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Acronyms & Abbreviations

pk-pk peak-to-peak

psi pounds per square inch

PTS Permanent Threshold Shift

re in reference to

Rice Rice University, Department of Earth Science

RL Received (sound) Level

rms root-mean-square

rpm revolutions per minute

s seconds

SD Shut Down of GI gun(s) or sparker not associated with mitigation

s.d. standard deviation

SPL Sound Pressure Level

SZ Shut Down of GI gun(s) or sparker because of a marine mammal or sea turtle sighting
near or within the safety radius

TTS Temporary Threshold Shift

UNEP United Nations Environmental Programme

UK. United Kingdom

U.S. United States of America

“Useable” Visual effort or sightings made under the following observation conditions: daylight

periods within the study area, excluding periods 90 s to 2 h after GI gun(s) or sparker
were turned off (recently exposed), nighttime observations, poor visibility conditions
(visibility <3.5 km), and periods with Beaufort Wind Force >5 (>2 for cryptic species).
Also excluded were periods when the Endeavor’s speed was <3.7 km/h (2 kt) or with
>60° of severe glare between 90° left and 90° right of the bow. Sightings outside of the
truncation distance (used for density calculations) were also considered “non-useable”.
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Executive Summary

EXECUTIVE SUMMARY

Introduction

This document serves to meet reporting requirements specified in an Incidental Harassment
Authorization (IHA) issued to Rice University (Rice) by the National Marine Fisheries Service (NMFS)
on 11 August 2009. The IHA (Appendix A) authorized non-lethal takes of certain marine mammals
incidental to a seismic survey by the R/V Endeavor off New England in the Northwest Atlantic Ocean
(NWA). Behavioral disturbance to marine mammals is considered to be “take by harassment” under the
provisions of the U.S. Marine Mammal Protection Act (MMPA). NMFS considers that marine mammals
exposed to airgun sounds with received levels 2160 dB re 1 pPa,, might be sufficiently disturbed to be
“taken by harassment”. “Taking” would also occur if marine mammals close to the seismic activity
experienced a temporary or permanent reduction in their hearing sensitivity, or reacted behaviorally to the
seismic sounds in a biologically significant manner.

It has not been confirmed whether, under realistic field conditions, seismic exploration sounds are
strong enough to cause temporary or permanent hearing impairment in any marine mammals or sea turtles
that occur close to the seismic source. Nonetheless, NMFS requires measures to minimize the possibility
of any injurious effects (auditory or otherwise), and to document the extent and nature of any disturbance
effects. In particular, NMFS requires that seismic programs conducted under IHAs include provisions to
monitor for marine mammals and turtles, and to power down the airgun array to a single operating airgun
or shut down all seismic sources when mammals or turtles are detected within designated safety radii.

Seismic Program Described

Rice conducted a low-energy seismic survey over the continental shelf south of Martha’s Vineyard
and Nantucket, MA. The seismic survey area was located between 40° and 41.3°N and between 69.7° and
70.7°W, within the U.S. Exclusive Economic Zone (EEZ). The closest approach to shore during seismic
operations was ~7 km south of Martha’s Vineyard. Water depths in the survey area ranged from ~25 to
200 m, but were typically <100 m. The cruise occurred from 12 to 25 August 2009.

The purpose of the seismic survey was to examine the distribution and amounts of freshwater
sequestered within the continental shelf off New England. The program also provided site survey data for
an Integrated Ocean Drilling Program (IODP) proposal to drill into these freshwater resources for
hydrogeochemical, biological, and climate studies. On a global scale, vast quantities of freshwater have
been sequestered in continental shelves, and this may represent an increasingly valuable resource for
humans.

The Endeavor deployed, at various times, one or two low-energy Generator Injector (GI) guns or a
sparker as the energy source during the survey. The GI guns had a discharge volume of 45 in’ each or a
total of 90 in® when two GI guns were deployed. The GI guns were towed at a depth of 2 m. The sparker
had an output power level of ~200 J. The acoustic receiving system consisted of one digital, high-
resolution streamer, varying in length from 0.6 to 1 km, towed at a depth of ~3 m. A Knudsen 3260 dual-
frequency (3.5 and 12 kHz) echosounder was also used during most of the survey.

