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Introduction

Beginning in the mid- 1990s. Congress has provided substantial inereases in
appropriations for research and management actions for North Atlantic right whales,
['hese increases have enabled the National Marine Fisheries Service (NMFS) to develop
and implement an ambitious right whale program. Although much work remains 1o
recover the alarmingly small North Atlantic right whale population, produets enhancing
the recovery program arc cmerging from commitment to a sizable, long-term program.

This booklet is a compilation of papers, conlract reports, progress reports. and conference
and symposium abstracts arising in the last three vears from the NMTS rieht whale
program. Lhey are the products of work condueted solely erther in-house or by NMFS
contractors. The conlents of this booklet are illustrative of recent work and are not
intended as a comprehensive overview of the right whale program.

Several papers included here provide overviews of the status and precarious situalion of
right whales (e.g., Clapham et al. 1999; Perry et al. 2001; Silber and Clapham 2001 ) and
identity the tvpes of actions needed to recover the species, One paper on genetic analvsis
(Rosenhaum et al. 2000) provides new information on the ditterentiation of right whale
species worldwide.

Entanglement in fishing gear and collisions with ships are the main sources of human
induced serious injury and death in right whales. In recent vears, NMTS has [focused
muach effort on reducing rightl whale entanglement. In early 2002, NMFS published
regulations of Gshing operations that adversely efTect right whales (67 FRR 1300 and 67
FR. 1142, not provided in this compilation) that were the culmination of ongoing
meetings with the Atlantic Large Whale Take Reduction Team and research on gear
maditications to reduce the likelihood of entanglement. Key to the development of these
regulations was analysis by NMI'S biolagists on the geographic scope and whale density
thresholds for triggering emergency closures (Clapham and ace 2001; Merrick et al.
2001). Equally important is ongoing monitoring of the relative success of these programs
through scarification analysis of individual whales (Knowlton et al. 2001). Also included
is a summary of ongoing contracted work to remove fishing gear from entangled whales
{ Maorin 200 |, absiract).

NMEFS employs a number of ship strike reduction measures including aircraft surveys

that provide right whale sighting location information to mariners, and the Mandatory
Ship Reporting systems. A number of papers (e.z., Cole et al. 2001 (abstract): MceLellan
et al. 2001 ; Merrick et al. 2001 {abstract), and numerous summaries from the October
2001 Right Whale Consortium meeting) describe the results of thousands of kilometers of
aircralt surveys for right whales. Silber et al. (2001) and Ward et al. (2001) provide



summoarics of ship traffic parterns in right whale habital derived from the Mandatory Ship
Reporling systems. NMFES has set out to identify further measures (o reduce ship sirikes,
and a number of key papers in this collection contribute to that effort. A contracted study
by Russell (2001% provides an analysis of management options available [or reducimg
ship strikes. Contractors Nowachek et al. (2001} assess shup strike nsk Lactors by
providing new data on night whale diving behaviar using new tagging technology and
Pabst et al. (2001) deseribe results of a study on the feasibility using an infrared video
camera for detecting right whales at sea.

A principal coneern arising in recenl vears is low call production and reproductive
anomalies of Morth Atlantic right whales (c.o._ four calves horn in 1999; one calf in 2000;
and 31 in 2001). Recognizing this concern, NMIS has supported research on indices of
individual health and reproductive potential. These studies include asscssing stress in
right whales (Southern and Dizon 2001; Southern et al. 2001}, fecal hormone levels
(Rolland et al. 2001), blubber thickness (Miller et al. 2001), and quantitative
photographic measuremend of the “condition”™ of individuals (Perrvman, et al. 2001). In
addition, in conjunction with the International Whaling Commission, WMI'S convened a
workshop on reproductive research on right whales {Clapham 2001}, Recommendations
from this workshop will form the basis for research in Lhis area (or the coming years.

Cmgoing support of right whale sighting and photographic identification data bascs
continue to vield periodic summaries of right whale occurrence and information about the
population’s abundance, trends, and demographics (e.g., Hamilton el al. 2001; Hamilton
2001; and Kenney 2001). NMFS support of satellite tagging studies have resulted in new
information on right whale movement and habitat usc relative to oceanographic
characteristics and human threats (e.pr., Baumgeariner and hMate 2001; Mate 2001 A
MMFS-convened workshop identified data needed to assess habitat use and to develop
prediclive models of right whale distribution relative to oceanographic [catures (Clapham
1999) - maodels that can ultimately be used to reduce negative inleractions with the
shipping and lishing industries.

Recovery ol the North Atlantic right whale population requires carefully considered
action to reduce the level of threats from human activities. Decisions on mitigation
measures are based on good science. Rescarch results emerging from the right whale
program is responding to these needs by continuing and improving threal reduction
measures already in place, tracking the relative success of these programs. and
developing new threat reduction measures, while also conducting basic biological studies,
and monitoring trends in the population.

Office of Protected Resources
National Marine Ficheries Service
February 2002
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National Marine Fisheries Service, Southeast Fisheries Science Center. 36
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Nowacelk, D.P.. M.P. Johnson, P.L. Tyack, K.A. Shorter, W.A, McLellan, and
D.A. Pabst. 2001, Buoyant balaenids: the ups and downs of buoyancy in
right whalcs, Proc. Royal Society, London. 268: 1811-1816,

Rolland, R.M., K.E. Hunt, 8.K. Wasser, T.M. O'Tara, 5.D. Kraus, 2001. Use of
fecal hormone metabolite analysis to study reproductive dysfunchion and
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December 2001.

Russell, B.A. 2001. Recommended measures to reduce ship strikes of Notth
Atlantic right whales. Contract Report submitted to National Marine
Fisheries Service, via the Notrtheast and Southeast Implementation Teams
for the Recovery of North Atlanlic Right Whales. 29 pp.



GENETIC PROTFILING OF WESTERN NORTH ATLANTIC RIGHT WHALES
Final Report to the National Marine Fisheries Service
Order Nurnber 43CANEF-0-301 133

Submitted by: Timothy R. Frasierl-2, Toolika Rastogil, Cindy R. Sorgel, Moira W. Brown? and Bradley N. White?
L McMaster University, 1280 Main Streel Wesl, Hamlion, ON, LL58 4K

2 Natural Resources DNA Profiling And Forensic Centre, Biology Department, Trent University,
1600 East Bank Drive, Peterborough, ON K97 TI38

3 Center For Constal smdics, 'O Box 1036, Provincetown, bMA 02657
Mawvermhber 26, 2001
ABSTRACT

This repart describes work conducted on the genetic profiling of western North Adantic rightl whales {Zxbalaena
glrciadiv) from 24-September- 2000 o 25-September-2001. During this funding period, 21 new microsatellie loci
were characterized [vr righl whales, Qut of these 21 new loci, 1k are polymoarphic in North Atlantic right whales
and 15 are polymorphic in Soathemn right whales. Tn addition, eight microsatellites isolated from other species wers
found to be polymarphic in right whales. These 24 new polymorphic microsatellite loci are being combined wilks 146
e that have previously been identified as being polymorphic in right whales w creats genetic profiles that contain
genotvpes at 40 rmicrosatellite loci. Genetic profiles consisting of these 40 loci are cusrently being created for each
sample using multiplex reactions. Once optimized, these reactions will provide a method for rapid and efficient
penoiyping at 40 microsatellite loci for all right whale species. Primers designed for the amplification of the 21 new
rucresatellite loci were also tested for amplification in six ather cetacean species: eighteen of the 21 new laci
amplified in bowhead (Balacna mysticems); 14 amplified in humpback (Megaptera novoeanglioe); 14 amplified in
winke {Balaenopiera aowioresirara); five amplified in gray (Eschiricting robuse); seven amplified in beluga {
Delphinapierus leweas); and 12 amplified in franciscana ( Partoporia blainvilleld). 1t should be noted that some of
these loci that were not polymorphic in either North Atlantic or Southern right whale species have been found 1o be
polymorphic in franciscana, and therefore could be polymarphic in a range ol alher species.

Preliminary analysis of right whale MHC class II DO~ and DR~ loci was performed. [n the 11 individuals in which
the D0~ regian was tvestegated, nine different sequences with sioulacity to the DO~ ¢xon 2 region of beluga were
idendfied. The deduced amino acid mranslation of these sequences corresponds to amino acids 21 to 77 of human
Ld-. OF 274 individuals in which the DR~ region was examined, 10 nucleotide sequences with similarity to beluga
(TR~ =xon 2 sequences were identified. These sequences produce ning different deduced amino acid sequences
corresponding o aming acids 26 to B8 of human DE~, In both DO~ and DR~, the number of nonsynonyinous
mudations is significantly higher than the number of svnonyvmouns mutations. Thess rosults suppart the maintenanae
al polymorphism in the peptide binding region by natural sclection as seen in other MHC molecules. Phylopeneric
analysis of these twao right whale MHC class [I sequences identified that the sequences of DR~ and DQ- arc
inrerspersed amongst each other, suggesting that the DO~ and DR~ molecules may have adapted to scrve similar
[unciions or to bind similar antigens.

Nong of the prumer pairs desipned 0 amplify Y-chromosome microsatellites in cattl: amplilied microsatelfites on
right whale ¥-chromosomes. However, twa primer pairs were designed o separately al'.‘]l}ljf:r' B hiJ of the same
miron on the X- and Y-chromosome, These primers are being used to screcn this intron on the sex chromosomes for
sequence vartation. If variation is fownd in this region, primers will be designed to amplify a shorler region
cantaming the variation to allow for efficient sereening of all samples for sequence vanalion.



HI. NEW ANIMALS

Calves arc only made into new animals and assigned a catalog number if they are sighted with their mother in the
narthemn feeding grounds and are photographed well enough 1o be subsequently matched. A “new® non-calf whale s
"created” (1o, given a numberand clagsified within the catalog) when enough prood quality photographs exist for it
to be matched o subsequent sighlings and when no matches with existing cataloged animals Gan be fowand,
Sometimes it takees several years to collect enough phelographs of an individual belore it can be classified as a new
amimal. Sice our last report, 11 new whales were crealed (some ol these were created in 2001).

IV. PRESUMED DEAD AND RESURRECTED ANTMALS

Any animal in the Eﬂt&h’hg that is notl sighted during five conscoutive YCRIS bocormes classificd as “pn:.qumed dead" at
the: end of the sixth year of no sightings. Although a whale hecomes presumed dead in a given year, it dees nol mean
that the whale actually died in that year. Therelore a whale that is classilied as presumed dead in 1998 may have
dhed at any tune durmg the previous five yveans.

Mot every whale classified as presumed dead is acmually dead. Thus far, a total of 28 animals (between 1986 and

2000y with sightings gaps longer than six or more wears have been resighted and thereivre reclassified as alive (i.c. ®
resurrected”). In 2000, nine animals were classified as presumed dead and fve animals were resurrected.

V. ENTANGLEMENTS AND LIFE THREATENING WOUNDS

Druring 2000, seven animals were conliomed o be entangled, two animals were possibly entangled and two animals
were photographed with severe wounds, probably from ship strikes. Details of cach incident are described below. It
15 noteworthy that four of the seven conlinmed entanglements and both of (he unconfizmed entanglements were
documented from the asr,

Y. MORTALITIES

Umly one documented mortality occwrred in 2000 and is described under the entanpglement section above, Cause ol
death was not determined.

Vil PHOTO CONTRIBUTIONS

Fhaotos from 13 different organizations or indiveduals thal contibuted photographs in 2000 or submuitied photos
taken in previous vears have been processed and inteprated into the catalog database. The total number of
photopraphed sizhtines procezsed in 2000 wag 2 660,



MAINTENANCE OF THE NORTH ATLANTIC RIGHT WHALFE. CATALOG
1 JANUARY - 31 DECEMBER, 2000
WMFES Contract No. 43JEANF930102

Philip K. Hamilton, Amy R. Knowltan, Marilyn K. Marg, Heather M, Chichester,
Elizabketh P. Pike and Scou I, Kraus,
Edgerton Research Laboratory, New England Aquarivim, Central Wharf, Boston, MA 02110

May 2001
INTRODUCTION

The Mew England Aguarium’s right whale rescarch team is respansible for curating the right whale photo-
identification catalog, herein referred to as the “catalog®. As curators, we receive photographs from numerous
rescarch groups, whalewateh vessels and individuals from all parts of the North Atlantic Ocean, These photographs
are processed as soon as possible after they arc reoeived and integrated into the cataleg datebase, The annual catalog
reports describe changes to any of the malching and integrating processes and provides a summary of the 1otal
catalop status as well as information on the data for the given vear. This report cowvers the 2000 time period. This
progress report has seven sections: 1) Catalog Overview, 2) Computerized Database Summary, 3) New Amiumals, 4)
Presumied Dead and Resurrected, 5) Entanglement and Life Threatening Wounds, 6) Mortality, and 7) Photographic
Contributors. The first section, Catalog Overview, 1s inlended o provide an overview of both the photo-id catalog es
a whole and the given year's dala in Pill'[ll.:lllﬂt’

I. CATALOG OVERVIEW - DATA COLLECTED THROUGH DECEMBER 2000
tn::-:-a:'|ud1'ng Decernber 2000 data from sontheast TS, Calalng VErsion Fﬁbmﬂl“:’ 21, 2001)

A. Toral Cataleg

21,889 totzl photographed sightings

19.709 maiched sighiings

380 unimatchable sightings

1.800 unmatzhed sightings (a portion of these sightings may be deemed unmatchable)

409 right whales in the catalog

200 presumed living in 2000
228 adulis
44 juveniles (hetween ages of 0 (o ¥ years and never calved)
27 vnknown age

135 male
121 female
43 unknown sex

|10 presumed and known deaths through 2000
06 presumet dead (ie, nol seen o over six vears +14 known dead (docs not
include moatalicics not matched to catalog)

Presumed dead Known dead
- 28 male — & male
- A3 Memals - & female

- 35 nknowT Sex

[ COMPUTERIZED DATABASE STATUS

Allof the survey data from January 1 to November 30, 2000 have been entered, proofed and corrected m the TR
format. These computer daw and copies of all the hard copy data have been sent to URL



MAINTENANCE, ARCHIVAL, ANID ANALYSIS OF WESTERN NORTH ATLANTIC
RIGHT WHALE DATA (URI GRANT NUMRER 5-31618).
COOPERATIVE AGREEMENT NA-87-FE-0523

Rober Eenney, Prineipal Investigator, URLGSO
31 October 2001

As a compaonent of the Consortium rescarch project, a centralized computer database was developed at University of
Rhade Island/ Graduate School of Oceanography (URI/GS0), with the data-management system design reviewed
and approved by NEFSC, The ariginal core of the database was comprised of the data resulting from the Cetacean
and Turtle Assessment Program (CETAL, 1982), a shelfewide survey program fom Cape Hateras to Nova Scotia
conducted by URIAGSO from late 1978 to cacly 1982, with funding from the U.S, Dept, of the Interior, Burean of
Land Management. The original database alse included a variety of historical si hiting data which had heen
assembled during the CETAP study. All of the data generated by Consortinm ressarchers, as well as any other
svailable data which could be obtained, have heen contimuously incomporated into the archived datsbase. This
dutahase, which will be referred ts 9y the "Conzartium database” in the remainder of this report for simplicily and
clarity, very likely represents the Lest long-term record of cetacean sighting information, particulacly for right
whales, far any comparable area of the world, The database has proven to be an extremely valuable scientific and
manzgement resource for the Consortivm, MEFSC, and a large number of ather cooperating investigators and
OrEanizalions,

An additional companent of the Consortium progeam from the baginning was the fonnalization of pratocals fior
ecnualiving the analysis, curation, and archival of photographs of individually recoznzzable right whales. This
photiclentification (*photolD”) catulop is maintained ar NTA, while coptes of a summary catalog database resude at
both NEA aned URIGSO. The two databases are penedically crass-referenced, so photolDd records in the catalog
database can be related 2o survey and sighting records in the Consordum database.

The principal Consortium database is archived as a single SAS (Statistical Analysis dvstem) file on the computes
system at the URI/GS0 masine mammal lab on dhe Narmagzansen Bay Campus. That database remains essentially the
saine version subminted to NEFSC in October 1999 (thaugh incorparating a few corrections) — including 248,520
vetonds vecupying 142 megabytes of disk space, with 112,345 siphtings of all species, including 15,575 sightings of
right whales between 1762 and 1998 (detailed listings were included in #he tables in Foenmey, 1999}, The datbase 15
immicdiately accessible by SAS programs for any desired analysis or query. There is a sccond co Py ol e databage,
stored as a compressed (*zipped®) file W conseree space, on the same computer. There are also multipls backup
copies on 1-MB Z4p® disks, stored in two diflerent b uildings on the Bay Campus and at onc off-site lacation {in
additien i the copy previously submitted 1o NE i

Al the present time, thers are 1,782 additional files {a file is trpically one day of acrial su vey, oo day ol *day-rip"
shiphoard survey, one entire multi day shiphoard survey, or a related collection of cppoertunisiic Sighilings) @l sume
slzge of processing, totaling another 144 megabytes. These include:
~ 1,345 files which have been campleted through all stages of data entry and quality-contiol and are ready 10
be added to the archive. A large praportian of these have been combined into a few large files in the exac
same [ormat as the main Consortium database arehive This i35 & temmparanry stluabion to zllow For cnuch casic
aceess to the dala for analysis o1 any other purpose befare the data are formally added to the archive. Tt is so
muech simpler to write a program accessing a lew (fles, rather than needing 1o individually speeifv over @
thousand separate files.
~ |38 files which are in somc stage of prowessing, These include data Gles in progress, as well as those which
are nearly conspleted bul awsiting corrections o1 tespunses to queries from the subniiiing arganizations.
All of these other files are hacked up in at least one place, There are also some number of additional data files which
have been reczived bul whege processing has not been started,

Excluding files whick have not been started vet, the combined database includes 221, 414 siphtings of &4 differen
species or calepories of whales, dolpluns, porpoises, seals, manatees, sea turtles. lares fishes, o olber SpECLCs,
totalmg 1,545,039 wdividuals, Withie this weal there gre 20280 sightings of vight wheles, totaling 373,591

individuzls,



PROJECT UPDATE
DECEMBER 17, 2001

USE OF FECAL STEROID HORMONE METABOLITE ANALYSIS TO STUDY
REPRODUCTIVE DYSFUNCTION AND STRESS IN THE WESTERN NORTH
ATLANTIC RIGHT WHALE

M. Rollandl; K.E. HuntI;S,IL Wass:r'—?; T.M. O*Haral; S.D. Kraus!

1. Conservation Depariment (Rolland) and Edperton Research Laboratory (Kraus), New Erngland
Aguarium, Boaston, MA, USA

2. Department of Zoology, University of Washington, Seattle, WA, [5A4

3. Department of Wildlife Management, Novth Slope Rarough, Barrow, AK, US4

Introduction

The western North Atlantic right whale (Eubalaena glacialis) is the most endangered of
the large whales despite over 65 years of protection from commercial whaling. One of the
factors impacting recovery of the North Atlantic right whale (NARW) population is a
significant decline in successful reproduction over the last decade. The reasons for thig
reproductive dysfunction are unknown, but factors that may be contributing include:
genetics, environmental contaminants/endoctine disruptors, marine hiotoxing, nutritional
stress and infectious diseases. Given diminished calf production, increased calving
intervals, and the high incidence of non-calving females in NARW, it is critical to
determine the reproductive status of these whales. Studying reproduction in NARW has
been problematic because no technigues are available 1o collect blood samples from
large, free-ranging whales, and because stranded animals are so decomposed that the
tissues are useless for analysis, Over the past two years we have validated
radioimmunoassay techniques to measure metabolites of reproductive and adrenal
steroid hortones (“stress” hormones) in right whale feces. This technique has been
previously applied to study reproductive status and stress levels in a wide range of
terrestrial gpecies, but has never before been developed for use in free-ranging whales.
The level of a hormone metabolite in the feces reflects an average value for the secretion
pattern of the parent hormone over the previous day. This technique is a means 10
directly look at reproductive function and status at both the individual and population
level.

The objectives of this study are to: 1) validate radioimmunoassay techniques to measure
the metabolites of total estrogens, androgens, progestins and glucocorticoids in NARW
fecal samples; 2) validate the same hormone assays for fecal and serum samples from
western arclic bowhead whales (Balaena mysticetus) to develop this as a reference
population for reproduction studies in right whales; and, 3) use reproductive hormonc
metabolite analysis to investigate reproductive dysfunction in NARW, and utilize
glucocorticoid hormone metabolite analysis as a tool to study stress in NARW and its
relationship to reproductive function and environmental stressors.



NARW Methods and Validation Studies
From 1999-2001 62 fecal samples were collected from right whales feeding in the Bay of

Fundy in coordination with photo-identification studies of the population. Samples have
been collected from a cross section of the population including adult males and females,
calves and lactating mothers. At least 50% of the samples can be linked to an identifiable
whale, allowing correlation of hormone results with information on age, sex, genetic and
reproductive history from data in the North Atlantic Right Whale Catalogue. We are
currently identifying or verifying the sex of samples from unknown whales (i.e. not
photo-identified) using fecal DNA gender analysis. Samples were freeze-dried, sifted
and steroids were extracted using 90% methanol. Steroid hormone metabolites can be
measured in feces using antibodies to the parent hormone, which cross-react with the
parent hormone in most cases. The progesterone and testosterone assays are 3-H
radioimmunoassays using separation by dextran-coated charcoal and counted mn a
Beckmian 650 liquid scintillation counter. The total-estrogens and glucocorticoid assays
are 125-1 radioimmunoassay kits from ICN Biomedicals, Inc., with separation by sccond
antibody, and are counted n a Packard Crystal gamma counter.

Validation studies for NARW have been completed for total estrogens, progestins,
androgens and glucocorticoids consisting of parallelism studies and accuracy studies for
each hormone. The results of these studies have shown that serial dilutions of NARW
fecal samples demonstrated excellent parallelism with serial dilutions of 17b-estradiol,
progesterone and testosterone. This indicates that recognizable steroid hormone
metabolites can be aceurately identified by these assays. The assay for glucocorticoids
(adrenal stress hormones) is also accurate and functional in NARW.

Analyses of hormone levels for samples collected in 2001 arc underway. (5S¢ page 3 of
this document for preliminary findings from hormone assays)

Bowhead Whales as a Reference Fopulation

In a parallel comparative study we are analyzing the same hormones in blood and feces
collected from the Bering-Chukchi-Beaufort Sea stock of bowhead whales during the
spring and fall Alaskan Eskimo (Inuit) hunts. Bowheads are being used as a reference
population for the right whale studics because of their close taxonomic relationship with
right whales, the population is growing and reproductively healthy, and fresh tissue and
fecal samples can be collected during the hunt, Additionally, the results of the hormone
analyses can be correlated with the reproductive condition of the whale through direct
examination of the reproductive tracts, providing important ground-truthing for the
relationship between fecal hormone levels and reproductive status.

Since 2000 we have collected fecal and serum samples from 36 bowhead whales of
known sex and reproductive condition. Through measuring the steroids in serum in
tandem with fecal levels, fecal hormones can be related to circulating hormones.
Because of species differences in hormone metabolism, the same 4 hormone
radioimmunoassays are currently being validated for use in bowhead whale serum and
feces. Preliminary results are promising for the bowhead assays as well. Interestingly,



while feeal testosterone is measurable in bowheads, our assays are unable Lo measure
testosterone in bowhead serum from mature males. We are currently examining two
possible explanations for this finding: 1) another type of testosterone antibody is needed
to detect serum androgens in bowheads (i.e. another form of the hormone is present in
blood), or 2) serum androgens in bowheads are actually below detection limits during the
sampling time period. The latter explanation is consistent with the finding by other
researchers that leydig cells (that synthesize and secrete testosterone) are not visible on
histological section of bowhead testes collected during the spring and fall hunts.

Preliminary Findings and Future Studies

Although analyses are not yet complete for all samples, preliminary results sugges

several important findings:

1. fecal progesterone levels appear to accurately detect pregnancy in both nght and
bowhead whales. This is based upon extremely elevated progesterone in a right
whale samples in 2000 who was subsequently sited with a calfin the winter of
2001. Similar elevations in fecal progesterone were found in a bowhead whale
that contained a 60 cm fetus. Progesterone levels in these whales were elevated
several orders of magnitude above those of non-pregnant females in both cases.
testosterone levels in NARW are extremely variable with some males having
extremely high levels. NARW testosterone levels are much higher than that seen
in bowheads. Whether the extreme variation in testosterone in NARW is related
to reproductive activity/success or to the age of the individual is a question that
will be examined with further data.

1. the fecal glucocorticoid assay is useful for identifying whales experiencing high
levels of physiological stress. A fecal sample from a chronically entangled and
debilitated right whale (Churehill) had a fecal stress hormone level of 178 ng/g
compared to a mean level of 47ng/g in 25 other right whales.

[ |

Continued sampling of the population of NARW will provide data to further ¢lucidate
relationships between steroid hormone levels and reproductive status, Enown pregnancy
is critical to determining calving success, as the proportion of females with observed
calves as compared to pregnancy status will indicate the success or failure of specific
phases of the reproductive cycle. By knowing pregnancy status we will be able to
determine late fetal and early nconatal losses (e.g. abortions, stillbirths) that otherwise
goes undetected.  With continued sampling of a cross-section of the population, we will
be able to look for hormonal differences between reproductively active and inactive
animals. Of particular interest is the segment of the mature females (20%) that have
never calved despite reaching the age of sexual maturity. Likewise, we need to cxamine
further the extreme variation in testosterone levels seen in NARW to see if it has a
relationship to successful reproduction. The glucocorticoid assay provides a new tool
with which to study stress in right and bowhead whales, including its relationship with
reproductive condition and the effects of environmental factors. The comparative
bowhead study will provide baseline data with which to comparatively assess the
relationship between fecal hormone levels and reproductive condition in a large baleen
whale that can serve as a model for studies of reproductive dysfunction in the North



Atlantic right whale.

Further investigation and continued sampling is required to:
1)Determine predictive capabilities of the assays.
2)Investigate pregnancy rates in both NARW and free-swimming bowheads
3)Evaluate utility of the assays to determine age of sexual maturity (which seems
to increasing in right whales).
4)Compare hormone levels in reproductively successful vs. unsuccessful males
and females.
5)Evaluate the relationshup between elevated glucocorticoids (stress levels) and
reproductive status.
6)Evaluate the utility of the glucocorticoid assays to study stress in NARW in
relationship to environmental factors such as shipping activity.
6)Determine sex of unidentified NARW samples using fecal DNA.

Supported by: NOAA/INMFS P.O. #0AANF904357: NOAA/NMFS
Contract#50-EANF-0-00047: New England Consortium/UNH Grant # 02-357.



Quarterly Progress Report: 2 October 2000
Infrared Thermography: A Potential Detection Tool for Right Whales

Contractors: D. Ann Pabst and William A. Mcl ¢llan
Biological Sciences and Center for Marine Science
University of North Carolina at Wilmington
601 5. Collepe Rd.
Wilmington, NC 28403

Specific Contract Goal addressed in Report: Acquire and ficld test the
EmergeVision’s DTIS 500 infrared thermography camera either from shore or hoat to
assess estimaled detection ranges and estimated (qualitative) probability of detecting a
marine mammal at the surface in various conditions. Although not required, field tests
and assessments may include trials involving right whales in the Bay of Fundy during
SUMmer.

Background

The northern right whale (Ewbalaena glacialis) is the most hi ehly endangered
large whale species in the world. Right whales spend much of their tirne at the surlice,
are slow swimmers, and occur in waters of high shipping activity, Human-induced
martality includes incidents of ship-strike and is likely contributing to the lack of
recovery of the North Atlantic right whale population. Technology that can be used to
increase a ship’s ability to detect and avoid right whales should be investigated. Infrared
thermography. a completely non-invasive imaging tool, may be such a technology. Such
lechnology is not likely to completely eliminate ship strikes, but any measure (hal
reduces lhe warrants exploring further.,

Coal: To investigate the possibility of using infrared thermography as a detection tool
for the northem right whale, We will also determine whether intrared thermagraphy can
be used as a diagnostic tool to identify the status of skin lesions found on the bodies of
many right whalcs.

Progress 1o Date:
In July-August 2000, our lab traveled to Grand Manan, Canada, 10 test the
eflicacy of using infrared thermography as a detection toal for the endangered northem

right whale. The waters of the Bay of Fundy are relatively cold (10-159C), and. thus,
presented the “worst-case scenerio™ for detection. That is, in cold water, right whales are
apt to be conserving body heat, and, thus, maintaining surface temperatures that are near
that of the surrounding water, If we could image right whales in north Arlantic waters,
our goal was 10 determine the distances over which such detection was possible, and the
canditions required for that detection.

Because we did not wish to add another platform for investioating right whales in
the Bay of Fundy, we “pigay-backed™ this work onto on-going, permitted elforts 1o
investigate how ripht whales respond to various sound signals. Thig research is carried
out by Dr. Doug Nowacek, and is permilted under Scientific Permit No. 1012, 1o Scott



Kraus, New England Aquarium,. Thus, we carried out all but one of our thermal imaging
irips from the same platform as Dr, Nowacek's sound studics, On 5 August, we also
boarded the Song of the Whale, but only sighted a single right [rom a distance farther than
would permit high-quality imaging,

This ficldwork indicated that infrared thermography was @ useful tool in detecting
right whales, We were able to image nght whale blows al a distance of at least 200
meters, although the design of the DTTS 500 limited the useful range of detection to
approximately 100 meters. The study also offered the first data on the surface
temperatures that right whales could display: surface lemperatures of whales ranged from

.5 °C cooler, to almost 4 °C warmer, than surrounding walers.

Field days and general research design

We carmied oul our thermal studies on five days between July 29 through 14
August, On gach of these five days we were close enough Lo capture thermal images of
right whales {generally at or closer than 100 m). We estimate thal we captured images of
19 right whales, 7 fin whales, and 1 humpback whale, These images will be officially
reported as photographic takes under the Permit Report for Permit MNo. 1012, after the
staff at the NEA has had the opportunity to look at all of our standard 35 mm slides and
to offer individual TDs.

COur goal was to caplure simultaneous thermal images, standard 35 mm images (1o
ensure that we could identify individuals, whenever possible), and continuous
video recording of thermal imaging for each sighting, The EmergVision DTIS 500
infrared camera was, thus, mounted next to a digital-video camera on a menopod, which
provided a relatively stable platform for filming. Two independent Nikon SLE cameras
were used to capture the 35 mim photographs. For each sighting, we collected time of
encounter, precise geographic location, and estimated number of individuals; for most
sightings we also collected environmental temperature data.

Our tirst thermal images were collected on 29 July. On this occasion, we sighted
one whale that had surfaced after dive of unknown duration (Slide 1), This animal’s back

and fluke temperatures were (0.5-1.0°C cooler than the surrounding water temperature.
Although we were initially surprised by this result, we hypothesized that the whale’s cool
surface lemperature was a result of the animal’s prior cxposure to relatively colder,
deeper waters.

Our most successful sighting day was on 1 Aupgust, as we encountered two
sutface-uctive proups that afMorded us the opportunity to image multiple individuals
(Slides 2-9). In contrast to the lone, surfacing whale encountered on 29 Tuly, the whales
in surface-aclive groups displayed surface temperaturcs that were 1-3.5 ©C warmer than
surrounding waters. Blows were also easily ohserved.

While the still images offered us quantitative thermal data, the video sequences
permitted more instantanecus visual recognition of the presence of whalcs. The dynamie
movement ol whales at the water's surface was easily discermible. The blows were also
highly visible markers o whale presence. The dynamic aspects of animal movement and
hlows elearly addad to the detection potential of the infrared s1gnal.




The DTIS 500 is designed as a veterinary diagnostic tool, and, thus, is equipped
with a 50 mm lens with a limited range and narrow focal plane, Thus, we were only able
lo capture useful surface images of whales that were within 100 meters of the research
vessel, To be an effective delection tool, an infrared camera system would have Lo be
equipped with a much longer lens. The DTIS 500 is also not fully ruggedized for the
condifions we experienced in the Bay of Fundy. Thus, we were only able to image
whales under relatively culm conditions. Any camera that would be uscful for whale
detection would have to be fully ruggedized and gimbled, to provide a stable platform.

Our research vessel provided a low, siable platform for filming. There was not,
though, any opportunity to place the camera at a level above that ol the waler's surlfzee,
We attempted to test the camera from an elevaled position, by boarding the Soue of the
Whale 10 use their whale observation deck. Although we were unable to approach a
whale closely enough for the DTIS 500, we believe that an elevated platform would
crthance whale detection,

Summary

The held-tnals of the DTIS 500 demonstrated clearly that right whales, even in
the cold wartcrs of the Bay of Fundy, could be visualized using infrared thermography.
Our results also indicate that whale temperature is dependent upon behavior.
(Juantitative analyses of the thermal images suggest that single whales, which are
surfacing afler a dive, will be very similur in lemperature to the surrounding waters, and

perhaps, even cooler than those waters by (1.5-1.0 2C. Conirarily, whales in
surface-active groups are generally 2-3.2 °C warmer than surrounding: water, The blaws

ol whales will be 1,8-3.2 °C wanmer than surrounding water,

The conlinuous video-reeord of the output of the DTIS 300 infrared camera also
strongly suggests that the dynamic aspects of the infrared signal are useful in whale
detection, Disturbance of the water's surface, emerging whale surfaces, and dynamic
[eatures of the blows are easily detected during visual scanning of the video-record,

Our results, although preliminary, suggest that infrared thermography can be a
useful tool for detection of right whales. We believe that useful next steps in the process
of testing the efMicacy of mirared thermography would include (1) testing a longer-range
lens, (2) continuing contacting other manulacturers o infrared themmographic cameras,
and (3) teaming with engincers whe work with either infrared thermography systems,
surveillanee systems and/or automated signal-processing syslems, 1o delermine how to
maximize the detection polential of infrared sensing systems.
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Iniroduction

Scarring analyses of right whales was initiated in 1990 to assess the level of
human-caused sear types en an annual basis. The most critical aspect of this project was
to assess the frequency and rate of entanglement scarring. Ideally these data can also be
used to monitor the fulure effectiveness of fishing gear modifications and area closures.
[n1 the previous contract, each individual animals® photographed sighlings were coded
through 1995, The methods and findings were summarized by Hamilton et al. in a 1998
report to NMFES. In short, the authors reported that 61.6% of all whales had been
entangled at least once and that entanglement rates appeared to be increasing. Howewver,

thew also siressed the difficulty in accurately correcting for eMort.

Uinder the new contract, the goal is 1o update the coding of all individuals for 1996

through 2000, to reanalyze the levels of entanglement scaming using Hamillon el al s
methods. and to develop potential new methods for monitoring entanglement scarring
rates which better aldress the 1ssue of effort. The status of this project and preliminary

findings are provided below,
MMethods and Resulis

The sear coding process involves reviewing all available photographs of an individual
right whale and assessing the (ype and placement of all scars. For coding, the body has
been divided into 21 sections — five seclions on the head, two on the dorsal body, and 14
on the dorsal and ventral tail (sce Figure 1), For each season and habitat arca within cach
vear that an individual was sighled, each body section is assessed and coded. I s
particu lar secction of the body was not seen it is labeled as *X°. The types of scars that
arc coded for include entanglement, ship strike, circles, dots, fungus (skin lesions), rake
marks (scars ncar the blowholes), blisters, orca, satellite/radio tags and scars of unknown
orngin, The first time that a scar is detected, it is noted with an asterisk in that given
habitat/season/year. The scarring data 1s entered into an Microsoft Access database with a

record for each habitat/scason/year an animal is sighted, The record includes the time



frame during which the animal was seen in the particular area and scar coding for each
hody part photographed in that habitat/season/year. The database can be queried by
animal number, month/vear, habitat area, or scar type and linked to existing tables for agce
and scx. Although scar coding is done for all scar types, the primary focus of the previous

report was on entanglement and ship strike scars.

Asof August of 2001, the coding through 2000 has been completed for 219 of 411
animals representing 53% of individuals. The remaining coding will be conducted

through the fall and should be completed by December of 2001,

The analyses outlined by Hamilton et al. in the 1998 repart will be applied 1o the updated
scarring dala once all of the cading and entry has been completed. Two additional
preliminary analyses are presented here for consideration as additional means to monitor

enlanglement rates.

For the first analysis, the time frame within which cach new entanglement event oceurred
was determined and plotted. The plot shows, for each year, the (olal number of
entanglements that were first documented in the given year and the breakdown of time
frames during which those entanglements occurred. The time frames chosen were 1)
within same ealendar year; 2) within previous calendar year; 3) willun previous two

vears, 4) within three or more years; and 5) unknown time frame.

For the second analysis, the data were queried to find all animals sighted in both years of
specified consecutive two year periods. The scar coding was examined lo determine
whether an animal was adequately photographed in both years and to assess whether or
nol it had become entangled in that time frame. For an animal (o he considered
adequately photographed, photographs of the dorsal peduncle and/or the fluke insertion
areas must have been taken in both years to allow for comparison between years, This .
area of the tail was chosen because the previous report (Hamilton et al. 1998) showed
that the peduncle and fluke insertions arc body areas where the majority of entanglement
scars have been deteeted. [F an entanglement scar delected on another part of the body 1n

the later year was delermined 1o have not been there in Lhe previous year, these data were



included. The number of animals entangled in year two that were not entangled in year
one was determined and divided by the tolal number of animals with adequatce
photographs for both years to obtain a percentage of the adequately photographed

anirmals entangled in the given two year period.
Results

Figure 2 displays the annual tally and timelrame of ocowrence of first documented
enlanglement events for the 219 animals coded for the entire period 1980 - 2000, The
high number of iotal events evident throughout the 198("s is primarily related to the
first-time sightings of individual animals alrcady wilth entanglement scars. These
sighlings do not allow for a time frame of entanglement 1o be determined. The lower
frequency of unknown Lime frame events in the 1990°s and 2000 indicates repeated
sightings of individuals for which a time frame of the entangling event can he
determined, The higher number of known time frame entangling events deteeted in the

1990's 1s primarily due to increased efforl and distribution shifts.

Figure 3 displays for each year the total number of animals seen in both years of
cansecutive year imlervals, the number of animals adequately photographed in both vears,
and the number of animals entimgled either within the sccond year or between the first
and second vear. All data were used for this plot, thus 1995/1996 through 1999/2000 only
reflect analysis of 53% of the individuals as noted by the asterisks [or those bars. Thus
[ar, the highest number of entanglement events which occurred within a two-year lime
[rame occurred in 1993/1994 with 12 documented. 1999/2000 is sccond highest time
frame with 10 entanglements documented,. Onee all individuals are coded through 2000,
these annual tallies for the past six years will likely increase. Once the remaining animals

are coded and enlered, this graph will be updated.

Table 1 includes the data used for Figure 3 and describes the percentages of adequately
photographed animals seen in two consecutive years bearing new entanglement scars by
the latter year. The percentage of the adequately photographed animals which became

entangled ranged from O to 50%. The highest percentage (30%0) was docamented in



1982/1983 however the early 1980"s had limited numbers of animals that were seen in
both years and adequately photographed. By 1984/1985, the number of adequately
nhatographed animals increased from around 10 animals (o abouwt 20 animals or more fior
that time frame and subsequent years. The entanglement rales ranged from 10 to 28%

during those years,

Table 1 — Annual rate of entanglement

Y ears Total seenin | Tolal adequately | Number of %a of adeq.
both years photo’d new Photo’d
both yeurs enlanglements | Animals
1980/1981 33 yi 0 {)
198 1/1982 57 9 | 11
1982/1983 |32 e 4 30
10831984 42 11 1 b,
1084/1985 57 E 4 22 i
1985/1986 64 14 2 11
1086/1987 102 22 3 14
1087/1988 | |122 22 3 !
1088/1989 158 3 ) 23
1989/1990 | | 119 29 8 25
1990/199 | 95 2 4 TR
1991/1992 | | R4 20 5 35 2
| 1992/1993 04 ) 7 26
;f 1993/1004 153 45 12 B 25
1 994/1 005 178 73 9 12
L 995/1 006* 0 33 § &
| QOGS QO 7* =29 JLy 4 1)
L Q97 L 008" { 79 40 4 10
1998/15999% | 08 29 g L <
199972000)* 74 41 10 24

* Years not fully analyzed.



DISCUSSION

T'his report presents two additional techniques for monitoring annual entanglement
events. Combined with Hamilton el al’s (1998) previously described techniques, these
data may be able to provide insights as 10 whether proposed gear restrictions will be
¢ffcclive al reducing the frequency of entanglement events once the restrictions are
implemented. The coding process on which these data are based does not. however,
reflect the severily of any entanglement, Thus the effeclivencss of gear modifications that
aim to reduce the severity of an entangling event, as opposed lo reducing the chance ol
nteraction, cannot be assessed by this project. However, NIEAg and NMFS do keep track
of animals seen earrying lishing wear and (heir fate, which will be important in

b - |

determining the severity of specific types of entanglements.

These two new analyses show us some interesting findings. In Figure 2, the data indicale
that in recent years, we have been able to detect the time frame of most entanglements
and observe that many entanglements arc being detected within the twa year or lcss (ime
frame. Detecling these entanglements within a shorter time frame suggests that with
continued photographic menitoring we can provide a timely assessment ol enlanglement

frequency.

