
Department of Zoology tested the SaveWave Longline Saver acoustic deterrent on a trained FKW. The 
device proved to disrupt the echolocation capabilities of the FKW, but further study is required to 
determine whether the FKWs would acclimate to the sound or if the SaveWave would indeed disrupt the 
echolocation required to adequately find longlines (Mooney et al. 2009). 
Depredation occurring outside of the Hawaii longline fishery is a problem as well. Mitigation measures 
researched for use in the Coral Sea, off the northeast coast of Australia, include acoustic depredation 
mitigation methods. Suggested approaches currently being researched include acoustic disguise of vessels 
and fish-finding devices, modification and conditioning of cetacean behavior, and chemical modification 
of cetacean behavior (McPherson et al. 2003). Pingers, acoustic deterrent devices that can be hung on a 
longline, have proven to deter porpoises in California fisheries (Reeves et al. 2001), thereby reducing 
bycatch. Further research on cetacean response to pingers is underway in various locations. It’s likely that 
maximal deterrence would be achieved by using impulsive pings of ultrasonic range between 20 and 100 
KHz. Long intervals and variation would be required to preclude habituation (Reeves et al. 2001). 
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8.0 ECONOMIC COST OF CETACEAN DEPREDATION 

While depredation in longline fisheries is a worldwide problem, few attempts have been made at 
quantifying the problem. Existing research suggests that some fisheries are experiencing substantial 
adverse economic effects as a result of depredation. 
The longline fishery is the largest of Hawaii’s commercial fisheries, and in 2006 generated revenues of 
$54.4 million. The average price per pound for the longline fishery landings was $2.62. In 2006, bigeye 
tuna accounted for $34.2 million in revenue, with yellowfin being the next largest source of revenue at 
$7.9 million. Swordfish generated $5.2 million in revenue. From 2005 to 2006, total tuna landings 
decreased by 9% and total swordfish landings decreased by 27%, likely a result of the short duration of 
the fishery season (WPRMFC 2007). 
Sometimes the whales eat only two or three fish, but more frequently they eat the whole catch and only 
heads are pulled up. When this happens the economic loses can total more than $2,000 for a single set. 
Longline captains interviewed reported a wide range of estimated whale incidents per trip, as well as a 
wide range of estimated annual percentages of catch lost to depredation. The mean and median of the 
estimates of depredated catch were about 30%. For cost analysis purposes, a 30% loss is assumed.  
Longline-whale interactions also damage fishing gear, cause lost fishing time and increase operating costs 
of vessels (Gilman et al. 2006). The annual cost of repair of damaged gear is difficult to estimate, because 
not all interactions are reported. Gear is included in the variable costs summarized in Table 8-1. The 
annual cost of time lost by forced relocation of a vessel is also difficult to estimate, but must be 
considered as a loss to total annual revenue.  

Table 8-1:  Average Annual Variable Costs for Swordfish and Tuna Vessels in 2000. 

Item Swordfish Vessel 
Average Cost (US$) 

Tuna Vessel 
Average Cost (US$) 

Fuel 60,933 40,342 
Oil 2,016 1,860 
Ice 10,857 13,692 
Bait 47,810 32,898 
Lightsticks 28,058 0 
Provisions 16,044 13,525 
Gear Resupply 16,462 12,782 
Daily Maintenance 10,970 15,401 
Fish Processing 365 1,465 
Communications 14,900 26,750 
Sales 34,518 45,573 
Total 242,933 204,288 
Source: O’Malley and Pooley 2001 

 