Monitoring and Mitigation Description and Methods

Three trained marine mammal (and sea turtle) observers (MMOs) were aboard the Endeavor during
the period of operations for visual monitoring. The primary purposes of the monitoring and mitigation
effort were the following: (4) Document the occurrence, numbers and behaviors of marine mammals and
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Executive Summary

sea turtles near the seismic source. (B) Implement a shut down of the GI gun(s)/sparker when marine
mammals or turtles were sighted near or within the designated safety radii. (C) Monitor for marine
mammals and sea turtles before start up and during ramp-up periods.

At least one MMO, but most often two MMOs, watched for marine mammals and sea turtles at all
times while the GI gun(s) or sparker operated during daylight periods and whenever the vessel was
underway in daytime but the GI gun(s) or sparker were not firing. The MMOs used 7x50 binoculars and
the naked eye to scan the surface of the water around the vessel for marine mammals and sea turtles. The
distance from the observer to the sighting was estimated using reticles in the binoculars or a clinometer.
When a marine mammal or turtle was detected within or approaching the safety radius, the MMO called
for a shut down of the GI gun(s) or sparker.

Primary mitigation procedures, as required by the IHA, included the following: (4) Ramp ups
consisting of a gradual increase in the volume of the operating GI guns, whenever the two GI guns were
started after periods without GI gun operations. (B) Immediate shut downs of the GI gun(s) or sparker
whenever marine mammals or sea turtles were detected within or about to enter the then-applicable safety
radius. The safety radii for cetaceans and sea turtles during the survey were based on the distances within
which the received levels of GI gun or sparker sounds were expected to diminish to 180 dB re 1 pPay,,
averaged over the pulse duration with no frequency weighting. The safety radius for pinnipeds was based
on the distance within which the received levels of GI gun or sparker sounds were expected to diminish to
190 dB re 1 pPay,.

Monitoring Results

The Endeavor traveled a total of 2244 km off New England during this project, and ~1443 km of
seismic operations occurred (Table ES.1). In total, 143 h of visual observations were undertaken (Table
ES.1). Nearly all (>99%) visual effort occurred during daylight. MMOs were on visual watch during all
daytime seismic operations including ramp ups, as well as during 0.3 h at dusk (Table ES.1).

Mitigation decisions were based on all marine mammal and sea turtle sightings, but analyses
focused on sightings and survey effort in the study area during “useable” survey conditions. “Useable”
conditions represented 56% of the total visual effort (Table ES.1). “Useable” effort excluded periods 90 s
to 2 h after the seismic source was turned off (recently exposed), poor visibility (<3.5 km) conditions, and
periods with Beaufort Wind Force >5. Also excluded were periods when the Endeavor’s speed was <3.7
km/h (2 kt) or periods with >60° of severe glare between 90° left and right of the bow.

Fourteen sightings of cetaceans totaling 601 individuals were recorded during the survey. Two
species of delphinids were identified; the majority of sightings (64% or 9 groups) involved short-beaked
common dolphins, while the bottlenose dolphin constituted the rest of the delphinid sightings (29% or 4
groups). One unidentified baleen whale was also seen. No pinnipeds were encountered during the study.
The detection rate, based on 12 useable sightings, was ~1.5x greater during seismic (23/1000 km, » = 10)
compared with non-seismic (14/1000 km, n = 2) periods. Observed densities of cetaceans were higher
during seismic compared with non-seismic periods. However, sighting rate and density for non-seismic
periods were based on too few sightings to be very meaningful. For dolphins, the mean closest observed
point of approach (CPA) was 1076 m (n = 10) during seismic operations and 3695 m for a single group
seen during non-seismic periods.

Eleven sightings of single sea turtles were also recorded during the cruise. Two species of sea
turtle were sighted; the leatherback turtle was the most frequently sighted species (91% or 10 groups), and
one loggerhead turtle was seen. The sighting rate for turtles was 4.6/1000 km (n = 2).
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Number of Marine Mammals Present and Potentially Affected

During this project, the “safety radii” required by NMFS for cetaceans and sea turtles were the best
estimates of the 180-dB radii for either one or two GI guns or the sparker. These radii varied with water
depth. The GI gun was shut down six times because of the presence of four cetacean groups (totaling 93
individuals) and two turtles within or near the designated safety zone. The sparker was shut down once
due to the presence of a group of 10 bottlenose dolphins near the designated safety zone. Because of the
small size of the seismic source, full shut downs rather than power downs were implemented. Shut
downs were necessary for short-beaked common and bottlenose dolphin sightings, as well as one leather-
back and one loggerhead turtle. Only four of the seven sightings for which a shut down was implemented
involved animals within the safety zone; those four sightings consisted of two turtles and 20 dolphins that
were likely exposed to GI gun sounds with received levels >180 dB re 1 pPa,,s before mitigation
measures could be implemented. Based on direct observations, six dolphin groups totaling 115
individuals were exposed to received sound levels 2160 dB re 1 pPa,,s. In addition, nine turtles were
exposed to GI gun sounds >160 dB.