Figure 3 clearly illustrates that there was an increase in the number of animals
pholographed 1n consecutive two year periods through the 1980s but a reduction in the
early 1990°s {note that 1995 through 2000 reflect only 53% of the (olal animals coded at
this time). Onee all of the animals are coded, the 1995-2000 year periods will likely have
high levels of animals photographed in both years. This is due (o a shifi of animals into
the Bay of Fundy in the mid 1990°s anc incressed surveillanee by NMES and others

throughout the Gulf ol Maine beginning in the latter part of the 19907s,

From 1980-1983, there were few ammals adeqgualely photographed i both years 1o
provide enough information on entanglement levels, From 1984-2000, the percentage of
adequately photographed animals entangled each year is quite high, ranging from 1 1o

28% annually. Interestingly, thesc percentages are similar to those found by Robbins and



Mattila (2000) for entanglement scarmng of humpback whales. Using a similar technigue,

they found an annual rate of entanglement ranging from 10 to 31% between 1997 and
1999,

The subset of animals adequately photographed within each two year period is quite low
compared to the total number seen in both years. Because the peduncle region of the tail
is the most likely place to detect an entanglement, only those animals where this wus
photographed in both years were considered adequately photographed except for the few
occasions where the time frame of entanglement scarring detected on other parts of the
body could be clearly determined (see Methods), It is not often easy to detect evidence of
a new enlanglement scar from aerial photographs unless they are clear photos with some:
focus on the tail region. Tn addition, since matching o the catalog is primarily done from
photographs of the head region, photographs of the tail from shipboard activities are not
always taken consistently or are sometimes only taken if scars are seen as the animal

flukes.

With the existing surveillance and photo-identification efforts, our ability to detect
entanglement events and timeframes has improved and may allow for monitoring of

entanglement levels on an annual basis. This continued monitonmg 1s critical as actions
are laken to minimize the frequency and severity of entanglements of right whales.
However, there are limitations to our ability to detect potential changes in entanglement
levels without further understanding of the overlap between fishing cfforl and right
whales. Therefore, the value of these techniques to managers should be carefully assessed
before they are used as a tool for measuring the effectiveness of implemented measures.
Clertainly the high rate of annual entanglement interactiions indicatec by these analyses
suggests thal entanglements are a comimon ¢vent for at least two large whale populations,

right whales and humpbacks,

5¢ two deseribed analyses coupled with Hamilton ¢t al.’s previous analyses Bl
These two deseribed analy pled with Hamilton et al.”s previous analyses on the Tull

sutie of data will be provided in the final repart on ths work.
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Figure 2. Time frame of detection of entanglement scarring
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Executive Summary

The northern right whale, Balaena glacialis, is one of the most endangered large
whales in the world. Right whales are known to annually migrate from northern temperate to
sub-tropical waters. Large-scale survey ellorts [or nght whales are conducied m the Bay of
Fundy/Gulf of Maine dunng the surnmers and near-shore and offshore waters of northern
Florida and southern Georgia in the winters. Little is currently known about the distribution
and calving potential of nght whalcs and/or human impacts on them outside of these areas.
The results reported below are for surveys conducted in the waters from Savannah, GA to
Chesapeake Bay, VA from February 5 to March 3, 2001, This survey was designed to be
consistent with those concurrently flown in the waters of northern Florida and southern
Georgia by the New England Aquarium and the State of Georgia.

The resulting additional effort added (o our current understanding of right whale
winter distribution patterns. Four mother/calf pairs of right whales were sighted during this
survey effort (see detailed break down below). Three of these new mother/calves had no
been previously identified when they were spotted. The surveys highlight the potential that
some right whales may be attenuating their rigration to northern Florida/southern Creorgia
and stopping in waters of the mid-Atlantic. The potential that three previously unidentified
new mother/calf pairs were discovered during these surveys suggests that right whale calving
grounds may be larger than previously thoughi. A right whale mother/calf pair was sighted
within a few hundred meters of a large container vessel in the shipping channel into
Charleston harbor. Sightings of right whales during these survey etforts suggest thal an
ingrease in the scope of the Early Warmning Systemn should be investigated.

Sixteen humphack whales were sighted in ¢lose proximity to Cape Hatteras, North
Carolina over the period of the surveys. All humpbacks were categornwed as Juveriles based
upon total length estimates of [0m or less. These observations are consistent with, and
continue, the decade long trend of enly sighting juvenile humpbacls in coastal walers of the
mid=Atlantic. Sightings of a [in whale, a minke whale, five species of small edontocetes and

two species of sea turtles were recorded during these surveys.



Introduction

The western north Atlantic right whale (Balaena glacialix) is one of the most
endangered large whales in the world. Right whales occur in the summer in norihem walers
off New England and north to the Scotian Shelf (Waring er al. 2000). Some righl whales
migrate south to the coastal waters off Georgia and Florida during the winter. It is not
known where the majority of all right whales spend winter months, and their distribution and
abundance patterns in the mid-Atlantic are not well known. The current population eslimates
for this species are under 300 individuals, and declining at apparently A4%vear (Caswell, et
al. 1999), Any potentially negative interaction with a right whale could have severe impacts
for the species as a whole.

In addition to right whales, we also report here all sightings of other cetaceans, sca
turtles, basking sharks and manta rays. Of particular interesl are humpback whale
(Megapiera novaeangliae) sightings because this species is currently listed as endangered
under the Endangercd Species Act (ESA). Humpback whales traditionally mugrate from the
summer feeding prounds in the northeastern U.S., Canada, Greenland, and lceland to winter
hreeding grounds in the Greater and Lesser Antilles (Martin er al, 1984), Since 1990,
juvenile humpbacks have heen sighted from the mouth of the Chesapeake Bay south to Cape
Hatieras {Swingle ef @l. 1993). Concurrent with this occurrence of juvenile humpbacks inlo
mid-Atlantic waters, there has been a four-fold increase in juvenile humpback strandings
(Wiley et al. 1995). Between 1990-2000, the number of stranded humpbacks in the mid-
Atlantic alane has been at levels equal o or over one half of the Potential Biological
Removal (PBR), in each of live years. PBR is the “maximum number ol animals, not
including naturzl mortalities, that may be removed [rom a marine mammal stogk while
allowing Lhat stock to reach or maintain it oplimum sustainable population” (Wade 1998).
Sirandings even exceeded PBR (which was 9.7 in the 1996 stock assessmenl) in 1992,
Survey efforts in the mid-Atlantic have demanstrated humpback whale sightings from the air
as far south as Cape Hatteras, NC (Swingle er @l 1993}, with occas ional sightings to Cape
Fear, NC (TINCW Marine Mammal Program, unpubl. data), Little acrial survey effort has

been conducted in the offshore waters of the lower mid-Atlantic 1o ¢lucidate humpback

distribution.



One fin whale (Balaenoptera physalus), which is also listed as endangered under the
ESA, was sighted during this survey. The most abundant celacean species sighted (n=1735
individuals counted) was bottlencse dolphin (Tursiops suncatus). The “coastal omgratory™
stock of this species (now considered as part of the western north Atlantic coastal stock) is
considered depleted under provisions of the Marine Mammal Protection Act (Waring ef al.
2000). Five harbar porpoise (Phocoena phocoena), presumably from the strategic Gulf ol
Mumne/Bay of Fundy stock, were also sighted in southern North Carolina and central South
Carolina {Waring et of. 2000). A stralegic stock is one “for which the level of dircet human-
caused mortality cxeceds™ PBR (Wade 1998). The South Carolina sighting was further south
than the delined geopraphic range of this species ( Waring er af. 2000). Common dolphins
(Delphinws delphis), and pilot whales ( Globicephala sp.), both considered to be members of
the strategic stocks in the western north Atlantic, were also sighted {Waring er al. 2000).
(One minke whale (Balaenoptera acutorostrata), presumably from the Canadian East Coast
Stock, which is cuerently not identified as strategic (Waring e# al. 2000), was also sighted.
The endangered leatherback (Dermochelys cariacea) and threatened loggerhead (Caretta
carefia) sea turtles, basking sharks (Cetorhinus maximus) and manta rays (Manta birostris)

were also sighted,



Methodology

Logistics

For this project, the University of Norih Caroling at Wilmington (UNCW) provided
ohservers and contracicd with Environmenlal Aviation Services Inc. (EAS) of Jacksonville,
FL to provide planes and pilots for surveys. The planes were the military version of Cessna
137. They were fixed, over-wing, twin-engine airéraﬁ with retractable landing gear. The
planes were outfitted for offshore use with emergency posilion indicating radio beacon
(EPIRB), life raft, VHF radio and inflatable life jackets, which were worn by the observers
throughout the survey.

The surveys were scheduled to begin on approximately February 5, 2001 and
continue for one month. EAS located a plane and bhoused a pilot in Wilmington, NC for the
duration of the surveys. The entire learm was based out of Charleston, SC to survey the
soulthern-maost tracklines, and out of Norfolk, VA to survey the northern-most hines, All
flights were coordinate with the Air Defense [dentification Zone (ADIZ).

The surveys consisted of 76 tracklines of 35 nm in total length (Figure 1}. The
(racklines began at 32° north, at the level of Savannah, Georgiu, and ran al 4 nm intervals
north to 37° north, at the level of the Chesapeake Bay. The plane carried a pilot and three
observers. A left and right observer surveyed from each side ol the plane, and the third acted
as data recorder, Track lines were flown at 1000 [eet of altitude at approximately [00 knots
ground speed. Each trackline was flown twice during the survey effort.

Efforl was only conducted when wind/watcr conditions were below Heaufort 5, With
this weather constraint in place, the survey tracklines were not flown in any systematic order,
but in an order that permitted surveying in the best weather possible at any place along the
coast (Tables 1 and 7). The first set of tracklines began off of Wilmingron, NC and
proceeded north. This set was completed with the southem tracklines during the second
weelk of effort. The second set of tracklines was agrain started in Wilmaington, NC and
progressed south, The northern trackiines were the final set to be completed at the end of the

survey month. During each of the two sets of surveys, effort at any individual trackline could

be separated by as much as one week [rom an adjacent trackline.
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Table 1. Effort Hours and Total Hours Flown

Tolal Hours "on effort- on tracklines™
Total Hours "on effort wi transits™

Total Hours Flown wi "off effort” transits
Total Hours transit to-from Wilmingten

Total hours per survey

Total Hours

Ist Survey
24 .80
32.00
60.75

$.40
7015

140.15

2nd Survey
23.70
36.15
61.60
8.40

70.00




Tahble 2. Lat/Long Trackline Points and Dates Flown

Trackline # Latitude West End East End Date 1st Flown | Date 2nd Flown
i 37.00 76.00 75,42 27-Feb 01-Mar
75 36.93 76.00 7542 27-Feh 01-Mar
74 a6.87 75.58 7540 27-Feh 01-Mar
73 36.80 75.96 75.28 27-Feb O1-Mar |
72 A6.73 75.94 7536 26-Feb 27-Feb I
71 3567 75.91 75.33 26-Feb 27-Feb
70 36.80 H.68 75.30 26-Feb 27<Feb
) 36.53 T5.86 75.28 26-Febh 27-Feh
B8 3647 75.85 7527 26-Feb 27-Feh
67 36.40 7583 75.25 26-Feb 27-Feb
66 36.33 75.81 75.23 26-Feb 27-Feb
65 36.27 75.78 75.20 265-Feb 27-Feb
fd 16.20 75.75 7517 08-Feb 01-Mar
63 35.13 7572 75.14 08-Feh 01-Mar
62 36.07 7568 B0 08-Feh 01-Mar
61 36.00 75.64 75.06 0a-Feb Q1-Mar
B0 35,93 1560 75.02 08-Feb 01-Mar
) : 3587 75.57 74.99 08-Feb (31 -Mar
58 35.80 75.53 74.95 08-Feb 1-Mar
ﬂ 57 35,73 75.50 74.92 08-Feb 01-Mar
o 56 567 75.48 74.90 08-Feb 02-Mar
BR 3560 7548 74 88 8-Feh 02-Mar
54 1553 7548 74 88 07-Feh 02-Mar
53 G O TR 74 59 07 -Feh 02=Mar
52 35.40 75.48 74,80 07-Feb D2-Mar
51 35.33 75.50 74.92 07-Feb 19-Feb
50 3527 75.52 74.04 07-Feb 19-Feb
49 35.20) 75.69 75.11 07-Feb 19-Feb
48 35.13 : 75.890 75.32 07-Feb 18-Feb
47 3507 76.01 75.43 07-Feb 18-Feb
A6 3500 7613 75.65 07-Feb 18-Feh
45 34.93 76.21 75.63 07-Feh 19-Feh
44 34 87 76.29 75.71 06-Feb 19-Feh
43 A4 80 76.37 75.79 06-Feb 18-Feb
T T < T 76.43 75.85 06-Feb 18-Feb
41 34 .67 76.48 75.90 ___ 0B-Feb 18-Feb
40 34 B0 77.24 76.63 06-Feb 18-Feb |
a9 34.53 77.34 76.76 06-Feh 18-Feb
i 3447 7745 76.87 06-Feb 18-Feb I
37 34.40 77.58 .00 (G-Feb 18-Feb
36 34,33 7767 7700 N6-Feb 18-Feb |
15 34.27 77.74 77.16 06-Feh 18.Feb
34 34.20 77.80 T2 06-Feb 18-Feb




Table 2. Lat'Long Trackline Points and Dates Flown

Trackline # Latitude Waest End East End Date Flown Date Flown
33 34.13 77.54 77.26 (6-Feb 20-Feb
31 3400 77.80 77.32 (Hi-Feb 20-Feb
28 33.80 78.70 78.12 J89-Fab 20-Feb
27 3,73 78.83 78.25 08-Feb 20-Feb
2B 33.67 78.90 78.32 09-Feb 20-Feb
z5 33.60 78.97 768.39 13-Feb 20-Feb
24 33.99 79.03 78.45 13-Feb 20-Feb
23 33.47 79.09 78.51 16-Feh 20-Feh
22 33.40 79.14 78.56 16-Feb 20-Feb
21 13.33 79.16 78.58 16-Feb 20-Feb
20 33.27 79.17 78.55 16-Feh 20-Fehb
19 33.20 79.18 78.60 16-Fahb 21-Feb
18 33.13 79.24 18.66 16-Fah 21-Feb
17 33.07 79.35 T8.77 16-Feb 21-Febh
16 33.00 79.36 78.78 16-Feb 21-Feb
15 32.93 79.37 78.79 16-Feb ~ 21-Feb
14 32 87 79.65 79.07 16-Feb 21-Feb
13 32.80 79.73 79.15 16-Feh 21-Feb
12 32.73 7987 79.29 16-Feb 21-Feb
11 3267 79.38 79.30 16-Feb 21-Feb
10 4260 BO.O7 79.48 15-Feb 2d-Feb

9 32.53 _ 80.25 79.67 15-Feb 24-Feb

g 32 47 B0.38 79.80 15-Feb 24-Feb

T 32.40 BD .42 79.64 15-Feb 24-Feb

6 3233 B0.45 79.87 15-Feb 24-Feb

5 32.27 80,60 20.07 15-Feb 24-Feh

4 3220 B0 .69 80.11 15-Feb 24-Feb

. 3 3213 80.78 802 156-Feb Zd-Feb

2 32.07 280 80 B0.31 ~15-Feb 24-Feb

| 1 32.00 B0.54 80.26 15-Feb 24-Feb




Data Collection

Weather and sca conditions were collected for cach trackline, Glare was recorded for
each side of the plane on each irack, Localion was recorded using a global positioning
system (GI'S). The plane carried at least two GPSs during each survey. One GPS was used
by the pilot to follow track lines, the other was used to store position data for the survey. The
PS5 stored each position in memory as a waypoint. Waypoint data were downloaded directly
to a computer following survevs.

Positions were recorded for the beginning and end ol cach -mu:lr.line, changzes in
weather condition, location of vessels, fishing gear, and sightings of animals. When an
animal was sighted, the time and location on the trackline were recorded. The plane then left
the track and circled the animal(s) to collect actual position, species and number. After
identifving the animal(s), the plane returned to the trackline at the position where it had lefi
and continued the survey. Because large vessels were visible for many miles, they were not

recorded unnl their position fell within 1.5 nm of the plane.

Data Analysis

Data were downloaded from the hand-held GPS unit and imported into a spreadsheert
for editing, which included checls of waypaints to specific sightings and time on and off
effort, ete. On effort and transit imes were calculated directly from the GPS readouts. Once
an individual survey’s data were edited, they were added (o the total survey datn spreadsheel.
The total survey data could then be sorted by species, for example, for further analvsis and

geographic mapping. All geographic maps wers generated in ArcView,
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Results and Dviscussion

The following references the sighting hislories and locations presented graphically

and in data tables.

Right Whale (Balaena glacialis)

The north Atlantic right whale is one of the most endangered large whales in the
world with a current population estimate of under 300 individuals. Right whales migrate
from the summer feeding grounds in the Bay of Fundy and Gulf of Mame and ofT the Scatian
shelf to the winter calving grounds off Georgia and Florida. The aenal survey reported here
was desipned specifically to census any right whales that might be “wintering™ in the mid-
Atlantic waters.

Four mother/calf pairs of right whales were observed during this acrial survey effort
{Figure 2 and sightings table), The first (#1970) was seen on 9 February i the shallow
waters east of M;.rﬂlf: Beach, South Carolina. The animals were re-sighted later on the same
day and had moved only slightly southeast. The same mother/call’ par was again sighted on
20 February east of Georgetown, South Carolina. The second mother/calf pair (#1 |40} was
sighted on 15 February southeast of Georgetown, South Carelina. The whate was re-sighted
in the afternoon and had not moved perceptibly. The third whale (#1160) was observed on 16
February southeast of Port Royal Sound, South Carolina. This mother/ealf pair had been seen
by the EWS (Early Warning System) acrial survey team [rom the New England Aquarium
earlier in the season, The female had been struck by a twin screw propeller vessel on or aboul
29 January 2001 (C.S. Slay pers. comm.). The propeller slashes were evident along the left
flank with the sccond propeller continuing along the peduncle and ending, at the fluke notch.
A final pair of right whales (#1303) was observed on 21 February in the deeper waters (3Um)
off Beaufort, South Carolina,

Preliminary sighting histories provided by the New England Aquarium suggest that
three of the observed calves had not bien seen this year and were considered to be the first
sightings. Ali nght whales were séen south of Cape Fear, North Carolina to Port Royal
Sound, South Carclina. On three vecasions whales were re-sighted on the same day as the

original sighting with the second sighting not deviating significantly from the first. These,

11



albeit few, data might suggest that right whales were not “moving” extensively from the
southern mid-Atlantic waters, One re-sighting took place 11 days after the initial sighting,
and the motherfeall pair had only moved 30 nm southeast. The question of number and
fidelity of sightings in the waters of southern mud-Atlantic warrants a continued effort to
muonilor their presence n these regions ol high ship tralic. In additon, the siphting of three
“new” calves in the mid-Atlantic would suggest an expansion of the traditional calving

grounds rccognized off Georgia and Florida.
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Humpbaek Whale (Megaptera novaeangliae)

The Gull of Maine stock of humpback whales is considered strategic, becanse all
humpback whales are identified a5 endangered under the Endangered Species Act (MMPA
Annual Report 1997)(Wanng et af. 2000). Humpback whales traditionally migrate from the
summer feeding orounds in the northeastern U.S., Canada, Greenland, and Teeland to winter
breeding grounds in the Greater and Lesser Antilles {Martin ef af. 1984). Since 19940, it has
been documented that juvenile humpbacks huve been sighted from the mouth of the
Chesapeake Bay south to Cape Hatteras { Swingle er al. 1993), Apparently humpbacks are
also seen during the winter in southeastern coastal waters (unpublished data cited in Waring
ef af. 2000). The stock identity(ies) of humpback whales in the mid-Atlantic 1s not vel
known. The NMFS currently recognizes 10,600 individuals as the best population estimate
for Atlantie humpback whales, based upon genetic and photographic mark recaplure studies.

A wotal of 16 humphback whales were observed during the surveys in 9 separate
sightings on four different survey days (Figure 3 and sightings table). Three more whales
were observed dunng a coaslal transit on 27 Febroary. Nurmbers of humnpbacks in each
sighting ranged from 1 to 3, with 3 whalcs seen in two scparate sightings. All humpback
sightings occurred within 60 nm north or south of Cape Iatteras, North Carolina. This
pattern 1§ dissimilar to those of previous years, in which humpbacks were north through
Oregon Inlet, North Carolina to the mouth of the Chesapeake Bay (UNCW Marine Mammal
Program, unpubl. data). Fisheries entanglements and vessel strikes continues 10 be a concern
with humpback whales in the waters of the mid-Atlantic (McLellan, large whale necropsy

reports o OPR, NMFES).
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For the following marine mammals, sighting data are also compiled in tabular form,

Fin Whale {Balaenoptera physalus)

The western north Atlantic stock of fin whaley is considered endangered under the
Endangered Species Act (MMPA Annual Report 1997). The fin whale is commonly sighted
in the U.S. Atlantic Exclusive Economic Zome, and accounted for 46% of all the large whale
sightings during CETAP (Waring et o/, 2000). The NMFS currently recognizes 2,200
individuals as the best available population estimate (hascd upon surveys conducted in the
northern Gulf of Maine and Bay of Fundy) for the western north Atlantic stock.

During this survey one fin whale was sighted on 27 February cast of Oregon [nlet,

Morth Carolina.

Minke Whale (Balaenoptera acutorostrata)

The minke whale 15 common and widely distributed in the U.LS. Atlantc Exclusive
Economic Zone (Waring ef al. 2000). Minke whales along the US east coast are now
considered to be part of the Canadian cast coast stock. The total number of individuals in
this stock 15 unknown, althougzh the NMFS currently recognizes 3,810 individuals as the best
population estimate. This stock is not considered strategic.

On¢ minke whale was sighted on 2 March east of Avon, North Carolina off the
cenlral Outer Bunks. Thas sighting was forwarded to a researcher in Canada who is

imvestigating minke whales for his dissertation,

Pilot Whale (Globicephala sp.)

There are two species of pilal whiles in the western north Atlantic, the long-finned
(Globicephala melas) and short-finned (Globicephala macrorhyacius). The NMFS
currently recognizes 14,524 as the best cstimale of combined population size for both species
{(Waring er af. 2000). Pilot whale stocks are considered stratesnc,

There was one sighting of short-finned pilot whales on 18 February in the near-shore
waters off North Core Banks, North Carolina. A stranded, necropsied whale at the North

Carolina/ South Carclina border was also observed by the survey team.

I8



Bottlenose Dolphin ( Tursiops iruncalis)

In the western north Atlantic, at least two distinct inshore and ottshore stocks are
currently recognized. CETAP demonstrated thal these forms appear to be geographically
separated north of Cape Hatteras, North Carolina. In offshore waters, dolphins are
distributed in waters greater than 25 meters in depth, whereas in coastal waters dolphins are
often observed within a kilometer of shore. Most bottlenose dolphins are distributed south of
Cape Hatteras in the winter, where the geographic separation between the two groups ot
dolphins becomes less clear (Wang ef al. 1994).

The “coastal migratory stock” ol bottlenose dolphins along the U.S. east coast was
designated as depleted under provisions of the Marine Mammal Protection Act on April 6,
1993. The NMFES 2000 Stock Assessment Report no longer names this steck, but defines all
coastal dolphins within the western north Atlantic coastal stock (Waring et al. 2000). This
stock, whose structure is uncertain, currently has a minimum population ¢stimate of 2,482
and is considered depleted.

A total of 1,735 bottlenose dolphins were sighted an the first set of track lines, and
818 dolphins were sightcd on the second set of track lines. A total of 918 dolphins were
counted during coastal surveys conducted in the near-shore waters to or from the tracklines.
A qualitative description of the bottlenose dolphin sightings suggests that animals were
distributed up to 20 nm offshore in the walers from Cape Fear, North Carolina to Savannah,
Georgia. There were few hottlenose dolphins encountered in the waters from Cape Fear,
North Carolina to Cape Lookout, North Carolina. Bottlenose dolphins were concentrated
from Cape Lookout, North Carolina to Cape latteras, North Carolina, with an almost
continuous distribution in the near-shore waters. North of Cape Hatteras, North Carelina
hottlenose dolphins were again sighted more sporadically and in decper, offshore waters.
Bottlenose dolphin sightings ranged from single animals up to groups of approximately 150

dolphins.

Common Daolphin (Delphinues delphis)

The common dolphin is considered one of the most widely distributed of all
celaceans and common to the continental shell walers between Cape Iatteras to Creorgzes

Banks, CETAP estimated a population size of 29,611} individuals for the western north
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Atlantic stock of common dolphins. The NMFS, though, currently recognizes 30,768
individuals as the best population estimate for this stock, based upon 1998 surveys (Waring
ef ol 000}, Thas stock is considered stratesic. .

A total of 163 common dolphins were sighted in the total survey, with 71 scen on the
firat set of tracklines and 92 saen on the second set of track lines. Comman dolphins were
distributed in the offshore waters from Georgetown, SC to Camp Lejeune, North Carolina
and again from Cape Hatteras, North Carolina to Oregon Inlet, North Carolina. Common

dolphins were sighted as single animals and in groups up to 18-20,

Harbor porpoise ( Phoceena phocoena)

Harbor porpoise in the northwest Atlantic belong to the Gulf of Maine/Bay of Fundy
strategic management stock. This stock 1s concentrated in the Gulf of Maine and Bay of
Fundy in the summer, and its members apparenily disperse m the fall, winter and spring, to
waters ranging frorm North Carolina to Maine (Waring er ai. 2000). Little is known about
their distribution outside of the Gulf of Maine/Bay of Fundy area. The current minimum
population estimate for this stock 18 48,289,

A total of five harbar porpoise were encountered in two separate sightings. Thesce
sightings were east of Wilmington, North Carolina and cast of Georgetown, South Carolina,
The South Carolina sighting was further south than the defined geographic range of this
species (Waring e af. 2000), although strandings of harbor perpoises are hecoming routing

Iy the center of the Outer Banks, North Carolina (Cox, ez al. 1998).

Miscellaneous delphinid sightings

A total of 49 un-identified delphinids were encountered in nine separate sightings

during the survey.



OTHER SIGHTINGS

For the following marine vertebrates, sighting data are also compiled in tabular form.

Loggerhead Sea Turtle (Caretta caretial

The loggzertiend sea turtle is listed as threatened under the Endangered Species Aci.
Loggerhead sea turtles have a nearshore distribution as adults, and are found worldwide,
They are known (o occur in the watcrs north of Cape Hatteras from May to October, and arc
thought to winter in more southern latitudes. Strandings are known o occur in Maryland,
Virginia and Narth Carolina in September, October and November. Strandings also occur in
North Carolina from November through January, and in the spring months of March and
April (Epperly et af. 1996). It 1s difficult to estimate the world’s population of loggerhead
turtles.

A total of 104 loggerhead turtles were sighted, with 32 counted on the first set of
tracklines and 72 counted on the second set. Loggerheads were seen virtually throughout the
whole gecgraphic range of the surveys with the noable exception that there were no
sightings north of Oregon Inlet, North Caroling. Logeerhead turtles appeared to be relatively

more concentrated around Cape Hatteras, North Carelina and Cape Romain, South Carolina.

Leatherback Sea Turtle (Dermochelys corfacea)

The leatherback sea turtle is considered endangered under the Endangered Species
Act. Leatherback turtles, which have a predominantly pelagic distribution, are found
worldwide. They are known 1o occur in waters north of Cape Halteras from June to October,
and are though! to winler in more southern latitudes. Strandings are known to occur in North
Carolina in November (Epperly, et al. 1996).

During the surveys, 6 leatherback turtles were counted in 5 separate sightings.
Sightings were located in the offshore waters of South Carolina from east of Savannah,
Georgia to Georgetown, South Carolina. One additional leatherback was sighted in the near-

shore waters ofl Topsail Island, NC during a coastal transit survey.



Basking Shark (Cetorhinms maximus)

Basking sharks were sighted in two areas, one oIl Cape Hatteras, North Carolina and
one from Georgetown, South Caralina to Charleston, South Carolina. Basking sharks were
usually sighted as individuals, although two sightings in Scuth Caroling, with groups of 15

and 18 individuals, occurred within five minules of each other.

Manta ray (Manta birostris)

A total of four sightings of manta rays were made in the offshore waters of Cape

Hatteras, North Carolina. Manta rays were sighted individually, or in a pair.

Fod
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Buoyant balaenids: the ups and downs of buoyancy

in right whales

Douglas P. Nowacek ", Mark P. Juhnson', Peter L. Tyack', Kenneth A. Shorter”,
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A varieey of marine mammal species have been shown to eonserve energy by using negative buoyancy 1o
power prolonged descent glides during dives, A new non-invasive tag actached w Norlth Adanbe night
whales recorded swim stroke from changes in pitch angle derived from a threesaxis accelerometer. These
results show that right whales are positively buoyant near che surface, a finding that has significant impli-
cations for both energetics and management. Some of the mnst powerful Auke strokes observed in tagged
right whales oeeur as they counteract this buoyancy as they start a dive. By contrast, right whale use
pasitive buaancy to power glides during ascent, Right whales appear o use their positive buoyancy for
more cfficient swimming and diviog However, this buoyancy may pose added risks ol vessel collision.
Such collisions are the primary source of anthropogenic mectalicy for Boreh Atlantic nght whales, whose
population is erivcally endangered ancd declining. Busyancy may 1impede diving responses o ancaming
vegeels and right whales may have a reduced ability w manoeuvre during free ascents. These risk factors

can nform efforts o avord collisios,
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1. INTRODUCTION

When a marnne mammal dives it iz under
constraints to conserve ensrgy since serobic metabaliam i
contingent upon stored oxygen. Most marine mamanals
stroke continuously as they descend Irom the surface, b

SCTOM &

as their lungs collapse, causang a volume clecrease, many
species use their inereasingly negative husyancy 1o
produce passive glides in the later slages ol descent
{ Williams «f of. 20007 Experimental manipularian of the
Euneyancy of elephant seals causes them te modify cheir
dive behavicur [Webh o ol 19981 Wi decided o smdy
dive hehavicur in a balaenid whale that is known histor-
cally o be positively bisoryamt at the surface, to test the
hypoathesis that gliding during descent s emiploved by
{}ll]ﬂr LElacear - ||':I. EII.I IIIJII.":':'.-J faxa.

This study Locused on the Morth Atlancic right whale,
Eubzloena géacialic, Whalers ermed this species the “right’
whale o kill becanse their carcasses were more likelw
than these of other whales (o [loa {Scamman [HF; Star-
buck 18700 The historic overexploration of these whales
cAevastared  heir l_:-l:-|||,||,:_1'.i|:-r|=.-i hitchekl 1997, Reeves &
Bitehell 19860 & Waring of af. 1990, While some popula-
tiens ol balasods (oght and bovwhead whales ) appear o
L recovering from whaling ¢ Hill & Deblasier 1998; Hest
ef ol "_3'1'!1“.-I_j-, Ule Muoscth Adlaotac |5I|.t whale numbers fewer
than 300 mdividusl: and
[ Chaswcll o al 1Y
endangered of all the Jarre whales and s under signilicant
thireal al extincrion of current conditions persis ( Caswel |

ef ol 1000, Clapham of ol 1999 Alhough northern righ

appears 1o be in decline
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whales have nol been humted] siee 1313 [except  tor
isolated exeeptions), other human activities have greatly
increased their muotslicy rate. Collisions wich vessels are
a serious cause of human-induced injury and moraliy.
Between 1970 and 1999, ship sirikes were responsible tar
16 cue of 18 deaths atceibuted to human activicy These
sirikes accounted Tor more than one-third of the 45
known right whale fatalities | Laisc & of, 2000 given (hai
many carcasses were ool examined, the true botal s
almost  certainly  higher,
o Lalily s essential if this population is to remain viable
[ Caswell 2 2f 1999) A zignificant chstacle 1o developang
Largeled measuies tor mitiganing ship strikes 15 cur ignor-

Reducing  anthrop ege s

ance of che precise behavicural and acoustic conditions
that lead to a collsion.

?. METHODS

W artached 4 mew d|§'ln| s onsdic rl.'\':.'l.lll:]]r!:_ Lig i l.'l'l-..f';'l'_:__' L
North Arlantie nght whales o study their diving behaviour,
Data oa the motor and acoustis beebavioer of subanerged marize
mammals have craditionally been diffical to obain, When an
animal ig subrmerged. these data are svailable only o observers
working n cleareweabir localons o with dpecialized techaiques
( Gonrear ef gl 1992; Thaves o ad, 1999 Nowacek or af, 2001), Even
arpcder  these cireamscances observasions are Dmmoled by lhighe
peneiration e and thraigh the water Elecirone lags have
b o Haci i-,-.-l-!l- e Lo peeored die pirsse, -::||'|'|| ||:i_. Lo aabbiomes, wraed
s swisnning, movemenis of wild marine mammals | Davs
=f gad R ]"I:_",-;_;e-'- e ol 1900 Bead & "r‘r'I::".__-:lll‘ |':J'-'i.-'; 1r"|lli‘-.1|"__":lll'
el ol 19950 Lhe small size aned capalulinses of the INFAG,
however, provide roel data s a robust packase: 2ensors inclide

ik Ldggct-AAaA |.||-|<|'-..-I||- FEir, q..||.'|||.;-i|.,"'i;"F.. WAl T |l\.'[l|i.u.|.|.|..|ll' .l||:|
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Figure |- The DTAG encased in 2 moulded polyechylens famng avached to a Norch Adlantic right whale in the Bay of Fundy.

August 2000 . Thae inget shows a detailed view of the tag package.

preseure sensors, and a hydrophone, The DTAG continuousty
records the encnlalion, heading and depeh of the tagged animal
im r..'-rn]ﬂ'r.lv syrezhrony wach sowinds sensad by the bpdeoopioone
The acnsor sampling rate (93 Hz! and accuracy are sufficient 1o
track both subtle and fsc movermnents, whale the awdso bands
width (8 kHz] covera the vocalization frequency range of right
schialens -;:f.:h:h :.'}32} By
synehrononsly, the DTAG can unambiguously caprore behavicur

recording  beleavieer  and  seund
that 15 nost ohservabl e from rhe sorface,

The tags, housed in a polyethyleme fairing, were aczched wo
lrecsswirmming right whales in the Bay of Fundy, Canada, with
ihree suelon Clapa, Lwes o weiirdd 20 ane bt I:"'g'lr-' |_:- 1 ke
hydrophone was either portesd in the all sustion cup (1999 o
enclosed in the Eiring (20000 Aldso cocloged in the taring were
beatterica, 3:.-‘;’\-_[:&:’_1'_-\:- toam fomiabion, and o racdie ransooiies [os
wracking  and  pachage recovery. An aneedic corrosvee wire
embedded within the atachment hardware was dessgoed w
peleass the package from the whale. One package released via
this mechaniam, the others cue o skin shorghing, contast wich
:-L.':-E:-'.!’Itl' wl.'.'. |l.'. Lk - TN A l.ll.||l:| tongi = thar cansed the siachon b
release. Tegs remained atached o whales fer up to 31 hours,

ahbougl attzchments of ro. 5 hours were oore typcal. Bensos

and acoustic data were stored simullamemely, which provided
At -:1.-'r|r.|'|.'u'|.'|i.r.-|| wom chae s I:,-'_pil.':-.”'-.- difficult w aclueve sl
ruliz-package intcgration [Skrovan  al 199% Williams e a2
000y From che aeceleromeserns we caloulased vhe whales! [EL by
and coll angles, while the magnemmeters gave heading. The g
wis attached domsally ard apprasimarely emidway Depween the
BluwEwles amd the caudal peduncle. [n this position, rhe pick
signi ficanl
el bt s ol Ll Besale s b seebininn, ansd soe cam praosde o

angle of rthe animal comainzg o sirmal e Lis

tridie ation of wien che anireal s stroking as well a5 che storoke

Pree & Gewe. Lowd, 15 1300]

rale [Skrowan of of. 1999 The Ligh=-speed sampling capahiliries
af the DTAG permit fine resolution of sampled daa. A single
Huke stroke, for example, that socnrs ar ra 002 Hx can be
analysed with over 1M daia points in exact svnchrony with all

ollacr recorded daca.

4. RESULTS
(a) Ddverngy behaiiour

Swinnming and dive dara recorded hy the TVTACG: from
eight right whales during 93 dives in 1999 amd 20403 jdi-
care (hat the taaeed whales were pagitively buoyant al
depths greater than Williane & af, (20000 jepore for seals,
dolphins and blue whales. Williams et 2l (20007 sugpest
that all marine mammalz glide an descent o conserve
CTITITY, TSRS I‘a-l.'ﬂ:lri'-.'-."' !’H]ﬂ-_'.-'.'.l.rh.‘.'f.‘ ol I'i.S']‘J.l whinles allows
e 1o conserve energy while ghding on ascent. All
dives from these tagged whales were interpreted o be
foraging  dives based oo their Hat-bottomed  shagee
igure 2 Le Boeuf 2 o7, [988) The axtent of active LWIm-
|.4|L'-|_~_-, dureng descene versus ascent and ther wverall pirch
angle demenstrate the positive buoyancy of these right
whales {figure 3. While descembing. the whales had o
propel themselves st stecp angles te the battom ol e
dives ftable I; figure 36,00 During ascent, however, they
glided al relatively shallow angles for L-6G0% of the otal
ascent rme {table l; figure 3d,e) Despare chese differences
It 5'.-.-'i_rr|u|j||!__5 Lrehaviour betwern ascent and  desecnr,
their rale of ascent was peuial o or greater than their
descent race Ccable I

I'he r_‘I-:_"I:-l,I"| sl whach a whale: berins ro glide iz alse an

indication of its buovancy, since buoyancy decreases o
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Figare 2. Dive profile, i.e. depth of dive, for the entire ag
recard for whale | 30%, The ‘Ul-shape’ of the dives is
interpreted as indicating that these are foraging dives based
on previows work with pinnipeds { Le Doeul «f gf, 10985).
Current research focuded on the prey felds present in the area
ol daving right whales i3 praviding more decail ahaout foraging
nehavionr. Althnugh the dwe poererns show sianificant regu-
lanvy, gradueal changes ancd promounced cxcorsions may
andicare, respecovely, & whale following or searching for =

prey pateh.

collapse of the lungs with depch {Ridgway o of. 1069;
Skeowvam of al. 19991 Ar a depth of approvimately 10m, tor
example, the ambient pressusre 18 twice s greal as i 1 al
the surface, and ¥ doubles with every doubling of depeh
thereafter. The wolume ol air-lilled comparteoends s
carrespromdingly rediscod by hall with cach donbling of
pressure, and the ar-lilled ceaties of diving meace
matnmals are subject o these loeces. This decrease
volume withoul o change o nass results o decreased
I'_'II_]I'_'!-'_-'EIrII_"!r'. ALI. ]'lglll_ 'I.'i'l].i_l]t_"E I_:II'_'.!.__":III el Il._{“r‘l-t':i H 1 r‘|-e‘|||||.-:
signmilicantly deeper than the B m at which a blue whale
became negari vely bunyant ( table 1 Williams et 2l 209010).

[h] At-depth sremrmg behariour

Beyond the energenic savings of prolonged  ascent
glides, all tagged whales swimming at depth displayed
two additional energy-corserving sirategies that are not
unique to positively baoyant whales: consistent fuke
stroke race and burst-and-ghde swimming. Onece they
arrived ar their tatged deprh oy whiales swiam hargone.
tally, presumably feeding, 1o exploil maximally a prey
patch thal oceurs al r_:lc']rl'll a rieht whale most efficiently
maincan {orward velociey to filier-fred, which probakly
canses a significant increase in g "Renney of al. 1986
During the flat-botcm pertion ol these Teedimg dives, e
tageed animals displayed a burst-and-glide swimming
pratter iy wikh s constene Hoke rate an cach shore barse ot
Auking (figure Se Locomotor connective (ssues of some
[l = L ] '.-||:-i|||:~:5||||:-|h' W reEsianzanl .xJ:-ril.-!g_ .q::.'r-:[l:lll I:J":d.h-:%-l
989G, Pabsy e of, [9889), and mechanical moclels sugrest
that cetaceans swim at their resonant frequency [ Pabse
1990, Burst-and-glide swimrning 35 used by ather species
15 an effective cnergy conservation mechanism [ Blake
1923 Weibie 1%, and while the rashit whales’ plide

:Ilill'il:-ll"i were short fra 8B '::I_ wheales eilien _|_=.Ei|||'r| Fror ss fisda |

Fhac, & S faond B (5] )

of more than a minere while swimming al depth. T hese
shorl ghdes save energy and oxyoen not only through
reduced muscular acrivity bt prohably alse by reducing
pres=ure drag aml howndary layer Eti_l;;l[;ﬂl;il:ln :};Fc[icn;td
by swimming animals {Webbs 1975 Daniel 1984; Fish o 2l
|84,

4. DISCUSSION

The buoyancy of righe whales = nor anly affected by
the volume of gas-hlled cavities, but also by the proguor-
tiot of positively buoyant tissues such as blubber ane
megaiively buoyant tissues such as bene. Gas-hAllad cavitics
change in volume with waler pressure, creating a
dynamic companent of buoyancy that varies with depth.
{Mher tissues are less compressible, creating a scatic
component of buoyancy thar is largely depth invariant,
Variability in the buovancy of lagged right whales is
suggested by the different deprhs ar which they began w
glide (table 1) 1This is similar (o [emale elephant seals, in
which changes in body fat percentage over the course of a
foraging season coscly tracked changes in cheir buoyvancy
fnr'u:'u‘:kl':' ot al, |!:|'r-:|.'-'f|. Treanie b (ERL"EY (LA g I Lherelore be an
wngrarlant yel varable [acior in the overall busyancy of
right whales. By analysing the wertical acceleration as a
function of depth doring glides, the DTAG daca may
provide a methad for asseasing the relative cantributian of
these  dynamic  wversus  satic bioyant  forees when
combined with an analysiz of other forces actung on a

whale {ea. drag). I sit measirements of bBlubher layer

.
thickness in individual right whalss are bene made o
azw3s the body condicion of these animals (¥lonre of al,
2000, which 12 upportany with respect e reproductive
capacity | Frisch 19847 and may have implications for
I.hl:ir H.l.":]lrrlll-llls 2l |:_J;'-.'i||_1_lh brchizavmsiin s wa: Feave:
wliser ved.