Annual costs to longline fishing vessels can be classified as fixed or variable. Annual repairs, while 
somewhat dependent upon the number of trips, are considered fixed for the purpose of this study because 
they are likely to occur annually regardless of the catch volume. Capital costs, including the purchase 
price of the boat and its upgrades for longline fishing, are also considered fixed for the purpose of 
evaluating the affects of whale interactions and decreased catch. Variable trip costs are incurred on a trip 
basis, and are proportionate to the number of days a vessel spends at sea. Variable trip costs include fuel, 
oil, bait, daily maintenance and provisions. A complete list can be found in Table 8.1. Daily maintenance 
includes minor engine repair, paint, and replacement of wire and line (O’Malley and Pooley 2001). 
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Variable trip costs are most likely to be affected by longline-whale interactions, and must be evaluated to 
quantify the cost of whale depredation to longline fisherman.  
In 2000, labor was the most costly expense to longline vessels, and fuel was the most costly variable 
expense for large vessels. Table 8-1 shows the average annual variable costs for swordfish and tuna 
vessels in 2000. 
In 2006, 127 Hawaii-based longline vessels took a total of 1,399 trips, 1,339 tuna trips and 60 swordfish 
trips. Dividing the number of trips by the number of longline vessels leads to an average of 11 trips per 
vessel, per year. Interviewed captains reported varying durations of trips, with an average being 21 days 
for tuna vessels and 30 days for swordfish, and an average of 10 sets per trip for tuna and 17 sets per trip 
for swordfish (Gilman et al. 2007). The annual variable cost per day at sea is estimated based on the 
annual variable cost total divided by the average number of days spent at sea. The tuna-targeting vessels 
were at sea for 231 days, on average. Annual variable cost for a tuna vessel is estimated at $204,288. The 
variable cost of one day at sea can be estimated at $884.36.  
Swordfish-targeting trips occurred much less frequently. If a captain were to target swordfish exclusively, 
11 trips of 30 days would mean 330 days at sea. The annual variable cost for a swordfish vessel is 
estimated at $242,933, which would amount to $736.16 per day.  
When whales are spotted and a captain is forced to relocate, traveling an average of 24 hours before 
setting again, an additional 24 hours worth of expenses are incurred by the vessel in addition to the lost 
potential income of the set that did not occur. The total cost to the vessel includes labor and other variable 
costs. 
Longline tuna landings in 2006 totaled 12,628,000 pounds, and swordfish landings totaled 2,590,000 
pounds. When divided by the number of trips, it can be estimated that each tuna trip landed 9,431 pounds. 
The average tuna-targeting trip consists of 10 sets, which puts the average set landing at 943 pounds of 
tuna. Using total 2006 swordfish landings of 2,590,000 pounds, it can be estimated that each of the 60 
swordfish-targeting trips landed an average of 43,167 pounds. The average swordfish-targeting trip 
consists of 17 sets, which makes the average set landing equal to 2,539 pounds of swordfish. 
When a tuna-targeting captain chooses not to set in an area where whales have been spotted and spends 
another 24 hours relocating, the vessel incurs an additional $884.36 in expenses. When a tuna set is 
depredated by whales, it loses an estimated 943 pounds of tuna. The price per pound for tuna in 2006 was 
$3.02. After auction fees of 10%, the revenue per pound is actually $2.72. Thus, when a set is depredated 
by whales, on average, $2,565 in revenue is lost. 
When a swordfish-targeting captain chooses not to set where whales have been spotted and spends 
another 24 hours relocating, the vessel incurs an additional $736.16 in expenses. When a set is depredated 
by whales, it loses an estimated 2,539 pounds of swordfish. The swordfish price per pound in 2006 was 
$2.01. After auction fees of 10%, actual vessel revenue per pound was $1.81. Thus, when a set is 
depredated by whales, an average of $4,596 in revenue is lost. 
Making some coarse assumptions we can calculate the potential annual losses to the fleet. Assuming a 
tuna trip consists of 10 sets and three sets are depredated. As the captains almost always see the whales, 
let’s say they have to move twice to avoid the whales, lengthening each trip by two days. The value of the 
catch lost would be three times $2,565 and the extra days at sea would cost two times $884. For the 1,339 
annual trips this would amount to $12.7 million. Assuming depredation is less a problem for swordfish 
vessels, we can assume they lose one set per trip ($4,596) and they move once ($736) each trip for a total 
loss of $5,332 per trip, or $319,920 over the 60 trips in the subject year. Together these losses sum to 
about $13 million per year for the fleet.  
Taking a different approach, we can check this by simply assuming a 30% reduction of the fleet’s annual 
catch due to depredation. If the annual value of the 2006 longline landings was $54.4 million, then the 
value in the absence of depredation would have been $77.7 million, a $23.3 million difference. This large 
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difference in the projected annual losses to the fleet, $13 million vs. $23 million, is a reflection of the 
crudeness of the assumptions used. In particular, it is not known if depredated sets or sets delayed or 
interrupted by the presence of whales are made up on the trip, or are foregone. The current survey was 
aimed at learning what the captains and owners did or thought could be done to deter depredation. It was 
not designed to generate quantitative economic data. If this is of further interest, a subsequent survey 
could be designed to answer basic questions such as the number of sets delayed but still made, the number 
of sets not made because of a concern for the quality of boated fish, lack of ice, lack of bait, etc.  
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9.0 CONCLUSIONS AND RECOMMENDATIONS 