Minimum and maximum numbers of cetaceans exposed to >160 and >170 dB re 1 pPa,,s were also
estimated based on densities of cetaceans derived by line-transect procedures. These estimates allowed
for animals not seen by MMOs. Based on daytime observations during seismic periods, 477 to 584
cetaceans (mostly dolphins) might have been in the areas exposed to airgun sounds with received levels
>160 dB re 1 pPa,,. When areas with received levels >170 dB re 1 pPa,,s are considered, 232 to 263
dolphins might have been exposed. The estimates based on actual density data during seismic periods
exceed the number of exposures estimated prior to the survey, based on the 160-dB criterion, because
observed densities were generally higher than expected densities in the survey area. However, exposure
estimates based on direct observations were lower than expected.

During the survey, there was no indication that cetaceans may have been avoiding the area around
the seismic vessel. In fact, dolphins frequently approached the Endeavor, requiring mitigation action
(shut down of the seismic source). Given the small size of the seismic source, lack of noticeable
avoidance, and the fact that mitigation measures were implemented immediately for marine mammals and
sea turtles sighted close to the source vessel, effects were very likely localized and transient, without
significant impact on either individuals or their populations.
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TABLE ES.1. Summary of Endeavor operations, visual monitoring effort, and marine mammal and sea
turtle sightings during the NWA seismic survey, 12—-25 August 2009.

Non-seismic Seismic
Recently Other Mon- Total Overall
Useable* Exposed®  Useable Useable®* MNon-Useable Useable® Total
Operations effort in h
Endeavor Darkness = 43 3545 - 94.7 : 135.0
Endeavor Daylight 19.4 18.5 551 601 41.9 79.6 194.9
Endeavor Total 19.4 23.3 90.5 60.1 136.6 79.6 329.9
Ohserver Darkness - 0 0 - 0.3 - 0.3
Observer Daylight 19.4 17.4 38 601 419 79.8 142.6
Ohserver Total 19.4 17.4 3.8 60.1 421 79.6 142.9
Operations effort in km
Endeavor Darkness - 414 2446 - T00.4 - 986.4
Endeavor Daylight 140 4 1199 254 3 4372 3058 B7T.6 1257.6
Endeavor Total 140.4 161.2 498.9 437.2 1006.3 5776 2244.0
Ohserver Darkness - 0 0 - 23 - 2.3
Ohserver Daylight 140.4 113.9 329 4372 30559 5776 1030.2
Observer Total 140.4 113.9 32.9 437.2 308.1 577.6 1032.5
MNo. Cetacean Sightings
{Individuals) 2(3) 2 (20) D 10(578) i 12 (581) 14 (601}
Mo. Turtle Sightings
(Individuals) 0 1{1) 0 2(2) 8(8) 2(2) 11 (11}
Mo. Shut Downs for
Cetaceans/Turtles 7/2

*See Acronyms and Abbreviations forthe definition of "useable
*Effort and sightings from 90 s to 2 h after Gl gunisysparker were turned off are considered recently-exposed and thus non-useahle.
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1. INTRODUCTION

Rice University (Rice), Department of Earth Sciences, conducted a low-energy seismic survey in
the Northwest Atlantic Ocean (NWA) from 12-25 August 2009. The survey was conducted aboard the
R/V Endeavor, which is operated by the University of Rhode Island and owned by the National Science
Foundation (NSF). Rice conducted a high-resolution multi-channel seismic (MCS) survey over the
continental shelf south of Martha’s Vineyard and Nantucket, MA. The purpose of the seismic survey was
to provide data integral to advancing scientific understanding of the distribution and abundance of
freshwater sequestered beneath the continental shelf of New England. The data collected from this survey
will help constrain process-based mathematical models for more precise estimations of the abundance and
distribution of freshwater wells on the continental shelf. The study used one or two Generator Injector
(GI) guns or a sparker as the energy source. The GI guns had a discharge volume of 45 in® each or a total
of 90 in® for two GI guns. The geophysical investigation was under the direction of Dr. Brandon Dugan
of Rice.