While same marine animals can regulate their buoy-
110,
mammals musl surdace [requently and ipevalalilly  woll
swim against bmwvane farces at some part of the dive
eycle. Marme mammals explon these buoyant Torces lor
efficient locomotion during diving Hight whales empha-
size ghdes on ascent, while other species that become
nemtively buowant when their lungs collapse during
dive conserve energy by gliding during descent [ Skrowvan
et ol 1999 Williams e of, 2000} OQOur tag dala show that
right whales are posicively busyanc even under hydro
stalic pressures that most cerlanly have collapsecd (hear
air-filled cavities to a fraction of their normal volume.

ancy  to maintain depth JAlexander marine

T his anezsans fhast |"i5._ll:‘|t whales st coursfersct thas bauoow-
ancy as they dive bur can ase i to assist ascent.

The uoyaney in North. Atlantie vighr whales repor fed
hewe el Braves inoplicziniens in the risk ol a0 ship strike. 11
a right whale at the sudace dives to avoid an oncoming
vessel, s buoyancy may slow this veraical avewdance
resporse, Buuvance nay alse pose risks docing ascent
P a deve. Adeer whales begin the passive component of
thieir ascene, theic abalioy o mmoocuvee = libely e Lo
rf:l'jl,ll:-‘.:'l'_:_ Tr_‘l.gll'i'n.'{_' s '|-'|-'.E|| Il |_I|l_"!.' Are IE:'ll'Il'r ]II:Il.‘rl'r 1FJH'I|'\' |-'\-C|'h:l'r'r'
relatively little abour the use of concrol surfaces in ceta
ceans, bur active propulsion amnd manceuvrability are
redated. Bvaticeve wlhales: can wurn miore efleciively wlile

vneler [rowe T aned biaee red neexd ||||||:-||;:._lI ]:|':||:||||;||=|-.'-.' cliae
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Figure 3. Continuous swimming and diving data recorded by the DTAG From whale 1300, {a) The depth of dive pmﬁl-:.
cdlvwlated from water presure, for @ represencalive dive recorded by the vag. (8 The whale's prich during the daeent of the dive
% b 1 :.gr_l - Fluke mirn kes can be seen as relas ||1.ﬂ|‘|'lu I".:|5l=1'I smiall amplisnde ssciliations of the overall '|'|_|‘h'|1| recard, Le, oo nnpaTe the
|1.1Ir.|1 ﬂnf;h: record 22 manote 5% wath minnee 140 when the whale s .?-rrll..'r.!}' = WITm in__g at |'|FF-|‘|‘|. The fluke arrokes recamed h-':.-'
the acceleromeren | pite b} correspand directly with increased fow noise recorded on the hydmophone as the whale accelerares
dunng a fluke stroke. The correspondence of chese twe quanticies prowides an onequivoaz] ground cruch Tor the Huke suroke
measuremens. The “usehine’ negaove piich angle resels From the angle of attachment of the tag (fgure 1), which s done
purposely in an effors to use che water Sow o foree the g down onie the animal, We have correctad for this inherent negative
pitch angle o all dava reported o table 1 To {5 the angolar Aoke rate in degrees per second i shown. This method of analves
whowes the ru e -::-r-l.'l‘l:l:h;l_!'l.- in the Moxescroke, 120 du ring pessive glirl'inq th= angular Awks rate is zera, The conlinuous flul—;:iul_-'_
during the descent is shown in this plot. (4] The piich record for the ascent pertion of the dive shown in {a); nore the ditfference
in scale of the ordinate axis as compared with ()- During che latcer pare of the ascent the fuke stroke oscillacions disappear [roen
thie patch recard, indicating thar the whale & gliding, The glide 2 confizimed by e angular Huke race (&), 'L he angualar rate spike
just after minote | 50 corresponds to the whale breaking the surface at an angle and talling back vo che horizontel. Tracking the
angular rate of change alse clearly shows the burst-and-glide *packers” a3 the whale swam | £).

'J..'H!Jle: ].. Dt:l.i,:i_]e-;_l |::|i".-'E' |!'|-|e'|'|:'| ‘.-'iu:'t-ll.]r af ta I_Jh.lzlﬂc'l |';F‘f1r -.-.-'||:|||-_"-_;.

-

I:T!'lr‘.- fourr whales 1:155?1:] i 19095 wre lisied “I'ili & i:|i.".|:1|.i|-|i:::'|Ii:|1'|:-I géxss and Agres are [rom the centeal :'jl._;hl! whiale l.".'-.t.'-.|l'.l§.: i
THamilton & Maran 19990 One whale tagzed in 2000 has oot yvel been photocdendbed, and 3 distinguished by an abbreviation
fear the species | Fubaloser placiafi) and the Julian day on which the individual was tagged, Standard errors for depths are shown
4] |.:-arn:u-tlm's-?a.]

rALI> -I.-II-J.EQ'{'_-_l :'.El[jl'_‘:- I:I[]'I:l_.:l:flr ITiLm l:!!!l:ll I = s
Tale i pritch angleduring ol ascent

wrhale: cives riecere el clescenl Tate A% nE o ceRedriL glide (m)
1805 (10 yrs, U} 1.19 0.77 F ALY
220% (7 yrs, &) B LIz .44 ALY
1007 181 yes, 3 15 L.1% [0 37.811.8)
1307 {16 yre, 3 20 £.20 3,323 444 4

130% (adult 4) |4 I i1, #11.3]

2760 {11 yra) 5 2,005 0.65 6.7 (7.4
Fp2000 227k 3 0. /% |06 17.1(3.9)
1258 (> 19yr, ) 7 (R 0 TR

Fps, B, Sec. Lomd. 15 700000,
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to their large size and proportionafely small conlral
sufaces { Fish 1097, 19993 Thus, cven if a whale correctly
perceives a ship as a threat, a passive azscent may inerese
the risk of collision by compromising the ammal® afaliy
to execule an elfective evasive manasenvre. The hdra-
dynamic forces induced by large ships that  draw
sulinerged olgects inte the hull (Koowlton e al 19335,
1198 compound the risk of callision hathy an ascent and
descent. Together these phenomena may parily explun
why this specics i so vulonerable to ship strikes. Gonri:
nuing experiments with this new wool, tracking whales’
acouslic and mator behaviour in the presence of ships
fie the dreumstances survonsding collizions), wall hope-
[ully provide useful information for the design of efleclive
ship strike mirigation measures.
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research was conducted mxdler US permit NMFS no, 1014 and

Canadia n permi DECY mo. 2OHI-482. This work was supporied
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the MNattooal Magine Fisheries Secwice o oAt Tnssitnte fiar
Clinsate and Ovean Besearch (CICOR gramt no, MASFE]3245)
rhe Bazxachusers Environmental Trusz, the International Fono
For Animal Welfare, and 2 Cecl and Ida Green Technology
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Background/Tremises

To reduce the risk of vessel collisions with ripht whales, three basic manageiment
measures, denvatives and combinations thereof are praposed 1o address comnmercial
ships:

*  Routing vesscls around high-risk arcas.

* Routing ships through a high-risk arca to minimize travel distances of vessels and
risks of whale-vessel interactions.

* Restricting vessel speed through high-risk areas

For the purposes of this report, a high-risk arca is defined as the comvergence of cither
areas of high volume of shipping and right whales, or high numbers of whales and
shipping. -Areas of high volumes of shipping include designated shipping lanes, historic
shipping routes and (et approaches. Areas of high numbers of right whales imclude areas
where right whales are aggregating, right whales are known to retun in numbers on 3
regular basis, or critical population areas or habitats (e g, the calving grounds ofl the
Southeast UI S coast).

Imposition of these measures could he seasonal, or year-raund and Limited to 2 specific
high-1isk area based on historical occurrence and other relevant factors [mpaosilion of
measures could also be wmitiated upon the detection and / or predicion of right whales in a
high-risk area, and might remain i force until nght whales are no longer detected or have
a low probabelity of remaining in the area. One or more measures could be imposed man
overall management scheme for a given area.

The success of the recommended right whale protection strategy 15 predicated on fhe
mariner being, educated on the seasonal distribution and occasional oecurrence of right
whales through ciucation programs; licensing and personnel qualifications (&g trained
buet ot necessarily addional lookows), inclusion of right while information in key
required naulical publications, voyage planning cequirements: and prannmg fon
emergency maneuvenny by testing steering gear, and ensuring that enpines are ready for
maneuvering prior to cnlering right whale habitat. Several of our recommendations
address these mallers,

Early on in our work, the ship strike committee considered viluntary versus mandatory
measures. A dralt program calling for cooperative agreements of v duniary megsures
between NMES and individual shipping companies was developed and prescrted 1o
NMES and the shapping advisors of the Nartheasi lmplementation Team This voluntary
program was rejected as unworkable. Later, both Implementation Teams noted the law
compliance rate for the Mandatory Ship Reportng system: The Coast Guard has
renewed education clfons and directed field umes 10 cite vessels for non-compliance
though their panl siate control program. The low compliance rate (withowt an aAppressive
education and codoreement program) suppons the view that a voluntary program would
be unworkable. The low compliance rate also under scores the need fin ABOTCSIIVe

education anl enforcenment in fulure programs



Recommended long-term routing measures conform to the International hantime
Organization's General Provisions for Ship Rowting. The measures must nat
inadvertently lead 1o any situation that endangers a vessel or other vessels or Ui magine
enviromment. For example, if a veseel js opetating n a designated shipping lane
recomnended measures would not divert a vessel oul of the lane. | do however,
recomimend that NMFES establish a speed restriction of 10 knots in cerain situalions o in
arcas at certain times of year. This speed limit would be inposed with the explicit
understanding so as not to endanger the vessel o1 create a navigation safely or marine
pollution hasard,

slowing vessels down 1s a measure that was nittally considered a8 a measure of fast
resoct because of the inhesent uncertainty in the eflectiveness and the potental for
unwarrantee economic impacts A primary focus was on routing measures and detection
of whales so that a mariner could steer clear with advance notice.  Aerial surveys provide
a partial solution. The technology to provide adequate advance warning is under study
Right whales will oceur in a specific area unpredictably, in other areas within particular
time window, They occw along shipping routes or lancs and cross port appreaches
during migrations. In any cases, routing vessels aronnd knawn or predicied right whale
locations is impossible, for example at port entrances, The only wiable option, then, is fior
avessel te slow The question then hecomes how slaw and what discretion should be left
to the mariner. The conventional way manners are advised (o proceed slowly is found in
Rule & of' the international collision avoidance regulations (COLREGSY  Mariners are
required Lo procecd at "safe speed” in uncertain condinons; the discretion lefl to the
mariner to decide what is safe. The measure of "safe” is whether a collision is avoided

The maniner does not know what safe speed 15 to avoid a whale, More impe wiantly, the
mariner does not know a safe speed that may allow a whale to avoid the vessel or o
mimmize the impact of a collision. It i« up to the resource agency, NMFES, to make this
call based on available information. This does not however imply that the mariner gives
up the discretion to drive the vessel sq fiely.

There are three studies an right whales and vessel speed, none of which is definitive; all
are lacking, in many respects Nonetheless, these studies do point 1o slower vessel specds
being a lactor in reducing wha le-ship interactions. Speed restrictions should be based on
the slowest safe maneuvering speed for a vessel and the slowest whale safe specd. |
beheve these two speed parameters comverge between 8 and 13 knos As lead author of
this seport, T find that [ must choose among options: 8 knots, 10 knots, 13 knots, or leave
specd to the mariners' discretion 1 do not believe the latter option is prudent 1 would
defer if | thoupht additional studics on vessel speed and whales would shed more lighi,
but Ido not. There are too few records of stup strikes to study - The uneertainty and
unknowns of how an individyal right whale will react to or be diawn into » ship sugirests
that an answer to what precisely 1s a safe speed for each vessel type is wvery, very far olf

Alter histening to all the argument s, there 15 no consensies on the malter of speed T am
recormiteniding that NMEN determine that sife specd 15 {0 knots. Ten knots is af the
tower end of what is safe for some erpe vessels many conditions . A speed restneleon



could be imposed as tollows: mariners limit vessel speed over pround 1o 10 knots or less,
50 as not Lo endanger the vessel or create a navigation safety or marine pollution hazard.
Thus, a vessel that cannot operate at 10 knots in certain conditions would operate at a
slow safe speed (defined in accordance with Rule 6 of the Collision Avaidance
Regulations (COLREGS)) at the discretion of the Master. Other qualif ying tactors
should also be established  a mariner could exceed the slow specd, 10 knots, for suitable
reasons such as search and rescue, medical emergencies, storm avoidance, and adverse
weather/sea conditions.

Finally, 1 considered the impact of such a speed restriction on vessels erlering East Coast
ports. After a fairly detailed analysis, documented in previous discussion drafts, 1 find
that the typical worst case scenano would mean a planned delay of one hows for an
inbound vessel; most vessel operators would have ta plan for less

Several "short- hund” phrases used in the recommendations follow:

Vessel: all vessels engaged in commerce, with length gsreater than oo equal to 65
feet or 20 meters, all commercial tugs and tows regardless of length, and all
recreational vessels, wath length greater than or equal 1o 65 feet or 20 meters
Some tugs are less than 65 feet, and tow larger barges or vessels and therefore are
included in this defintion. The one ship strike resulting in a fatal blow to a right
whale, a call, where the vessel 15 identilied was B2 feet. In this case, the fatal blow
was not from the holl rather il was [om the propefler. There is evidence of vessel
strikes by smaller vessels (scarring on whales back) that could have been fatal if
thas happened to a calf. There is an argument that larze planing vesscls be exempt
because of their operating at a shallower dralt, but this does not address the
problem of larpe propellers.

Creagrapiicaily-targeied re-routipnr
Routing, measurcs implemented ard adjusted on a short-term basis in response o
contimually updated data and analyses of right whale occurrences or ageregations.

Regional seasonal re-routireg
Routimg measures implemented based on several years analyses of right whale
distribution

Sprecdd restrictions:

Requirement that mariners limit their vessel spred over ground 1o 10 knots or less,
50 as not 1o endanger the vessel or create a navigalion satety or marine pollution
hazard. (Mher factors should be established so that a mariner could exceed the
slow speed, 10 knots, For suttable 1easons such as search and rescue, medical

crnerrencies, stonm avordance, and wealherfsea conditions
Creenpreipafiicadly targreted vessef specd restoiction

Restrictions implemented and adjusted on a short-term basis in response 1o

contia by updated data and analyses ol tish whale accurrences or agpreealions

i



Hegional'seasonal speed restrictions:

Restnctions implemented on a longer-term basis (in some areas, several wecks;
th other areas, 3-4 months) based on analyses of several year of right whale
survey / detection data.

FPorl enivance and approaches:

An area measured from the mouth of the entrance to a harbor along a line
generally following: the coast, and then approximately 20 nautical miles seaward,
In ports where there are multiple approaches, the area would be defined by an arc
drawn from the mid-point of a line acrass the harbar mouth. The Block Island
Sound entrance and approaches is defined as an area approxaimately 20 nautical
miles seaward of a line between Montauk Point, NU and Nomans Land, MA

The 115 has the atality to institute vessel-operating measures within the exelusive
economic zone. As a priority, NMFES should look 1o instituting most of the recammended
vessel operating restrictions as a matter of pord entry. There is precedent. Transiting
foreign MNagred vessels would not be subject to these rules. This approach may requu e
specific authotiang legislation  Several of the recommendations, in particular

mandatory routing and areas (o be avoided in international waters, may require spproval
by the International Mantime Oweanization {IMO}. The question is nol whether the U.S
has the ability to protect right whales fiom ship strikes: NMFES, working with the U5,
Coast Guarc has demonstrated or indicated that they have or will scek authonty both
internationally and through Congress to protect right whales with due consideration of the
ilerests of the shipping industry, freedom ol navigation and international law.  An
interpretation of the Endangered Species Act provides authority for Imposing operating
restrictions on all US. and foreign flagped vessels, We strongly encosurage responsibfe

dyencdes o start working on matfers of domestic and fnterational authorify s NOHNT i1
prossible.

some of the measures recommended require additional studies  These are so noted and
claborated further in other sections of this report For example, several recommendations
propose Lhe establishment of designated mandatory o recommended shipping lane(s) or
routes through critical habitat. These recommendations are predicated on the conduct of
a detwled nsk assessment to ensure actual risk reduction and to examine aligrnments that .
would minimize nisk 4o night whales In tim, proposals that affeet ship routing requires
that the Coast Guard conduct a Port Access Route Study (PARS) in accordance with 33
USC 1223, nmavipation safety is the primary concern in hese studics.

There are several recommended measures that could be enhanced by new technolopy or
improved methodologies. For example, real-time passive acoustic detection May Serve as
a viible resource in alertmg vessels o thie oceurrence of meht whales along a vessel's
Tout e,

There are recommendations 1o exanine unproven technology that may or may not hold
promise anid that may pose environmental safery problems, for example active acoustic



(sonar) detection and acoustics deterrence.,

Recreational vessels, yachts and senall passenger vessels for hire whose propellers turn at
high rpm can seriously injure or kill a young nght whale I recommend that the
Implementation Teams, NMFS, working with the boating, recreational lishing and
conservation community, develop collaborative education and outreach programs, and
regulations for targeted speed resirictions,

Finally, several recommendations address 11 §_ Naval aperations in the Northeast U S
(Hampton Roads aiea and north) and other maritime operating agencies, specifically (he
U.S. Maritime Administration of the Department of Transportation and the 1 §, Military
Sealill Command. Naval operations represent 3% ol the total tratfic moving in and out of
the Chesapeake Bay. The U.S. Maritime Administration (MARALD) bases part of its Mewt
m the mid-Atlantic area. 'The U.S. Military Sealift Command operates 28 vessels in the
Allantic area. This represents a significant volume of traffic



sSummary of recommendations®

*See Appendices for rationale and amplifying information, and detajled discussions,

Vessel operating restriciions

Lhvnamic Marmagement Areas: Establish a regulatory mechanism applicable to vessels
operating along the U.S. East coast north of Port Canaveral, Flonda which would engble
the agencics to impose measares, including geographically-targeted re-routing and £ or
geographically-targeted vessel speed restrictions. Fnhanced aerial survelllange
techniques, expanded surveys, and other means of detection, for example real-time
passive acoustics, will increase the effectiveness of this measure. Legislative authori ty
may be required. See Appendix I for rationale and amphfying information and the
recommendations on Rescarch, Studies and Projects.

Designate the Cape Cod Day critical habitat as a seasonal area o e avarded (ATHA).
Ellective dates could be determined based on histosical -data and other faciors.
Exceptions could mclude vessels provichng fuel o1l and ferry service to Provincetown
MA, subject 1o operating restrictions for example daytime fransil, posting of lookouts. or
speed 1estrictions; also, vessel aperators must have access (o real tiime whale sightings
and be familiar with the high use area and seasonal presence of whales Designation may
require a PARS.

Designiate the Boston Approach shupping leane as a mandaiory rede, and designate the
Cireat South Channed right whale critical habitat east af the shippine lare as an area to
tre avivided (ATRA). Vessels allowed 1o operate in the ATBA could mchide fishing
vessels subject 1o operating restrictions for example posting of loekouts ar speed
restrictions,  Also, vessel operators must have access to real time whale sightings and be
tamaliar with the high use area and scasonal presence of whales. Both designations will
be subject to a risk assessment, possibly a PARS, and may require approval by the
International Maritime Organization, Legislative authority may be required  The nsk
assessment 15 already funded,

Fostarblish a seasormal m PUIGEmEr et 12 eneemppass party of the Boséon A fproach Sea
Lame fo the west, east and south of Race Poini, (¢ e Cod, MA. This is a lagh-risk area
during the departure of right whales fiom Cape Cod Bay after their winter-feeding in (he
Bay and the subsequent dispersal of right whales 1o the Gl Fof Maine, inclucding the
Great South Channel Vessels would be required to averd this arca or transit this area at
no more than 10 knots. Etlective dates could be determined based on histonical data amd
other factors. Lemslative author Ly mnay be required. Designation may require a PARS.
boplementation and enfoicement would be a condition of port entry, Sce Appendix H for
rationale and amphbymg anformateon

Lostaeddish seasoricd management areays at pagor port enteances ard aprwroaches fromy
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arcas during; the northern and southern migrations of right whales fiomito the Southeast
critical habitat when right whales crosg port entrances. Vessels would be required 1o
approach pants from approximately 20 nautical miles to the has bor entrance at no more
than 10 knots Lepislative authority may be required. Designation may require a PARS,
Implementation and enforcement would be 1 condition o port entry. Sce Appendix 11 for
rationale and amplifying information, and the recommendations on Research, Studies and
frojecis.

Establish maneartory or desizmated recommended routes Jor the ports of Brunswick (GA
Jacksemville, FL and Fernanding Beach, IFI, Deep draft north-south traMie would be
required to stay cast of the critical habitat and areas of lzh right whale occurrences with
the exception of coast-wise tug and barge traflic, large recreational vessels and small
frassenger vessels. These shallow draft vessels would be subject to operating restrictions
for example speed restnictions, also, vessel operators must have access o real iime whale
sightings ane be familiar with the hagh use arca and seasonal presence of whales. These
designations and 1estrictions in conjunction with the speed restriction below, preclude the
need to manage this area wsing the dynamic management area moechanisin. Each route
would be conditional on a tisk assessment ta determine impact and recommended
alignment and a PARS Lepislative anthorily may be required This recommendation
may requie approval by the International Maritime Chgamization. The sk assessment is
alieady handed, Lead awhors note: [ forward this recommendation with reservations.
See Appendix 1 for rationale and amplifying informataon.

festablish a seazonal 10 -knor speed restrictien for vessels callin i at the ports af
frunswick, (A, Jacksonville, FIL ard Fervcnding Peach, 11 This restriction in
conjunction with the desipgnations and restrictions ahove precludes the need 1o manage
this area using the dynamic mana gemend area mechanism. Implementation and
entorcement would be a condition ol port entry. Legislative authority may be required
See Appendix 11 tor rationale and amplilying information.

Kequire for cach reconimended measure above that cach vessel, prior to emlering critical
halitat or dviamic or seasonal management ared, check steering, ensure engines are
ready for anaeevering, and post rained Iookosty (ol necessarily additional lookouts).
Legislative authority may he required. Implementanon and eaforcement would be g
conditon of pert entry,

Showrld acousticisunar-deieetion technol Wy prrove effective and envirommontall v sarfe arnd
become available, NAIES shieneld affer wse of this equipmers sulipect to certain conditions
ax ctd opdicn, instead of rowting aropnd or Sowinr Anunproven technology that is
currently under researeh and development is a vessel-mounted fon ward-looking active-
sonac device. Port authorities and the shippangn industy have embraced the concept as a
technologic salution astead of or in addition 1a other management oplions  Government
Acousiu: expets have examined the use of active somar andd have dismissed the approach
a5 unworkable Towever, before additional unds are expended on this R&D . an
evaluation of concepl review should be conducted  See rescarcly recommendations amd
Appendax BV



Poyage planning, personnel gualifications, merchant nuriner education

Developr vanvege planning _g:;:i-cff.n'r.l'rt‘.sﬁ‘}r domestic ard foreigen Slagged vessels calling c
LS. east coast ports for ieclusion in required voyage planning documentation, and
mevuning standards and quali ications as appropriate. The International Chamber of
Shipping publishes a biidge manual, which may be a pood vehicle, in addition to other
mens.

Work with the U S Coast Guard and IMO on merchant personnel qualifications to
address protection of the eavironment and endangered / protected species, inclucling: the
North Atlemric right whale,

Lnsnre that relevant informaiion and requirements are inclucled i equivalent roquired
chrarty anc netivad publicarions, imcluding Rritish Admiralty publications.

Develop a merchant mariner education program as part of the ship strike program
Merchant manner cducation must be an integral pait of the implememtation strategry and
program managemen plan

Kecreational vessels, yachis and smafl prassenger vessels for hive (Vessel propellers
turning, at lngh rpan can canse serws inpary to or death of a young right whale, )

Lrevelop an education and outreach program iargeted ai large recreational vessels,
Yerchity ancd somadl passenger vessels for ive. 1t is essential that owners and operators be
made aware of the occasional aggregations and seasonal vcourrence of rights whales in
coastal areas, in particular those operating from the smaller coastal inlets. Vessel
propellers turnng at high rpm can tear apart a young nght whale. Develop of night whale
edducation programs in collaborataion with one or more regional or national conservation
groups, the Coast Guard Auxiliary, the US Power Squadron, and sport fishing
associations.

The Implementaiion Teams, NMES and the Coast Guard should work with siate boating
safety lenw adminisirators 1o develops and instineie programis) of geographically and

seasonally iargered speed restrictions.,
LS. Neavy operations

Tha LLS Navy sheeddd concluct a Section 7 consadtation ent naval operations (air and sea)
Jor areas wnder e juriselicfion of MMEN Noriheasi Regiorr. Daol's Atlantic fleet
mantime aperations pose potential adverse impact on rghl whales and hompback whales
oft the nud-Adlantic coast. Recent ship-staike data compiled from a variety of sources
ncluding the New England Aguarion, the manne mammal stranding networks, and the
Sinthsoman Institution's Manne Mammal Events Program (MMEP), identify as many as



wine fatal humpback whale ship strikes and five fatal righd whale ship-strikes in the
Virginia Capes area in recenl years. The case records substand tate the requirement s for
immediate {lect-wide remedial actions, and consultation with the National Marine
Fisherics Service, Recent studies have identified (e Virginia Capes area as a winter
feeding ground tor juvenile humpliack whales, an endangered species The
responsihilities of the Northeast Implementation Team include humpback whales.

Theie s a belief among a range of participants that the Navy's policy nof to conduct
generic consultations, rather to approach "these matters on 1 casc-by-case basis" does not
waork, noris it consistent with the intent of the ESA. Inspite of written assurances by
Daly leadership on belalf ot the Mavy that the Navy would assess Naval operations and
instilule "appropriate remedial act ions," there is no obvious record of an assessment of
impacts of Naval operations in the Norfolk / Hampton Roads arca and certainly no record
of resulting remedial actions.

The Navy should 15sue specific operating procedures for vessel operations i the Novfolk
# Lamiptem Roads area similar 1o fherse issued for areratrony aff the Sontfreast (15,
Naval operations represent 5% of the todal traific moveng in and out of the Chesapeake
Bay. The U.S. Miliary Scalift Command operates 28 vessels in the Atlantic area. This
Fepresents a sipniticant volume of traffic,

The Navy showld issue spectfic operating procedures for air Oprereiions for its Brurawick,
M Neval Air Station similar to those issued far operations off the Southeasr 1.5 This
recommendation shoald address practice bombing in the Gull of Maine, pre-bombing
suveys, education of regular and reserve personnel m nautical references. Wrilten
procedures and eduecation should include at a minimurm consulting the Coast Pilot and
Notice to Mariners on seasonal distibutions and real-time occurtences of right whales,
acial survey techniques at proper allitude amd speed ). Alternative bambing ranges
shinld be examined. :

ULS. Department of Transportiation, Muritinee Adwinistration (MARAD)

MARAD showld conduct a section 7 consultation for the operation of 15 inactive Natiomal
Defense Reserve Fleet located at 1. Lastis, Virginia feonducting periadic sea trialy aoff
the mowith of Chesapeake Bey), and its ey six donrestically—siationed ships aperating
aff the ULS. cast coast. This aeoney showld pavticipeate on the fmmplementatione Teans,

The UL Military Sealift Cormmsand {(AMNC)

MSC should cornbuct a seceion 7 conmidi tliomn for dhe opereuion of 28 vessels i€ opereies in
thee Atlaritic cresr, Thiis agency sédd participate o tre Implomomtation Teams

Hesearch, Studics and Projects (See Appendix IV Tor detailed diseassions)

fegionad risk axsessirens, Canduc) ik assessments ofF the Southeast US i the Great
South Channel and Gull of Maine 1o determime how iy vessel mitles can be removed



from the high density whale areas by safely routing ships into and om of whale areas
using the shortest route possible,

Economic impact analysis. Conduct more detailed treatments of port-specific cconomic
effects by enhancing and providing more accurate data into a model curiently under
development.

Assess temporal cmd spasial extent of the miid Atfandic migratory corvidor. Analyre
cxisting data and swivey data from tarpeted surveys and other surverllance techniques 1o
determine statistical prohabilities of occurrence (time and lncation} of night whales during
migrations off pert approaches from Block Island, I to Savannah, GA. Additional aegial
surveys may be necessanry,

f.ri'fegmﬁ:-m’f aveidable infarmation fnto a mandagement system. Continue and ex jrarud the
ongoing development of a comprehensive information management system using
Geographic Information bystems ((15) software. This system will be used to monitor the
health of the population and the efficacy of and effectiveness of management measurces
designed to reduce human impacts on whales

Merchant maviner ecducation. Continue, enhance and accelerate the devels prent of 2
program and outreach strategy to assist manners, worldwide, in vayage planning,
qualifications and licensing programs, and in shipboard safety manapgenent planning.

Kight whale deteciion researchimonitoring

o LExpand aerial surveys to cover port approaches from Rlock Island sound. B to
Savannah, GA

* Dvaluate and improve the effectiveness of acrial survey techniques

*  Continue passive acoustics detection research and mvestigate stomation of 4 real-
time system suilable for deployment o fghoe

e  Continue research o the ]‘.I'lﬂiﬂgia',ﬂ and nu.'{':.".nn.l{r::-pfl'z{'. :|]|'-:di¢:.]i_:ur:5' {u[ﬁrilﬂhl whale
distabution om surtable scales in support of an "expei! system” to predict nght whale
occurrences i ligh nsk areas.

* Evaluate the efTectiveness, methods and safety (fo the animal) of satellie tagging and
il appropriate develop and implement a program to address specthe information gaps
on the occurrence of right whales in high-risk areas

Right whale behavior i refation to ships Develop a research program to inprove 1he
understanding of how right whales react to approachimg vessels. Charactenstics of
changies in a vessel's sounds may enable a whale 10 hear an approachimg vessel 1o realize
that there ws a theeat ofa collision. From review g ancedotal evidence about rieht whale
reactions to approaching vessels, it seems that some right whales may be reacting (o
changies i the sound cmanating form the vessel. For cxample, small changes in propeller
specd or pitch (for variable pitch propelers) or small changes in the rudder angle

Active sonc elviections; evaluaiion af concept i oo Before funther discossion on the
|][H1'J'|[]il| LE S -_"-f-!hi,{- Ia‘m'illziriL:g'?‘, 1k |1r.“|-£'l'i|';|1 ;|E-.|1||L' :'|ri|_1r| Ul"_|.,'_1|-‘-.; ST |'|'='|l.".'|il."|| [|,|'||"_';]x;
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to be realistically presented, including, for example, realistic time frames for the requined
technological development and careful consideration of possible environmental impact s,
Several researchers have advertised an unproven technology that cowld detect right
whales ahcad of ship using active sonar. Port authorities and the shipping industry have
embraced the concept as a technologic solution instead of or in addition to other
management options.  In contrast, acoustic experts have examined the use of aciive SONAT
andd have disimissed the approach as unworkable

Moricdity: Assess propeller cuts (o determine if vessel size can be estimatoed

Ed
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11 December 19990 brieling to Boston Port Operalors aroup
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5 May 2000: SEIT mecling (initiated southeast clorts), Brunswick, GA.

10 May 2000 briefing to Portland Maine Pont operators group & City of Partland port
director.

24 May 2000: oral presentation to Marine 1 ransportation System Advisory Council,
Alexandria, VA

& June 2001 briefing to North Atlantic Port Authorities, Inc., Portland, ME,
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Nooll, Wi

13 Precomber 20000 NELT shup stril e cammintec mceting Boston, MA



13 December 2000: presentations to National Association of Maritime Ch Eunlzatim{ﬁ,
Hoston, MA_

28 February 2001 S5C and NMT'S liaison meeting with Thames River Coalition, New
London, CT

10-1T April 20012 Ship Strike Committee workshop, Coast Guard Academy, New
London, CT
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20 June 2001 : NEIT ship wirike committee meeting, Boston, MA

18 July 2001: S5C and NMFS liaizon meeling with MY /NI Harbaor Salety Committee,
Port Authority of NY/N)

7 August 20010 SSC meeting with Jacksonville Harhor Safety Committee, Jacksonville
Paort Authority



Appendix 1
Dynamic Management Areas (DMA)

Rationale and amplifying information for recommendations on vessel operations:
agsregations of right whales

A. Objective: To reduce the risk of harmful whale-ship interactions when right whale(s)
are tound aggregating in an area by
* Redueing the probability of whale-ship interactions (by ie routing
ships away ffom whales')
* Increase the probability that a whale-ship interaction (by slowmy ships
down o 10 knots) that will-
1) not harm the whale, or
b} provide the whale the opportunity to react with sufficient time to
avoid the ship, or
) provide the ship the opportunity to sipht whales and react with
sullicient time to avoid a whale or group of whales,
B. Trigger: Right whale(s) are determined to be in an arca with vessel traffic Fapht
whales are known 1o aggregate when foraging and { or feeding, and in courtship groups.
These apgregations have been seen as far south as New Jersey, Block Island Sound and in
throughout the Gulf of Maine, including the Great South Channel Courtship
agpregations are occasionally seen in the southeast 1T9.S. Resident movbie fealf (new
born) pairs of right whales have been found north and east of the designaled critical
habitat in the Southeast U.S.. (or exaimple ofl the approaches 1o the ports of Savannah,
A and Charleston, 5C

NMES has established criteria for dynamic aren management for fisheries
closures to prevent entanglements when feeding or forapgimg whales we detected in the
Northeast U.S. in an April 2001 seport "Defining Triggers for Temporary Arec Closures
(o Protece Right Whales from Entanslemenis: Fssues and Options,”  (Mortheast Fishenes
Science Reference Document 01-06). Aspects of this approach may be appropriate to
prevent ship strikes wilh several exceptions as noted. This study is based on right whales
in the Gulf of Maine area, and its applicability to other areas should be used only as a
puide to assist in determining residency of nght whales in an area.

Veussel operating restrichions shall be imposed in an arca when three or more rigzht
whales are observed resident in an area of size such that the npht whale density in this
area 15 0.04 right whales par nin’. This equals four nght whales observed ina 10x10 nm
square. Operationaily, this may be applied as follows:

b A resident night whale is defined as a right whales detecmined 10 be act vely
teeding or ina countship proup, Observation of 4 dense patch of rgzhi whales'
primary food, the copepod calenny, is pood indication thal neht whales are
resident inoan arca Suecessive obgervations obviousdy indicate residence. I

" Roubing vesseds around arcas where whales aee knwwn or determined 1o be located in agoeesation ar
densubies W areas of e known whale agerepatgng o lower densies will reduce the probalaliy of whalc

vesseh menacnons. There are maay crcumstances however Ut Fefing vessels s oot an ophion. The only

other option cuevently availabie is e reduction in vessel specd

|



does not appear that residence is not exphcitly defined in the trigges
mechanism fon Nsheries, For examnple a foraging whale, that is 4 whale
searching for food . will not necessar ily remain in a specific area, whereas a
feeding whale is likely to remain in a management area. The concern is that
the basis for the science center’s analysis should he used only as an indicator
of residence. Other factors should he considered, if avaifable.
A circle of a radius equal to theee nautical (nm}) per animal shall be drawn
around each individual sighting. This radius will be adjusted to account for
the number of animals seen in | he stzhting, so that the density of 0.04 animals
per i’ s maintained. This is a nonfinea relationship (the area is ciccular) so
that 1o maintain this density, the radius of the eirele for a sighting of a single
aninal would be 2.77 nm, for 2 whales in the sighting the radius would be
3.9% nm, tor 3 whales the radius would be 4 89 nm, and so on_
3. Ifany circle or group of contiguous circles includes thyes or more animals,
the: area shall Be a candidate [or dynamic manapement.

F-2

Having identified 2 group of 3 or more resident right whales as candidates fon
protechion to adequately protect these animals for the duration of the event, it is NeCessary
o expand the oniginal area of sighting 10 provide a buffer fur movement within the DA
Determination of residency is of course subjective. This will define the actual DM A, and
operationally could be applicd as follows:

1) A buffer zone of tadios ol up to 15 nm, shall be drawn from (he boundiary of

the mdividual sighting aren trigeering a DM A
2) The DMA shall then be defined by cast-west Jattude) and norhi-soulh
{longitude) lnes, which demarcate the outer periphery of the defined circles

Ffxceprtions:

I} When twa ar more animals are seen achively feeding on a pateh of food in a
designated shipping lane a DMA shall be unpased . Rationale: Actively
feeding raght whales are believed to he the most vulnerable. Designated
shipping lanes carry mose shipping traflic and therefone the probability of
whale-ship interaction 15 higher than other areas,

When a non-migrating mather/call pair is siehted within 15 wm uf shipping

lanes, and no other opecating restrictions apply, a DMA shall be inposed.

Mother / calf pairs are the most vulnerable (they are restricted in their abilities

Lo mancuver ) and mature breeding Females are the most critical to survival af

the specics. Non-migration could be defined as any time after the nocthern

migration fiom the Southeas calving grounds to the Great South Channel
nrea.

3} Acsingle right whale when in the immediate vicinity ol a port entrance or #
port wed, o or near the entrances to Cape Cod Canal, may trigeer 1 DMA
orimposition of eperating restriction by the US Army Corps of Engineers
(e g, the Cape Cod Canal) or by the Coast Guard, Complance by a vessel
with the 940 vard ao approach mule SO CFR. 224 105 cun create a navigalion
safely hazaid

)
——

e Proposed vessel operating restrictions in a DN A

The responsible agency would
IMPOse One Or mors measures that could mclude, Tor cxample 1) establishiment of a

RY



temporary area to be avoided, and / or 2) impose a speed restrictions to 10 knots speed
for vessels unable 1o avoid the area; o1 3) provide the option to the mariner proceed at 10
knots through the area in licu of avoiding the area. Mariners would also be required to
check their steering, ensure that their engines are ready [or mancuvering and 1o post look-
out({sh (not necessarily additional pe sons) familiar with spotting whales.

D. Regulatory Approach and N ofihication of Mariners; As the lead Federal agency
that regulates ship aperations, it would be best that 1hat the Coast Guard be the regulating
agency. NMFES would make a determination that a DMA 15 necessary and request that the
Coast Guard impose and enforce these restrictions. We also sugpest that NMFS establish
a discretiona ry consultation process with the purpose to coordinate advice on geographic
extent, estimated time limit and specific measures. We propose that NMFES and the Coast
Guard model the regulatory approach to that alicady used by the Coast Guard Lo impose
operating restrictions on vessels on an emergency hasis, an emergency safety zone, sce

33 CFR Pant 165, This gencral authority extends through the contiguous zone and is
somewhat limited in its scope, unless specilically amended (An Interpretation SUpeests
that this authority, under the Ports amd Waters safety Act, does not apply to the
protectiom of right whales. This authon iy was specifically amended to unplement the
MER, and in this case 1n waters bevond the contipuous zone) Detailed establishment
procedures, o eraphic coordinates, seasonal occurn ciice, vessel operating TegUIrements
and general regulation, notibication, shiphoard lag keeping could all be specified,

E. Implementation and enlorcement: Unlike NMFS' Dynamic Area managenmen
program for fisheries, direction of shipping can be aceomplished relatively quickly--there
1S N0 gear in the water, no gear to resel. A vessel can still move cargo or get from pont
At pomt B LxIStng communicat s systems can be uscd to reluy the order or rule, I
used in combination with ether measures, for example mandatory shipping lanes and
arcas to be avorded, detection and emeracney actions need only focus onfadjacent to the
lanes. Port authorities, ships’ agents, national and international rclustry associatons, and
pilots associations should be partners in this educalion  Cousy Pilats, British Admuralty
publications, and Port Guides to Entry should include information on the necd for
manners to be alert (0 emergency Dynamic Management Arcas. Regular Coast Guard
potl-state control boardings could include examination of ship's logs and random checks
of these logs by NMIS and NOAA personnel should suffice. (Mariners are reqpuired to
log course and spead changes)  Sovereign immune vi ssels, and foreian flagged transiting
and not calling at any U8 port would not be subject ta this measure

E. DNote: There may be circumstances when vessels will be unalsle to avouwd an area or,
reduce specd. [or cxample, a deep-drafl vessel in harbor approaches when other vessels
are in proximity, or the channel is restricted (e g, depth), the seas, current and winds are
unfavorable and pose o navieation safety sk The ultimate decision on the frinddhing of a

vessel, 15 always that of the master o1 mate on watch Arot her example s when a vessel

15 10 A desionated shipping aine . wthis case a maniner's vl apton would be to slow



Appendix 1]
Scasonal Management Areas (SMA)

Rationale and amplifying information for recommendations on vessel aperations:
predictable seasonal ocourrences of right whales during migrations

AL (hjective: To reduce the risk of harmful whale-ship interactions when right whale(y)
are predicted to seasonally oceur (e g, when migrating} in a specific geographic area by
| decreasing the probability that a whale-ship interaction by slowing ships down
to 10 knots or less.