Depredation negatively affects the fishing industry and, despite the food subsidy, may negatively affect 
the whale populations as well. Although, according to the interviewees, it is extremely rare that a whale is 
hooked, they sometimes do get tangled in the lines, and this may lead to injury and/or mortality. The 
availability of bait and hooked catch has altered the whales’ foraging strategy. While it is unknown what 
proportion of the whales’ annual ration is being provided by depredation, a crude calculation indicates 
that the estimated losses could wholly support a FKW population of nearly 800 whales. This is 
significantly more FKWs than scientific surveys have reported around Hawaii. A significant unknown in 
this calculation is the proportion of the observed depredation being done by FKWs as opposed to other 
species.  
Depredation of the bait and catch of Hawaii-based longline vessels is and likely has been for decades a 
serious economic hardship on longline fishermen. The estimates of annual losses to depredation vary 
widely, but the mean and median of the estimates were both about 30%. Very crude calculations put the 
annual economic loss to the Hawaii-based longline fleet in the range of $13 to $23 million.  
Some respondents believe that depredation rates are increasing; some don’t. If depredation is increasing, 
it could be due to increasing whale populations or the wider spread of a learned behavior. While 
depredation may occur during any phase of fishing: the set, the soak or the haul, the haul may be most 
susceptible to depredation. One respondent likened it to a “rotary sushi restaurant.” When depredation 
occurs, generally every hooked fish is eaten, with only heads and gills remaining. Ahi are preferred by the 
whales, but other incidental catch is also eaten, with only sharks being consistently avoided by the 
whales. 
Depredation is much more of a problem in warmer waters where tuna-targeting vessels fish than in 
colder, more northern waters where swordfish-targeting vessels fish. There was some indication that areas 
nearer land and over seamounts may have higher incidences of depredation. 
Half of the respondents did not believe there was seasonality in the depredation rate, while others thought 
depredation was highest in the second half of the year. Several believed moon phase to be more important 
than annual seasonality. 
Hawaii-based longline fishermen have tried, without notable success, to reduce their losses from whale 
depredation with various avoidance or deterrent techniques, including “stealth” maneuvers such as 
turning off all lights to get away from the whales and turning off the engine to wait for the whales to leave 
the area, as well as chemical, acoustic, pyrotechnic, and metallic deterrents. The unanimous conclusion of 
the owners and captains interviewed is that the whales are too smart to be fooled and will adapt to any 
deterrent short of physical harm. 
Recommendations for further work include the following: 

1. Conduct whale population surveys in areas where they are most expected to be seen, i.e., where 
prey are concentrated. 

2. Have NMFS observers record numbers and species of whales seen when lines are depredated, and 
the number of fish depredated off the line. 

3. Add a space on the longline logbook forms to record the number and species of whales seen.  
4. Undertake research to understand the techniques of other fleets if they are successful. 
5. Experiment with the concept of wires that deploy around the catch and give a metallic signal to 

the whales. 
6. Consult with cetacean behavioral experts to understand what would scare a whale. 
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Survey of Hawaii Longliners Regarding False Killer Whale Depredation 
1. Is your bait or catch sometimes taken from the hook? 
2. When does this happen – when setting, soaking, hauling? 
3. How much bait, catch and gear do you lose because of this problem? 
4. Does it happen more in certain locations or areas (hotspots)? 
5. Does it happen more at certain times of the year? 
6. Do you know if the lost fish is due to whales or sharks? 
7. Are some types of fish more likely to be eaten off the line? 
8. Do you see whales around the longline? 
9. What do you do if you see whales while setting, soaking or hauling (e.g., move away before 

setting, delay hauling, etc.)? 
10. Do boats tell each other when and where whales are present? 
11. Do you ever try to scare the whales away? If so, how? 
12. What do you do when a whale is hooked? 
13. What type of hull does your boat have – steel, wood or fiberglass? 
14. Do you use the echo sounder before, before, during or after setting the line? 
15. What other electronics do you run? 
16. What are the loudest noises from your boat? 
17. How does the noise change during setting and hauling? 
18. Has there been any attempt to reduce noise from your boat? If so, what was done? 
19. What depth do you fish at? 
20. What is your typical daily set schedule (what time set, what time haul)? 
21. Do you dump fish heads or guts, non-market fish or old bait when whales are around? 
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