Marine seismic surveys emit strong sounds into the water (Greene and Richardson 1988; Tolstoy et
al. 2004a,b, 2009; Breitzke et al. 2008) and have the potential to affect marine mammals, given the known
auditory and behavioral sensitivity of many such species to underwater sounds (Richardson et al. 1995;
Gordon et al. 2004; Nowacek et al. 2007; Southall et al. 2007). The effects could consist of behavioral
and/or distributional changes, and perhaps (for animals close to the sound source), temporary or
permanent reduction in hearing sensitivity. Either behavioral/distributional effects or (if they occur)
auditory effects could constitute “taking” under the provisions of the U.S. Marine Mammal Protection Act
(MMPA) and the U.S. Endangered Species Act (ESA), at least if the effects are considered to be
“biologically significant”. However, a low-energy small-source seismic survey such as this one has less
potential to cause such effects than would a higher-energy survey with a larger energy source.

Numerous species of marine mammals and sea turtles inhabit the waters of the NWA. Thirty
species of cetaceans and four species of pinnipeds are known to occur in the waters off New England.
Several of these species are listed as endangered under the ESA, including the North Atlantic right,
humpback, sei, fin, blue, and sperm whales. The Western North Atlantic Coastal Morphotype Stock of
common bottlenose dolphin is listed as depleted under the MMPA. Sea turtle species that occur off New
England include the endangered leatherback and Kemp’s ridley turtles, and the threatened loggerhead and
green turtles.

On 21April 2009, Rice requested that the National Marine Fisheries Service (NMFS) issue an
Incidental Harassment Authorization (IHA) to authorize non-lethal “takes” of marine mammals incidental
to the seismic operations off New England (LGL Ltd. 2009a). The IHA was requested pursuant to
Section 101(a)(5)(D) of the MMPA. A supporting environmental assessment (EA) was also submitted
(LGL Ltd. 2009b). The IHA was issued to Rice by NMFS on 11August 2009 (Appendix A).

The IHA authorized “potential take by harassment” of marine mammals during the seismic
program described in this report. The Endeavor survey vessel departed Narragansett, RI, on 12 August
2009 and returned on 25 August. GI gun operations commenced on 12 August and concluded on 22
August. The sparker was used on 13, 14, 17, and 24 August. The majority (62%) of seismic operations
were undertaken with a single GI gun, ~24% used two GI guns, and the sparker was in operation for
~13% of the survey.

This document serves to meet reporting requirements specified in the IHA. The primary purposes
of this report are to describe the seismic program off New England, to describe the associated marine
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mammal and sea turtle monitoring and mitigation programs and their results, and to estimate the numbers
of marine mammals potentially affected by the project.

Incidental Harassment Authorization

IHAs issued under the provisions of the MMPA to seismic operators include provisions to
minimize the possibility that marine mammals close to the seismic source might be exposed to levels of
sound high enough to cause hearing damage or other injuries, and to reduce other effects insofar as
practicable. During this project, sounds were generated by the GI gun(s) and sparker used during the
seismic study, and by a dual-frequency echosounder and general vessel operations. No serious injuries or
deaths of marine mammals (or sea turtles) were anticipated from the seismic survey, given the nature of
the operations and the mitigation measures implemented. No such effects were identified. Nonetheless,
the seismic survey operations described in Chapter 2 had the potential to disturb some marine mammals.
Behavioral disturbance to marine mammals is considered to be “take by harassment” under the provisions
of the MMPA. Appendix B provides further background on the issuance of IHAs relative to seismic
operations and “take”.

Under current NMFS guidelines (e.g., NMFS 2000), “safety radii” for marine mammals around
airgun arrays are customarily defined as the distances within which the received pulse levels are >180 dB
re 1 uParms1 for cetaceans and >190 dB re 1 uPa,, for pinnipeds. Those safety radii assume that seismic
pulses received at lower received levels are unlikely to injure these mammals or impair their hearing
abilities, but that higher received levels might have some such effects. The mitigation measures required
by IHAs are, in large part, designed to avoid or minimize exposure of cetaceans and pinnipeds to sound
levels exceeding 180 and 190 dB re 1 pPa,,, respectively. In addition, for this project, the 180 dB re
1 pPa,ys criterion was also used as the safety (shut down) criterion for sea turtles.