2 providang the whale the opportunity to react with sufficient time to avoid the
ship, and / or

3. providing the ship the opportunity to sight whales and react with sufficient

time to avoid a whale or group of whales
B. Trigeers: Right whale(s) are prechcted to ocour seasenally when migraling across or
through designated shipping lanes or port approaches. Rather than the density of right
whales in an area determining the need to impo se vessel- operating restrictions, the
motivation 15 the relative high density of shipping coincidental with known migrations of
nght whitles Three mugrations of concern are identified:

1) The departuce of night whales frem Cape Cod Bay alter their winter feedings
i this arca and the subsequent dispersal of right whales to the Gull of Maine,
including the Great South Channel  Thas departure of many animals often
cceurs abruptly over several days in mid to late Apnl. In leaving Cape Cod
Bay, nehl whales cross the Boston Approach Sea Lane. A G185 study 15
currently underway to study/map this departure. With this information, a
probable geographic range through the sea lanes, approximate duration of the
dispersal and mean date and duration for the dispersal with a high confidence
level tor cach, can be deterrmned.

21 The noethern meerahion of night whales [ram the Scatheast cntical habetat as
right whales cross port entrances. As many as 20 indeadual neht whales were
seen n the Southeast calving grounds in the winter of 1996 migrating
norbward in late winterfearly spring. Good information exists on the dates
whales depart the southeast and arnve in the northeast Tagped whale data
and opportunistic sightings provide indonmation on speed and some
informaticn on path. Vessel sighting data in the mid-Atlantic area (rom Block
Lsland Sound to and including Savannah, GA is sparsc or absent Statisticians,
(rlS expens, and others consulied believe that a model can be constructed that
can predict the mean date of the peak ocourrence of right whales at poct
entrances. The peak date inany given year could be estimated with a high
dr.:lu_ij: oo ol conlidence based on real-time observations as lon LB surveilllance
levels i the northeast and southeast are maantained. Theorencally then,
seasonal vessel operating restnctions could be impaosed for por za-|;:~|]mat.lm';
around the peak date of mugration past cach port. The geopraphic extent is
more proldemanc, Survey data for the mid-Atlantic s virtually abisent.
However, reconds of opportumstic sightings and tracks of tageed whales may

provide sufficient information to establish o 2cone, researchers at the New



England Aquarium estimate thal as many as 85% ol migrating whales arc
within 20 nm fiom the coast. Statisticians and others are working 1o
determine the confidence level we can 2tribyte to an analysis of these data
3} The southen migration of reght whales (o the eal virgr grounds will inchide
pregnand females, as well as other asdults and puveniles. The departure time
for animals leaving the northern area is not 25 well identified, however arrival
time in the southeast is fairly well documented A caleulation based on travel
speed might allow for a peak probability of migration past mid Atlantic ponis
A similar calculation for the geographic extent can he made, and it is not
expecied to be dilferent than for the southemn migration.
C. Proposed vessel operating restrictions. The responsible agency would notify
mariners that on or about a certain date, for a specificd period and in accordance with
published regulations that a speed 1estriction of 10 knots is in torce. The exact dales
could be linked to real-time sightings. Mariners would also he required check their
steering, to ensure thal their engines are 1eady for maneuvering, and to post look-oui(s)
familiar with spotting whales (ot necessarily additional persons). This process is akin to
the Coast Guard's repulated ravigation area
D. Regulatory Approach and Notification of Mariners: As the lead Federal agency
that regulates ship operations, we propose that the Coast Guard be the reguliting agency
In our view, NMFS would make a determination that s SMA is necessary n an arca and
request thal the Coast Guard impose and enforce these restricions. We also sugpest that
NMFS establish a discretionary consuliation process with the purpose 1o coordinate
advice on the date ofF i ipementation, estimated duration and estimated limit and specific
measures. The peographic coordinates and approximate nnposition dates would be
published in advance in regulation(s), with specific imposition subject to determination
by NMES and the Coast Guard, with subsequent notification thr cugh reguliar notice io
marimners and NAVTEX, We propase that NMFS and the Coast Guard model the
regulatory approach 1o thag al teady used by the Coast Guard to impose aperating
Festrclions on vessels in a specitic area on « regular or permanent basis, a regulated

navigation area (RNA), see 13 CFR Dart 165 This peneral authonity extends through the

contiguous zone and is somewhal hmited in its scope, unless speatfically amended {An
interpretation sugzeests that this authaor iy, under the Ports and Waters Safety Act, does
not apply 1o the protection of right whales  This authorty was specifically amended 10
implement the MSR, and in this case in waters beyond the eontiguous zone ) Detailed
establishment procedures, peographic coordinates. seasonal occurrence, vessel operating
requirements and gencral repulationsy, notification, and shipboard log keepig could all be
specified

A compichensive merchant maniner cducation program vall be essential . ol
authorities, ships' agents, national and interatonal industry associations, and pilots
assocutions should be partoers v this educationn Coast Pilols and Port Guides 1o Eitiy,
and equivalent foreign publications and charts should include information on the need fis
mariners (o be alert seasonal manapcment arcas. Regular Coast Guard port-state contrel
boardings could include examination of shap’s lows and random checks of these loos by
NRMES and NOAA personnel should sylfee (Marniners are required 1o log course and
speed changes )

A



Appendix 1
Southeast U.S. Calving Area

Rationale and amplilying information for recommendations on vessel operations:
management measures off the Suutheast U, ¢oast from Port Canaveral, Florida fo
just narth of Brunswick, GA

Ten scasons of sighting data were compiled and superposed these on nautical
charts. The data used are not corrected for effort (sightings per unit effon, SPUE), as the
SPUE analysis is not yet comglete. For the purposcs of this report, a conservative
approach was chosen 1o determine the approximate geographic extent of operaling
restrictions.  These of course should be reviewed as the SPUL analysis is completed laler
thus year

We [ound that, based on the occurrence of whiles to the cast of the critical
habiatat, operating restrictions could extend to 80755 W off Brunswick, 8 3 miles east of
the critical habitat near buoy 28" to 80° 57 W oft Fernandina, 7 miles east of the
crtical habitat off the St Mays Entrance; to 807 57' W off Jacksonville 7 miles cax of the
ecastern approach to the St Johns River; and extending five miles south of the "1i2” or the
existing southern limit of the 15 miles from the coast exiension” of the critical habitat (at
30°15'N) 1o 30° 10N,

In order (o determine the time delays impased by any routing andfor specd limits,
we spoke to the Brunswick Bar, Cumberland Sound and St. Jolmns Bar pilols association
to understand vessel approaches, pilof boarding points and vessel speed (3-10 knots) lor
boarding pilots. We also reviewed an extract of data from the mandatory ship reporting,
system and found average speed (159 knots) and mecdian speed (1 6.5} and the range of
speeds (7-22_8 knols) for vessels Entu_'-riug the MSR arca The MSR area is bounded to
the cast at B1"51.6"W

We then laid track lines to the pilot boarding points for a NE, I and SE approach
to each port. We defined a "maxamum® delay using Jack sonville as an example. The
worsl case was the imposition of a single eastern approach to minimize tavel distance in
the critical habitat (and taking inlo account fish lavens) and a seasonal speed restriction
of 10 knots (so as not to endanger the vessel) (o the pilot boarding point. We assumed
the vessel would ordinarily travel at 20 knots right to the pilot boarding point {note that
the average and median speed is about 16 knots, and that vesscls take a mile or s to slow
their speed). The maximum delay time is about an hour for an inbound vessel

ead authors note: | forward the recommendation on r|1i.lr]d.'E[iH",.f roules with reservations
The risk reduction from minimizing travel distances may be minimal, as transil distance
throwgh historic right whale habitat is relatively small. Current port approaches cross;
that 15 the approaches to Fernandina crass the approaches 1o Brusowick and Jacksonville
Alter stadying the chamnel alignments, lacation ol deep water and the arca need 1o
establish mandatory routes in accordance with the General Provisions for Shap Bouning
may raise navigation sufely concerns



Appendix IV
Research, Studies and Projects

Detaled discussions

Regional risk assessments. Risk assessments off the Florida and Southern Geor pia
¢oast, in the Great South Channel and north of Cape Cod, Massachusetts will be used (o
determine the probability of interactions between whales and ships for each area by

whale behavior, scason, and shipping traffic characteristics and to determine how mary
vessel miles can be removed from the high density whale areas by routing ships into and
out of whale areas using the shortest route possible, or routes in general. Navigation
safety, port access concerns and competition with other ocean users (e.g. lisherman) must
be assessed as part of or in support of each assessment . 1§ for example, a risk assessiment
finds that a particular route would reduce risk, the Coast Guard would be required to
conduct a port access route study, inorder to ensure safe access routes for the movemend
of vessels _navigation safcly is the primary concern in these studies. This is partially
funded by the Moatheast Consortium,

Assess temporal and spatial extent of mid Atlantic migratory corridor, Analyze
existing data and survey data from targeted surveys and other surveillance techniques to
determine statistical probabilities of occurrence {time and Jocation) of right whales during
rigrations off port approaches from Block Island, BRI o Savannah, G A, Survey cffor
and photosd data from the mid Atlantic are sparse, however, animals are often sighted
within the same year in the southeast in the winter/early spring and in Cape Cod Bay or
Great South Channel in the spring. By locking at these two data endpronnts and factoring
i speed of travel long the coast and distances to major port entrances, it will be possible
to assess the time frame that the majonly of these ammals would be passing by the major
port entrances aleng the mid Atlantic and to see how much this time frame could vary on
an annual basis. An assessment of available survey effort, satellite tagszng: data, and
photo 1d records From the mid Atlantie should alzo be made (o determine whether the
geograpluc extent of this nigratony corrdor can be well defined

Economic impact analysis. Conduct more detailed treatments of port-specitic aconosmic
effects by enhancing and providing more accurate data into a model current ly under
development. An ongoing project is examining economic impacts of risk reduction
strategies on the regulated industries, These cconomic impacts may ultimately extend
down the supply chiin ta consumers. It is therefere important for regulators and others (o
understand the complexity of the shipping industry and 1o consider the potential

ceonoimic impadct before implementing management options. For example, many shipping
companies are foreign owned, port authorities have limited management contral over
vessel and waterfront activities {except those managed directly by the port authonity),
management practices awd latsor comtracts put pressure on schedules and on masters thal
have ripple effects The effects may translate across transporlation meodes, may aflccl the
entire Bast Const and may extend o infand distributors and manulacturers  The shipping
industiy and associated inter-modal transportation (truck, rail and pipeline) could incur

additional costs due Lo the management measures under consideration This is



considerations have encouraped several research Broups to investigate passive acoustic
techniques for detecting right whales in such areas. Some of this passive-acoustic
rescarch has proceeded on two fiont s, Developing an ellective detector for right whale
vacalizations, and assessing vocalization tales and detection ranges. In addition,
simulations to explore the effectiveness of potential acoustic systems are planned  These
studies will simulate detection rates and risk reduction given assumptions €and
mereasingly data) on vocalization rates, source levels, background noise, and right whale
and vessel distributions. Due to the low and mtermittent vocalization rates in the GSC, it
is already clear that it will never be possible to give aceurate up to the minute inforrnation
on the locations of right whales. O the other hand, it may still be possible ta provide
useful information on a larger temporal and spateal scale. For instance, if whales were
heard edominantly in one particular area one day, 1t is likely that they would still be in
the same area the next day arnd diverting ships away from that area on subsequent days
may significantly reduce the probability of a strike. In situations where there aye 5 large
number of enknown parameters, a common practice is to develop a simulation, which can
be easily (and relatively cheaply) manipulated 1o study the eflects of ditferent detection
systems and management strategies on the numbers of vessel steikes. Simulations can
also be helpful in prionuzing future data collection eMort, For example, developimg a
better understanding of day 10 day movemenits of groups of animals miy e as inportant
as limproving our knowledge of their vocalization rates and detection ranges. As
improved information on nght whale behavior becomes available, it can then be fod back
into the model to improve its effectivencss. Such 2 simulation need not necessarily be
confined to acoustic monitorng, bt could also be used 1o study relative menits of acrial
surveys and other methods

Aerial surveillance

+  Spwlematic surveys of porr approaches: There are major gaps in knowledge of the
Occurrence ol night whales in the mid-Atlantic and northern parts of Southeast U 5,
from Block Lsland Sound to Savannih, GA. Survey data for these arcas is virl tatlly
absent. ¥et, we do know that as rany as 90 whales migrite through these areas,
CrOssing magor pot approaches. Predictive modeling can provide estimates of the
Occuirence of right whales in the port approaches The degree of conlidence in these
estimates, both temporal (e . do the whales lead or lag the estimates, are the peak
times at port approaches tarrowly or broadly delined?) and geopraphic extent {i.e.
how far olfshore™), will be problemane for both night whale protection and shipping

*  Lvaluation of the ¢ fecifvenesy of aerial sur vey fechiigues: Wark should be
conducted to evaluate the effectiveness of acrisl survey lechniques i providing data
on which manapement actions can be based Preliminary werk has indicated that air
surveys are detecting only a low per centage of whales that are in a guven SUINVEY arca.
Funther studies are needed o determine with stalstical confidence ifinercased effon
and or changes m technigues would result in significantly more siphtings for an area.
Data on detection probabilities could be obtained directly from replicate acrial
sarveys using similar metheds to those used for abundance estimation of other
Cetacean species. Hlowever, there is a trade-off between My replicate supveys
covening a smaller arca and eMective surveillance of g larger area. Comcidental with




this wonk, studies of ripht whale behavior, including blow rates and the proportion of
time spent underwater in each unique right whale habitat will affect the probabilil yof
detection. Studies of right whale diving behavior to understand the amount of time
whales spend al the surface and can be seen du g acrial surveys) would also
contnbmle to estimating detection probabilitics, Right whale behavior is likely to
vary between habitats and according to oceanographic conditions. Data on sightings
probabalities are required for various demog: aphic components of population (e.g
maother/calf pairs, vs single adults, juveniles, etc) by season and by area. Research
L ascertain the time spent underwater and at the surface, over defined time intervals
has been conducted. but not in all areac

o Aoried sumveys in the Southeas: U S (SEUS): These surveys are flown to detect right
Whales and alert mariners so that they may avoid or use caution when [Tansiting those
areas.. Four arcas in the SEUS are surveyed at varying elfort levels. The Early
Warning System (FWS) surveys are flown daily (weather permitting) from 10
nautical miles (nm) north of Brunswick to 10 nm south of Jacksonville from the
braches out approximately 18 am Surveys are flown offshore of this area with
nearly the same lovel of eflort Suiveys are also flown just noih and south of the
LEWS survey arca with somewhal less fi equency. Three aeral survey ettorts in the
SEUS use cast-west transects flown three nm apart The mean sighting disiance foa
WS suiveys flown by New England Aquariom from 19942000 was 0 P4nm. Over
the past 5 years, surveys have reveled tight whale distribution patierns. Fo instance,
npht whales appear te be found most ofien in the EWS area and -5-10 miles just
nocth south, and east of the EWS area Existing data should be analyzed 1o
determine where mast sight ngs oucur relalive 1o survey effort. Management poals
may be better addressed by using transects that are closer together (eg . 1-1.5 min
apart) and redistributing survey effort 1o concentrate on areas where most whales are
kely to be observed. T the condensed survey area ad refined survey methodology
(transects closer together) are concentrated around port entrances and include those
arcas where close encounters between ships and whales have been olser ved,
managers could e relatvely confident that they are achicving their manageinen
goals tor these acrial surveyvs in the most clficient manner possible,

Fassive acoustics: Recent ongoing research on the detection of nght whale vacalizations
using passive acoustics has demonsteated that this technique has potential for deteetion of
vocalizing right whales in certain offshore areas, al ranges of 10 miles or sa. Research
into further automation of the detection process and the implementation of a fully
automatic, real-time detection system suitable for deployment offshore is underway but
with hmited  This 15 potentially an important additional technique for real time detection
of right whales and if inplemented on a wide seale, wall require investment in
techmolopgieal developments 1'his has been partially funded by the Moctheast Conson fiae
and the Internatesnal Fund for Animal Welfare

Predictive modeling. Continged research it the bisloeizal and acennosraphic
predictors” of nght whale distilution on suitable seales i needed. These predictors
include vagiables such as sea surface teinperature, bralogical-ocean productivity, and



copepod (prey) distribution. This could inchide for ex ample, the development of
quantitative inethods to identify and assess samples collected by a small fleet of vessels
under contract (e p whale wateh vessels, charter boats, ferries, sh ips on dedicated nins,
fishing vessels) (o identify densities of calanoid copepods, followed up by aerial surveys.
Reviews of historical data should be usefu] in this context.

Satellite tagging. Tagging and long term tracking of night whales could also be used i
understand the occurrence of right whales in high-risk areas. H owever, some analysis
needs to be done before considering whether satellite lageing or aerial surveillance will
be more effective for this Existing data rom satellite tagging of a fow individuals
indicates highly variable behaviors satcllite tagping provides a potentally long time
series of data on movement patterns for a simgle individual but 1apged individials might
not go to the areas where risk assessments are bemng considered or be truly representative
of the whales in that area In contrast, acrial surveillance can be targeted at esseniin]
arcas and results are less sensitive to individual vitriation, but observations are limited 10
a short time period. Towever, concerns hiave been raised by several conservation groups
and 1esearch institutions regarding the threal that these implaniable tags pose to the healils
of the subjects Before a ogeam of sateflite tagping of right whales, the long-1erm safety
of tags should be demonstrated on non-enda ngered specics belore issimng further permits
for their use o endanpered Neth Atlantic right whales  As well (hat the relative meriny
of satellite tagging over research techniques be evalyated in hght of the need 10 cloge
information gaps for the explcit purpose of reducing ship stiikes,

Active LI HT dth:t'liml; evialuation urcmlcf:pl. Several researchers have advertised an
unproven techinology that eowld detect right whales ahead of ship using active sonar. Port
authonties and the shippang industry have embraced the concept as a technologic solution
instead of or 1n addition to other management oplions.  In contrast, acoustic experts have
exarmined the use of active sonar and have dismissed the approach as unworkable The
use of bow-mouated active sonar to detect whales underwater ahead of vessels might
cnable vessels 1o detect wnd avoid whales, However, active sonar detection systems have
actually only been tested and proven at short ranges of up to about S0 m, for scientific
purposes. Further tmals are planned in the hope that fulure technolopical developments
could improve this range, such that it might improve the ability of some tvpes of vessel to
avoid whales. These systens are currently not able to differentiate between species of
whale, Concerns have also been raised about the emvironmental impacis of increasing
noese levels in the ocean, particularly disturbance to delphin and porpoise species that are
known to have scnsitive hea ingz in the same sound frequencies Prior 1o fusther
discussion on the potential use of this technology in ship stiike mitization, the practical,
cormercial application of aclive sonar in the contest of ship/whale sinke mitigation
necds o be realistically presented mcluding, for example, realistic time fiimes for the
required technolosical development and carelil consideation of passible ervironmental
tmpacts. Detection by itsell docs not mean avoidance  Evon i the technolowy were
proven an clfective detectorn for more than a few hundred vards, such a system st
demonstrate s elfectivencss i assusting the mariner in avoiding as shap stiikes



Right whale behavior in relation 1o ships. Little is known about how right whales react
lo approaching vessels, and what characteristics of a vessel sounds enable a whale to heay
an approaching vessel and realize that there is a threat of a collision, Models and
sitnulations of nght whale motion relative to vessels should be developed, to include
components of behavior, ship speed, hydrodynamics of different vescols The collection
of data on “near-misses’ and close approaches between whales and ships is nnportant (o
determing whale behavior near vessels. The behavior of the ship should also be

examined as there is some indication that changes in vessel specd or course may signal (o
the whale that avoidance actions are NECEssary.

Mortality. Understanding the size of vessels an the basis of the analysis of propeller cuts
{cg, depth, spacing) may help target vessel operating resinctions.
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Introduction

I'he western North Atlantic right whale (Eubalaena glacialis) is the most endangered of
the large whales despile over 65 vears of protection from commercial whaling. One of the
factors impacting recovery of the North Allantic nght whale (NARW) population 15 a
significant decline m successful reproduction over the last decade. The reasons for this
reproductive dysfunction are unknown, but factors that may be contributing include:
genelics, environmental contaminants/endocrine disruptors, marine biotoxins, nutritional
siress and mnfectious diseases. Given diminished calf production, increased calving
intervals, and the high incidence of non-calving females in NARW, il 15 critical (o
determine the reproductive status of these whales. Studying reproduction in NARW has
been problematic because no techniques are available to collect blood samples from
large, ree-ranging whales, and because siranded animals are so decomposed that the
lissues are useless for analysis. Over the past two years we have validated
radioimmunocassay techniques 1o measure metabolites of reproductive and adrenal
steroid hormones (“siress” hormones) in nght whale feces. This technigue has been
previously apphed to study reproductive status and stress levels 1n a wide rimge of
terrestrial species, but has never belore been developed Tor use in lree-ranging whales.
The level of a hormone metabolile in the feces reflects an average value for the secretion
pattern of the parent hormone over the previous day. This technigue i3 4 means 1o
directly look at reproductive funetion and status at bath the individual and population
level,

The objectives of this study are to: 1) validate radioimmunoassay technigues 1o measure
the metabolites of total estrogens, androgens, progesting and glucocorticoids in NARW
fecal samples; 2) validate the same hormone assays for fecal and serum samples from
western arctic bowhead whales (Bafaena mysticets) to develop this as a reference
population for reproduction studies in right whales; and, 3) use reproductive hormaonc
metabolite analysis to investigate reproductive dysfunction in NAEYW, and utilize
glucocorticoid hormone melabolile analysis as a ool (o study stress in NARW and 1ts
relationship to reproductive function and environmental siressors.



NARW Methods and Validation Studies

From 1999-2001 62 fecal samples were collected from right whales leeding in the Bay of
Fundy in coordination with photo-identification studies of the population. Samples have
been collected frorn a cross section of the population including adult males and females,
calves and lactating mothers. Al lenst 50% of the samples can be linked to an identifiable
whale, allowing correlation of hormone results with information on age, sex, genetic and
reproductive history from data in the North Atlantic Right Whale Catalogue. We are
currently 1dentifying or verifying the sex of samples from unknown whales (i.e. not
photo-identified) using fecal DNA gender analysis. Samples were freeze-dried, sifled
and steroids were extracted using 90% methanol. Steroid hormone metabolites can be
measured in feces using antibodics to the parent hormone, which cross-react with the
parent hormone in maost ¢ases, The progesterone and lestosterone assays arc 3-H
radioimmunoassays using separation by dextran-coated charcoal and counted in a
Beckman 630 liquid scintillation counter. The (olal-esirogens and glucocorticold assays
arc 125-1 radioimmunoassay kits from ICN Biomedicals, Inc., with separation by secongd
antibody, and are counted in a Packard Crystal gamma counter,

Validation studies for NARW have been compleled for total estrogens, progestins,
androgens and glucocorticoids consisting of parallelism studies and accuracy studies [or
cach hormone. The results of these studies have shown that serial dilutions ol NARW
tecal samples demonstraled excellent parallelism with serial dilutions of 17b-estradiol,
progesterone and testosterone. This indicates that recognizable steroid hormone
metaboliles can be accurately identified by these assays. The assay for glucocorticoids
(adrenal stress hormones) is also accurate and functional in NARW,

Analyses of hormone levels for samples collected in 2001 are underway. (See pa=e 3 of
this decument for preliminary findings from hormone assays)

Bowhead Whales as a Reference Population

I a parallel comparative study we are analyzing the same hormones in blood and feces
collected from the Bering-Chukchi-Beaufort Sea stock of bowhead whales d uring the
spring and fall Alaskan Eskimo (Inuit) hunts. Bowheads are being used as a reference
population for the right whale studics because of their close taxonomic relationship with
right whales, the population is srowing and reproductively healthy, and fresh tissue and
fecal samples can be collected during the hunt. Additionally, the resulls of the hormone
analyses can be corrcluted with the reproductive condition of the whale through direct
exanmnation of the reproductive tracts, providing important ground-truthing for the
relationship between fecal hormone levels and reproductive status.

Since 2000 we have collected fecal and serum samples from 36 bowhead whales of
known sex and reproductive condition. Through measuring the steroids in serum in
tandem with l[ecal levels, fecal hormones can be related to circulating hormones.
Because of species diffcrences in hormone metabolism, the same 4 hormone
radiolmmuneassays are currenlly being validated for use in bowhead whale serum and
feces. Preliminary results are promsing for the bowhead assays as well. Interestingly,



while fecal testosterone is measurable in bowheads, our assays are unable to measure
testosterone in bowhead serum from mature males. We arc currently examining two
possible explanations for this finding: 1) another iype of testosterone antibody 15 needed
to detect serum androgens in bowheads (i.e. another form of the hormone is present in
blood), or 2) serum androgens in bowheads are actually below detection limits during the
sampling time period. The latier explanation is consistent with the finding by other
researchers (hal leydig cells (that synthesize and scerete testosteronc) arc not visible on
histological section ol howhead Lestes collected during the spring and fall hunis.

Preliminary Findings and Future Studies
Although analyses are not yel complete for all samples, preliminary results suggest
several important findings:

1. fecal progesicrone levels appear to accurately detect pregnancy in hoth right and
bowhead whales. This is bascd upon extremely elevated progesterone m a right
whitle samples in 2000 who was subsequently sited with a calf in the winter of
2001, Similar elevations in fecal progesterone were found in a bowhead whale
that contained a 60 cm fetus. Progesterone levels in these whales were elevated
several orders of magnitude above those of non-pregnant females in both cases.

2. testosterone levels in NARW are extremely variable with some males having
extremely high levels. NARW testosterone levels are much higher than that seen
in bowheads. Whether the extreme variation in testosterone in NARW is related
to reproductive activitv/success or to the age of the individual is a question that
will be examined with further data.

3. the fecal glummr‘cicnid assay 15 wselul Tor denta Fying whales uxpl.'_'r[unl:ing }ligh
levels of physiological stress. A fecal sample from a chronically entangled and
debilitated right whale (Churchill) had a fecal stress hormone level of 178 ngfo
compared 10 4 mean level of 47ngfe in 23 other right whales.

Continued sampling of the population of NARW will provide data to further elucidate
relationships between steroid hormone levels and reproductive status, Known pregnancy
15 critical to determining calving success, as the proportion of fomalcs with observed
calves as compared (o pregnancy status will indicate the success or failure of specific
phases of the reproductive cycle. By knowing pregnancy staius we will be able lo
determine late fetal and early neonatal losses (e.g. abortions, stillbirths) that otherwise
goes undetected.  With continued sampling of a cross-section of the population, we will
be able to loek for hormoenal differences between reproductively active and inactive
animals, OF particular interest is the segment of the mature females (20%) that have
never calved despite reaching the age of sexual maturity. Likewise, we need 1o ¢xamine
lrthier 1the ex treme variation in testosterone levels seen in WARW to see if it has a
relationship to successful reproduction.  The glucocorticoid assay provides a new tool
with which to study stress in righl and bowhead whales, including its relationship with
reproductive condition and the effects of envirommental factors. The comparative
bowhead study will provide baseline data with which o comparatively assess the
relationship belween fecal hormone levels and reproductive condition in a large baleen
whale that can serve as a model for studies of reproductive dysfuncuon in the North



Atlantic right whale.

Further investigation and continued sampline is required to:
I)Determine predictive capabilities of the assays.
2)Investigate pregnancy rates in both NAEW and free-swimming bowheads
TEvaluaie utility of the assays to determine age of scxual maturity (which scocms
lo increasing in right whales).
4)Compare hormone levels in reproductively successful vs. unsuccessful males
and females, :
S)bEvaluate the relationship between clevated glucocorticoids (stress levels) and
reproductive status.
6)Evaluate the utility of the glucocorticoid assays to study stress in NARW in
relationship to environmental factors such as shipping activity.
6)Delermine sex of unidentified NARW samples using fecal DNA.

Supported by: NOALNMES P.O. #40AANFO04337; NOAANMES
Contractwi0-FLANF-Q-00047; New England Consortium/UNH Grant # 02-357,
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Understanding the Relationzship between North Atlantic
Right Whale Movements and Habitat Characterisiics
from Satellite-Monitored Radio Tag Data: A Novel
Approach

Baumgariner, hMark F. '; Mate, Bruce B

(1) Cellepe of Oceanic and Atmaospheric Sciences, Oregon State
i iy
20 Suriener 5 RAOFN, Malden, MA, Q2108 Lnitee! Simses

Cuaniifying. movements For animals wacked with sieellie-monitaoed 1adio
tags has besn hampered by locataon emors and woeven sampling in Sme.
We bave developed & method 1o estimate site fidelity from saoellite ks
that actouats For these difficulties, Assuming an animal's mavimum
swimming speed 5 known or can be reasonably esimaled, movermcl
between two szlcllie-acquired keations can be bounded by an elliptcol
perimetse beyomd which the animal can nol swim The propartion aof

sitg (wlehiny, This propordon is temneed the sine ficdelity jodes C3FI) and o
mnges from 0 (low site fdelity or "raveling” behavior) 1o 1 (kizh =it
Odelity o larwe ceale “milling” hehavies) Fror in the SF ase due
primacily oo dispaars e imlereals beoasecn successive mmovaments, bl
the saleilire mack can ofiea be e-:ull:-::l.l:l;ﬂu-:_i in dme to mitimire these emoers,
The scales of movement for cetaceans swinuning 21 maximum epeeds aves
time sendes 0F 12 ar mere howrs will be El.1ﬂ_|l."i.{'_'|.l.i:.' ]-tu.Eu: L I iz errors
in the S5F1 due 1 locaton uwncersintes MNorth Aflantic sight whales
(Eubelaena giaeialivy were =gped with gatelhte - rmomiioned radio 1ags i
1989, 1990, 1991 and 20KK and their movements over tme scalss of 18 o
M hours were examined with respect 1o physiographic and oceanagraphic
comhinons. Suoug sile fidelity behavior was ohserved in pssociation with 2
particular waner rass frature fuund in a regional, summenizne climatology

of bodtorn teimperune and salinity. This hydrormphic feamre presomahly
affects the diswibution and abundance of right whale prey (prncipally te
copepad Colanus finmgechicns), and it occnrs in the lower Bay of Fundy,
soothwestern Seotan chel!, Maine Coastal Currert amd the CEreat Hourth
Chennel bt i absent from the deep bagins of the Gulf of Maine anl
Scotan shel:

Stable Isotopic Analysis of North Atlantic Right Whale
Baleen

Brauli, 5-:.!'1'<1ﬂl;:n;|. Welmore, 531.111”'; Michener, Roberl’; Claptuarm,

Phil’; Schell, Donald M.*

(1} Depoeiment of Biologyp, Undversity of Mascechusens, 100 Morisey
v, fieseon, MA, 02125, Lnired Srares

(A1 Siable losdape Lakaratary, Hoston Hrfversity, Hacore, MA

2y Morthezir Fisheries Science Ceaver, Woods Haole, MA

(4p  Taminee o Marne Science, Universiny of Alaska. Fatrlaaks, A&

Sable lsowopic anzlysis of baleen from two Nerth Adande ecighe whales
{Eubalaena placialis), a swanded adull femals CStaccuio”™, salalog F1014)
ancl a call feamlog #1504), prowides msipht into food sowrces and bafdear
use, characteristice  that typically pre Jdifficult to  shdy  through
ohservatonal I.|:n'_'|'|r|'.|.|u-\:x. I - seriEs E.Illij_llll‘ii.'l indicates that both carbon
gt naitmopeEn 'i:j:lll_l?:-.'\,' shiae 11_-::11];'_1' cacillabons al-m:.g the ltnglh of
Sisccare's baleen, Schell & 2 (1989) and Best and Schell (1906)
hypothesized thar the distances between peaks along the length of baleen in
bowhend (Bamena mvsricems]) and southem night whales (Eelalaens
etesreelany e cowivaleon w the aooeal baleen goost rote. Accordingly, the
habeen prowth rate for Staccato sas approsimately 26 cm; results Queeefon:
suppest that e haleen nepresents a recond of 9.5 years in the lific of this
animal. Thesc resclis anc i close agrocment with Omura (19569) who
derminstraled 2 omean velue of 27 om belwesn grc_l-mh marks oo balesn
plates of Mot Pacific and Southem ripht whales, A significant wichin-ysas
lag Detween caabon amd aiimegen peaks may elleoct amal patiems of
foraging or fasting. Fucher fime-seres analysis will examine whethes
Maccato’s calwng events have an ellec on the ssolopac oscallations,
MR 80w Ie talios in e calls baloon crlibit a swep decling dunng o
peried that coancided with weaning. 1 i hypothesized that high mtrogen
ratios pior o s penod ace eflective of mxtheds milk, a kigher trophic
lewe] food sowrce; the Jower levels thereafior ipdicose the onwer of
plankronie feadang, Our reseli seppont szable Bovoplc analysis as a reliakle
Leebisvingie for irmvegtipating elilTemencey srmons halsite weape ees ooy Lt
rerexls in hath _|||1'r=.|'|'l-.* and adult MNesrth Adlamtic ri_::-hr wnales

Habitat Management Lessons from a Satellite-Tracked
Right Whale

]:!--;.-Wmulu. Robert'; Lyman, Edward '™ Marila, [rvid - Mava,

Charles ; Brown, Moira'

(1l Center for Cogrtol Sdiss, PO Bex 398, Mownt Desers, ME, (4550,
Caited Stades

(2] ool Marine fab

T bownctanies of curmrent federal Right Whale Cridcal Habitsl Arvas ane
genenilly created by boxing the repions with e denses wdal comolative
flewsical diphuegs. laformation en residency Hmes of individual whales
within proweeed aseas is sparse bul is pecessary W provide a test of the
ellicecy of cument critical habital conseevaton managemen! siriegy, On
March 29, 2001, an enngled North Addantic dght whals, Eubalasns
placialfs, off the coast of Massachuserts was tagged witls & szellive/ VY HE
telemetey buoy atached o a tmibing leogth of rope. This is 2 standard
l=hnique for monitoring entangled whales. This whalec was otherwise
lwalthy, uniojured and often observed feeding, Meither the entanglemsent
=y (he low-drap wlemety buoy was believed o lmpede the ool
bebiavivr of the whals, The ielemelry buey remainsd ateched o e whale
lor 36 days wotil it wes Found adaft with most of the entangling pear =4l
dtleched, Whils towed, the tag provided L8] seliable satellite positon fixes.
The wual dastance traveled beteresn fixes was 1,620 navtical miles, The
lotal dmee spent within deaigoated Cotcal abiet Areas woas only 12000
af the total peried and the tota] distonce troveled within the Critical Hobitat
Arcas was only 32,48% of the entire lagged distance. While “outside e
b the whale raveled widely, crossing designated shipping lanes 12
tmes and, apperently, seopping to feed anly mmely in wcatened location:
froun Maine w the edge of the Continental Shelf east of Mew Jersey. The
areas wisited Iocluded some with coscentratioms. ol the tvpes of Dxed
Zsluimp pear concidersd a high risk for feeding vight whales. Eves within
the Critical Habitals moch of the time was spent in an area where fishing
regulotions are Ear moes relaxed. We sugpest that crbieal hahitat closzres
lor fixed fGshing gear may provide for more limited protection from
sttanglement thon previoosly believed.

Defining Triggers lor Temporary Area Closures to

Protect North Atlantic Right Whales (Exbalaena

glacialis) from Entanglements

Claphiarn, Phallig I.': Pace 111, Richard M.'

(11 Northemst Fivheries Sciemce Centen, 166 Warar 51, Woods Flels, MA,
02543, eited Shetes

The Morth Atlantic right whale populston iz eritically endangened, and
enfanglement in fishing gear 18 A major facwes indubiting recovery U
proposed mitipation measun: is the Temporary Area Closore (TAC) whers
an nren would be clesed to Gehing when nght whale agpregations wes
present. Here, we use sighting data in develop eriteria for mggering TACs,
Data from alrmast-daily surveys of Massachusetts Bay from April through
Chelober, 1980-96, were used to assess whether the mamber ol wal mals tn ao
imitiiel sighting was predictive of the magpitude and ducation of the siphtng
evenes that followed, We defined an event {n = 42) a5 two or more night
whale sightings separated by an mterval of aot mose than 10 Says. A aoa-
event (o= 217 was any sighting, net followed by anoter within 10 days, Of
S0 initinl sightings involving oac or two right whales, 2% began an svent,
while 71 did not Howewer, on initial gighting of three or momne whales
appeared b represent a good predictor of an aggregation, because all such
sightings (o = 13) began events. This “wigger threshold® equated o o
demsity of 4,16 whalae par 100 nm”. Additvnal analysis indicated that a
buffer of showt 15 nautical miles sound an event’s imibal sighings
encazysed e mowemants of mpght whales during 1be entine course of
nearly all ohserved events, thas allowing TAC boundanies 0 be estiblished.
When applicd retrospectively W aeral survey sighdngs daia collecied in the
sprimgs of 1999 and 2000, the trigpper crileria wioonld have resulied nocypg it
eloseres in each of the wo years, Alibough these methods provide a vseli
rmeans i eatahlish prolection measures for right whales (und gechaps other
species impacted by entanglemenisy, their efficacy will depead on
regulalory termarouwnd imes, enforcement capabilives, and the Aty with
which fishing pear can be meroved oo the water,



Summer Feeding Season Movements and Fall Migration
of North Atlantic Right Whales from Satellite-
Maonitored Radio Taps

Mate, Broce', Bavmpariner, Mark'

(1) (Pregeen State Cfniversity, Hagfeld Marine Science Conser, 2020 §
Marine Science Drive, Newpopr, OF, 97305, Unired Srares

Dastoy July/Auguse 2000, we instumentsd 16 Norh Atdante dght whiles
im dhe  Ray af [undy aith Acgeos (unellite-monitored) radio taps coared
with a long-dispersant antibiote, Qws fmnedizle ahieclive wiss o dsmily
UGL'EJH:IEF&Phi-C cormelatss of ﬂgh‘t whale swimoser flxd.il:‘lg babitsts, an
ufimately. foll migration imales to as yet undiscovered wintering aeas, We
hicard feamy 12 whales [75%), © l:i'ilfi"'.!:.-_:l b whach Pm'.-'l'n:lr.l:l locations for =5
days {wan = 434 d), accounting for 2 1e1al of at least 16,132 km of oavel
(mean = 1,792 km). The locgest tmek (6,505 km in 126 daye) wae of an

_ adult demale which migrated 1,928 kan in 23 afays (mean = 1.5 km'h) fom
40 km west of Broan's Bank o Georgie, where she was sighied by other
rescambcr wsing Atgos locaton data dedng an eerial sorvey. AlD whales
rackes! for mor: than 23 dovs left the Bay of Fundy o least ence, tmaveling
broadls over the ceowzl w soutiwestem: Scotian Shelf andfor twoughaon
e Qulf of Maing, Average speed was 18 kb, Must locatuons wers uver
chadlove shelf waters [(BE5% fn <200 nn degth) and T5% were <30 om from
land {including islands). Pxomirabion of recent phedos laken by oblher
mesearcher: for inclusion in the Right Whals Consortiom calalop revesled
that ore whale had lost i tag, and & of 7 others bad either 8 broken
astliesand o sallwaler swileh, Analsaie and re-desion of those elements Lave
been completed. Tageed cight whalez bave beesn reaghtedd with tags =fill
attached for up o eipht months, saggestng that long-temnm tracking s
feasible. Despite our antenns and salpaater swicch pmoblems, tnEs [sting »5
days comprised 2 higher percentage of wgs applied o 2000 (35%) than oo
carlier (198%9-917 surface-mounted 1ags (47% ), and Fansmeller operaiicn
iverigead 2265 lonper thon sarlier desagns.

Blubber Thickness and Reproductive Success im Right

Whales

Miller, Carolyn A.'; Rech, Destay®; Hest, Peter B2 Moars,

Michael 1.2

(1) Depastieond of Blolegy, Woods Flale Oceanographic Fastisiion, Mail
Stop 3 Woewds Flale, A, lf-'?.‘T-'ir_:rl Ulnsied Sresey

{2 Mammal Research Areeiidate, {inive .ﬁ:lf Preforia, Predoria, Secizh Africa

The rcreased calving interval and sedeced reprductive rate in Mo
Adanue right whales, £ glacinlis, compared 0 southern sighe whales, E,
awrfralir, may reflect differsnces o lipid reserves, as ohsenved in other
mammals. We wed ampliude-mode whmsound o0 estmae Blubber
thickness in & placialls for ¥ seasons in the Bay of Fendy, Canada and in
E. qusrealis off the South Afiscan const for 2 seasons. Adule £ glaciodis, 17
eiikl, =15 have a significantly thinser hlubber layer than adult £
ausrrails, 23 cmd, =15, suggesting different habitas semperatuce regimes
or differing planes of nurition between the two populations. In £ placiali,
commparison of blubber thickness with age vislded mo selationship for males,
but & significant increase in blubber thickness with age for females (v =
0.79, p = 0.0, 0 = 25). Indepercient of this relatonship with age, thers i
aley a significant relationship between blubber thickness and tme since Last
calving for tepnelucing females (= 0.7, p=00. 0 =%, In E giesrraiis,
Blubhes thickness in cows decieased during the ealy lactaton season (1 =
LTV, dr = 30, p= 0.09) while Blubber thickoess b calves incwased gver the
same tme period (t =190, dF = 1&, p = 000, Decreases duriog lscation
and inereazes during suckling suggest that hlubber thickness mirroes eoe: g¥
balasice fur laciating and swckling right whales, In E, placialfis, wo ol
AN TSI trend in bluebber thackness over the past three years, which
may be pelated s the recant ceeceselil calving seasuen. Taken lopather thess
wesins mdieate hat the recend marked flactoations in MNosth Allantic rghl
whale reprodhuctive success may in part have A nutritional basis, affecting
fertility andfor feral and calf vimhility,

Value Added Rescarch: Offshore Aerial Survevs for

Right Whales (EvBaleena glacialish in the Hurtimﬁt

Atlantic Ocean, 1999 - 2000

Marsick, Richasd L. Clagham, Phillip'; Cols, Timothy L I

Uierrior, Parricia', Puce I, Richard M.t :

(11 NMOAA Fisheries, [0 Warer 51, Woonds Hale MA (17 Sl Ulnired
Simter

Despir= being one of te mreg (ca, 300 anmals) and most hevily smdied
celaerans in the world, Lage gaps exist in our knowledge of Nomh Adantic
right whale {Fubalaena glacialisd migraion and seasoral isirisetion dlang
the: northeastern cozstal Emited States, We Mew perial surveys dunng 1999
2000 1w pursue multiple nhjectives: (1) povide niphl whale locations o
mazinere, (21 eensug offshore arcas (Cull of Maine, Goeat Sowh Channel,
Oeenges Hank, and waters south of New Eegland) whers SYSIEMELL
sighting effort liad been abrent sinee 2 leas 1992, and (3) phowographically
ientity individual zight whales wsing these less sedied offshore areas
surveys were flown folluwing line-mansect protocals @l an aititde of 230
meders in § or 2 high-wing aircrafl equipped with bubile windows, We
condusted surveys on 90 daws and covered 70700 km of mansecrs. Over
350 right whales, dismibued among 240 sightings, were obwerved, This
produced 14 alers w manners. Sichdnes primarily occerred in the Gaear
seeath Channe] and doihiem Ceorges Dank arcas. However, right whales
wire @se found in areas nor previcusly docwsenked as impomant Six
entangled nght whales were discovered, resulting in ar least ooe suecessfal
disentumigiement. Seven individuals were found that had na heen verified
alive ln move than 6 years; these animals had been presumesd dead based on
nre analyne appreach. O cesighing of individuals infrequently seen in
Learshose surveys sepparts (e idea that sooee hivlonic resighting data are
biztel by whales' heiesogeneous use nf geopraphical regioms aml hy
regienal vaaabon in survey effort, Moreover, analvere amsmpting 2o mzks
PIC-TH R RS of death For sndividual whales should copsider nehvidnal
geographic prelerences, o addiion o dme since the previous sighting. Ch
work vnderscores the imponance of identi (ying and mainiining svsiematic
EGrvey cffont in all potential hahitars, and the wtilite of conndimating sureevs
Lue span=wereant and scicace,

Buoyancy of North Atlantle Right Whales (Eubalaena
glactadis) May Increase the Risk of Ship Strikes

Nowacek, Douglas P.l'l; Iohnson, Mark': Tyack, Peler'; Shorter,

K. Alex™ MeLellan, Williamw®; Pabst, D, Ann®

(1} Weods Hole Chcearographic Insringe, 200 Woode Hole RE, Redfeld
244, M £73, Woods Hode, MA, 02543, United Sraies

(2] Northeast Flsheries Science Center, Wooas Hole, MA 154

() Universivy of Colarade, Boulder, Crl, 154

(41 Undversity of N. Coroling Wilmington, Wilmington, NC UEA

A vaniety ul’ marine manurmal specica have hesn shovam 0 conseve casrgy
by wang negatve buoyancy w power prolonged descent plides during
divess, A non-invasive tag auached to North Atlantic right whales recorded
swim stroke from changes in piich angle derived $om a  3-axis
acicleremeler, Swimming and dive duwy recorded by the 1ag from K right
whiles during 95 dives in 1999 and 2000 indicale bt he tagged whales
were positively buoyant ar degehs greater than has besn reported fou other
rmanne mammals. Some of the most powerful fuke strokes obscrved in
:agg.m:l.n'ghl whales vecwmed as they counteracted this buoyancy at the
beginning of a dive, By contrast, dpht whales wsed positive baovancy
power glides during ascenr. While descending, the whales had w o]
themsclves at steep angles 1o the bottom of their dives. Dusing ascent,
bowever, they glided ot relatively shallow angles For 15 80% of the total
ascent tme, Despite these ditferences in swimming behavioe, their rie of
ascent was equal to or grester than their descent rale, and all right whales
Ui wiwenl glides a1 depths » 2x the clepth at which 2 blue whele began 1
gl Right whales appear w wse Seir positive Buoyanswy for more efficient
Hwimrrdn[!:_u.:ld diving, Howewer, this buoyancy may prse added nisks of
wessel collision, Such collisioms are the pimary soune of ATropogemic
mmarizhity Tor Morth Axdansic might wihales, whosc Fopulabtion is comically
endangered and declining. Duoyaney may impeds diving iesponses 1o
cncomiig vessels and right whales may have o redeced abilicy 1o nuamesye
Hurmyg Irze ascents. The hydmdynamic forces indoced By farge ships tha
Craw uismerged objects into the hull compound the nsk of collision botk
car ascent and descent. Together these phepomena my pirtly explain why
this speries s 5o vulnerahle o ship soikes,



Mark-Recapture Analysis Provides Evidence for
Tempoerary Emigration from the Bay of Fundy Feeding
Cround by North Atlantic Right Whales
Pace, Richard'
(1} NOAA Fiskerier, Nowhear! Fishenies Scimnee Canrer, J66 Water 81,
Wonds Flole, MA 02543 Ulnited Stare s
A cxiensive photographic catalogwe of Gndividually ideodfied Morth
Atintic dght whales (Fubalasns  placlaliz) allows cxamimabon of
resi g hling records {(copture histories) fom differeot Jocales both among ard
within yoars, These capiare histories bave been wsed woestimale annuwal
devasgraphic parameiers, although mmalyses 10 date bave [xled © reoognize
the richness of these dota in demopstabog othe aspocs «f nghl whale
mnlogy, [ iecused on recent (199398 recapture histories, meaticied o the
principal surmmer feeding period (late July-early Seplember) in the Bay of
Fundy. By epplying Pollock's robust design to resighting reconds grmaped
ik Zoweek perbods, I found strong stabsticel evidemce for temyporacy
emirration. Specifically, while fidelity 1o the Bay of Fusdy aspearscl high
when guaped over several years, the likelibood that an animal was not in
e Bay at all dusing a particalar year was approximately 50%. Based on
one model {ematlest AIC), annoal popoalation estimales witkin the By
ranged from 151 e 212, bot standard ermors on these estimates weee high.
These msulis bave 3 amportant implications, First, they demonstrabe thar
sursey desipns of locel, mark-recaptuore momitomng dodies of manne
manmmils  often provide opportanitics o extract sslevant bol ofien-
everlnoked hinlogicn] informntiom. Second, the finding of subsrantial
femporary eoigration in northermn right whales limits (he uility of typica
C.:.n-_mgk-_‘,lull;_-_c-ﬁ-:b:; (IS mastdels in Exli:nla.l:iu;.g d.L'LI:IA'_IHII a.p]l_il." AT [0S,
perarse OI5 cannol accomenodate duis p]'.-:un:un:umn}n. HI:IJJL}', the: ammual
Bay of Fuudy pupulaton size cstimaies suggest that only SH-15% of Rorth
Adlantic right whale populption is present anihe Hay of Fundy during labe
July to mid Septeosher. This highlights the need 4o expand survey covidrags
w identify other impormant summer areas for this erigically endangensd

SpHECiEs.

Photogrammetry of North Atlantic Right Whales,
Kesults of a Pilot Study

Poter, David'; Perryman, Wayne®; Quintal, Janeen's Cramer,
Katie®

(1] MNarional Marine Fisheries Service, NEFSC, Woody Hole faforanry,

166 Weer 5, Woods Hole, MA, 02343, United States
2] Notlore! Marine Fiskeries Service, SWFSC, Lalolla Laborazory

In Awgusi of 20HM] the Katonal Marne Fishedes Servics, Mortheast
Fushenes Scence Cealer, began a pilol siwdy w collect biolopical
informuntion from werical aenial photographs of morth Atlantic dght whiles.
The surpose was to determine if photopmmmetric data of sufficient quality
coulid e collecied and used in population dynamic studies, These studies
include individual idendficatons, condition foctors, agefength curves by
sex, habitat usage, and life history pammeters vis markfrecapmre analysis,
Aninmal concenimtions were located fﬁ]]ﬁ'ﬁ'inﬁ a brusul seale BUTVEY in the
Bay of Fundy. Using five inch format KAT6A canseras buili for military
recormoizzance, vanous types of Blm, film speed and aliwdes wens
evaliated 2t different sca states and times of day, The techniques wsed weis
sicnilar o those developed by the NMFES, Southwesl Fshenes Science
Ceoter on various nonh Pacific species, Additionally, the degree to which
the aseraft disturbed] animals was determined by bost based scieotists who
could observe changes in their behavior during overflighas, One hundred
and twenty-weven individwals were icentified from 665 photyraphe
collected on 9 flight days and cmoss-referenced to the Mew Einglad
Acuariume right whale catadog by Aquarium staff. (F these amimals 98 had
phwits; graphs of suffickeat quality w allow total Jeagth andior Aluke width
measmements. Addiionally, mirth measerements wene possible on 20 of
the animals allowing fom soowe aesseme of comdition factor (eight of these
twenty animals subsequently calved in the Florida/Georgiz nursery anea 4
A months atter our study). Fioally, observers poted no bohavioral
Gf‘.—lﬁl.l'l;._:l-'n‘i oF reachons ter the auicaadl -;J.l.uhl.,l.!F 4.1'.-"-El.'ni|:=:|1l‘.5.. Thiix nhn:l],' haz
detzrmined that with the appropriats (il and canoa seling combxned
with the cormeel environmental conditions phologrammetry of fie wonk
Atfantse !i,l_!]ll whale iz Pﬂiiib]f. These data will provide waluahle new
ingight on imelaividaals and a collectve wasene of e conditon of the

whnle: population.

Do Tides Influence the Movement of North Atlantic
Right Whales (Eubalaena glocialis) in the Bay of Fundy?
Pike, EI"'; Brown, M. W% Hamilion, PE": Knowlion, AR’

1) New England Aguarium, Edgerton Research Laboratory, Centra!
Whae Baston, MA, G210 nited Stares
12}  Cemter for Constal Studiss

The North Alentie rght whale (Eubafaena plocielis) population has five
docomented critical habitat, One of these, the Bay of Fumndy in easem
Canada, has been sidicd suwe 1980, Each summer, msearchers seeo mearly
twoe-thinds nf the popalation, estimated to be 325 animals, i the Bay, Do
to this concenmation of whales, & comcrvation ana was cslablished during
the sumumer months, Shipping lanes for 5t John, New Brunswick transit
throurh the castern edpe of the zope, and chip siikes have been identified
as amee of the major uvats we right whales, Unidsrsianding and defining
hsoay whales utilize this habitat aod ovealap with shipging Lo will assist in
our ability b mitigate this threat. The Bay of Fundy s famouws For its
extreme tidal range. The effect of tdes on the dismibuton of whales has noa
been previously iovestigated. but it is hypathesized that the whales mowes
with the tde, To test U4 theary, we pulled the sighting secords of animals
sen more than anee a day during the sumrmer seasons of 1997, 199, and
L9, The sighongs were analyzed o determine the cemalative movement,
north or suuth, during that diew. This information wag then compured Lo
historical fdide information. Each peir of sightops was then coded
depending on whether 11 ccourred duting the incomiog or oulgoing tide.
The resufts thow (hal there was a sipmificant number of whalss moving
south with the catgoing tide (5" = 1A, peddX, no= 195%) anad maoving
north with the incoming tide (x* = 680, p<000L, 0 = 237). There is a clear
correlation berween dwe Gdes and de short-tem movemenss of dpht whales
in thiz imponant kabital ames, Furher evaloadon of this dae will deicomine
it there is a predsciable, tide-allecied overlap of whale dismibadon with
shuiprping Janes, leading to mores effective conscrvalion nwe i s,

Muaolecular Analysis of Stress Activated Proteins and

(venes in Cetaceans: A New Methodology for Monitoring

Environmental Stress Impact

Southern, Sarka’; Allen, Anne'; Keller, Nicholas"; Dizon, Aol w!

(fy &% Fickeries Noience Center, 8604 La Joila Shores D, La Jolla, TA,
G20RT, [luited Sltes

Kecently, there has been documented & woddwide increase  in
mamifestntion: of environmental atress o the marine ccesyslems. Marineg
mammals have experienced a pandemue of morbillivieal  infections,
vuthreaks of diseases caused by influenza viruses, fungl and algal toxins,
Soie maerize mammazl popelations are declining due to idiopathic sasting
dismases and low reproducton rares. Many of de disease cuthreaks sppea
o lave been facilieted I'l-:,r nhnnﬂinE environmental conditions Ui_EIEw.-rr.u:l h}'
clirmate varinbility and human ectivities. It is imperative w develop novel
health-monitoeing ald thar would previde early waming of incrensad
siress burden in marine marmmals, o guide the managemnent of masine
ecosyslems and facilitawe the conservation of key species. We have
developed a mew methoddolory for deteotng the molecular signamre of
chromic physiclogical soess in memumals thal can be used g5 oan eardy
indicator of increased environmencal stress and cosnproosised Jealth, The
methodology is hasccl om molecular analysis of stress-activated proteins and
geoe  Immscripts io field microespecimens of  skin or blood. The
development of this methodelogy has involved the analysis of a reference
sel of spovizoens from § etacsan specics. Thew specimens were obained
from 16M) animals with knows lealeh sisius felizdeadly dissased, highly
physiologically stressed, or healehy) Changes in expression levels of 40
swess-activaled prowsing were dotocted wsing compuisrized quanttative
wpsunchistochemismy. Chanpges in expression levels of 4000 penc
transeripte were detected using the human pere micmamray technology.
High throughpor analysis, such s necessary for conlapeal-fevel stodees,
was supperied by the wse of mulli specimen slides and novel mali-tarzet
strece antibadies develspped in our labaratary. The iethodoloey has besn
applied 10 evaluae the impact of fona fishery ous e spotted deolpluizns o U
Tastern Tropical Pacific, and the sffects of clinaaie change aned ol shomns il
drilling o gray whales,



NORTHEAST FISHERIES SCIENCE CENTER AERIAL SURVEYS FOR RIGHT WHALES
EUBALAENA GLACIALLY), MARCH - JUNE, 2001
Timothy V.M. Cole, Amy Eenner and Fredericlke W, Wenzel (WNEFSC/PSE)

ABSTRALCT

The Northeast Fisheries Science Center (NEFSC) conducted systematic aerial line transects for right whales (
Eudalnena glacialis ) belween late March and early June, 2001, The study area encompassed waters from castern
Long Island (727 51" W) cast to the Hapue Line {66/40' W), and from the New York shipping lanes and the southerm
edge of Georges Bank (40/21' N) north to the entrance of Penobscot Bay (437 40' M), A series of 13 transect lines
spaced 20 nautical miles apart was completed boice in 12 flights. On four additional flights, line scale surveys were
miade over small, bathvmetrically defined arcas in scarch of right whale apereaations. All of the

[lights were performed at a speed of 100 knots at an altitade of 230 meters (750 feat) using a six-seat, high-wing,
amphanbiaous aircrall egquipped with bubble windows. Environmental factors affecting sighting condilions were
lozeed on all thghis. When right whales wers localed, allempls were made (o pholograph them for individual
wd=nbification. All of the photographs were subsequently subnutted to the North Atlantic Right Whale Catalogue,
housed ar the New England Aquarium. During the surveys, obeervers were on watch for a total of 80 hours and
recorded 73 sightings of right whales, The seasonal timing and disiribution of right whale sightings in relation (o
survey effort are discussed.

NORTHEAST FISHERIES SCIENCE CENTER AERIAL SURVEYS FORRIGHT WTIALES (
FEUBALAENA GLACIALIS), 1998 - 2001
Timothy V. N, Cole, Frederick W. Weneel and Amy E. Renner (NEFSC/TSLE)

ABSTRACT

Acztial surveys for North A lantic right whales (Eubalience glacielis) were conducted by the Novtheast Fisheries
Science Center (NEFSC) during the spring and fall of 1998, and in the spring of 1999, 2000 and 2001, The study
arza encornpassed waters from easterm Long Island (727 5 1' W) east to the Hague Line I{ﬁ-ﬁ"'-'-lﬂ' W), and from the
Wew York shipping lanes and the southemn edige of Gearges Bank (40°2 1' N) north to the entrance of Penobscot Bay
(437 40' ). The objectives of the surveys were: (1) to census ofTshore areas where systematic sighting effort had
been largely absent; and (2) to photographically identify individual right whales in these areas 1o improve
krowledge of population strueniee, with an emphagis on capmring animals that do not scour inmore infensively
stdied coastal habias. Surveys were Nown at 100 knots and at an altitude of 230 meters (750 feer) in high-wing
atrcrall equipped with bubble windows. Environmental factors affecting sighting canditions were logged on all
Mghts. Dunmg the surveys, 37,912 kms of transect lines were completed (316 hours of effort), and a wlal ol 324
stightings of right whales made. Sightings primarily occurred in the vicinity of the Great South Channel and on the
Morthern Ddge of Georges Bank. Riglt whales were aleo obzerved in areas not previonsly documentsd. A
comparison of the photographs taken in 1999 and 2000 of right whales sighted (o an existing catalogue of
individuals found 92 known individuals, In 1999, two identified individuals were sighted only during the NEFSC's
survey cffort, and five in 2000--one of which had not heen resiphted since 1988, The ‘recapture’ of these individuals
15 likely 1o alTect estimates ol vital rates For the population, arnd underscores he imporlance maintaining syseranc
survey ciforts.

CIUTICAL SIGHTINGS PROGRAM PLACARD

Amy Lamb™, Tim Colet, Dana Hartley *, Blair Mase®, Pat Gerrior *

T rrolected Species Branch, Northeast Fishenes Science Center, 166 Waler Streel, Woods Hole, MA 02543

* Pratected Resources Division, Northeast Regional Oftice. 166 Warter Street, Woods Hole, MA 02543

v Protected Resources and Biodiversity Divigion, Southeast Fisheries Science Center, 75 Virginia Beach Drive,
Miami, FL. 32149

ARBRSTRACT

The Critical Sightings Program (CRISP) placard has been developed to facilitate more comprehensive and real-time
reporting of oifshore sightings of right whales, and entangled or dead whales of any species. The placard was
designed primarily for wse by che U.S. Coast Guard. However, it will be madc avalable to other fuderal and siate
agencies whose activities are likely to encounter marine mammals, including the Depanment of Defense Marne
Mammal Awareness Pragram {where the placard will be posted an their webasite). The placard is nod intended Lin



DEFINING TRIGGERS FOR TEMPMORARY AREA CLOSURES TO PROTECT NORTH ATLANTIC
RIGHT WHALES (EUBALAENA GLACIALIS) FROM ENTANGLEMENTS

Phullip J. Clapham and Richard M. Pace, 111 :
Northeast Fisheries Science Center, 166 Waler Streel, Woods, MA 02543-1026, U.S. A,

ABSTRACT

The North Atlantic night whale population 15 critically endangered, and entanglement in fishing pear 15 2 major
fctor inhibiting recovery, One proposed mutization measure is the Temporary Araa Closure (TAC), where an area
would be closed to fishing when right whale azgregations were presenl. Here, we use sighling daa w develop
crifenia for friggering TACSs, Data from almost-datly surveys ol Massachusetls Bay from April through October,
1980-96, were used Lo assess whether the number of animals in an initial sighting was predictive of the magnitude
and duration of the sighting events that followed, We defined an event (n = 42) as two or more right whale sightings
separaled by an anterval of not more than 10 dave. A mon-even! (n = 21 ) was any sighling not lollowed by another
within 10 days. Of 30 initial sightings involving one or two right whalcs, 29 began an event, while 21 did not.
Huwever, an mitial sighting of three or more whales appeared w represent a good predictor of an aggregation,
because all such sighdngs (= 13) hegan events, This “irigger threshold” equated to a densily ol 4. 16 whales per
100 nen?,  Additional analysis indicated that 2 buffer of about 15 nautical miles around an event's initial sightings
cncompassed the movements ol right whales during the entire course of nearly all observed cvenls, thus allowing
TAC boundarics to be established. When applied [l;:lrl_::_-.pl;:»;.:l_h‘::l:,' lo avrial SULVEY :g.ighliﬂgs dala collected an the
springs of 1999 and 2000, the trigper criteria waould have resulled i eight elosures in esch of the two vears.
Although these methods provide a useful means to establish protection measures for right whales (and perhaps other
species impacted by entanglermnents), their efficacy will depend on regulatory turnaround times, enforcement
capabilines, and the rapidity with which fishing gear can be removed from the water.

MARK-RECAPTURE ANALYSIS PROVIDES EVIDENCE FOR TEMPORARY EMIGRATION
FROM TIIE BAY OF FUNDY FEEDING GROUND BY NOKTH ATLANTIC RIGHT WHALES

Richard M, Pace, TIT
Northeast Fisheries Science Center, 166 Water Strect, Woods, MA 023423-10246, TLS. A,

ARBSTRACT

A exlensive photographic catalogue of individazlly identified North Adantic right whales (Fubalacna glacialis)
allows examination of resighting reconds (caplure histories) from different locales beth among and within yeass.
These capture hstorics hawe been used to estimate annual dermographic paramelers, although analvses 1o date have
failed to recognize the richness of these data in demonstrating other aspects of right whale biology. I focused on
recent (1993-98) recapture histories, restricted to the principal summer feeding period (late July-carly September) in
the Bay of Fundy, By applying Pollock's robust design to resighting records grouped into 2-week periods, 1 found
strang, statistical evidence for temporary cmigration. Specifically, while fidelity to the Bay of Fundy appeared high
when ganged over several vears, the likelihood that an animal was not in the Bay at all during a particular year was
approximately 50%_ Based on one mode] (smallest ATC), annoal popuolation estimates within the Bay ranged from
131 o 212, bul standard crrors on these estimates were high. These results have 3 important implicatons. Firsl,
they demenstrale thal survey destgns of local, mark-recapture monitoring studies of marine mamumals oflen provide
oppartunchies o extract relevant bul ollen-overlooked biological information. Second, the finding ol substamtal
terporary ermgrabion i northern nght whales hinues the atility of typical Cormack-Jolly-Seber {C)5) models
citimating demographic parameters, because CJIS cannot accommaodate this phenomenon, Finally, the annual Bay
of Fundy population size estimates suggest that only 30-73% of North Atlantic right whale population 1 present in
the Bay of l'"..llld}' {'[I_‘J'i[]_-g' lare .ILL];-.r tor enied Fl-:'.plumhu-r. This hI-.L_IhHEJHR the necd to cxpand survey coverage to identify
alber imnpaortant summer areas for this critically endangered specics.



Yalue Added Research: Offshore acrial surveys for right whales (Enbadaena glacialis) in the Northwest
Atlantic Ocean, 1999 - 2000

Richard L. Merrick, Phillip Clapham, Timathy V. N, Cole, Patricia Gerrior, and Richard M. Pace, IIL
NOAA-NMES, 166 Water Street, Woods Hole, MA 02543-1026, U.5.A.

ABSTRACT

Despite being one of the rarest (ca. 300 animals) and most heavily studied cetaceans in the world, large gaps cxist in
our knowledge of North Atlantic right whale (Eubalaena glacialis) migration and seasonal distribution along the
nertheastern coastal United States. We Mlew aerial surveys during 199922000 to pursue multiple abjectives: (1) alar
mariners W right whale locations, (2) consus offshore areas (Gulf of Maine, Great South Channel, Georges Bank,
and waters south of New Enpland)} where systemalic sighling eforl had been absent since at least 1942, and (3)
photographically identily individual right whales using these less studied offshore areas, Surveys were flown
following linc-transcet protocols at an altitude of 230 meters in | or 2 high-wing aircraft equipped with bubble
windows. We conducted surveys an 90 days and saverad 77,740 km of transects. Over 350 right whales,
distributed amonyg 241 sighlings, were observed. This produced 74 alerts to marnners. Sighlings primarily eccurred
i the Great South Channel and northern Georges Bank areas, However, right whales were also found in arcas not
previously decumented as important. Six entangled right whales were discovered, resulting mn at least ane
snceessful disentang lement. Seven individuals were found that had not been verified alive in more than & years;
these animals had been presumicd dead based on one analytic approach. Offshore sightings of amimals rarely s2en in
nearshore surveys support the idea that right whales have individual preferences in their af use peographical
habitats, Morcover, analysts attempting to make presumptions of death for individual whales should consider
mdividual geographic preferences, in addition (© ume since the previous sighting. This work underscores the
importanse ol identifving and maintaining systematic survey effort in all potential habitats, and the utility of
coardinating surveys for management and scicnce.

A Review of Current NMFS Scientific and Management Efforts to Recover
the North Atlantic Right Whale (Eubalaena glacialis)

Richard Mermick
NOAANMES, 166 Water Streer, Woods Hale, MA 02543

ABSTRACT

Despite: M0 years of protection under the Endangered Species Act, the North Adantic right whale (Evbalaena
wlacialiv) has shown little recavery. [ndeed, recent analyses suggest that survival rates and population abundance
levels bave declined. Lack of recovery is partially due to continned anthropogenic mortality, due primarily o
cutang lenuent i fixed fishing gear and ship sirikes, The 1994 amendments o the Marine Manunal Protection Act
pravided an imnportant wol for the reduction of gear interactions through the development of take reduction plans.
On July 22, 1997, NMFS published the first results of this process as included in the Atlantic Targe Whale Take
feduction Plan. The Plan contained a namber of approaches 1o reducing pear interactions. Some dealt wath
maclilfications w lishing gear, while others dealt with fishing time and grea elosures in critical right whale habitat
amas. Since 1997, NMFS and the Atlantic Large YWhale Take Reduction Team (ALY TRT) have monitered the
efficacy of the plan and made significant modifications to the Plan in February 1999 and in December 20060
Howewer, entang lements and associated mortalities of right whales have continued. This has led 1o the
development, beginning in February 2000, of a revised strategy to further reduce gear interactions. This swategy,
which i3 eurrently usderpoing implenientation, has three elemenis-1) additional tima-area closures to all bul whale
safe gear, 2) additional gear modifications in other areas, and 3) enhanced moenitoring of the Plan's ellectiveness,
The pnaosl :-ii‘L_'_rLif'u.:alll ol (hese elermenls are HI’.-:I:,' (i aclelali ool pear resh ictions. bFirst, areas with [‘-lrtﬂiflah]; annial
concentrations of right whales will be considered for Seasonal Arca Management (SAM). Such arcas would have
sp=cific boundaries and pre-designated . Specilication of additional SAPM zones contimues the manageiment
approach used in 1997 in establishing the Cape Cod Bay and Great South Channel Resiricted Arcas for right whale
conservation. Second, areas without predictable concentrations may be considered for Dynamic Area Managemenl.
In these areas, addiional gear restriclions will not be invoked unless concentrations of right whales have been Tound
by qualilied observers, Ones concentrations are seen, NMES will invoke a minimam two week restricted area
around the animals. With these management measuares in place, NMES efforts to recover the Notth Atlanuc right
whale will new furn to dealing with ship sirike meorralities,
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Right whale nighttime feeding behavior in the lower Bay of Fundy:
Inferences from a siudy of Calarus finmarchicus diel vertical migration |

Mark F. Baumgarmer', Robert G. Campbell’, Gregory J. Teegarden” and Timothy V.N. Cole®
"College of Oceanic and Atmospheris Sciences, Oregon Stats Univ,, “Graduate School of Oceanography, Univef RI,
YEnvironmental Studies Program, Bowdoin College, ‘Northeast Fishernies Science Center, WMFES

Recent observations of right whale diving and foraging behavior in the lower Bay of Fundy sugpgest that daytime
feeding ocours on relatively deep layers of Colanus finmarchicus (100-200 m). Migration to the surface at night by
these layers of C. finmarchicis and subscquent surface feeding by right whales may (1) increase the nisk of
collisions between right whales and ships and (2} increase right whales” exposure to natural saxitoxins that may be
accutmlating in C. finmarchicus which are actively feeding in surface waters where toxic dinoflagellates
{Adexandrium spp.) are abundant. We examined the diel verlical migration of O finmarchicus from the NOAA Ship
Albatenss TV at two oceanographic stations in Grand Manan Basin beginning on July 29 and July 31, 2001. The
vertical distribution of €, finmarchicus was measured with an optical plankton counter (QPC) every half hour overa
28 howr period and depth-stratified plankton samples were collected with a multiple opening-closing net
(MOCNESS) every 6 &r 12 hours, The OPC data suggest that the highest abundances of C. finmarchices ocourred
below 100 m in layers that did not migrate to the surface at night. However, the OPC detected a layer of C.
finmarchfcus that resided at approximately 50 m by day, migrated to the surface at sunset and retumned 0 depth
again at sunrise. Preliminary observations from MOCNESS samples, egg production experiments and feeding
experiments indicate that this nighttime surface layer was an actively feeding and reproducing population consisting
of nauplii, all copepodite stages, adult males and adult females. [n contrast to the surface layer, the abundant deeper
lavers consisted predominantly of less active stage 5 copepodites with well-developed oil sacs. Despite the
accessibility of the C. fiamarehicus surface layer at night, we think it ie likely that ripht whales continue to feed n
the dzeper layers throughout both the day and night becausc these layers contain much higher concentrations of the

most ipid-rich copepodite stage of C. finmarchicus,

MNortheast Fisheries Science Center aerial survevs for right whales (Eubalaena glacialis),
March - .June, 2001

Timothy ¥.N. Cole, Amy Renner and Fredenck W. Wenzel
WNortheast Fisherizs Seience Center, MMFS

The Morheast Fisheries Science Center (NEFSC) conducted systematic 2enal hne transects {or nght whales
{Eubalaena placialis) between late March and early June, 2001, The study area encompassed waters from eastern
Long Island (72° $1' W) cast to the Hague Line (66%40' W), and from the New York shipping lanes and the
southern edee of Georges Bank (4072 [' N} north to the entrance of Penobseot Bay (437 40 N). A senies of 13
transect lines spaced 20 nautical miles apant was comploted reice in 17 flights. On four additional flights, fine scale
SUTVEYS Were made over small, bathymettieally defined areas in search ﬂf:'ight whale nggre:gntinn::- Al of the
flights were performed at a speed of 100 knots at an altimude of 230 meters (750 feet) using a six-seat, high-wing,
amphibious aitcrafl equipped with bubble windows. Environmentsl factors allecting sighting conditions were
logged on zll flights. When nghl whales were located, attempts were made to photograph them for individual
identification. All of the photographs were subseguently submitied to the North Atlantic Right Whale Catalopue,
lioused at the New England Aguarium, During the surveys, observers were on watch for a total of 80 hours and
recorded 73 sipghtings of right whales. The scasonsal timing and disinibuation of opht whale sightings in relation 1o

survey offor are discussed.



Can tagging right whales aid in their conservation and recovery?

Bruce Mate
Chegon Stale University Manne Mammal Program, Mewpod CF. -

h

Drunng July/Avgust 2000, we mstrurnented 16 North Adlanlic nght whales o the Bay of Fundy with Argos
{sateliite-monitared) radio taps coated with & lonp-dispersant antibiotic, Our immediate objective was o wentily
oceanographic corvelates of mght whale swnmer feeding habitats, and ultimately, Ball migration rowtes 1o as yet
undiscovered wintering areas. We heard from 12 whales (75%) 9 of them (56%%) provided locations for = five days
(= =43.4 d), accounting for a total of at least 16,132 km of travel (% = 1,792 km). The longest track (6,505 km and
126 days) was of an adult fermale which migrated 1,928 km in 23 days (% = 3.5 km'h) to Georpia, where she was
resighted 126 days after tagging by other researchers (C. Slay) using our Arpos locabon dats dunng an aenal
survey. All whales tracked for more than 23 days lefl the Bay of Fundy at least once, traveling broadly over the
eastean Scotian Shelf andfor throwghout the Gulf of Maine. Average speed was 1.8 km'h, Most lacahions were over
shallow shelfl waters (88% in < 200 m depth) and 75% were < 30 ken from shore. Examination of photos by other
rasearchers collected in the Right Whale Consortium catalog taken of tagged whales afier ransmissions ceased
reeveszled that one had lost its tag, and 6 of 7 others had either a broken antenna or saltwater switch, accounting [or
759 af resighted tag falures, Analysis and re-design of those elements have heen compleled. Tageed nghtl whales
have been resighted with tags still attached for more than one year, suggestng that long-tenm lracking 1s feasible,
Despite our antenna and saltwater swich problems, a higher percentage of taps appled in 2000 lasted =5 days
{56%) than Lor earlier (1989-91) surface-mounted Lags (47%), Tags apphed o 2000 also performed 226% longer
than earlier designs (% = 19 days).

Studying North Atlantic Right Whale Reproduction Using IFecal Steroid Hormoness An Update

Rosalind M. Rolland', Kathleen Hunt®, Scott Eraus', Todd O'Hara®, Samucl Wasser®
"Mew England Aquarive, Bostor, MA, *Universily of Washington, Seatle, Wa,
"Department of Wildlife Monagement, Barrow, AK

One ol the (retors impacting recovery af the North Atlantic pght whale (Eubalaena glacialis) population is a
siznificant decline in suceessful reproduction over the last decade, The reasons for this reproductive dyshmnetion
are unknown, and few methods are avadable 1o stedy reproductive function and phyvsiolegy in nght whales, Owver
the past rwa vears we have validated 4 radio imrmunoassay technique that measares the metabolites of steroid
harmones in right whale feces. Using this method, we are able to accurately measure the metabolites of estrogen,
testosterone, progesterone and glucocorticeids (stress hormones).  Fecal hormone levels tend (o be less varinhle
than blood values, as the noal ormone Nucluations in bleod are averaped out, simplifying interpreiation. Since
19949, 62 fecal samples have been collected from right whales feeding in the Bay of Fundy, and many of the samples
can be linked to known whales through simultaneous pholo-adentilication. Samples have been collecled rom a
cross scction of the population including adult males and females, calves and lactating, mothers, allowing analysis of
hormene resielis an relation to apge, sex, and reprodictive history ef the individual, The glucocorticond assay
provides a new loal wilth which e stwly siress in right whales, incheding its relationship with reproductive condition
and envircnmental factors. In a parallel comparative study we are analyvzing the same hopmones o blood and leces
collected from the western Archc bowhead whale (Helacna orpsticeiss) donog the spomg and fall Tout bunts o
Alaska, Bowheads arc being used as a reference population for the nalit whale studies because of their close
taxonomic relanenship with nght whales, hecasse the population @5 growing amd reproductively healtby, and
hecanse fresh tissue and [ecal samples can be callected during the hunt, Fosthemmore the resolts of the hormone:
analysis can be conelated with the reproductive condition of the wlale through direct examination of the
reproductive bacts. Because of species diflerences in hormene metabalism, the same 4 hormone sssays are
currently haing validated for vse in bowhead whales. Sinee 2000 we have collected somples from W bowhead
whalcs that are curreatly bemg assayed. This comparatve study will provide baseline data wath which to
commparabively asscss the relavonship between tecal hormene levels and reproduective conditon in a large baleen
whale that can servee as & mode] Tor studies o the Nodh Atlantie neh whale.



The North Atlantic Right Whale Catalog: An Updalte

Philip Hamilton
Mew England Aquarium, Boston MA

The Mew England Aquarium is the currator of the North Atalantic Right Whale Catalog- & compilation of nearly all
the photographs laken in the North Atlantic. To date, the catalog has over 23,000 records of 410 di flerent
indidviduals, 14 of which are known to have diad. Of the remaimng 394 whales, 301 have been scen alive in the lase
six years. Each year, the MEA( receives photographic contributions from an average of 15 individualy/
organizations. With this effort, nearly 70% of all the whales belicved to be alive are identified annuaally. The sex
ratio for the population is nearly 50/50, with over 80% of the identified whales sexed. Over 80% are adults, An
average of [ new whales have been added to the catalog annuslly since 1992; some years these are all calves and
ather years they are all new non-ealf whalss (some of which are presumable non-identified cabves from previous
years), In 2001, 31 calves were bom, the highest count since photo-11) efTorts began. The mean ape of first
parturition for eight of the 11 primaparous females in 2001 was 14 (over four yeass older than the mean for the
papulation previcusly), though (here may have been missed calvin gs for some of those females. The mean inter-
birth interval for the 20 cows that had calved before was 6.2 years which supports the increasing inlerval reported
for the 1990%. Although the analysis for 2001 is nat complete, at least 16 of the 27 calves thought to be alive were
sighted in northern waters and hopefully all will be photo-identified. There were four confirmed deaths in 2001 - all
calves of the year, Two were confinmed ship-strikes and two were of undetermined cause, In addition, the entangled
whale "Churchill”, an adull male with a sighting history spanning 21 years, is believed to have disd, though no
CATCESS Was relrieved,

Scarification Analysis of North Arlantic Right Whales:
Monitoring Rates of Entanglement Interaction

Amy K. Knowlton, Marilyn K. Marx, Heather M. Penis, Philip K. Hamilton, snd Scott 1, Kz
MNew England Aquacive, Dustan, MA

scar codung of nght whales was initiated in 1996 10 assess all tvoes of scars found on right whales. All
phatographed sightings of each mndividual in the photaidentiticarian catalog were reviewed Lo determine the type
and placcment of various scar types on different regions of the body. Coding was done for each seasonvear that the
individual was scen. The most critical aspect of tus project was (o assess the frequency and rate of entanglement
scarring. Ta address the feasibilicy of detecting the benefios ol changes 1o fishing activities 1o proteet right whales,
two analyses were carried out, The first analysis was simply an assessment of te Lime period in which each
entanglement nuerachon occurred and displayed on an annuwal basis, In order to determine if MANEgement rmeesunes
are providing any benefil, it is impartant ta he able o datest interactions within a short tune period, sdeally within »
year, after they occur, Thus far, 219 ul 411 animals have been coded for a1l veaes from [980-2000. When Lw iy
yoar periods, 1985 1990 and 1995-2000 were comyprared, the data show that 66 and 69 entangloment interactions
were detected in each period respectively. In the [985. [990 period, the time-frame of 39 ot of 66 interactions
could be determaned with 19 (29%) of thess known 10 have sccurred within a ene vear period, In the 1995-2004
perickl, the Gme-frame of 62 out of 6Y interactions could be dotermined with 13 (48%) determmnesd o have oceurred
within @ ene year period, This werease o our ability to detenmine the time-frame of entanglement interactions is
likely the result of recently increased surveillance efforts im ollshore areas as well as a shilt of many animals inte
the Bay of Fundy where annusl effort is consistent. A second analysis was undertlaken to cvaluate the percentagre of
adeyuately photographed animals that experience i entanglemaent in a given year. For each cousecutive Dwa-y var
period, the snimals seen in both years were assessed tosee i their il region was adequately phatopraphed and if
evidence of entanglement was detectad in the later year, The number of adequately photapraghed animals hetween
1984 and 2000 (note that 1996-2000 data is not complets) ranged Gom 1110 75 animals, The percentape of
adequalely phatographed animals with cew entanglement scars vanpesd from 10 289 annually. These analyses
suggest that it may be possible 10 detcet annual entanglement levels as long as survetllance effort remains high
Whethes o8 wall e able w deeet trends in levels remams onclear as a great deal of vanalnbity may be inteoduced by
changes in right whale distubution amlior chanpes i fishing sear distribution or lovels



Hight Whale Entanglements and Dsentanglments, 2001
Dave Marin
Center for Coastal Swodoes, Provincetown MA

thowsh repors of entangled nght whales were distnbuted evenly among observalion platfonns there was a
derovnward trend in overall sepants o lishennan, senal 2oa network members. Two cases were deemed
successlul disentanglements (#2223, 82427, one case 15 dlall being maonitored (vaknown), #nd right whale

#1102 ("Churchill") condition is unknown. Some telemerry tracks from two of these entang lements will be shawn
allowing insight o their travels, Ripht whale #1102's sample bt life-chreatening entanglement required new
protocols and techniques. A major callaborative effort was underzaken to implement a rescuee plan intially
develaped during the Large Whale Medical Workshop held in 2000, This plan mcluded the first delivery of
sedatives w & [ree-swimming whale, along with the cortinued development of several tail harness systems, in order
1 altempt a sate disentanglement.  An overview of the case with these umique developments will be presented.
Although multiple effors did net succesd in fresing right whale #1102, several advances were made which may be
beneficial for future difficult disentanglerments.