Disturbance to marine mammals could occur at distances beyond the safety (=shut down) radii if
the mammals were exposed to moderately strong pulsed sounds generated by the airgun array
(Richardson et al. 1995). NMFS assumes that marine mammals exposed to airgun sounds with received
levels >160 dB re 1 pPa,,s are likely to be disturbed appreciably. That assumption is based mainly on
data concerning behavioral responses of baleen whales, as summarized by Richardson et al. (1995),
Gordon et al. (2004), and Southall et al. (2007). Dolphins and most pinnipeds are generally less
responsive (e.g., Stone 2003; Gordon et al. 2004; Bain and William 2006), and 170 dB re 1 pPa,,,s may be
a more appropriate criterion of behavioral disturbance for those groups (see LGL Ltd. 2009a,b). In
general, disturbance effects are expected to depend on the species of marine mammal, the activity of the
animal at the time, its distance from the sound source, and the received level of the sound and the
associated water depth. Some individuals respond behaviorally at received levels somewhat below 160-
or 170-dB re 1 pPa,,s but others tolerate levels somewhat above those levels without reacting in a
substantial manner.

1 .
“rms” means “root mean square”, and represents a form of average across the duration of the sound pulse as

received by the animal. Received levels of airgun pulses measured on an “rms” basis are generally 10—12 dB lower
than those measured on the “zero-to-peak” basis, and 16—18 dB lower than those measured on a “peak-to-peak”
basis (Greene 1997; McCauley et al. 1998, 2000). The latter two measures are the ones commonly used by
geophysicists. Unless otherwise noted, all airgun pulse levels quoted in this report are rms levels with equal
weighting for all frequencies.
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A notice regarding the proposed issuance of an IHA for the seismic study off New England was
published by NMFS in the Federal Register on 18 June 2009, and public comments were invited (NMFS
2009a). The Marine Mammal Commission (MMC) submitted comments.

On 11August 2009, Rice received the IHA that had been requested for the seismic study. On 17
August 2009, NMFS published a second notice in the Federal Register to announce the issuance of this
IHA (NMFS 2009b). The second notice responded to the received comments and provided additional
information concerning the IHA and any changes from the originally proposed IHA. A copy of the issued
IHA and associated Incidental Take Statement (ITS) are included in this report as Appendix A.

The IHA was granted to Rice on the assumptions that
e the numbers of marine mammals potentially harassed (as defined by NMFS criteria) during
seismic operations would be “small”,
o the effects of such harassment on marine mammal populations would be negligible,
e no marine mammals would be seriously injured or killed, and

e the agreed upon monitoring and mitigation measures would be implemented, including provisions
of the ITS.

Mitigation and Monitoring Objectives

The objectives of the mitigation and monitoring program were described in detail in Rice’s IHA
Application (LGL Ltd. 2009a) and in the IHA issued by NMFS to Rice (Appendix A). Explanatory
material about the monitoring and mitigation requirements was published by NMFS in the Federal
Register (NMFS 2009a,b).

The main purpose of the mitigation program was to avoid or minimize potential effects of Rice’s
seismic study on marine mammals and sea turtles. This required that — during daytime GI gun or
sparker operations — Rice detect marine mammals and sea turtles within or about to enter the safety
radius, and in such cases initiate an immediate shut down of the seismic source. An additional mitigation
objective was to detect marine mammals or sea turtles within or near the safety radii prior to starting the
GI gun or sparker or during ramp up to two GI guns. In these cases, the start of seismic operations was to
be delayed or ramp up discontinued until the safety radius was free of marine mammals or sea turtles (see
Appendix A and Chapter 3).

The primary objectives of the monitoring program were as follows:

1. Provide real-time sighting data needed to implement the mitigation requirements.

2. Estimate the numbers of marine mammals potentially exposed to strong seismic pulses.
3. Determine the reactions (if any) of potentially exposed marine mammals and sea turtles.

Specific mitigation and monitoring objectives identified in the IHA are listed in Appendix A. Mitigation
and monitoring measures that were implemented during the seismic study are described in detail in
Chapter 3.

Report Organization

The primary purpose of this report is to describe the seismic study that occurred off New England
from 12 to 25 August 2009, including the associated monitoring and mitigation programs, and to present
results as required by the IHA (see Appendix A). This report includes four chapters:
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1. Background and introduction (this chapter);
2. Description of the seismic program;

Description of the marine mammal and sea turtle monitoring and mitigation requirements and
methods, including safety radii; and

4. Results of the marine mammal and sea turtle monitoring program, including estimated numbers
of marine mammals exposed to various received sound levels and potentially “taken by
harassment” according to NMFS conventions.