Assessing ship strile risk fuctors, an update on the DTAG project

Douplas Mowacek', K. Alex Shorter ?, Jim Partan', Carol Carson', Susan Packs', Mark Johnson!, Peter Tack!,
Dige Allen’, Stephznie Nowaeek®, and Alessandro Bocconeelli®
"Wionds Hele Oceanographic [nstitwtion, Woods Hole, MA, ‘Forlheast Fisheries Saience Center, Woods Hole, MA
*¥ational Museumn of Natural 1lisdory, Smithsonian Institetion, Washington [,
*Chicago Zoological Sociely, Mote Manne Laboratory, Sansota, FL, *Ceatter for Marine Science Research, University of
M. Caroling Wilnningion, Wilmington, NC

To continee our investigation of risk factors invelved in collisions between ships and right whales, we attached fags
to 3 [ whales during July and August 2001 Approximately 60% of the tags remained attached for =30 min., and of
these tags approximately D0% were knocked-ofT by ather whales hetore the scheduled release tme. To mnveslipzate
the whales® reactions to the presence of ships we are evalualing their response(s) o both controlled sound exposures
and ‘epporiunistis’ approacties, The two contelled sound stimuli are right whale social sounds and the sounds of
an approaching ship. Opportunistic approaches occurred as vessels moved toward or past tagged whales. We
condusied ten controlled sound exposures Lo tagged whales, and wee charted the movements of 34 vessels as they
moved within 5 km of our ohservation host, By comparing these experimental situations with control penods we
are evaluating whether and, if so, how the whales respond in the presence of vessels. (Juantities being cvaluated
include changes in {(luke siroke raie, orientaticn, beading, depth, and vocal activity, We have also updated our non-
invasive atlachment system. As the tags were attached, suction was actively pulled in the two cups via a suction
reservodr in the pole. In addition, to eounteract natural pressure leskage ont of the cups, an onboanld passive pump
used the increasing pressure duming the descent portion ef dives 1o pump pas and/or water out of the suction cups.
T the pew release mechanism 2 tube that is plumbed into the interios of the suztion cups 12 erimped and wrapped
with a picce of corrodible wire during deployment. At the programmed {ime the wire cormodes releasing the omp
allowing waler 1o enter the tube/suction cup, which releases the suction in the cup and the tag from the whale.



Research, studies and projects in support of recommended measures (o
reduce ship sirikes of North Atlantic Right Whales

Hruce Russell
Maritime advisor to the Intemational Fund for Animal Welfare, barussellimerols_ com

OUn 22 August 2001 a report, Recommended Measures o Reduce Ship Sirikes of North Adilantic Righ! Whales, was
submmitied to the National Manne Fishenies service via the Northeast and Southeast lmplementation Teams. The
report was the culmination of a two and a half wear project including 2 workshops, 7 meetings with indusiry groups
and associations, [ 1 industry bricfings, and 7 Implementation Team meetings, To reduce the risk of vessel
collisions with right whales, three basic management measures, derivatives and combinations thereof are proposed
in the report to address commercial ships: 1) Routing vessels around high-risk areas. 2) Routing ships through a
high-risk area lo minimize travel distances of vessels and risks of whale-vessel intcractions. 3) Restricting vessel
gpeeed throuph highi-rigk areas.

Imposition of these measures could be seasonal, or year-round amd limited to a specific high-risk arca based on
historical occwrence and other relevant factors. Imposition of measures could also be initiated wpon the detection
and { or prediction of right whales in a high-risk area, and might remain in foree until right whales are no longer
detected or have a low probahility of remaining in the area. One or more measures could be imposed in an overall
management scherne [or & given arca, An intepral pad of the report are recommendations for Research, Siudies and
FPrajects in support of the specific recommendations:

Regional risk avsessmenis. Conduct nsk assessments off the Southeast US, in the Great South Channel and Guif of
Mzine to determine how many vesscl miles can be removed from the high density whale arcas by safely routing
ships into and out of whale areas using the shortest route possible.

Eeonomic impact analpsie, Condue! more detailed reatments of port-apecific economic effects by enhancing and
providing more accurate data into a makdel currently under development.

Assess teenporal and sparial extent of the mid Atlantic migratory corrider,  Analyze existing data and survey dala
from targeted surveys and other surveillance techniques to detenmine statistical probabilities of occurrence (time
and location} of right whales during sigrations ofT port approaches from Block Island, RT to Savannah, GA.
Additional senal surveys may be necessary.

Inregrate all available informeaiion info @ managemen! syviem. Continue and expand the ongoing development of a
comprehensive information management system using reographae Information Systems (G15) software, This
system will be used to monitor the health of the population and the efficacy of and effectiveness of management
measures designed 8o reduce human impacts on whales.

Merchant mariner education, Continue, enhance and accelerate the development of a program and outreach
atrateay to a2t mariners, worldwide, in voyage planning, qualifications and licensing proprams, and in shipl-oard
safety management planning,

Right whale detection researchiymonitoring. 1) Expand aerial survevs to cover port approaches from Block Island
sound, RI to Savannah, GA. 2) BEvaluate and improve the effectivenaess of asnal survey techniques. 3) Continue
passive acoustics detection research and investipale autormation o 4 real-time system suitable for deployment
offshore. 4} Continue research into the biological and occanograplic *predictors’ of nght whale distribution on
suitable scales in support of an "expert system” to predict right whale occurrences in high-risk areas. 5) Evaluate the
effectivencss, methods and safety (to the animal) of satellite tagging and il appropriate develep and implement a
pragram to address specific information gaps on the occurrence of right whales in high-risk arcas,

Right whale beheavior in relation to ships. Develop a research program to improve the understanding of how righs
whales react to approacling vessels, Characlenstics ol changes in 3 vessel's seunds may enable s whale to hear an
approaching vessel #o realize that there is a threat of a collizion. From reviewing anecdolal evidence about ripht
whale reactions to approaching vessels, it seems that some right whales may be reacting 1o changes in the sound
emanating form the vessel. For example, small changes in propeller speed or pitch (for varable pitch propellers) or
small chanpes in the rudder anple.

Aciive sonar detection; evaluation of concept proof. Belore further discussion on the potential wse of thas
technolopy, the practical application of active sonar detection needs o be realistically presented, including, for
example, realistic tme frames for the required techinelogical development and careful consideration of possible
envigormnenial wnpacts. Seveal iescarchurs Bave adver Used an unproven leshnology Qet comld deleel nght whisles

ahead of shup using active sonar, ol authorites and the shapping industry have embaeed the concept as 2
technelogic solution instead of or mn addinon to other management options. [In contast, acousie experds have
examined the vse of active sonmar and have dismassed the approach as unwaorkable.

Mortafity: Assess propeller culs to determime if vesscl size can be estimarted,



Malecular analysis of stress activaled proteins and genes in cetuceans: a new methadology for
monitoring enviroomental siress impact in right whales.

Sarka (3, Southerm and Andy E. Dizon
Department of Molecular Genetics, SWEFSC, NOAA, Lalolla, CA

Global climale change and the growing impact of human activitics have created an increase in environmental siress
ien almost all ecoswslems. Chronic exposure to increased siress can trigger a significant perturbation of physiological
homeostasis and facilitale the emengence of serions health problems in exposed populations. In the recent years,
cetacean populations were seriously aftected by the pund emic of morbilliviral infections, outhreaks of discases
caused by influenza viruses, fungi and algal toxins, Some cetacean papulations, including the western population of
gray whales in the North Pacific and the North Atlantic right whales, have begun (o decline due to wdiopathic
wasting conditions and low reproduction rates. Have environmental stress contributed to these health problems?
Cetaceans are top predators encountering « iverse forms of environmensal stress including climate vadability,
biotoxms, miections diseases, habitat alteration/dactruction, pollutants, and fishery, Currently, there are na tools to
directly measure (the physiological impact of environmen tal stress. The overall health of & population is typically
assessed with the tools o population dynamics, However, this approach is incapable of providing carly warnings
about the impact of environmental stressors. We have initiated a snady of the molecular mechanisms of cetacean
stress responses to provide basis for the development of new diagnostic tools for marine mammal conservation and
management, as well as novel insights into the mechanisens of mamamalian stress responses. We have developed a
new methodology for detecting the molecular signature of chronic physiological stress response in marmmals. The
maolecular ssgnamre of stress response can be wsed as an early indicator of exposure to increased enviromnenLal
stress, and compromised health. The methodology is bascd on analysis of the expression profiles of stress-activated
prolems and gene dranscripis n field micro-specimens of skin or blood. The development of this methodology has
volved the analysis ol'a reference set of specimens with known health status (elinically disensed, highly
[Ih".-blﬂlf.hflﬁ,ﬂl[}' stressed, or healthy) that served as a made] ol chironic, acute and baseline physiolagical steess. The
specimens wers obtained from 100 individuals representing 8 cetacean species. Comparative analysis of expression
profiles of 40 seress-activated proteins was performed using computer-assisted quantitative immunohistochemistry,
High throughput analysis, such as necessary for ecological-level studics, was supported by the use of multi-
specinen shides and novel mulli-targel stress antibodies developed in our laboratory (1, 2, 3). Comparative analysis
of expression profiles of 3000 gene transeripts was performed vsing buoman gene sucroarrays, Currently, this new
methodalogy has been applicd to cvaluate the impact of tuna fishery on the spotied dolphins in the Fastern Tropical
Iacific (4), and the effects of environmenial stressars on the emergenes of wasting cenditions and low reproduction
rales in the Norlh Pacific gray whales (5, 6). In the right whales, the reference studies hased on compamtive
snalysis of expression profiles of 40 suess-act valed proleins in skin, indicated a baseline stress response in a
NPRW £13191 (live biopsy), 2 low-level increased stress response ina NARW Z15112 (live biopsy), and a hughly
increased siress response inan injurcd NARY 213080 (a ship-strike, a necropsy, ). Recently, we have received skin
specimens from the entangled NARW 1102 that has died recently off Boston (sampled July 10 and 14, 2001), and
the entangled’ released NARW 2223 (Calvin, May 2000). Analysis of these new specimens, together with the
previous reference KW specirnens, deteninined a hipgh stress response in both specimens from NARW 1102, and a
baschne stress response in the NARW 2223, We propose that the new methodolepy for molecular analysis ol stress
response developed in our laboratory provides a powerful new approach to evaluation of environmental stress
impact and health status in wild cetaceans, and could be used o provide new insights into the ecology of
endangered right whales, to support future conservation'management d ceisions.

REFLERENCS

1M atecular analysii of phvsiolagical stresy in botilenose dolphins: signature expression profiles of 4 stvess-aclivaled proteiny in skin
and blood. 5. Ok Southers, A CL Allen, M. M. Kellar, YW, Yan Bean and A, 12, Dieon, in preparcation, 2)Molecular analysis of steess
activated proteins and genss in colnceans: o neyy methodology fior menidaring enyirpamental stress impacl. Sarka Seoihern, Anne Allen,
Michelas Kellar and Andrew Drlzon. 14 Bieanial Conference on the Biology of Marine Mammals, Yancouver, Canada, November 18-
Decemiber 3, 240, 3)A novel technigue of compater-assisted Image analysis to quanddfly molecular stress in cetacecons, Anne Allen,
Kicholas Kelles | Sarka Southern and Andrew Dizon, 14" Riennial Conference on the Biology of Marine Mammals, Vaucouver, Cunnda,

Movemaber 28- DE“'EE"I'II'.'.ITF:" FO0 LAY e gnic Stress fnagpotbesd delphins (Srenelfs aivnaia) 355000 ishing in the

Eastern Uropical Facifae, Andrew Licen, Anne Allen, Michalas Keller and Sarka Soeithesn, [4"‘ [ll,cnnl,ﬁ'l o fereswe e oo (e B.ulum- all
Marine Mamunals, Yomenwver, Conoda, Novem ber X-Diccember 3, 1001, . feal S

Fomaciated Gray Yiales Sirka O, Southerm, Nicholas M. Kellar, Anne C, Fkllfrl David W, Weller, Alexgader M. Burdin, Andresw E,
Dizon and Robert L. Brownell, Jr. A prelimioary report SCANWBRG prescated fo the luternational YWhaling Comenission, Aogust 2001,

Bifdalecular A nalviis of Chronic SEresy in Emaciated Croy Whales, Nichalas M. Kellar, Anme ©. Allen, David W_ Weller Alexander b
Murdin, Andrew F. Dizan, Rateert L, Brownell Jeosnd S4cka O, Sou thern 147 Bieonial Conference on the Biolpy of Marine Pommals,
Vancoover, Comada, N ovemibveer 28-Devagnbeee 3, T001.




15 Modeling of Right Whale and Ship Traffic Distributions:
Decision Support for Right Whale Conservation
b Leslic Wand', Kristi Schumacher!, Greg Silbes?, Alex Smith', and Cherie Keller!
'FL Fish and Wildlife Conserv. Comm., FMRI, 5t, Petersburg, FL, NOAA Fisheries, Office of Protected Res, Silver Spring, MO

A comprehensive Geographic Information System (GIS) has the potential Lo support conservation efforts through
integration of biological, human use, and management information. We are using GIS methods to model acrial
survey effort and whale distibutions, map and snalyze ship traffic and to explore whale aflinity to specific habital
features, In concert, these methods have the potential (o assist mana pers by providing a process for supporting data-
driven decisions in assessments of risk. Specifically, whale sightings and ship traffic data can be used 1o help
identify temporal and spatial distribution patiemns and relative sbundance estimates in combination with threats of
collisions with ships. The Florida Marine Rescarch Institute is working in collaboration with NOA A Fisheries, the
New England Aquarium, and the Georgia Department of Natural Resources to combine several years of aerial
survey data collected in the southeastern U.S, to map the relative abundance and distribution of right whales in the
winter calving prounds. Along with aerial survey data, we evaluated ship traffic and volume using data generated
by the federally implemented Mandatory Ship Reporting System (MSRES). Under the system, all commercial ships
greater than 300 gross Lons are required to ropart to the MSES wihen they enter either of two arcas surrounding
desipnated critical habitat: one in walers off the nodheast U.S., the other off the southesst 1.8, We used data from
the first year of the svstems’ operation to chargcterize traffic patterns within the critical habilsl and to deseribe ship
speeds. To map serial survey information we generated GIS files representing point locations of right whales and
arcas surveyed wsing aerial sighting and effort data from the right whale consortium database. We then developed
(5I5 methods to transforn a map of point locations of right whales and pulygons representing cumulative survey
effort inte a contoured surlace illustrating relative abundance. This techmiggue cun be used to display the lecal
intensity of paints, indicating areas of higher-use. To map ship traffic patterns, travel puths or tracks between
sequential ship locstions were estimated usang the customized ArcView programs. Quality-controlled ship tracks
were inlersected with right whale critical habitat boundaries 1o determine the number of transies through these areas.
A total o 452 ships entering the northeast reporting system (65% ol all valid reports) also entered the northeast
right whale critical habilat areas, All southeastern tracks intersected the critical habitar area for right whales, In
addition, denaity swifaces were generated from ship entry locations ta help 1llusirate zreas of ahundant traffic. We
hope that the retrospective analyses of MSRS traffic relative o the occurrence of verified nght whale distributions
will contribute to steps needed to Lelp reduce the risk of whale-ship collisions in areas historically surveyed.



Northeast Fisheries Science Center/ Protected Epeéias Branch
Right Whale Aerial Surveys 2001

- Survey period from March 20 thru June 07
- 17 days flown
- Number of right whale sightings:
1 8 on broadscale tracklines
. 68 on exploratory tracklines
- Number of right whale individuals:
r 10 on broadscale tracklineg
“ 84 on exploratory tracklines
- 3,304.5 nmi of broadscale trackline completed
- 7,110 nmi of effort

-+

850.02 hours spent on walch
— :

t'roviiled by Tim Cole



SIGHTING ADVISORY SYSTEM (SAS) AERIAL SURVEYS — 2001

NMFS, NORTHEAST REGION

1. Survey Penod: 29 Mar 01 - 14 Jul (1
Z. Days Flown: 50 (including 8§ sborted surveys)
3. Number of Right Whal: Sighengs: 251 1
4 Number of individual Ripht Whalag: S08 '
4, Total number of elher marine mammals sighted: 12778
- Trackling miles flown: ~14823 NM !
(. Survey alatude flown: 1000 fi
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Mew England Aquarium E'WS Aerial Surveys 2001

121 days on site L2700 - 0331701 T8 surveys (08 complete / 10 partial)
26 complete surveys surveys with Beauforl sea state < 4 (22% of days on sile, additionally, many
surveys arc completed with part of the survey being flown with sca state < 4, see trackline mi les).
233 sightings (156 sightings of m/c pairs) 83 individuals sighted (27 m/c pairs)

42,834 trackling miles available (121 days x 354 NM per survey)

24,400 trackline miles flown (57% of available miles)

18,791 trackline miles flown with Beaufort sea state < 4 (44% of available mileg)

1 sighting per 105 transect miles flown
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Results of 2001 GDNR/FMRI/NMFES Offshore Aerial Surveys for Right Whales
P L]
le'burﬂ J. Zoodsma, MC}W:IE Taylor-Thomas, dLi-c;a Conger, and Kathy Wang

i 1
Georgia Department of Natural Resowces, One Conservation Way, Brunswick, GA 31520

:l - ] e [ . .
Past: Florida Fish and Wildlife Conservation Commission, 7825 Baymeadows Way, Jacksonville, FL. 32258
“Present: The Ocean Conservancy, 1725 DeSales Street, NW #4600, Washington DUC. 20036

4
: New England Aquanum, Central Wharl, Boston, MA 02110-3300
National Marine Fisheries Service, 9721 Executive Center D, N. 8t. Petersburg, FI. 33702
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« Forty surveys were conducted from January 3 to March 14, 2001

o  Roughly 14,370 (ruckline miles were {Town

* 7o sightings were documented: 40 in the offshore ares {ingluding the builer zone between the
Early Warning, System (EWS) and the offshore area), 35 in the EWS area, and 1 in the FMRI
arca

» Ofthe animals observed in the offshore area, 36 were of di Terent individ wils, ingluding 22
mathericall pamrs; 35 of the animals were of known subadultsfadults

Provided by Barbaza Socelsma



Results of 2001 GDNR Inshore Aerial Surveys for Right Whales
Barbaza J. Zoodsma, Adam Mackinnon, and Mark G. Dodd

Creorgia Department of Matural Resources, One Conservation Way, Brunswick, GA 31520
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¢ Seventeen surveys were conducted [rom November 28, 2000 to March 16, 2001

o Just under 6,000 trackline miles were [Town

e Z(siphtings wore documented in the study ares

« 32 different individuals were documented, including ¥ mothee/calf pairs; 18 of the animals that
were sighted and photodocumented were of known subadolisfadulis

provedzd by Barbara Foodsma



Tab 5.
Reports of NMFS-Convened Workshops
. Workshop on Causes of Reproductive Failure, April 2000

Reeves, R, R Rolland, and P.J. Clapham (eds.). 2001. Causes of
reproductive failure in North Atlantic right whales: new avenucs of
research. Report ol a workshop held 26-28 April 2000, Falmouth,
Massachusells, 46 pp.

. Workshop on Predicting Right Whale Habitat, October 1998

Clapham, P.J. 1999, Predhcting nighl whale distribution, Keporl of the
workshop held on October 1st and 2nd, 1998, Woods Hole,
Massachuscuts. Northeast Fisheries Science Center, Woods Hole,
MA, 48 pp.
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EXECUTIVE SUMMARY

Diespite its protectcd stanus, the western Novth Atlantic right whale ( Eubaloena glacialis ) population remains critically
endangered, numbering about 300 individuals. This population’ s recovery has been hindered by at least three facrors:
mortality from ship strikes, mortality from enmanglement in fishing jgear, and, in recent years, a significant decline in
reproductive success. A workshop was held in Falmouth, Massachusetts an 26-28 April 2000 to examine the possible
causes of reproductive dysfunction in this population (inchuding survival and recruitment of calves) and to develop a
feasible research strategy to investigale these factors.

An iniernational group of participants attended the wotk shop, inchading 15 scientists representing a broad range of
disciplines including pathology, mxicology, reproductive biglogy, nurition, reproductive endocrinology, chemistry,
marine biology, large whale biology, genetics and veteri nary medicine. The workshop was designed o be muln-
disciplinary, bringing together a wide range of expertis ¢ with expericnce sudying a varery of taxs o provide a
comparative dimension to the discussion.

The workshop focused on five factors as potential contri butors to reproductive dysfanction in North Atlantic right
whales: 1) environmental conmminants/endocrine disrapt ors; 2) body conditionsnutricional stress; 3) genetics; 4)
infectious diseases; and 3) marine biotoxins, Onthe first day of the workshop plenary presentanons reviewed the current
eratus of the population and summerized relevant research and necropsy data. On day two there was 2 comparative
review of causes of reproductive failure in mammals in gene ral and a review of reproduction in the North Atlantic right
whale, especially focused on where in the reproductive cycle im pairment ar faiture might be occurring. Each of the five
factors was discussed in detail: for each factor, discussions included a review of the existing knowledge of efiects on
reproduction (in any species), a review of the available data for effects in North Atlantic right whales, an evaluation of
the likelihood that the factor is affecting right wh ale reproduction, and development. of testable hypotheses.
Consideration was also given to additiomal factors (such. es habitat alteration or loss) that could be impacting
reproduction, The final day of the wotkshop was devoled to  designing a prioritized research program (0 test the
hypotheses that had been developed and to a discussion of appropriate “contre » pepulation(s). Based upon diseussions
with participants both at and after the workshop, a probl em-based approach was developed as a framework for the
research program. An aliernative hypothesis-driven approach was also developed by one of the participants subsequent
w the workshop, Both approaches are meluded in this report.

The workshop concluded that if calf production and recruitm eat do not recover from the low levels observed in recent
years, the population of North Atlantic right whales is unlikely to recover, even if known anthropogenic causes of
mortality ere reduced to zero. Therefore, the participants emphasized that it is important to determine the cause(s) of
the repraductive dysfunetion as goon as possible, and str ongly recommended implementation of the propesed research
program., The workshop concluded that nome ofthe five factor & considered could be eliminated as a possible conributor
to the abserved reproductive dysfunction, and that interacti on among two or more factors (possibly over different time
scales) is mare likely than a single cause, Itwas stressed  that the research program should consider all factors and be
interactive and multi-disciplinary in nature, and the wo rishop recommended development of a steering commities to
provide genwal coordination of the research. The work shop further recommended development of a comprehensive
datahase linked for all whales across all research programs to. allow for multivariate analyses wsing different data sets.
Finally, the workshop recognized the importance of the long-term right whale research program and the photo-
;dentification catalague and recommended full continuing support for these activities.

v



1. INTRODUCTORY ITEMS

The Workshop was held in Falmouth, Massachusetts, on 26-28 April 2000. The Workshop steering committes was
chaired by Roz Ralland of the Center for Conservation Medi cine, Tufts Universiry, and included Phil Clapham, Scott
W raus, Michael Moore, Teri Rowles, Bru e Russall, and Greg Sifber. Participants included scientists from a varisty of
disciplines such as pathology, loxicalogy, Duiision, repr oductive endocrinology, chemistry, marine biology. large whale
biology, genetics, and veterinary medicine (Appendix 1). The expectation was that this broad range of expertise would
provide a useful comparativ e approach to the isswe.

hichael Sissenvwine, Scicnce and Research Director of the Northeast Fisheries Science Center, welcomed participants
to the Woods Hole-Falmouth aren and briefly summarized the main elements of the Northeast Center/MNortheast Region
right whale research program. This program focuses on three topics of particular concern: ship strikes, entanglement
in fishing gear, and reproductive dysfunction. The ship stri ke iscue is being addressed through & surveillance and carly
warning effort and by an attempt 1o develop an acoustic met hod for ships to detect {and thus avoid) right whales. The
entanglement problem is being addressed by seeking to deve lop alternative fishing gear and methods, and by supporting
disentanglement efforts. The problem of repraductive dysfunc tion is not yet being addressed in a systematic way, and
Sissenwine expressed hope that the workshop report would provide guidance in this regard.

Sissenwine acknowledged the financial contributions ta the Workshop from the Intematicnal Fund for Animal Welfare
and the Island Foundation, as well as from the National Marine Fisheries Service’s Recover Protected Species program.
Clapham, the local convenor, acknowledged the hard work of Safa Wetmore, Chery] Kitts and Deb Depunte in helping
with the Workshop logistics.

The Workshop was chaired by Peter Best.  Randall Reeves acted as rapporteur, with assistance from Greg Donovan.

1.1. Dbjectives of the workshop

The Workshop had been prompted by evidence that reproductiv e dysfunction may be a contributory factor 1o the failure
of the westem North Atlantic right whale ( Exbalaena giacialis ) population to recover (IWC, in press o in press b). The
Warkshop goals were to identify factors potentially affectd ng reproduction (inchading calf survival and recruitment) and
to-develop an appropriate and feasible research strategy to investigaie these factors, The srategy was to inchide: (a)
developraent of testahle hypotheses, (b) drawing a distineti on betwesn those factors that can be studied with existng
research technigues and those that require new techniques, and () developing prioritized recommendations for new areas
of research. Prior to the Workshop, five major pot enual factors had been identified: (1} environmental
contaminants/endocrine disruptors; (2) body condition/nutritional stress; (3) genetics; (4] pathology/infectious diseases;
and (5} biotoxins. Finally, the Workshop was to consider th & importanes of its conclusions and recommendations in the
broader context of the conservation requirement s of westemn Nonh Atantic nght whales,

The North Aflantic right whale population {estimared at around 300 animals, IWC in press b) has been studied
intensively for the past 20 vears. Almost the entire popula tion is believed to be represented in a photo-identification
catalopue maintzined at the New England Aquarium in Bostom. A largs proportion of the population (over 250

individuals) has been biopsied for studies of genetics, de mographics, and skin and blubber characteristics {including
contaminant levels). Estimates of life history parameters are available from the cbservational and photo-identificarion
work, and some material is available from necropsies of st randed right whales. These exteneive databases provide 2
powerful framework for examining factors potentialty associated with reproductive dysfunction.

Tn addition mo directed studies of North Atlanticright wh ales, the Workshop was to consider the potential for populations
of southern right whales { E. qustralis ) which are increasing in abundance {and are thus presumably healthy) 1o act as

sontrol populations. Also, the closely related bowhead whale ( Balaena mysticeeus) may be a useful model species
because the Bering-Chukchi-Beaufort Seas population is larg e and robust, and fresh specimen materials are available
from the Eskimo hunt



Although the Focus of the Workshop was to be on the North Atlantic right whale population, it was hoped that the results
would have relevance to the conservation of other highly endangered populations as well.

1.2 Adoption of agenda
The agenda developed by the steering committee wa 3 adopted with only minor changes (Appendix 2.

The first day was devoted to invited presentations. Each plenary presentation was followed by & brief discussion.
Summaries of the presentations and subsequent discussi ons ars included under the appropriate agenda 1tem in the body
of this report.

The second and third daye congisted of diseuszions of each sgenda item, with the afternoon of Day 3 devoted w the
development of a research program cutline, Most of the work was conducted in plenary, although small ad hoc working
groups met informally berween sessions.

The workshop report was prepared by the rapporeuranda small steering group (Best, Rolland, Clapham and Dongwvan)
following the meeting. A drafiwascirculated to all particip ants forreview, then revised by the rapporteur in consultation
with the steering group, and finalized by the report editors.

1. OVERVIEW OF REPRODUCTIVE BIOLOGY AND REFRODUCTIVE FAILURE
1.1 General review of mammalian reproduction and canses of reproductive failure

Munson provided an overview of memmalian reproduction end not ed the difficulty of determining the precise cause(s)
of reproductive failure or dysfunetion in wild animals. Th ere are numerous potential sites, mechanisems and critical time
periods for reproductive problems, including the hypothalami e-pituitary-gonadal axis, the gonads, the uterus, foetal
development, and post-partum survival. In additionto permanent reproductive failure, inimsals may experience reduced
reproductive suceess or temporary reproductive failure. Becaw se reproductive function is expendable ta the individual,
it can be suppressed under many circumstances, £.g. nur itional or environmental stress, sysiemic disease.

Loss of integrity of the hypothalamic-pinvitary-gonadal axis can resultin( 1) absence of or decreage in hormone secretion
(GAlH, LH or FSH), or (2) disruption in the essential timi ng of hormone relzase. Gonadal inactivity or lesions (ie.
abnormalities) can be caused by many factors including genetic  defects, infectious discase, degenerative changes,
neoplasia or aging (senescence). In addition, gonadsl probl ems can be secondary to other primary problems such as
nutritional or environmental stress, systemic infecton, centr al nervous systern disease or toxins. Abnormal genital track
structure can be the result of developmental defects (gen etic, discase- or toxin-indueed) or acquired abnormalities dus
lo hormone deficiencies or excesscs, t oxic exposure or infection. Foetal development ar survival can be impaired by
genetic defects, nutritional deficiencies or excesses, toxi ¢ exposure or infection. Fost-partum neonatal death can be
caused by inherited or congenital defects, poor nutr ition, envitonmental stress or infaetious disease.

[nfecticus agents can cause reproductive dysfunction through a variety of mechanisms, including direct effects on the
central nervous system, damage to the genital tract and dama  ge to the foetus. Forexample, canine distemper virus and
other morbilliviruses can cause systemic problems and disr uptthe hypathalumic-pituitary- ponadal axis, infect the gonads
directly, or cross the placenta and damage the foetus (resulti ng in abortion), Neonatal infactions can affect the survival
of newborns, a5 occurred in red wolves { Canis rufis) (Acton et al 2000},

Toxins and genetic defects can also operate in a number of different ways Lo impair reproductive performanes. For
exarmple, environmental pollurants can act at the central e rvous syster, pituitary or gonadal level to inhibit or over-
stimulate (i.e. disrupt) endocrine function (e.g. FCBs) or cause direct damage to the genital wract {e.g. exogenous
progesting and estrogens) or the foctus, Genetic defiects can  be manifest by abnormal genital tract development [¢.2.
eryprarchidism in Florida panthers { Felis comcolor) (Cunningham ee al. 1999]], abnormal germ cell development [o.8.
decreased spermiogenesis in Ngorongoro Crater lions ( Panihera lea) (Munson et al. 1996) and reduced primordial
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follicles and minimal folliculogenesis in vaquitas { Phocoera sinus ) (Munson, peTs. gomuL)], predisposition 1o he
development of genital tract tumours [e.g. ovarian, endometrial and mammary gland cancers in jaguars | FPanthera onca)
{Munson 1994) and ovarian dysgerminomas in maned wolves { Chrysocyon brackyurus) (Munson and Mentali 1201))
or embryo-lethal effects.

Reproductive dysfunction in captive cheetahs { Acinayme jubamus} was long thought to be related to the high incidence
of abnormal sperm produced by the small, degenerative testes in these animals. However, this dysfunction is now
attributed to hypercortisolemia from chronic stress (Wildtet al, 1993, Munson 1993}, with cotticoids acting 3s hormone
disruptors inhibiting gonad function, The etislogy of th is discowvery included the following observauens: (1) normal
geniral anatomy and TespONSiveness o eX0gEnous hormones, {2) suboptimal spermatogenesis and folliculogenesis, (1)
high prevalence of adrenal cortical hyperplasia, and (4) faecal coricoids approximately four times the levels found in
wild cheetahs. :

Degenerative changes can ocour in the Teproductive tract of enimals that are nulliparous or reproductively inactive for
long periods of dme. Old female elephants in captivity can become infertile and exhibit leiomyomas and endometrial
hyperplasia. Vagquitas exhibit ovarian calcified bodies and early senescence.

The North Atlantic right whale is the only baleen whal ¢ for which reproductive dysfunction has been documented (see
[tem 2.2). Drespite the fact that other mysticete populations (e.g. gray whales { Eschrichtizr robusius ) in the western
Narth Pacific, right whales ( Eubalaena japorica) in the eastem North Pacific, bowheads in the eastern North Atlantic
Arctic, and blue whales { Balaencpiera muscrlus ) in several afeas) have been reduced to equally low (or even lower)
hundance levels, there is no conclusive evidence of re productive problems in these populations. This may simply
—eflect the fact that these stocks have been less well studied than the North Atlantic right whale population, or that the
lack of recovery in several of these depleted stock is indeed a striking indication of reproductive impairment. Clapham
- oted that thers have been no confirmed observations of tight whale calves in the eastern North Pacific for at least 100
years,

DeCiuise sunmarized the simation of white whales (belugas,  Delphinapterus levcas ) in the St. Lawrence River, probably
the most familisr example of an odontocete population thought to be experiencing some kind of reproductive

dysfunction. The evidence was based upon &n age-structured population model using data from stranded animals to

determine what propertion of the living population would have tobe immature (gray-colored) to replace annval mortalicy
(Béland et al. 1988). The results indicated that the propord on of immature whales waz lower than requared to offsel
rortality and therefiore that the population was dechning. DeGuise also reported that per capita calf production in the
St. Lawrence population was less than in the Arctic. Howeve 1, this conclusion remains ¢ ontroversial (see Lesage and
Kingsley 1998), as does the hypothesis that the population is declining (see Kingsiey 1998).

DeGuise reported that detailed post-mortems carried out on spranded St Lawrence white whales did not reveal any
reproductive lesions. Swanded mature males appearcd w0 have normal spermatogenesis, although the lack of fresh
samples of viable sperm preciuded examination of sper m morphology and modtilicy. Although stranded adult females
exhibited a short-term shutdown of ovarian activity, this is expected of ill animals, The St. Lawrence white whale
population lives downstream of a basin heavily contaminated by industrial pollutants and appears to have an unusually
high incidence of cancer (Martinesu et al. 1999).

Oftedal highlighted the differences in reproductive patte ms between mysticetes and odontocetes from a nutritional
perspective, and noted that odontocetes were probably not ve ry good models for right whales. Female mysticctes sione
immense quantities of lipids that ean be mobilized and transferre d rapidly o their offspring, and in this sense are more
like phocids than odontocetes. Although balaenids have a more protracted lactation cycle than balsenopterids, they are
still probably more like phocids than like odontocetes (see Oftedal 1997).

Gray remarked that there is nothing unique about either the endocrinology of reproductive phy siology of mysticetes and
therefore findings from other, more sasily sadied mammals ¢ ould be used to make inferences about right whales. In
particular, studies of ather species livi ng in the same habitat would be useful.



The difficulty of isalating a causal mechanism for obser ved reproductive dysfunction was reiterated. A good example
is the mass montality of striped dolphins { Stemeiia coerulesalba) i the Mediterranean Sea (Aguilar 2000). In addition
to the mortality of individuals, the population was affected by the loss of normal fecundity, manifestin the high number
of abortions and the presence of luteinized ovarian cysts in many adult females (Munson etal. 1998). The later could
have been caused either by morbilliviras infection or by high PCB levels (or 2 combination ofboth). If the reproductive
disorder was caused by the viral epidemic, restoration of reproductive function and population recovery would be
expected during the typical period of immumity following the epidemic. [If, however, the primary cause was PCB
toxicity, continued reproductive problems would be likely a nd this would affect long-term population recovery {(Munson
etal. 199B).

2.2, Review of North Atlantic right whale reproduction , especially indicating where in the eycle Impairment or
fallure may he oceurring, and development of testable hypotheses

Right whales migrage berween feeding grounds in cool north em waters (summer)} and breeding grounds in lower latimudes
{winter). Some feeding occurs in areas between the two ends  of the migration, particularly in Cape Cod Bay and n the
Gireat Sauth Channel during late wintsr and early summe r. Although the location of one calving ground (southeastern
US coastal waters - December to March) is know n, the bocation of the mating ground(s) is unknown.

Kraus and Hatch (in press) discuss mating strategies inthe western North Atlantic right whale population, based largely
on abservations of surface active groups engaged in whatappear & to be courtship behavior (aithough if a gestation period
of approximately 12 months is assumed accepted, summer ma fing would not result in conception, unless a mechanism
such as delayed implantation occurred). Females do not a ppear to actively select males but instead create conditions
that lead to competition among males for opportunities to copulate. Sperm competition is also very likely given the
immense size of the testes {Brownell and Ralls 1 986).

Appendix 3 summarizes the available information on North A tlantic right whale reproductive parameters (see Kraus et
al, in press). In the context of this Workshop, the main points are &s follows:

(1) Anmual calf production per female is highly variable. Since 1990, the total number of calves observed (believed
to reflect the true total in the population) has been about  half what would have been expected from comparison with
Southern Hemisphere females. From 1998-2000, annual cal f production has been lower in absalute terms than in

all but ene of the preceding 17 years.

(2) Inrecent years, calf production has been largely from co ws that do not mke their calves o the Bay of Fundy in
summer. This ‘non-Fundy' component consists of only about one-third of the 70 ‘reproductively active’ females
(i.e. those older than © years that have given birth at least once) m the population.

(3} Calving interval has increased significantly from the 19805 through the 1990s and now averages more than 5 years.
This increase is apparent in cows of all ages.

(4) The survival rate of calving females shows a significant decline over time (Caswell et al. 1999).
{5) The survival rate of immature fernales shows no significant decline.
{6) Age at first reproduction is similar o that in Southern Hemisphers animals,

(7] The rate of population increase is significanty lower th an those of several Southem Hemisphere right whale
populations, and it may have been negative since 1990 {TWC in press a, b).

A number of points were rmade in the general discussion, ma inly concerning the increase in the mean calving interval.
The Workshop agreed that the assumption previously made (I'W C in press b), that the peak in S-year intervals (the
‘normal’ 3 plus 2} was the result of late prenatal or ne onatal mortality, required further consideration before being
accepred.



The lengthening of the mean calving intervalhad been supge stedin the early 19905 (K.nowleon et al. 1994) but was only
confirmed to be significant in the mid-1990s, Krans commented that had data on the apparently complete cessation of
calving by some Fundy females been included in the calving nte rval analyses, the average would be much greater than
5 years. The likelihood model of Cooke and Glinka (1999) t=kes account of this. However, while the mean calving
interval has increased significantly, indi vidual calving histories reveal that the intervils have not increased for every
famale. Examination of individual calving histories could provi de valuableinsight into which factors most affect calving
mervals, :

From experience with other species, it is clear that reproduc tive failure can occur at sevetal srages in the reproductive
eyele, as summarized below:

{1} Failure to ovulate. Owvulation in right whales is assumed to be spantaneous as in other cetaceans, and conceprions
occur primarily during the winker season, i.e. probably November-F ebruary in the Northern Hemisphere (see Best
1994). While it may be possible to diagnose ovullation from samples of feces or blowhole exwdates, this requires
knowledge of relative hormons levels at various stages in the reproductive cycle and longitudinal sampling of
individual females.

(3} Failure to mate gt 3 time when the female iz fertile = Since the locality of the mating ground(s) is unknown, there
is little prospect of addressing mating failure wsing courts hip observations as an index of sexual activity. Based on

mssumptions about the gestation period, Kraus suggested that the peak mating period should occur berween
Movember and the end of Febraary. Courtship groups (‘surface-active groups’), usually comprising 1-10
individuals, are seen on and near the calving grounds in the South Atlantic (Best and SchaefT, in prep.). However,
such groups arc not seen off the southeastern United States in the winter, when most conceptions are thought to
ocour. The countship groups observed on the feeding grounds in the wester North Atlantic are often larger than
10 individuals, but Marx commented that smallcourshipgr oups are seen oceasionally in Cape Cod Bay in February
and March.

(3) Lack of adequate sperm production . Addressing this possibility will require reasonably fresh samples, which in
practice are available only from stranded or ship-struck a dult males, Munson noted that if right whales are
seasonally polyestrous (like felids), inferior sperm pr oduction could well cause reproductive dysfunchion. Munson
suggested looking for a pointsource of poliution (for exampl ¢ in Cape Cod Bay) which through short-term expasure
to the whales might affect the ava ilability, production or quality of sperm.