Those chapters are followed by Acknowledgements and Literature Cited sections.
In addition, there are five Appendices. The Appendices include
A. acopy of the IHA issued to Rice for this study;
B. background on development and implementation of safety radii;
C. details on visual and acoustic monitoring, mitigation, and data analysis methods;
D. conservation status and densities of marine mammals in the project region; and
E

monitoring effort and list of marine mammals and sea turtles seen during this cruise.
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2. SEISMIC PROGRAM DESCRIBED

This seismic program consisted of a high-resolution MCS survey over the New England
continental shelf south of Martha’s Vineyard and Nantucket, MA (Fig. 2.1). The Endeavor source vessel
deployed one or two low-energy GI guns (with a discharge volume of 45 in’® each) or a sparker as the
energy source. The Endeavor also towed a digital, high-resolution streamer, 0.6—1 km in length, at a
depth of ~3 m. As the GI gun(s) or sparker were towed along the survey lines, the hydrophone streamer
received the returning acoustic signals and transferred the data to on-board processing systems. A total of
~1443 km of seismic operations were conducted off New England. The majority (62%) of seismic
operations were undertaken with a single GI gun, ~24% used two GI guns, and the sparker was in use for
~13% of operations. Only one seismic source was in use at a time; the sparker was not used
simultaneously with the GI gun(s). Along with the seismic operations, a Knudsen 3260 dual-frequency
echosounder was also operated during the cruise. The echosounder was used to provide additional sub-
bottom data to complement the seismic data.

Operating Areas, Dates, and Navigation

The study occurred within the area between 40° and 41.3°N and between 69.7° and 70.7°W within
the Exclusive Economic Zone (EEZ) of the northeastern U.S. (Fig. 2.1). Water depths in the survey area
ranged from ~25-200 m. The Endeavor left Narragansett, RI, on 12 August 2009. Following a 4-h
transit to the study site and deployment of the streamer and GI guns, seismic operations commenced the
same day, 12 August 2009. The last GI gun operations occurred 22 August. The sparker was operated on
13, 14, 17, and 24 August. After equipment recovery, the vessel returned to Narragansett on 25 August
2009. Seismic operations occurred during the day and night. A summary of the total distances traveled
by the Endeavor during the survey, distinguishing periods with and without seismic operations, are
presented in Table ES.1 (in the Executive Summary).

Throughout the study, position, speed, and activities of the Endeavor were logged digitally every
minute. In addition, the position of the Endeavor, water depth, and information on the seismic operations
were logged while the Endeavor was collecting geophysical data. The geophysics crew kept a written log
of events, as did the marine mammal (and turtle) observers (MMOs) while on duty. The MMOs, when on
duty, also recorded the number and volume of GI guns that were firing, when the sparker was in use, and
when the Endeavor was offline (e.g., turning from one line to the next), or was online but not recording
data (e.g., during technical or computer problems).

Source Vessel Specifications

Rice used the R/V Endeavor to tow the seismic source and hydrophone streamer along pre-
determined lines. The Endeavor is self-contained, with the crew living aboard the vessel. The Endeavor
has a length of 56.4 m, a beam of 10.1 m, and a full load draft of 5.6 m. The ship is powered by one
GM/EMD diesel engine, producing 3050 hp, which drives the single propeller directly at a maximum of
900 rpm. The vessel also has a 320-hp bowthruster, which is not used during seismic acquisition. An
operation speed of 7.4 km/h (4 kt) is used during seismic acquisition. When not towing seismic survey
gear, the Endeavor cruises at 18.5 km/h (10 kt). It has a normal operating range of ~14,816 km.

Other details of the Endeavor include the following:
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FIGURE 2.1. Map of the study area showing ship tracks with and without observer effort and acquired
seismic lines (“Ship track exposed”) in the Northwest Atlantic Ocean, 12—25 August 2009.
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Owner: National Science Foundation
Operator: University of Rhode Island
Flag: United States of America
Launch Date: 1976 (Refit in 1993)

Gross Tonnage: 298

Accommodation Capacity: 30 including ~17 scientists

The Endeavor also served as a platform from which MMOs watched for marine mammals and sea
turtles.

GI Gun Characteristics

One or two GI guns were used, at various times, during the seismic survey. The generator
chamber of each GI gun, the one responsible for introducing the sound pulse into the ocean, was 45 in®.
The 105-in® injector chamber injects air into the previously-generated bubble to maintain its shape, and
does not introduce more sound into the water. Thus, the total discharge volume was 90 in®* when two GI
guns were firing. Compressed air supplied by compressors aboard the source vessel powered the GI
gun(s). Seismic pulses were emitted at intervals of ~5—6 s or ~10 m. The GI gun(s) were towed 2.4 m
apart ~25 m behind the ship at a depth of ~2 m.