{4} Failure to implant (pregnaney loss) . This possibilicy will be difficult to study among living animals in the right
whale population (see item 1).

(5] Aborion or neonatal mortality . If caused by mfectious disease, this is not likely to be repetitive in namuee because
smmunity acquired by the population would lessen the impacts over time. (renctic factors might also be implicated
in abortions (se¢ Teem 3.1.1). Death of the mother is obviously a potential cause of neonatal mortaliy.

The Workshop agreed that none of the above could be ruled out, a priori, as nat being relevant to the observed
reproductive dysfunction in North Atlantic right whales.

Sampling for gonadal steroid hormone analysis from the fr ¢c-swimming population is constrained by field logistics,
riming {except for parturient females, adult whales are ava ilable primarnly in the northern feeding areas between spring
and fall, i.e. during what is presumed to be the non-breeding season), and the need 10 avoid or at least minimize invasive
procedures. Full use needs to be made of opporumities w sample feces and blowhole exudate (if sterwid hormones can
he detected in respiratory excretions), and if possible to  obtain time series of samples from individual females. Relative
levels of gonadal steroid hormone metaholites from feces or blowhole cxudate could provide chues to reproductive states.
Unformnately, at this stage, it does not appear to be f easible ta sbtain even minute blood samples with biopsy darts,
Rolland suggested that the bowhead could provide a useful m odel for testing gonadal sieroid hormone Levels in the feces
and blowhale exudate of pregnant and mon-pregnant femalies, as well as males. The assays could be validared in
bowhead whales through the collection of feces, blowhole e xudate, serum and wrine from individual dead whales whose
reproductive macts could be examined directly. Southem mentioned that work was underway in her laboratory 1o
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identify a genetic marker to assess pregnancy inwhite whales using frozen skin samples. 1t was agreed that a skin test
for pregnancy would be a useful tool in studying reproductive dysfunction in night whales.

Munson recommended the following two-step, multi-disciplinar v approach to snadying reproductive dysfunction in North
Atlantic right whales (see Appendix 4 for mare detasls):

A,  Conduct pathologic analysis on all available tissues., ie.:
Coliect all gemital tracts that become ava ilable, regardiess of state of autolysis
Conduct complete gross and histopathologic amalyses
Compare lesions between historic and current populations
Compare lesions between Norithern and Southemn Hemisphere populations

B. Link genital pathology w other dats, Le.;
Other pathologic findings (overall disease in the animal)
Faecal analysis for gonadal and adrenal steroid hormone metabolites
Evidence of breeding or fertility
History of breedimg behavior/success
Nutntional stams
Environmental contaminent and biotoxin levels

Ovaries of right whales seem to be exceptionally frisble , making them difficult to locate and collect from beach-cast
carcasses. There is little prospect of meaningful comparisons of lesions in the hisworic and current populations, as
“historic' specimen materials and information are almost entirely lacking,

Munson urged that social and behavioral factors should be taken into account when considering possible reasons for
reproductive dysfunction, The low dengity of individuals on the mating grounds could mean thar the frequency of
contacts is subaptimal for the species, given its reproductivesira tegy (cf. the Alles effect). Rowntree noted that females
with calves off Argentina form groups and may derive some kind of selective advantage from this behavior. The low
number of mothers in any one year in the North Atlan tic right whale population probably precludes extensive ‘peer
group’ interactaon,

3, CONSIDERATION OF POSSIBLE CAUSES OF REPRODUCTIVE FAILURE
Gl Genetic factors (&g, loss of div ersity, inbrecdiog, elfective sex ratio)
3.1.1. Review of existing knowledge of effects of these fuciors on reproduction

The possible role of genetic factors in preventing small popul ations from recovering has been widely discussed. Low
fenetic variation can lead to reduced population fimess, manife stas the expression of deleterious alieles or the reduction
of heterozygosity at loci that confer immumo-competence.  The term “inbreeding depression’ refers o a condition in
which a population's reproduction and recruitment are correlate d with inbreeding, This can be expressed as reduced
fertility and fecundity, decreased foetal and neonate surviv al, impaired development or lowered disease resistance.
Inbreeding depression is extremely difficult to detect or ve rify in natural populations. In one of the few examples
involving natural populations, inbreeding was found to haveasi gnificant detrimental effect on the survivorship of white-
footed mice ( Peromyseus leucopus moveboracensis ) derived from a wild population and reintroduced into & namural
habitat (Jimenez et al. 1994). In another example, adeplet ed snake population in the UK with symptoms of reproductive
failure showed improved reproduction omee snakes from an ex ternal source were introduced into the inbred population
(Madsen et al. 1999).

Of particular relevance to engoing gemetic studies of North A tlantic right whales are examples in which traits linked to
the Major Histocompatibility Complex (MHC), or Human Leukoc yte Antigen(HLA), have been shown to be associated
with reproduction, growth and development. In humans, in creased embryonic cleavage, neur al tube defects, recurrent
spontancous abortions and unexplained infe rtiliey have been associated with the structure of MHC, Extensive studies
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of an isolated Hutterite community im South Dakota have shown that parental sharing of the 16-locus HLA haplorype
iz associated with foetal loss (Ober <t al, 1998). It is hypot hesized that foctuses that are genctically identical to the
mather have a lowered survival probability. In addid on to its implication in reproducive success, MHC diversity
generally provides the body with a bewer chance of meounting a successful immune response to Antigens.

However, low genetic diversity, including specifically low MHC polymorphism, does not mecessarily indicate an
unhealthy population (e.g. the northem elephant seal, Miroumga angustirostris, which is large and growing).

3.1.2. Review of data on these fact ors in Narth Ariantic right whales

Multi-ipeus DNA fingerprinting has shown that North Atlantic rightwhales have significantly less genetic variation than
right whales in the South Atlantic {Schaeff et al. 1997), & nd a lower allelic diversity than any other baleen whale
population studied to date. Half-siblings in the South Atlantic population are equi valent to the most distantly related
individuals in the North Adantic {White, pers. comm.). Th is low genetic variation has elicieed concern because of the
possibility that the population is suffering from the effects of inbreeding (Knowlion et al. 1994, Schaeff et al. 1997).
Preliminary analyses of DNA from bone recovered at 16 * santury Basque whaling sites in Labrador suggest that the
greatest loss of penetic diversity occurred about four centurics ago. As most deleterious recessive alleles would have
therefore been purged from the population long age, the recen t decline in reproductive success is unlikely to be solely
a genetic problem.

About 70% of the 94 ferales in the right whalle photo-identif ication catalogue are estirmated to be older than 9 years,
still alive, and have given birth at least once (IWC in pre &5 b). Patemity assignments made by White and colleagues at
McM aster University suggest an unexpectedly broad mating success rate, with about 70 differenit males having sired at
lemst one calf. Effective population size is therefore on th e order of 100-130, and the estimated loss of heteroZygosity
per generation (L/2N o) is approximately 0.5%. Of221 calves documented to have been born between 1980 and 1997,
214 are believed to still be alive; of these, 121 were take n by their mothers to the Bay of Fundy in the summer (see
Appendix 5). There are 160 known mother-calf pairs (some fe males are represented more than once) in the catalogue,
and 95 of these pairs have been genotyped (72 Fundy, 13 non-Fundy). Work is underway to isolate additional
eicrozate]lite loci to better assess population structuring and develop detailed genealogies.

Low observed genetic variation at MHC Class 11 loci in North Atlantic right whales has been hypothesized as
contributing to a higher-than-normal mcidence of abortion. While this hypothesis cannot explain any of the recent
changes in reproductive parameters, it may indicate (if true) that the maximum rate of growth of the North Atlantic
pupulation is intrinsically lower than in Southem Hemisphere populations. This, in turm, may partially explain the lack
of recavery of this population despite its long period of protection.

Rosenbaum and collaborators are also studying changes in the ge netic diversity of right whiles in relation to trends in
exploitation and abundance.

1.1.2. Evaluation of iikelihood thor genesic problems ma y be affecting Norih Atlantic right whale reproduction and
development of tesiable hypotheses

White explained that his group would continue to investig ate the hypothesis that low genetic variation at MHC Class
11 loci is leading to MHC haplorype sharing between parents, which in furn increasss the similarity at MHC loci berween
mothers and foetuses and increases the probabiliey of s pontansous abortion. This will be sccomplished by assessing
whether the transmission of a given MHC haplotype from father to calf is significantly different from random. The
conclusiveness of the results depends on the exclusionary power of the microsatellite markers, and thus more of these
are bemng developed.

The Warkshop agreed that it is unlikeky that Intrinsic genetic f actors alone are responsible for the reproductive

dysfunction in Morth Atlantic right whales. However, ge netic factors could be interacring with exirinsic factors
including poot nutrition and exposure to toxic chemicals and/ or pathogens. Unfortunately, the relationship of MEIC 1o
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disease suscepribility is not amenable to 8 hypothesizs-testing 2 ppeoach as the lack of genetie diversity in the populabon
predispuses it o the effects of other soessors, Reduced di versity of cellular detoxification genes could be contributing
to &n immune response problem, impairing the ability of the wh ales to deal with axidative smress. It was suggested that
une potential spproach would be to look for correlations between DNA profiles of individuals and the presence or
absence of lesions, reproductive success, of cefem

The Warkshop noted that the topic ofwhether, and how, gene tic factors are affecting reproduction in North Adtlantic right
whales was to be explored in greater detail at th e proposed International Whaling Commission (IWC) Workshop an
Right Whale Genetics. The Workshop offered its support for this initianve.

3.2. Mutrition
3.2.1. Review of existing krowledge of effects of muirition on reproduction

The links between good nutrition (in terms of both quality and quantiry) and reproductve success are well known,
Mutrition can affect many srages of the reproductive process in  both sexes. In males, it can influence the age ar which
an animal attains sexual (and, where pertinent, social } maturity; sperm production, quality and viability, and the
likelihood of successful copulation with a receptive female. In fe males, nutrition playsa rolein the age atwhich sexual
maturity is reached; ovulation and fertilicy; quality and quan tity of milk preduction; and the ame berwesn offspring.
Murition affects calf survival and growth, and influences the time to weaning.

In most animal species, the energetic costs of reproducti on are high (up o 3-5 dmes the maintenance requirements).
In mammals, the lactation penod is especially demanding.  This 15 particularly true for those manne mammals that
undergo long periods of fastng {or very low food inta ke) (see Lockyer 1984; Oftedal 1997). In fin whales
(Balaenoptera physaius ), for example, the energetic cost of lactati on can be double that of gestation (Lockyer, 1984},

Given the high enerpetic cost, and that reproduction is 8 nom-essential activity (at leas t at the mdividual level),
reproduction is often suppressed during periods of nutritional st ress and resumes only after the return of more favourable
numtonal conditions.

In addition to the more obwvious direct effects (e.g. Lo ckyer, 1987, found a strong correlation beeween body fat and
reproductive success in female fin and sei whales, Balzenopiera borealis ), poor nutrivion can affect reproduction in ather
wiaays. For example, it can make the individual more susceptib le to disease or cause mobilizarion of fat reserves that
contain high levels of chemical contammants (see ltems 3.5 and 3.3, respectively, below).

3.2.2. Review of data on nuwiriti on in North Atlantic right whales

As noted under Itemn 2, right whales feed in the northern pan of their range (Bay of Fundy and the Scotian Shell}
primarily from June to Octaber, with some feeding in the winter and spring in Cape Cad Bay, and in the Great South
Chanmnel in the late spring and early summer. Although Codanus finmarchicus is the most commeonly observed prey
species, North Atlantic right whales feed on other species  including bamacle larvaz. Patch density may be the crinical

factor in eliciting feeding behavior. Lack of informati on on where animals are when they are not in known feeding or
calving grounds makes it difficult to estimate how long the ‘fas ting season’ lasts but it is probably arcund 1 months (for
those individuals that migrare to lower latitides in the wint erh. [n 1993, right whales appeared to abandon the Roseway
Basin habitat for unknown reasons.

There have been a number of studies on right whale feedi ng requirements {see Kenney and Wishner, 1995: IWC In press
b} and on whether changes in right whale habitat have le d to 8 shortage of food thereby threatening the population.
Successful right whale feeding depends on the presence ol extremely dense zmplmk:tun patches (Wishner etal , 1995).
Simply measuring the average zooplankton density in an ar ca will not provide sufficient informarion to judge whether
feeding conditions exist for right whales. The main factors in fluencing prey density are physical { 1.e. advection of prey
and its concentration along density discontinuities). Kenney (in press) conciuded that the absence of right whales in the



Great South Channel it 1992 was due to a large reduction in Calanus abundance and a shift in zooplankton dominance
induced by hydrographic changes,

Anvy habitat studies investigating whether nutritional fact ors (Le. prey availability) are invelved in reproductive
dvsfunction in North Atlantic right whales will peed 10 examine a number of factors inchading: availability and
abundanee of patches of prey of suitable size and density; t e quality of the prey; and the abundance of any competitors
for the prey, These investigations should also take ¢ ognizance of ongoing studies of physical forcing {e.g- the North
Atlanfic Oscillation). This is discussed further in the following seCtion.

Spadies of blubber thickness of living animals have shown that North Atlantic right whales hawve significantly thinner
blubber than righs whales off South Africa (Miller and Moocre, in prep.). These findings are consistent with necropsy
measurerments and observations that North Atlantic night whales inck the typical post-blowhale fatralls evident on right
whales in the Southern Hemisphere, A number of possibl & explanations for these differences have besn advanced
including: inadequate sample size, bias from differences in body length or sex, genetically determined difTersnces
morphology, adaptation to different habitas temperanure regi mess, seasomal difference in sampling periods, and differcnces
in plane of nutrition. The Workshop agreed that a difference in the nutritive regime between the twao papulanions was
a plausible explanation that merited further investigation.

Based on their analyses of blubber thickness in North Atlantic right whales, Moore and Miller reported thar (1) there
was no significant difference between males (n=17) and fe males (n=16): (2} a significant correlation axisred between
age and blubber thickness for females (n=16) but not ma les (n=1T7); and (3} blubber thickness in females was
significantly correlated with time since last calving, regardless ofage (n=6). The last of these observations might help
axplain the recent increase in calving imterval. Miller and Moor & noted that a female might lose her foetus ifa certain
threshold of maremal body condition was not met at a critical time duning pregnancy.

Although the Workshop agreed that obiaining blubber thickness data ic vahable (particularly when such dam are
combined with other biological information from the same individual whales), itrecognized that blubber thickness alone
may not be an adequate measure of body condition. For example, in fasting seals, the type of lipid and fatty acid in the
biubber is more relevant in asseasing nutritional eondition than the actual mass of blubber. Moore and Miller indicated
thata more eomprehensive index of body condition could be developed for right whales, which would include (atleast)
hlubber thickness, blubber kipid content, body length and body girth.

The Workshop also recognized the need to: {1 obtain increased sample sizes from right whales of various sex, age and
reprodustive elasses and (2) investigate the significance of taking measurements at various sites on the body. Smudies
on dead animals have revealed large differen ces in blubber thickmess at different body sites.

The Workshop noted the potential value of obtaining time sé ries of blubber measurements from individual females to
track blubber changes in relation w pregnancy, calving and lactation. A marked change in blubber thickness (as well
as in lipid content) is likely to occur during luctation. Meaningful estimates of lipid content would probably be very
difficult to obeain, although detailed examination of ultrasound  traces may be of some value. Miller indicated that there
is mare connective tissue in northern than southern right whale blubber, implying lower lipid content in the former,

3.2.3. Evaluation of likelihood that mutritional problems ma y be affecting North Atlantic right whale reproduction and
development of lestable hypotheses

The Workshop agreed that inadequate nutrition could be 2 factor in the poor reproductive performance of the North
Atlantic right whale population in recent years, and recommende d several avenues of research be continued ot ititiated

(1) Investigation af fond resources and diet
s+ Review the literature and unpublished dat for informati on on factors commributing to the formation of dense
copepod patches and on the spatial and termporal distribution of such patches.
+ FEncourage smudics of factors affecting nurritional composition of nght whale prey, including seasonal,
geographic, ontogenetic, nutritional (phytoplankt on) and long-term climatic influences.

9



«  Apply new methodologies, including use of isotopes of carbon, nirogen and other elements as well as fatty acid
protocols. Skinblubher biopsies should be evaluated as primary data sources and the effects of seasonal,
geographic, ontogenetic, nutriti onal (phytoplankton) and athe r factors on prey signatures should be mvemglat:d.

s  Encourage maximal use of traditional sampling protocols (e.g. faecal sampling, mecropsy sampling,
ohservarions of behavior) and remote telemetry (c.g . satellite mgs, time-depth recorders, eritter cams) in
nbtaining date on fesding hahits.

{2). Assessment of body condition

«  Encourage continued development /application ofultr asonic techniques to measure blubber-depth o evaluate
changes in condition of reproductive-aged females before , during and after reproduction. These efforts should
include evaluation of various body measurement sites, and validation againgtnecrapsy samples {including data
from control species such as the bowhead whale). The research should anempt to: (2) normalize acoustic
hlubber data for measurgment location using a model of right whale blubber wpography so that single-point
in sity measurements form different body Iscatians ean be compared, and (b) determine lipid composition of
blubber using ultrasound. i

»  Continue development of morphometric and photogramme tric approaches for esiimating body uundmlnn. {e.E.
estimating girth and other body parameters using stereo  videogrammetry), particularly for reproductive-aged
fermales.

e  Evaluate Biopsy samples a5 indicators of lipid stores. Do they reveal seasonal or reproductive trends and are
they correlated o analyses of blubber from necropsy specimens? 3

«  Analyze necropsy samples for chemical (nutritional) constituents and biomarkers that mery indicate condition.
Characterize lipid deposition and mobilization pattems in blubber.

{3) Indicators of reproductive performance

+  Analyze variability in the number of right whale births and calving interval with respect to climatic pattern,
fluctuations in food supply, use of foraging areas & nd female age/size (especially primiparous individuals).

»  Obtain systematic photogrammenic information on calf size, on both the nursing and feeding grounds, for
evaluating prowth performance,

»  Conduct repeated sampling of blubber depths in relation to the lactational cycle.

+ Ifalactating female becomes available for necropsy, eollect milk samples and data on mamamary gland mass
and analormy.

The Workshop also identified the role of leptin in right whals bedy condition and reproduction a3 worthy of further
research. Leptin is @ hormone produced by adipose tissue 2 nd secreted into the bloodstream. In other marnmals, lé]:li!n
affects feeding behavior, metabolism, reproduction and i mnunology, and may regulate overall energy ba.lanm Leptin
production increases as endrgy stores incrsass. Leptin alters nunimrp:miliuqtug through metabolic actions on m_naulc
and adipose tissue. It may influence the onset of puberty through actions in the central nervous system and in the
ovaries, and it may promote development of the immune system.

Leptin axpression in darmal biopsies and blubber sumples could be analyzed using inmnmmhistmhﬂ;niﬁﬂhhinﬂhnn!ir:a[
and molecular methods, The imitial aims of such anakyses should be to; (a) characterize pariemns at dilTerent ha:-::_l].f sites;
{b) compare blubber and serum levels; and (c) evaluate lep tin levels and biclogical inlfunnﬂﬂﬂn from Ifnwm animals in
the photo-identification catalogue (including age, sex, reproductiv ¢ history and habitat use). 1 possible, lepan levels
should be compared in northern and southern right whale populationg,

33. Chemical contaminants

1.3.1. Review of existing knowiedge of effects of comarminanls on reproduction
An extensive body of literature on the effects of contaminunts on mammalian reproduction (including in marine

marmmals) has recently been reviewed by 0'Shea (1999), 0°Shea etal. (1999) and R.:undﬂﬂ eral. (1999) : A g:rutr]_l:ﬂ
of information exists on the traditional suite of elements and organic compounds found in mammal tissues {with
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emphasis on persistent organic pollutants), but little data exist on dose-response effects for even the bener-known
contaminants. Although the IWC Scientific Committee concl uded that sufficient data were available on the adverse
effecs of pollutants on terrestrial species and non-celacean marine marmmals to warrant concern for cetaceans, the
Committes indicated that significant fundamental research was needed to adequately aseess the effects of pollutants on
cetaceans. To this end, the Commitee developed the mu li-national multi-disciplinary rescarch program POLLUTION
2000+ (Reijnders etal. 19993, :

Gray provided a concise summary, with a few examples, of mechanistic studies on laboratary animals. Endocrine-
disrupting toxicants (e.g. antiandrogenic pesticides, Xenoest rogens, TCDD, some PCB congeners) affect development,
puberry, sexual differentiation and fecund ity in rats (se¢ the extensive mbles on reproductive and endoerine effects on
rodents prepared by Gray and Rolland in O7Shea et al. [1999: their Tables 4-6]). PAHs (of concern for right whales,
see below) are known to affect ovarian function and DNA. s ynthesis, and potentially cause permanent infertlity, In
Gray's view, in vivo or i vitro studies using well-characterized surrogaie sp ecies can enhance our understanding of the
s[Tects of endocrine disruptors on species , such as right whales, that will never be amenable to controlled smdes.

Motwithstanding this, the Workshop recognized thar exrapalations fro one species to another mustbe made with caution.

Ross briefly summarized the effects of toxic conmminants on pinnipeds, and noted that contaminants have been
implicated in, or gssociared with, impaired reproduction in pinmipeds, as identified via reduced reproduction rate,
reproductive tract pathologies, and complere reproductive failure . Persistent organicpollutants, notably PCBs and the
DDT-type compounds, have been implicated in the failure of depleted Baltic Sea seal populations to recover (Helbe 1980,
Bergman 1999). Uterine lezions were found in 429 of reproduc tive-aged female ringed seals in the Baltic Sca in the
1970s, suggesing a possible pathogenesis for & toxic eff ect (Helle 1330). PCBs are thought to have affected
reproductive success in harbour seals in the Wadden Sea (R eijnders 1980). A captive feeding study in the Metherlands
found that harbour seals fed fish from the more contam inated western Wadden Sca had preatly reduced reproductive
success when compared with ssals fad fish from the less ¢ ontaminated eastem Wadden Sea (Reijnders 1986). Theresuls
of marine mammal studies, all of which have involved exposur ¢ to complex mixtures rather than single contaminants,
have been consistent with mechanistic studies of labor atory animals that document a range of reproductive effects.
Detiuise pointed out that there is much confusion in the literature regarding contaminant mixtures as the effects of
particular chemieals in combination can be additive, antagonistic or Synergistc.

1.1.2. Review of data on contaminant levels in North Atlantic right wiades

Total PCE fractions in Worth Atlantic right whale blubber ar & an order of magnitude lower than those in seals and
odontoceiss { Weisbrod et al. 2000). Seasonal trends suggest that lipid-stored organochlorines may be released during
winter when whale food intake is reduced and body fat become s depleted. Concentrations of some metabolizable PCBs
and trans-chiordane increase with age in males. Compar isons of erganochloring accurnulations in biopsy tissues and
faces with thage in prey species have been interpreted as  indicating that right whales consume different prey or forage
in different localities during their annual migration cycle (Weisbrod etal. 2000). Deshpandeand colleagues found very
low levels of PCBs in zooplankton sampled from Cape Cod Bay.

Because right whalas occupy a relatively low position in the food chain, feed af least occasionally in the sea surface
microlayer, and inhabit feeding grounds mear regional sources of pollutants, they may be exposed to certain ‘non-
radiconal’ contaminants.

Moore reported 4 study which measured cytochrome @50 1A (CYPLA) in the dermal vascular endothelia of right

whales, using biopsies obtained from various localions in the western North Atlantic {Bay of Fundy, Cape Cod Bay,
Geargia/Florida coast) and in the Southern Hemisphere (South Africa, Argentina, Auckland Islands, South Georgia).
CYPLA induclion occurs in response to the presence of Ah receptor agonists, and it is therefore a sensitive biomarker
for potential taxicological impacts from dioxin-like compounds. Marked differences were detected in CYFIA among

wreds, ranging from a mean of 4.0 (SD=1.6) in the Bay of F undy to 0.8 (5D=1.3) in the Auckland Islands (New Zealand).
Within the western North Atlantic, PAH concenfrations in copepods were relatively high in the Bay of Fundy and Cape
Cod Bay {both well-known feeding areas for right whales), but much lower on Georges Bank where right whales are
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natknown to congregate to feed. Moore views these findings as suggestive ofa link between exposure to nen-persistent
and non=bivaccumulated chemicals and reproductive dysfuncton in right whales.

The Workshop recognized the importance of controlling for ¢ onfounding variables (e.g. age, sex, reproductive state, et
cerera; see Aguilar et al. 1999) when companng samples.

Castellini stressed the importance of differentiating between starvation and fasting as these arc separate biochemical
events (with different characteristics relative to energy mobili zation). During winter when right whales reduce their food
intake, they arc fasting not starving. Clapham pointed out th at there 15 no evidence of right whales in the North Atlantic
fasting for & full six months and that, except for parmrie nt females, animals forage at least occasionally throughowt
winter and spring. However, females that are simultaneous ly lactating and fasting may mobilize and circulate toxic
=hemicals stored in their blubber during late avnrmn wh en they are at the southern end of their migration.

Southern noted that CYP1A can be induced by stressors othe rthan chemical contaminants, referencing ice-entrapped
white whales and humans with HI'Vas examples. Moore re sponded that even in these cases the induction may still be
due to toxins if the stressors cause far mobiliza tion, thereby releasing toxins into circulation.

3.3.3. Evaluation of likelihood that chemical contaminant ¢ may be gffecting North Atlantic right whale reproduction
and development of testable hypotheses

The Workshop agreed that right whales are routinely exposed to a wide amray of xenobiotic chemicals, some of which
generate toxic effects on mammalian reproductive and imnmne  systems, Thus, even though most of the fat-soluble
persistent compounds usually associated with reproductive dysfunetion and impair ed immuno-competence se2m 1o ocour
at relatively low levels in right whale tissues, chemical contamination may be partly responsible for the observed
reproductve problems in the stock.

A number of questions were raised regarding the sear ch for porentially relevant types of contaminants:

(1) Are there chemicals whose release into the enviran ment is correlated either spatially or 12 mporally with the
decling in repreductive success of right whales?

(2} What are the levels of xenobiotic substances in right whale prey species?

(3) Are there unique avenues of exposure that might be affecting right whales?

With regard to the last of the three Questions, it was noted that the North Adantic right whale population forages
downstream of a large memopolis that dumps sewage treatme nt efMluent into nearby waters, creating a high probability
of exposure to estrogenic chemicals and other pharmaceuticals. The whales also feed in andnwear major shipping lanes
where they mayv be exposed to sromatic hydrocarbons (o il leaks and discharges) and organotins (icaching from hulls),
Marx pointed out that the component of the population that migraes to the calving grounds im the southeastern USA
must swim through paper mill efMiuent and is in close proxi mity to military activities. Since defecation has occasionally
been observed in these waters, the whales may feed opportunisncally m this area.

Appendix 6 lists examples of contaminants of possible concer n with regard to North Atlantic right whales. The list is
based on three considerations: (1) likely exposure because of the right whales trophic level and prey selection; (2} 2
recent peneral increase in usuage of the chemical concer ned; and (3)a regional source of contamunant supply is known
to exist. There are several reasons why ‘non-traditional’ chemicals are included on this list. Flame retardants and
plasticizers were used extensively during the 1980s and 1990s. Use of alkylphenals in surfactants (and as additives in
many commercial products) has also inereased since the 1980s, Emissions of pharmaceuticals, inchuding synthetic
estrogen, have accelerated, as has the use of anti-fouling agen ts. Proliferation of aquaculuure since the 19805 hat meant
the inroduetion of antibiotics and pesticides directly into th e sea. Finally, inputs of methyl mercury via atmospheric
deposition have increased in both New England and the Canadian Maritimes im recent years.
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Ross summarized the elements of t oxic risk assessment a8 follows:
(13 identifying the chemicals - types, history of production and use, transport pathways and fates;

(2} characterizing the chemicals - golubility, bioaccumulation pathways, persistence in the environment and levels in
DIEY SpECics;

{3) pharmacelogyfoxicology ofthe chemicals - metabolizable or not, formanon oftoxic metabolites and immunological
or endocrine effects;

{#) quantification of exposure - feedi ng locations, prey selection et cetera;
{5) consideration of species sensitivity.

As obtaining direct, conclusive evidence concerning contam inant effects on right whale reproduction will be difficult,
Ross advocated that a “weight-of-evidence” approach be used (o assess the risks of such effects (sec Ross 2000). This
would have at least six components, as follows: .

{1) characterize and eliminate all possible ¢ onfounding factors, e.g. age, sex and condition;

(2) conduct comprehensive, congener-specific contaminant analyses (concemtrations and pattems) using blubber
biopsies (Deshpande noted that current biopsies, which ¢ ontain considerable amounts of connective tissue, may nod
represent the lipid contents deep within the blubber and that therefore decper biopsy samples may be necessary);

{3} conduct similar analyses on right whale prev spacies 10 help identify contaminant sourees, chemical classes of
concemn and rophic pathways;

(4) examinebiomarkers of exposureand effect(e.g. CYP1 A, as discussed above; petroleum biomarker compounds such
as triterpancs and Steranes), ;

(5) explore linkages berween toxicological endpoints measured in right whales and the more comprehensive multi-
compartment studies of hatbor seals, with a view to ma king appropriate inferences about effects in right whales;
and,

{(6) usec all available information to evaluate the risks to right whales.

Ideally such smdies should take place in a tered fashi on and follow the U.S. Environmental Proweetion Agency's
puidelines for ecological risk assessment. This would invelve identifying potential hazards and exposure pathways,
completing a toxicity assessment, and then charact erizing risk, using a weight-of-evidence approach.

Moore emphasized the imporance of giving closer attenti om to non-bivaccumulative contaminants rather than heing
fixated on the "traditional’ problem chemicals.

Southern expressed a dissenting view with regard empha sizing the detection of chemicals rather than impacts
(physiological responses). Inher opinion, itis important to investigate the molecular evidence of stress response in right
whales, as well a2 1o catalogue toxin levels.

Muir pointed out that differences in types or levels of ¢ ontaminants in tissues can sometimes be used (o distinguish

populations. He suggested that a comparison of contamin ant profiles in Fundy and non-Fundy right whales could help
sarablish the location of the non-Fundy ‘nursery’ area.
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3.4. Blotoxins
3.4.1. Review of existing knowledge of effects of biotezing on reproduction

In recent years, the frequency, distribution and diversity of harmful algal blooms have increassd along the sast coast of
Morth Americs, as well as globally, Five major classes of binwixins are associated with thesc algal blogms ; saxitoxins
(responsible for paralytic shellfish poi soning, or PSP}, brevetoxins (neurotoxi ¢ shellfish paisoning, NSP), domoic acid
(amnesic shellfish poisoning, ASP), ckadaic acid and di nophysistoxins (diarthetic shellfish poisoning, DSP), and
ciguataxins {ciguarera fish poisoning, € FP). Four of these classes have been implicated in mortaliry events involving

mmarine mammale: saxitoxins and brevetoxins are the two groups  that most often occur inthe distrabutional range of Narth
Atlantic right whales. Domoic acid (ASP) events also occu r off the northeastern United States, but such events appear
to have declined since the late 1980s.

hiost txins of algal origin are neurotoxic. Saxitoxi ns and domeic acid are water-soluble compounds thar funetion as
sodium channel blockers and as glutamate agonists, resp ectively, Brevetoxing are lipid-soluble and act as sodium
chanuel agonists, The water-sohuble toxins, while capable of attaining high levels during acute exposure, do not
biomagnify, but the lipid-soluble toxins bioaccummulate.

It is unglear how biotoxins affect reproduction, per se. Doucette noted that mice exposed in ufere to domoic acid duning
the middle embryonic period experienced severe reorganiza tion of the hippocampus within three weeks of binh
{ Dakshimamurti etal, 1993), and that neonatal rats exhibite d a 4(-fold increase it semeitivity per body weight to domoic
acid (Xi etal. 1997). Acute exposure of California sea lions | Zalophus californianiss ) 1o toXigenic diatoms {via trophic
inractions) produced seizures and mortality of adult animal s, as well as abortions (Schalin ex al. 2000). Brevetoxins
are iIMmuno-suppressive i vitro and may cause hemolytic anemia. A mass montality of manatees in Florida was likely
due to prolonged respiratory exposure to brevetoxing (Bossart et al. 1998). Saxitoxins cause loss of equilibrium end
respiratory distress, with possible implications for feeding efficiency. Acute rophic expos ure via contaminated mackere]
was associated with 2 mass morality of humpback whales in New England (Geraci et al. 1989). However, very little
is known about the sublethal, chromic effects of exposure to saxitoxins.

3.4.2. Review af data on biotoxin levels in North Atlantic righi whales

The algae producing brevetoxins are most prevalent in warm waters (22-28 “C), and are thus largely outside the southern
migratory range oftight whales, which is limited primarily to waters cooler than 18-20 "C; Anonymous, 1997). However,
direct respiratory eaposure of adult females and young calve s to biotoxins in Florida and Gieorgia nearshore waters
during winter cannot be ruled out.

Exposure o saxitoxing is & concem with regard v North Atlantic right whales. The dinoflagellae genus d/exandrium,
which produces saxitoxin, overlaps in space and time with ri ght whales, and toxicity levels generally increase fram

southern New England northwards, e.g. to the Bay of Fundy, Peak dinoflagellate bloams typically occur in July and

August, concurrent with the presence of right whales in the Gulf of Maine/Bay of Fundy region. Exposure of right
whales to saxitoxins most likely occurs via trophic transf er. Laboratory studies indicat e that vanous copspod spesics
(including Cafamus finmarchicus) largely avoid Alexandriun cells but still ingest enough to acquire measurablewoxiciry

levels (Turriffetal. 1995), Inthis regard, Doucette noted  thatan ECOHAR regional study in the Gulf of Maine should

soon pravide information on biotoxin loading in right whale pr ey species. Healso cited arecent study in Massachusems

Bay that showed preferential saxitoxin sccumulation in large copepods, including  Calamus finmerchicus and
Centropages typicies (Tumner et al. in press). Based on the LD 55 (i.e. the dose level at which 50/ of treated animals

die) of saxitoxin for terrestrinl mammals (200-600 pg/kg), the estimated daily food consumption of righrwhales (ca. 4%

of body weight/day) (see Anderson and White,1959), and typical toxin loads in larger copepods {100-200 pug 5TX
equiv./g wetweight; Tumner et al. in press), Doucette estimat ed that righr whales could receive a lethal dose of saxitoxin

in & day.
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1.4.3. Evaluation of likelihood that biotoxins may be u flecting Morth Atlantic right whale reproduction and developmeni
of festable hypatheses

If biotoxins impait reproduction of right whales, this likely o ccurs via acute taxieity to pregnant females or noonates.
The cemiral narvous syt may be affeeted during foetal or post-natal development, with comscquent long-term effects
on regulation of the reproductive system by the hypothalamic-pitu itary axis. However, given rapid renal clearance rates
in right whales for water-soluble saxitoxins, itis unlikely that i urero Exposurs represents a high risk to foctuses. Geraci
et al. {1989) suggested that cetacean diving adaptations (whi ch channel blood into the toxin-sensitive heart and brain
and away from the organs responsible for detoxification (liver and kidney)), could make right whales susceptible o the
peurotoxic effects of biotoxins, Historical data serics  of biotoxin activity are available from long-term monitoring
effors of PSP toxicity in the Gulf ef Maine (since 1957) a nd the Bay of Fundy (since 1944) that could be compared with
ternparal trends in right whale calf production. White (1987) proposed a 18.6 yr cyele in maximum toxicity i the Bay
of Fundy, and his analysis predicted a peak in the late 1390s. Jennifer Martin {DFO, St. Andrews, New Brunswick),
has maintained the daiz set initisked by White, thereby alle wing comparisons to be made with the most recent calving
dara.

Determinaton of toxin levels in zooplankton size fractions containing C. finmarchicus or Cenfrapages spp- would be
useful (froren sampies are best for such analyses), as woul d assays of right whale feces, body tissues and fluids for
biotoxins (partcularly saxitoxins). The Marine Biotoxi ns Programatthe NOAA/MNOS Charleston laboratory is currently
diagnosing PSP toxins using dried blood spet cards, and Doucete suggested that this technique might be useful ifblood
was available from biopsies. Brown reported, however, that ve ry little, if amy, blood is presentin most hiopsy semples.
Although exposure by right whales to brevetoxing on the wi nter calving grounds in the southeasterm LS. coast is
unlikely, detection of these toxins {most likely acquired vi ainhalation of aerasols) may be possible by testing blowhole
exudatas.

A key issue is whether a causative link can be established between the presence of toxins in the feces, body fissues, or
fluids of right whales and the occurrence of acute or subacu te woxicity. In this regard, Doucette pointed out that in
bullfrogs a special protein (saxiphilin, Mahar et al. 1991) is synthesized that binds with saxitoxin with sub-nanomolar
affinity, thereby conferring ‘resistance’ to the toxin. Base d on this, if right whales have been historically expased to
saxitonin, they may have developed a similar detoxificati on mechanism. Nonetheless, measuring PSP toxins in both
right whales and their primary prey is an important first step ine assessing the potential impact of biotoxins on these
mumamals.

3.5, Disease
3.5.1. Review of existing kmowledge of effects of disease on repraduction

hunson provided an overview of how disease can affect re production. When an animal suffers from any chronic {(nen-
infectious) systemic disease, reproductive activity generally diminishes or shuts down entirely. lofectious systemic
disease in adults can similarly inhibit reproductive activ ity although this can be reversible, depending on recovery.
Meanates that eantract an infectious systemic disease eith er dic or suffer long-term developmental damage. Neonatal
deaths are frequent!y observed in marine mammals but th e cause usually remains undiagnosed. 1f a pregnant female
contracts A reproductive tract infection, ¢. g. in the uterus, she may fail to carry the foetus to term. Reproductive diseases

can be acutely lethal {e.g. infection), recurrent (e.g. asso ciated with environmental conditions that recur on a seasonal
basiz) or chrofie causing permanent damage (e.g. uterine occlusions in Baltic seals).

Hall provided a broad review of epidemiological principles, highlighting the need to view disease exposure and
susceplibility in an ecosystem context. Hall noted that it i& important 1o consider interactions befween pathogens, as
well s the pozsible involvement of multiple pathogens, in & given discase syndrome. In some instances, the ultimate
cause of infestion may be an antecedent event, condition orch aracteristic which “sets the stage’ for the proximate diseasc
accumrence. In other words, there may be no single cause but rather a series of components which, acting together,
comprise the causal mechanism.



A number of viral, bacterial and protoz oal diseases affecting reproduction have been documenved in maring marmmals.
These include:  leptospirasis, salmonellosis, campylobact erosis, brucellosis, toxoplasmosis, morbillivirus,
papillnnmvirus,ad:nm'irus, anfluenza virus, herpes virus, nasitremosis, stenurosis and halocerosis. Brucello sp. hasbeen
found in marine mammals but marine species of Brucella have vet to be definitely linked with abortions in the wild.
Rowles, however, called attention 1o the fact thats  Brucedlo isolate from a scal in Puget Sound caused abortions when
inoculated into cattle. Morbillivirus has b een implicated in harbor seal abortions.

1.3.2 Review of data an diseas e in North Atlantic right whales

Little is known about diseage in North Atlantic right whal es. Moore reviewed necropsy data from 25 of the 45 right
whales known to have died in the western North Atlantic since 1970, Trauma, mamly from ship strikes, was detected
:117 cases. One ot more bones were salvaged from 14 carcasse 5, and one of more sofl-lissue samples from nine. On
only cight occasions wers gonads found, Tissue autolysis has generally been a major impediment in histological
investigations of right whales. Munson emphasized that cven when the canse of desth is atributable to trauma based
on gross findings, itis important to strive for histological an abyses that could reveal an underlying pathological condition.
Southern added that it would be useful to test prossly normal biopsy tissues for virus antigens,

WMarx described three types of skin lesion olbserved on North A tlantic right whales: circular, blister or crater, and swath.
Skin lesions, mainly circular, have been detected on mo rethan 100 individuals in the right whale populationsines 1980,
and have significantly increased over time (p=0.004). Du nng |G80-1996, the average percentage of identified wheles
with skin lesions was 5.06% (5d=5.86), with a peak of 24% in 1937, Regressions for females thax should have cahved
but did mot {as determined by calving history) and for whal es with lesions both showed significant increases (F=23.3,
p<0.01 and F=32.6, p=<(r.01, respectivelly). The two classes were themselves significantty comelated {r=0.768, p<0.01).
Die Guise noted that the death of an adult female in 1999 (caused by a ship srike) provided an oppertunity for
higiological examination of the skin lesions, The lesionsonth is animal were papilloma-like, exhibiting some acute and
chromic m{lammation in the dermis. Electron microscopicstudies did not reveal an etiological agent, but further analyses
ofthe lesions are underway. Giventhat skin lesions havein creased coincident with the decline in the whale population’s
reproductive success, there was considerable discussion con cerming a possible etiological link between the mwo trends.
It is not elear whather the lesions are primary and thus lim ited to the whale™s skin, ora secondary manifestanon of an
underiying systemic health problem.

Skin lesions of the kind observed on North Atlantic ight whales hawve not been observed on North Atlantic humphback
whales, Rowntree noied that biister-like lesions arc scen on  right whales in Asgentina but the rype of lesions seen on
Marth Aflantic right whales are generally not observed on southem right whales.

Ross noted that vitamin A plays an important role-in-skin- maintsnanes, He sugpested that 8 possible-link involving a
\nck ofvitamin A, or allematively 8 contaminant-induced  breakdown in normal circulatory ransport of vitemin A, should
be explored as & cause of the skin lesions. Southem pont ed out thar a molecular stress response could be involved, as
aither a cause or an effect of vitamin A deficiency, andth at causation would be difficulr to establish. Munson indicated
'hat skin lesions similiar to those on right whales had heen observed on black rhinoceroses and that vitamin A

nvolvernent had been ruled out as 3 causative agent. Moore stated that the only right whale tissue presently available
for vitamin A assays is a frozen sample in the care of Robe 1t Bonde, US Geulogical Survey, Sirenia Project, in Florida.

Marx noted that the distribution, abundance, and other ¢har acteristics of cyamids are used as 2 crude index of 8 nght
whale's pverall health status. She and Ro wntree explained that orange cyamids { Cyamus erraticus ) ocour primarily in
body folds or recesses {e.g., in the genital and axillary regi oms) butquickly invade and colonize wounds. In debilitated
animals, cvamids also occur in the mooth area and blowholes, The sioughed skin that cyamids eat, as well ag tha
cyamids themselves, are less likely to be “washed off onwhal es moving more slowly than normal, leading o the orange
AppEArance.
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3.5 .3 Bvaluation of likelihood that disease may be affecti ng North Arlantic right whale reproduction and development
of testable hypotireses

W orkshop participants agreesd that skin lesions wereahigh prie rity for further research. It was suggested thatindividual

sighting histories could be informative if skin lesions eould be related to reproductive ¢vents using the photo-
identification database. Noopportunity should bemissed o obain biopsy or necropsy samples of skin lesions. Hamilon

explained that lesions tend to be more focal than general, suggested that photographs or video of the whole beodies of
living whales would be useful in cher aceerizing the lesions. Skin diseases are often classified according 1o the
distributinon of lesions on te body. Brown noted that perm its were being procured for the use of a critter-<am for

smdying North Atlantic right whales and that this equipm ent might be useful in documenting the distribution of body

lesions.

It was generally agreed that obtaining fresh tissue sample: 2 a8 quickly as possible from carcasscs was a high priogity.
Munseon urged that necropsies examine all organs for lesions and that necropsy repornts not be limited only to diagnosing
the canse of death, Moore responded that existing necropsy re ports could be scrutinized further for this kind of ancillary
information.

House and DeGuise cautioned that the presence of a diseas ¢ agent does not necessaniy indicate a pathologic ourcome
and should, therefore, be interpreted in context. Recognizi ng thet sample sizes for North Adtlantic right whales would
almost certainly be too small to support meaningful epidem iological analyses, Hall indicated that case contral studies
were suited to small sample sizes and therefore could be useful.

3.6 Other potential factors {e.g. habitat loss/ disturbance) and multi-factorial processes

Right whales no longer occupy their full historic range in th ¢ North Atlantic, This renge contraction could mean that
farmerly oecupied areas arc no longer suitshle to suppert right whales, or that the cultural memary for finding or using
those areas has heen lostto the population. Reproduction coul dbe affected if calving habitat has been reduced (¢.2. loss
of Delaware Bay) or foraging habitat no longer used (¢.g. Gulf of St Lawrence, Strait of Belle Isle, the Labrador coast).
Stormy Mayao is said o have data showing a decline since 1987 in the availability and quality of prey resources in Cape
Cod Bay. Participants hoped that Mayo's analyses of thes e data would be completed and published soon. 1t was also
noted that Kenney (in press) provides doeumentstion for 4 si gnificant alteration in habitat use over time. Participants
discussed the importance of finding out where breeding (= mating) oceurs and where non-Fundy females take their
salves in the summer. It was recognized that there may not be a single non-Fundy nursery area, or & single breeding
ground, Apar from the use of satellire relemetry locate th & ‘missing' areas, it was suggested that useful insights might
be gained from further analyses of individual sighting historie s, particularly those of adult females seen on or neat the
Flarida/Georgia calving grounds unaccompanied by calves.

4. DESIGN OF RESEARCH PROGRAM TO TEST ONE OR MORE OF THE ABOVE HYPOTHESES,
BASED ON RELATIVE LIKELIHOOD OF OCCURRENCE AND FEASIBILITY OF RESEARCH
ACHIEVING STATED OBIECTIVES, INCLUDING DISCUSSION OF APPROPRIATE 'CONTROL'
POPULATION(S)

A, whle of research topics was drafied during the workshop and discussed during the last haurs of the third day. ach
research problem - stabed ag sither a hypothesis, an objective, ora task - was prioritized based on its relevance and the

likelihood of it being successfully sddressed, Requirements fo r biological specimens and data were also identified, as

was the need for ‘control’ species or populations. In so me instances, other whale species {e.g. bowhead whales or

Southern Hemisphereright whales ) were identificd as appropr iatemodels or surrogates. For various analytical purposes,
i was considered appropriate to subdivide the North Atlantic right whale population, for example inte ‘weament” (e.g.

Fundy) and ‘conmal’ (nen-Fundy) groups.

Munson offered an aliemative framework for organizing th ¢ presentation on a probléfm-by-problem basis (see Appendix
4. After the workshep, Reolland took the lead in developing this approach in consultation with workshop participants.
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The following research program outhne was developed from the atable of research topics discussed at the workshop.
It should be read in the context of both the main report vext and Appendix 4, the latter being a more hypothesis-based
approach prepared after the workshop by Munson. Priorities are indicaled in brackets for each item listed as a research
need.

P BL = DEC ALF I
NEED:

To investigate the incidence of fernales without calvesin the southeastern US and relate to individual calving
histories (HIGH).

“To establish baseline information on reproductive physiology using gonadal and adrenal steroid hormons
metaholite levels in feces and blowhole exuda 12 to monitor reproductive status (HIGH,).

To determine if extrernely reduced haplotypic and allelic diversity in the major histocompatibiliry complex
(MHC) has increased the risk of dis ease and probability of abortson (HIGH).

To investigate the potential value of molecular analysis of stress response in right whale skin (including
enzyrme assays) (LOW TO MODERATE).

ACTION:
Continue collection of photo-identification & nd sighting histories of individual whales.

| Andlyze :xiﬁtiug.ﬁta.Lugu-:nlumnnmlndiﬂdual basisto determine if non-calving females are clustersd by age
(suggesting development) or region (suggesting genetics, biotoxins, contaminants, disease of
nutritional stress).

Compare BOF vs. non-BOF females.

Conduct geographic and termporal anakysis of non-calving vs. cabving females.
Conduct age-based analysis.

Include nuiliparous females over ¢ years.

Cottinue biopeies for genetic testing and to develop additional genealogiss.
Increase sample coverage of the population.

Conduct genetics-based analyses of the paternity of calves during eritical and baseline periods fo
. assess iFthere is regional (BOF vs. non-BOF) or temporal male inferility.

Dietermine which males are breeding and their habitat preferences through paternity analysis.
Dietermine inbreeding cocfficients for breeding/non-breeding whales.

Determine MHC class IT genetic profile of more females and calves.
To determine if reduced diversity could increase risk of early abortion,

Develop assay for gonadal steroid hormone metabolites in feces and validate with samples from bowhead
whales.

To determine if pregnancy is occurring and being lost.

To determine if females are cycling.

To determine if unsuccess ful males ars producing androgens.

To determine if an underlying endocrine prob! em is related to the reproductive dysfunction.

To determine if non-breeding whales have elevat ed levels of glucocorticoid hormones suppressing
reproductive function.
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Investigars uge of blowhole exuda tes to assay for gonadal steroid hormenes usiag samples from howhead
whales (similar to saliva assay).

Investigate analysis of sress protems in skin o determine if elevated stress impairs reproductive health.
Inslude eontrel groups, e.g. southern hemisphe re right whales, BOF vs. non-BOF right whales.

NEED:

To detesmine if variability in calf production is associ ated with variations in prey sbundance (MODERATE
TO HIGH)

To determine if variability in calf production is associated with variations in the condition of prey Organisms
(e-g. lipid content) and in diet quality (HIGH).

To determine if variability in calf predustion is rela ted to variations in whale body conditions (HIGH).

To evaluate calf growth ratee (MODERATE).

To publish studies of historical prey availability in Cape Cod Bay (HIGH).

To develop a comprehensive necropsy protocol and rapad response capability (HIGH).

To establish a centralized necropsy database includi ng all data (not just cause of death) (HIGH).

ACTION:

Collate and analyze existing data on prey abundance and environmental variables.

Review prey patch formation, history of spatial/temporal distrilntion and environmental variables (e.g.
oceanographic factors, North A dantic Oscillation).

Encourage studies on factors affecting the mutriti onal composition of major and minor prey species,
including seasonal, geographic, ontogenetic, nut ritional and long-term climatic effects.

Apply new methodologies to the stdy of North Atlantic right whale diets.
Study nuirient composition of prey.
Apply new techniques, ¢.g. stable isowpes of carbon and nitrogen, fatty acids, retingids,
Evahaate diet composition and feeding habits using feces and behavioral observations,

Establish a comprehensive index of right whale body ¢ ondition, which includes esrimates of blubber thickmess,
qualiry and composition, and estimates of body girth and length.

Continue collecting acoustic blubber dara with amplitude mode ultrasound, and validate usmg
necropsy samples and controls (e.g. bowheads). :

Develop methods far detarmining lipid compositi onof blubber from ultrasound daia and charactenzs
lipid mobilization and deposition patterns,

Calibrate blubber measurements with regard to position on body.

Compare blubber thickness in BOF vs. non-BOF females, calving vs. non-calving females and
Morthern vs. Southern Hemisphere nght whabes,

Determine if incidence and type of sk in lesions are related o blubber thickness.,
Determine if whales that are ship-s truck are thinner than other whales.

Analyze leptin expression in dermal biopsies and necropsy samples of blubber using
immunohistochemical, biochemical and molecular methods.
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Assess hiopsy and tissue samples a5 indicators of lipid steres, for nutritional constituents and for
biomarkers indicating condition.
Analyze photos of calves to determine if growth sage s can be deduced from length and girth measurements.
Acsess nead for dedieated photogrammetmc program.
_ Review available data on calf growth rates fram eouthem hemisphere right whales, bowheads.
If lactating females are necropsied, collect millk samples and data on mAMMATY gland mass and anatomy.
Establish a comprehensive necropsy protocol.
_ Improve methods for necropsy to acguire more data on population health.

Improve tissue harvesting methods and archiving of tissues.

Develop capability and protece] for sampling right whale carcasses at sca. ;

Conduer pathologic assessment of fertlity, collest reproductive tracts, assess gonadal activity, and
perform gross and histopathological assessment of reproductive tracts.

_ Identify and characterize lesions, and their possible cawses.
Collate all available pathology information in a central dambase.
Further review/examine existing necropsy Teporls.

MEED:

To determine if different types of skin lesi ons affect individual reproductive success (HIGH).
To determine if different types of skin lesions impair reproductive success (MODERATE).
To better assess the gross character, distribw tion and histopathology of skin lesions {(LOW).

ACTION:

Analyze existing photo-identification catalogue data fo ¢ skin lasions and reproductive history of individual
females and males.

Deetermiae if oecurrence of skin lagions correlates with females without calves,
Conduct & temporal end habitat prelerence an alysis of whales with skin lesions.
O¥btain biopsics of skin lesions 1o determine their cause.
Conduct histopathology end electron microscopy on all biopsies.
_ Conduct viral culture on comcean cell limes.

Conduct PCR for pox and herpes virases using genetic primers.

Integrate the assessment of the distribution of skin lesions in ongoing studies measuring blubber thickness,
body length and girth.
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NEED:

To determine if an assaciation exists between the occurence/prevalance of harmful algal blooms  especially
saxitoxing) and annual right whale calf production (MODERATE TO HIGH).

To examine hiotoxins in zooplankton { €. finmarchicus and Cenrropages) (MODERATE).

Ta analvze bio-toxing in tissues, finids and feces from North Adantic right whales (MODERATE TOQ LOW).
ACTION:

Analyze available data (going back to the 1940s) on biotoxin events in the Bay of Fundy.
“Collect zooplankton samples in close proximity to feed ing right whales and analyze samples for biotoxins.

Analyze fresh material (e.g. blood) from stranded whal es and feces from free-swimming and dead whales for
presence biotoxins.

Invesdpgate diagnosis of biotoxins using dried blood spot cards.
Develop baseline data on tissue and fluid samples from controls and measure background tomin levels,

FROBLEM: EXPOSURE TO CONTAMINANTS MAY BE AFFECTING REPRODUCTION.

NEED:

Ta teview available information on the types and sowrces of con@minants in the areas where right whales feed
{HIGH).

To analyze dead whales (esp. ship strikes) fora targeted list of chemicals (HIGH).

To assay right whale prey, sympatric species, and co -predators for chemicals of concern {based on the
preceding two items), possibly using historical sarnples (HIGH).

To design a biomarker approach based on exposure data (e.g. CYP1A, DNA adducts, retmoids, lepting,
triterpanes, steranes) (LOW TO MODERATE).

To extgact contaminant mixtures from right whale tissues (and/or right whale prey) for bioassays. i vitro
studies or gene expression assays (HIGH)-

ACTION:

Performn litarature review on sources and types of chemicals and pharmaceusicals occurring in right whale
habitats {including POPs and non-persistent chemieal 5} o develop = targeted list of chemicals that
may impact right whale reproduction (sce Appendix 6).

Review the chernical list from O’ Shea st al. (1999,
Use a food-web-based approach to determine exposure.
Analyze samples of copepods, herring, sandlace, and co-predator species for chemicals of concer.
Assess availability of historical samples for comparative analysis.
Analyze tEssues from biopsies, stranded whales, a nd archived samples for chemicals of concem.
Relate concentration of persistent chemical s in biopsies to concentrations in blubber,

Apply and develop suitble biomarkers of effects o determing if there is a physiological response to the
chemicals of concern (e.g. CYP P450, DNA adducts, retinoids, lepting).
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Re-analvze existing contaminant data (e.g. Weishrod et al. 2000; Westgate et al, unpublished data; Moore
al. 2000, draft manuscript]).

Compare teproductively suecessful vs. non-su coessful whales and habitas preferences.
apply PAH toxic equivalency factors (TEQs) and dioxin TEQs to assess toxicity in right whales,
Conduct further congener-besed analysis of PCBs and ather ‘dioxin-like’ chemicals and caleulation of TEQ:.

Compare levels of contaminants of concern in  calving and non-calving females (BOF vs. non-BOF) and
successful v, unsuccessful males. '

Investigate the use of chemical ‘fingerprints’ to assess habitat preference and reproductive history.
Extrapolate results to better-studied species to assess wxicity thresholds and potential risk.

Standardize sample collection protocols and inter-laboratory analysis techniques.

Use a weight-of-evidence approach to assess risk fro m toxic chemicals to northern right whale reproduction.

5. SUMMARY AND CONCLUSIONS IN THE CONTEXT OF THE OYERALL CONSERYATION
REQUIREMENTS OF NORTH ATLANTIC RIGHT WHALES

The most immediate conservation priority for the North Atlantic right whale population 15 to reduce anthropogenic
mortality to zero (see IWC, in press b: Report of the Work shop on Stanas and Trends of Western North Atlantic Right
Whales). However, the Warkshop noted that, if calf pr oduction does not mcrease from the low levels observed during
199820400, even the complete removal of anthropogenic mortality may be insufficientto allow the population o recaver,
It is therefore ceitical that the reagons for the reproduc tive dysfunction of the papulation be established as soon as
possible. To this end, the Workshop recommended that the research program proposed above be supported to the fullest
extent possible.

The Workshop concluded that genetics, nutrition, contamin ants, biotoxins and disease could eachfall cause reproductive
dysfunction in Morth Atantic right whales. Itis likely that mo one factor is entirety responsible, and that two of more
factors could be interacting, possibly over different time scal es. For example, reduetion in genetic diversity nught have
been caused a lass of population resiliznce over several centu ries, while in recent decades, exposure by right whales tu
contaminants, hiotoxins, and/or adverse environmental conditions may have resulted in poor body conditions and a
greater incidence of disease. Itis therefore important that the proposed re search program be interactive and rula-
disciplinary in manare and have strong central coordination. As such, the Watkshop recommended (hat & steering
cofimittes be astablished to develop protocols, review resu Iis and progress, snd provide nececessary revisions to the
rescarch program proposed in this report. The steering comrmittee should consist of researchers possessing expertise in
Lhe various topics of concern (e.g. contaminants, pa thology, nutricion et cetera). The steering commattes has
responsibility for selecting an appropriate coardinator for theresearch progeam, and this coordinator’s position should
be fully funded.

The Warkshop further recommended the development of 8 comprehensive database (coordinated tarough the Morth
Adantic Right Whale Catalogue) linked for all whales across  all research programs. Such a database would allow for
multivariare analyses using data from photo-identification st udies, health asssssrnenits, genetic studies, pathology results,
contaminant levels and biomarker studies, biotoxi n levels, and blubber thickness/composition studies.

The Workshop noted that the North Atantic Right Whale catal ogue (and its associated sighting history data base] has
provided most of the data used in determining the stus of the right whale papulation. The catalogue (and the sightings
database) are intepral components of the proposed research  program and will be essential for determining reproductive
performance in the future, The Workshop therefore recommended that the photo-identification program be fully
supported on a continuing basis.

The Workshop agreed that the multi-disciplinary nature ofthe meeting and the interactive nature of the discussions had
been cxtremely valuable, and commended the steering group for their efforts in semng up the meeting,
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Appendix 2

Cause of Reproductive Failure in North Atla ntic Right Whales: Mew Avenues of Research
April 26-18, 2000
Haliday Imn, Falmouth, Massachusetts

PLENARY PRESENTATIONS
WEDNESDAY, APRIL 26TH

Welcome and Workshop Introduction
Michael Sissenwine

Phl Clapham

Roz Relland

Waorkshop Organization and Rules
Peter Best, Watkshop Chair

North Atlamtic Right Whale History and Status - Scott Kraus
Discussion

Blubber Thickness in Atlantic Right Whales, E. glac ialis and E. auswralis: Rela tiemship fo Age, Gender,
Reproducitve Condition and Location - Carolyn Miller
Discussion

Break

A Review of Necrapsy Data for Northwest A amtic Right Whales (Eubalaena glacialis): 1970-19290 . Michael
Moore
Discussion

Cvtachrome P43 1A im Dermal Endotheliz of Northern ond Southern Hi:g.fn' Whales, and Organic
Contaminants in Right Whale Dermis ard Gulf of Maine Zooplankion Prey - Michael Moore
Discussion

Skin Lesions in North Atlantic Right Whales: 1980- 1996 - Marilym Mant _
Histopathology of Skin Lesions in a Novth Atlantic Right Whale - Sylvain DeGuise
Discussion

Lumch

Risk of Emvironmenta! Contamimant-Related Toxicity tn Nortirern Right Whales - Peter Ross
Discussion

Reproductive Failure in North Adantic Right Whales: The Marine Biatacing Perspeetive - Greg Doucette
Di=cussion

Break
Infectious Disease av a Factar Affecting Reproducti o and Offspring Survival in the Northern Right Whale -
Ailsa Hall

Discussion

Reproductive Dysfunction in Wild Animals: What the Tisnues Tell Us - Linda Munson
Driscussion

General discussion
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WORKSHOP AGENDA
THURSDAY, APRIL 27 & FRIDAY, AFRIL 2B

. Introductary irems
1.1 Objactives of worlshop
1.2 Adoption of agenda

2. COiverview of reproductive biokogy and reproductive failare
9 1 General review of mammalian tepr oduction and causes of reproducnive failure
- 2 Review of Morth Allantic right whale (NARW) reproduction, especially indicating where in the
cyche impairment or failure may be occurring and development of tesable hypotheses.

3. Consideration of pogsible causes of failure
3.1 Genede factors (6.8 loss of dive rsity, inbreeding, effective sex talio)
1.1.1 Review of existing knowledge of effects of these factors on reproduction
3.1.2 Review of data on these factors in NARW
Presentation: Swmmary of Relevant Generic Data on Northern Right Fhales - Brad White
4.1.3 Evaluation of likelihood that genetic problems may be affectng NARW reproduction and
development of testable hypotheses.
3.2 Nutrition
121 Review of existing knowledge of effects of nutrition on reproduction
3.2.2 Review of data on nutrition in NARW
393 Evaluation of likelihood thar nuw itional problems may be affecting NARW
reproduction and development of testable hypotheses.
3.3 Chemical contaminants
13.1 Review of existing knowledge of effects of contaminants on reproduction
3.3.2 Review of data on contaminant levels n NARW
3 1.1 Evaluation of likelihood that chemical cont aminants may be affecting NARW repraduction and
development of testable hypotheses.
3.4 Biotoxins
1.3.4 Review of existing knowledge of effects of bistoxins on reproduchion
3.3.5 Review of data on biotoxin levels in NARW
3 1 & Pvaluation of likelihood that biotayine ma y be affecting NARW reproduction and develapment
of testable hypotheses.
3.5 Disease :
1.5.1 Review of existing knowledge of effects of disease on reproduction
1.5.2 Review of data on disease in NARW
3.5.3 Evaluation of likelihood that disease may be affecting NARW reproduction and development
of testable hypotheses.
3.6 Other potential factors (e.g. habitat disrbance/loss)

4, Design of research programme to test one of more of above hypotheses, based on relative likelihood of occurrence
and feasibility of research achieving stated objec tives, including discussion of appropriate "control”

population(s).
5. Summary and conclusions in the context of the overall conservation requirements of NARW.

a, Adoprion of repart.
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Appendix 4

PROPOSED BESEARCH PROGRAM TO ADDRESS DECLINING CALF PRODUCTION N
NORTH ATLANTIC RIGHT WHALES

Prepared {post-workshop) by Linds Munson, University of California, Davis

OVERVIEW: This tiered approach to investigating the cause(s) of declining calf’ production begins by
aszaesing whether mule or female infertility (or both) is most likely. It then proposcs more in-depth studies
of males and fernales involving comparisons of subpopulati ons of fertile and infertile animnals. The focus of
these stdies is reproductive failure, so worthwhile proj ects that focus on other important issues that may be
affecting right whale survival {e.g. mutrition, health, toxin levels, etc) would be included only if they were
first shown to be associated with reproductive failure. More in-depth stusiies are outlined in the main report
L=t under agenda item -4,

HYPOTHESIS 1: FEMALES ARE INFERTILE . Smdies need to determine, first, whether the increased
calving intervals in the population are due to mfertility of individuals, inferility of females in some
subpopulations (e.z. BOF vs non-BOF), or decreased fer tility in the population as a whole. This step 15
necessary for the design and focus of subsequent studies.

Methods:

ANALYZE EXISTING CATALOGUED DATA ON AN INDIVIDUAL BASIS TO DETERMINE
IF NON-CALVING FEMALES ARE CLUSTERED BY AGE (SUGGESTING A PROBLEM
WITH DEVELOPMENT) OR BY REGION OR TIME-PERIOD (SUGGESTING A

PROBLEM RELATED TO GENETICS, BIOTOXINS, CONTAMINANTS, DISEASE DR
MNUTRITIOMAL STRESS).

Increase direct-observation and photo-identification records to determine which animals are calving.
[F SOME FEMALES ARE FOUND TO BE INFERTILE, THEN:
SUB STUDY I: Investigate the reproductive st atus of infertile fennales.

Exp. 1: Determine if infertile fermales are cycling . This step is necessary to determine if ovaran eyelicity is
normal.

If females that had calves are no longer cyeling, them causes of ovarian quicscence, such as inadequate
nutrition, stress, toxing, or infecti ous discases, can be investipated,

If nulliparous females are not cycling, then ge netic causes cowld be added to the above list,

If fernales are cveling but not becoming pregnant, then male fertility, lack of access to males, or ulerine discasc
should be investigated.

hiethods:

Determine ovarian activity by ovarian steraid analysis.

Validate blowhole exudate method so that encugh sequentia | samples to determine cyelicity can be acquired
even during periods of fasting (not feasible with fecal st eroid analysis). This validation also is necessary for
Expeniment 2.

Increase observations of whales in estrus/breeding activity.
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Conduct compless gross and histopathologic analyses on a 11 ovaries and uteri available from carcasses to As5ess
folliculopenesis, ovulation, and presence of any dis eases. Compare findings between Fertile and wnfertile
females, 1f possible.

Exp2: Dwlermime if females are becoming pregnant, but subseguently losing their calves (abortion or
nennatal deaths)

Methods:
Measure progesterone levels in feces or blowhale exudate during estimated mid-gestation, then fallow the same
females 1o determine calf production and sarvival,

INCREASE OBSERYATIONS ON THE CALVING GROUNDS.

SUE STUDY IL Determine il there are differemces in health status between fertile and infertile females:
The design of these studies is eontingent on there bei ng two identifiable populations of whales, 1) infertile
animals and 2) fertile animals. *In fertility’ should be defined from what is known concerning fecundity [or
this spocics, combined with some level of proof that the animals had the opportunity to breed. These wo
study populations would be compared for all subse quent nutriional and toxicolopie studies. If wo
populations eannot be defined, it will hamper interpretation of significance of toxin levels, stress indicarors,
and body condition,

Fxp.1: Determime if there is evidence of p oor health in infertile females

Methods:

Compare blubber thickness, blubber qualily, or other body condition indices borween fertile and infertile
animils. [f infertife females are in poorer condition, then conduet studies to determine if nutrition or
underiyving diseaxe is the couse:

DETERMINE HABITAT PREFERENCES OF FEMALES WITH LOWER SCORES.

CONDUCT NUTRITIONAL AMALYS]S OF FOOD SOURCES TO ASSESS DIET QUALITY IN
HABITATS OF ANIMALS WITH HIGH AND LOW BODY CONDITION INDICES.

REVIEW PREY PATCH FORMATION, HISTORY OF SPATIAL/TEMFPORAL DISTRIBUTION
AND ENVIRONMENTAL VARIABLES .

Determine character of skin lesions and compare prevalen ce of skin lesions between fertile and infertile females,
If higher prevalence in infervile females, rhen:

Assess if lesions indicate & primary skin disease or ar & 2 secondary manifestation af gyaremic disease or poor
nutritional sEns

ANALYZE TEMPORAL TRENDS AND HABITA T PREFERENCES OF WHALES WITH SKIN
LESIOMS.

Compare prevalencs of other lesions (available from n ecrapsy data) between fertile and infertile females.
Compare levels of cell stress indicators berween fertile and infertile females.
Eap 2 Determine if infertile females have higher levels of toxins than fertile females. THESE STUDIES

SHOULD FOCUS ON TOXIC CHEMICALS THAT ARE KNOWN TO IMPAIR
REFRODUCTION OR GENERAL HEALTH IN OTHER SPECLES,
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Methods:
Re-analyze existing contarninant dats, eamparing fertile and infertile ferales and their habitat preferences.

Analyze tissues, fluids and foces for biotoxins in fertile and infertile females. If levels are higher in infertile
females, then;

Comdugt in-depth studies on zooplankton sawrces and ternporal and spatial distribution.

Analyze tissues and fuids of fertile and infer tile females for 2 targeted list of contaminanes, [ fevels are higher
in infertile femoles, then:

Use a “food-weh'-based approach to determine exposure.

Analyze biomarkers of toxic exposure {e.g. CyplA, DNA adducts, retinoids, leptins) and compare levels in
fertile and infertile females.

Exp 3. Determine if infertile females have higher levels of stress than fertile females. Corusol
measurements would probably provide the most reliable indications of siress as cortisal affects
reproduction. It can suppress ovarian eyeling and is usually elevated with acure and chronic suress.

Methods:

Validate and measure cortisol metabolites in blowhole exuda te or feces and compare levels berween fertile and
infertile animals.

SR STUDY 1II. Determine if there are genetic differences be tween fertile and infertile populations.
Because lack of genetic diversity does not necessarily afTect reproduction or health, this study #s important
W assess potential gemetic effects.

Exp. 1: Determine inbreeding coefficients for whal es with and without reproductive sucoess

Methods;

Pedigree analysis based on existing obser vational and molecular genetics dara

HYPOTHESIS 2: MALES ARE INFERTILE

Because of the competitive mating stategy of this speeics, a single infertile male would not be expected to
affect calf production. Howewer, infertility in groups of males partitioned by region or social structure
could affect calf production. ‘Infertility’ implies that an animal had the opportunity to breed, so evidence of
contact with fernales would be important before consid ering a male infentile. These first analyses would
determine if there is any cvidence of male infenility. The population could be divided into two groups, 1)
fertile males and 2) infertile males, for subsequent comparative studics.

Methods:

ESTABLISH PATERNITY OF CALVES BORN DURING CRITICALAND BASELINE PERIO DS
TO ASSESS WHETHER THERE 1S EVIDENCE OF REGIONAL (BOF V5. NON-BOF OR
TEMPORAL MALE INFERTILITY.

Analyze existing caalogued data on individuals to determine if breeding activity has been observed.

ANALYZE EXISTING CATALOGUED DATA ON AN INDIVIDUAL BASIS TO DETERMINE
IF INFERTILE MALES ARE CLUSTERED BY AGE (SUGGESTING A PROBLEM WITH
DEVELOPMENT) OR. BY REGION OR TIME-PERIOD (SUGGESTING A FROBLEM
RELATED TO GENETICS, BIOTOXINS, CONTAMINANTS, DISEASE OR NUTRITIONAL STRESS.
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IF SOME MALES ARE FOUND TO BE INFERTILE, THEN:

SUB STUDY I: Investigate the reproductive status af infertile males.
Exp. 1: Determine if infertile males have normal 1estosterone Levels,
Micthods:

Walidate fecal and blowhole exudate methods of measuring testosterone .

MEASURE TESTOSTERONE LEVELS IN FERTILE AND INFERTILE MALES AT DIFFERENT
TIMES OF THE YEAR (RE: POSSIBLE SEASONAL VARIATION).

Conduct complete pross and histopathologic analyses on all testes available from carcasses 10 assess
spermatogenesis and presence of diseases. Compare fi ndings between fertile and infertile males during the
same time of vear, if possible,

SUB 5TUDRY 1l. Determine if there are differences in health status between fertile and infertile males

Exp.|: Determine if there is evidence of poor health in infertile males

Methods:

Compare blubber thickness, blabber quality or other body cond ition indices between fertile and infertils animals.

Cretermine habitat preferences of males with lower scores.

Conduct nutritional analyvgis of [ood sources to aseess dief: quality in hahitais of animals with high and low body
condition indices,

Review prey patch formation, history of spatia lternporal distribution and environmental variables,

Determine character of skin lesions and compare prevalen ce of skin lesions between fertile and infertile males. [f
higher prevalence in infertile males, then:

Assess if lesions indicate a primary skin discase or ar ¢ a secondany manifestation of systemic disease or poor
nutriticnal Slatus,

Analyze tempecal trend? and habitat preferences of whales with skin lesions.
Compare prevalence of ather lesions (available from n ecropsy data) between fertile and infertile maics.
Compare lavels of cell smess indicators beeween fentile and infertile males,

Exp 2. Determine if infertile males have higher levels of toxins than fertile males. These studies should
focus om toxic chernicals that are known to impair reproduction or general health in other species.

Blethods:
Re-analyze existing contaminant data comparing fertile and infertile males and their habitat preferences.

Analyze tissues, fluids and feces for biot oxins in fertile and infertile males. [ fevels are higher in infertile
mades, then:

Condust in-depth studiss on zooplankton sources and temporal and sparial distrribution.
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Analyze tisswes and fluids of fertile and infe rtile males for a targeted list of contaminants. [ levels are higher in
infertile males, them:

Usze a 'food-web -based approach to determine exposure
Analyze biomarkers of toxic exposure (2.8, CyplA, DNA adducts, retinoids, leptins) and compare levels in

fertile and infertile males.

Exp 3. Determine LT lnfertile males haye higher levels of stress than fertile males. Cortisa] measureéments
would probably provide the most reliable indications of stress as comisol affects reproduction. It can
suppress testicular function and is usually elevated with acute and chroni¢ stress.

hefethods:

Validate and measure cortisol metabolites in hlawhole exuda te or feces and compare levels berween fenile and
infertile animals.

SUR STUDY III. Determine if there are genctic differences be tween fertile and infertile populations.
Because lack of genetic diversity does not necessarily affect reproduction or health, this study is important
to asscss potential genetic effects,

Exp. 1: Determine inbreeding coefficients for whal es with and without repro-ductive success

Methods:

Pedigree analysis based on existing obser wational and molecular geneties data.

HYPOTHESIS 3 : ABORTIONS AND NEONATAL DEATHS ARE OCCURRING.

If females are deiermined to be pregnani (Hypothesis 1, substudy I, Exp. 2). then the couse of abortion or
neomatal deaths should be investigated. There are multiple causes of abontion and neonatal death. The most
common causes are it utero infections, poor nutritione] condition, genetic defiects, stress, and problems at
calving. Determining the cause ina given instanes requires complete necropsy with ancillary microbial and
genetic testing on aborted calves. As this is usually not feasible, indirect measures will be needed to
compare aborting and successfully calving fermales.

Exp. Determine if aborting females have evidence of poor health

Methods:

Compare blubber thickness, blubber quality, or other body condition indices between calving and abarting
animals.

Assess blowhole exudate for feces?] for viruses that target the fetus.

Assess calf birth weights and growth rates. as indi rect measures of maternal nutritional stars.
Exp. Determine if aborting females have higher levels of toxins than ealving femnales.
Exp. Determine if aborting females have higher levels of stress than ealving females

Exp. Determine if there are genetic differemces at MHC loci between mothers and calves in calving
females (and §f possible in sborting females).
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Appendix 5

ASSESSMENT OF CURRENT REPRODUCTIVE DATA FOR THE
WESTERN NORTH ATLANTIC RIGHT WHALE

TR Frasier,* M.W. Brown,** 5.I0. Kraus,*** and B.N. White®

+ Diepartment of Biolegy, McMarter Unlvorsiy, Hamilton, Omtario, L85 4K/, Canada

% Cemter For Coastal Studies, PO Bax 1036, Provincetown, M4 02657, LS4
and East Coast Ecosystems, PO Bex 36, Freeport, Nova Scotia, BOV 180, Canada

sa+ New England Aguarium, Centraf Wharf, Baston, M4 02110, US4

Since 1980, the birth of a total of 221 right whale calves has been documented in the western North Atlantic. of
these, seven are known to have died and 54 were not phatographically identified (Table 1). An analysis of
sighting data shows that 57% of the ealves were br pught to the Bay of Fundy by their mothers (F undy calves,
Tablc 1) and 43% were not taken to the Bay of Fundy (Non-Fundy calves, Table 1). The mothers of non-Fundy
calves use a vet unknown summering and nursery location (Malik et al, 1999). Since 1987, genetic analyses

have been used Lo assess population structure and reproduc ton in the Marth Atlantic right whale. Eighty-five
mother-calf pairs have been sampled and gemetically analyzed (Total genotyped, Table 2), Thess 83 pairs
comprise 52% of the total mather-calf pairs for which the calf was photo-identified {Table 2). Of the mather-
calf pairs that have been sampled, 60.0% of those seen in the Bay of Fundy have been sampled, and 32.5% of

those not scen in the Bay of Fundy have been sampled (Tab le 3). Genetic analyses of these samples, using both

milochondrial DNA (miDNA) and nuclear DNA, have shown that there i signi ficant population substrucruring
berween calves that are brought to the Bay of Fundy and cal wes that are not brought to the Bay of Fundy in their
first vear by their mothers (Malik et al, 1999, Waldick 19849) . This substructuring is the result of site fidelity 1o
a specific summer habitat area on the part of right whale mothers. They bring their calves cither to the Bay of
Fundy (Fundy calves) or to an wnknown samimer arei (Non-Fundy calves). Offspring tend to show the sanwe site
fidelity as their mothers. This pattern of differential habitat use means that some lineages use the Bay of Fundy

i1 summer and others wse an unknown area. Genetic studi es show that there it alsn a degree of reproducuve
isolation between these two groups, suggesting that they € ould be using different mating arcas and that they are
therefare more distinet than previously thought (Waldick 1999).

The population substructuring described above is of inct 43ing interest when considering reproduction over the
past three years, during which time no mothers from th ¢ Fundy subgroup have produced offspring (Tahle 1, plus
data from the calving season of 2000, Phil Hamilton, pers. cornm.). This skew in reproductive performance
could indicate that there are recent and crucial differences in other aspects of the two subgroups, such 25 habitat
quality and mortality due to anthropogenic faetors. Such differences berween subpopulations within the Morth
Atlantic right whale population should be of pramary cons ideration in all fumure stedies of this population as
conservation efforts are often futile when population structure is not taken into account (Tavlor and Dizon
1999,
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Table 1: Numbers of right whale calves photographed from Fundy and non-Fundy population. S=calves which
did not die in the calving ground. *Calves for which photos are inadequate to permit individoal identi fication.

Year Calves born __ Calves aliveS  Fundy calves Won=Fundv___ Unknown calves®

1980 5 5 3 2 3
1831 B ) T i 0
1982 12 11 6 5 2
1983 9 g 4 = 3
1984 12 12 11 1 1
1985 11 11 5 b 3
1986 13 13 6 7 2
1087 11 11 T 4 ]
1988 8 7 4 i g 0
1980 19 16 11 3 1
1990 12 12 ' 9 3 2
1991 17 17 g ] ]
1992 12 12 4 8 4
1993 B & 4 2 1
1994 8 8 3 5 3
1995 7 7 3 4 ']
1996 : 21 21 14 7 1
1997 19 19 11 3 1
1998 5 5 0 5 3
1995 4 4 0 4 i
Total 221 214 121 93 54
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Table 2; Genoryped mother-calf pairs from Fundy and non-Fundy popualations

Year Possible Pairs* Total Genotyped Fundy  MNon-Fundy
1980 3 0 0 0
L1281 B 3 3 o
1942 9 4 2 2
1953 s . 2 0
1984 i1 fo f 0
1985 B 2 ] 0
1986 i 5 3 1
1587 11 6 3 1
1988 7 3 3 0
1989 15 L B! 9 2
1990 10 4 4 0
1991 12 & B 0
1992 B T 4 3
1993 5 3 3 0
1994 5 “ 1 1
1995 3 2 2 0
1934 14 o 9 0
1997 12 ) T 0
1998 2 2 0 2
1999 1) 0 i ]

Total E60 86 T2 13
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Table 3: Percentage of gemotyped cow-calf pairs from Fundy and non-Fundy population

Year Identified Genotyped %-Fundy Idemtified Genotyped %e-Non-

Fundy Fundy Mon=Fundy Non-Fundy  Fundy

1980 2 ] NiA 0 o WA
1981 7 1 428571 1 0 NFA
1982 6 2 33.3333 3 2 6666667
1983 4 2 50 3 0 NFA
| 954 11 6 545455 0 0 N/A
1685 - | 20 k) 0 NiA
1986 6 3 50 5 2 40
1987 7 5 714286 i 1 23
1958 Fiy : 3 73 3 0 N/A
1930 11 o B1EIR2 4 ri 50
1990 9 4 444444 1 0 NIA
1991 9 § BE.EEED 3 0 . MNA
1992 4 4 100 4 3 75
1993 4 1 75 1 0 N/A
1994 3 1 33.3333 2 1 50
19495 1 2 bh.666T 1) 1] NiA
1996 14 0 §4.2857 0 0 MiA
1997 L1 T 63.6364 1 0 A
1998 0 0 NA 3 3 100
1999 i b WA I 0 N/A
Total 120 72 60 40 13 325
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Appendlx 6

EXAMPLES OF CONTAMINANTS OF POSSIBLE CONCERN WITH REGARD TO
NORTH ATLANTIC RIGHT WHALES.

(See O Shea of al. (1999) and Reijnders et al. (2000) for nwore detailed lists and discussion).

Chemiral Class
TRADITIONAL'

Persistent organie pollurants

Non-bicaccurnulative pellutants
WON-TRADITIONAL”

Flame retardants

Plasticizers

Surfactants

New=cra pesticides and herbicides

Municipal and industrial effluents

Anti-fouling agents

Dhielestrie flnids

Adquaculrure-related chemmicals

Metals

Eadionuclides
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More specific compounds or examples

PCBs, PCDDs, PCDFs

DDT family |

Chlordanes {incleding Toxaphene)
HCH

Other pesticides

FAHs

PBDE: (polybrominated diphenyl ethers) and other
brominated flame retardants

Phihalate esters

Allcyiphenol ethoxylates (c.g. NPEQD —
nonylphenoletoxylates)

Endocri ne disrupting compounds (e.g. synthetic
estropens, natral hormones, pulp byproducts)

Organotins (e.g. TBT - tributyltin) and replacement
compounds

PCB replacements (e.g. PCNs — polychlerinated
naphthalenes; PHBs ~ polybrominated biphenyls)

Antihiotics
Pesticides

Methyl mercory (MeHg)