The nominal source level for downward propagation of low-frequency energy from the GI gun(s) is
shown below. The nominal source level would be somewhat higher if the small amount of energy at
higher frequencies were considered. Because the 2-GI gun array is a distributed sound source rather than
a single point source, the highest sound level measurable at any location in the water is less than the
nominal source level (Caldwell and Dragoset 2000). In addition, because of the slightly directional nature
of the dominant low-frequency sound from the GI gun(s), the effective source level for sound propagating
in some near-horizontal directions would be somewhat lower. The source level expressed on the rms
basis used elsewhere in this report would be lower than the peak-to-peak and zero-to-peak source levels
listed below, but source levels of airguns and airgun arrays are not normally determined on an rms basis
by airgun manufacturers or geophysicists.

GI Gun Specifications

Energy source: One or two GI guns, 45 in’ each

Source output, 2 guns (downward): 0-pk is 3.4 bar-m (230.7 dB re 1 pPa-m,);
pk-pk is 6.2 bar-m (235.9 dB re 1 pPa-m,.,)

Source output, 1 gun (downward): 0-pk is 1.8 bar-m (225.3 dB re 1 pPa-m,); pk-pk
is 3.4 bar-m (230.7 dB re 1 pPa-m,_,)

Towing depth of energy source: ~2m

Air discharge volume: ~45 or 90 in’®

Dominant frequency components: 2-188 Hz

Gun positions used: one GI gun or two GI guns in line, 2.4 m apart

Sparker Characteristics

The sparker is a sound source dependent on an electrical arc that vaporizes water between two
electrodes. The resulting collapsing bubbles produce a broadband (50 Hz—4 kHz) omnidirectional pulse
that can penetrate several hundred meters below the surface. The system used during the NWA survey
was the Applied Acoustics Energy Source CSP1000 with a SIG seismic marine ELC1200 sparker
electrode and cable. The receiving system used was the Geopulse receiver 5210A with a single channel
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streamer hydrophone. During the NWA study, the sparker trigger rate was ~1.5 s at a power output of
200 J. The pulse duration was ~0.8 ms. The source level is estimated to be <205 dB re 1 pPa-m when
used with a low (200 J) power output.

Dual-Frequency Echosounder

Along with the seismic operations, a Knudsen 3260 echosounder was operated throughout most of
the cruise. The Knudsen 3260 is a deep-water, dual-frequency echosounder with operating frequencies of
3.5 and 12 kHz. The high frequency (12 kHz) is used to record water depth or to track pingers attached to
various instruments deployed over the side. The low frequency (3.5 kHz) is used for sub-bottom
profiling; this was the mode primarily used during the NWA survey. The echosounder was operated at 12
kHz for a short time period. The echosounder was used with a hull-mounted, downward-facing trans-
ducer. A pulse up to 24 ms in length was emitted every several seconds with a nominal beam width of
80°. Maximum output power at 3.5 kHz is 10 kW and at 12 kHz it is 2 kW. The maximum source output
(downward) for the 3260 is estimated to be 211 dB re 1 pPa-m at 10 kW.
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3. MONITORING AND MITIGATION METHODS

This chapter describes the marine mammal and sea turtle monitoring and mitigation measures
implemented for Rice’s seismic study, addressing the requirements specified in the IHA (Appendix A).
The section begins with a brief summary of the monitoring tasks relevant to mitigation for marine
mammals and sea turtles. The acoustic measurements and modeling results used to identify the safety
radii for marine mammals and turtles are then described. A summary of the mitigation measures required
by NMEFS is then presented. The chapter ends with a description of the monitoring methods implemented
for this cruise from aboard the Endeavor and a description of data analysis methods.

Monitoring Tasks

The main purposes of the vessel-based monitoring program were to ensure that the provisions of
the IHA issued to Rice by NMFS were satisfied, effects on marine mammals and sea turtles were
minimized, and residual effects on animals were documented. The monitoring objectives were listed in
Chapter 1, Mitigation and Monitoring Objectives. Tasks specific to monitoring are listed below (also see
Appendix A):

e Provide qualified MMOs for the Endeavor source vessel throughout the seismic study.

e Visually monitor the occurrence and behavior of marine mammals and sea turtles near the GI
gun(s) or sparker during daytime whether the systems were operating or not.

e Record (insofar as possible) the effects of the GI gun and sparker operations and the resulting
sounds on marine mammals and turtles.

e Use the monitoring data as a basis for implementing the required mitigation measures.

e Estimate the number of marine mammals potentially exposed to seismic sounds.
Safety and Potential Disturbance Radii

Under NMFS guidelines (e.g., NMFS 2000), the “safety radii” for marine mammals around airgun
arrays are customarily defined as the distances within which received pulse levels are 2180 dB re 1 pPays
for cetaceans and >190 dB re 1 pPa,,s for pinnipeds. These safety criteria are based on an assumption
that seismic pulses received at lower received levels are unlikely to injure these animals or impair their
hearing abilities, but that higher received levels might have some such effects. Marine mammals exposed
to 2160 dB re 1 pPa,,s are assumed by NMFS to be potentially subject to behavioral disturbance.
However, for certain groups (dolphins, some porpoises, and some pinnipeds), this is unlikely to occur
unless received levels are higher, perhaps >170 dB re 1 pPa,, for an average animal (see Chapter 1). In
this report, all frequencies are weighted equally (i.e., the levels are flat-weighted).

Radii within which received levels from the one or two GI guns or the sparker were expected to
diminish to various values (i.e., 190, 180, 170, and 160 dB re 1 pPa,,) were estimated by Lamont-
Doherty Earth Observatory (L-DEO; Table 3.1) and incorporated into the IHA (Appendix A). The 180-
dB distance was used as the safety radius for cetaceans and sea turtles, and the 190-dB distance was used
as the safety radius for pinnipeds. The radii depend on water depth (see Tolstoy et al. 2004a,b, 2009%)

*The recent empirical results of Tolstoy et al. (2009) were not available when mitigation radii for this project were
proposed and adopted by NMFS. In any case, those results pertain to a much larger array of airguns than used in
the present project.
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TABLE 3.1. Distances to which sound levels >190, 180, 170, and 160 dB re 1 yPa,,s might be received
from one or two 45-in® Gl guns or sparker as used during the seismic survey off New England, 12-25
August 2009. Distances for the sparker were on a precautionary basis assumed to be the same as those
for two Gl guns. Predicted radii are based on L-DEO’s model (see Appendix B).

Estimated Distances at Received Levels (m)

Source Water depth 190 dB 180 dB 170 dB 160 dB
Two 45-in® Gl quns 100-1000 m 15 60 188 525
or Sparker <100 m 147 296 536 1029
One 45-in* G gun 100-1000 m 12 35 105 330
<100 m 95 150 230 570

and tow depth of the seismic source. A tow depth of ~2 m was used for the NWA cruise.
Mitigation Measures as Implemented

The primary mitigation measures implemented during the present seismic study included ramp up
and shut down of the GI gun(s) and shut down of the sparker. Because only one or two GI guns or a
sparker were used during the study, power downs were not included as a mitigation measure. These
measures are standard procedures employed during seismic cruises and are described in detail in
Appendix C. Mitigation also included those measures specifically identified in the [HA (Appendix A).

Standard mitigation measures implemented during the study included the following:

1. Most of the sound energy from the GI guns was directed downward. This in turn reduced the
exposure of marine animals to GI gun sounds to the side of the track, as well as fore and aft.

2. The sparker was used with a reduced power level of 200 J, thereby reducing the zone of
impact.

3. Safety radii implemented for the seismic study were based on acoustic modeling with adjust-
ments for operations in intermediate and shallow water depths (see Appendix B). The safety
radii for two GI guns were used for the sparker.

4. Shut-down procedures were implemented when a marine mammal or sea turtle was sighted
within or near the applicable safety radius while the GI gun(s) or sparker were operating.

5. A change in vessel course and/or speed alteration was identified as a potential mitigation
measure if a marine mammal was detected outside the safety radius and, based on its position
and motion relative to the ship track, was judged likely to enter the safety radius.

6. Ramp-up procedures were implemented whenever the two GI guns were powered up, to grad-
ually increase the size of the operating source at a rate no greater than 6 dB per 5 min, the
maximum ramp-up rate authorized by NMFS in the IHA and during other academic seismic
cruises. Ramp up had to be initiated after a period >4 min without seismic operations.

7. Ramp up could not proceed if marine mammals or sea turtles were known to be within the
safety radius, or if there had been visual detection(s) inside the safety zone within the
following periods: 15 min for mysticetes, sperm whales, and beaked whales, and 10 min for
small odontocetes or pinnipeds. (The period for sea turtles was based on the amount of time it
took the vessel to leave the turtle behind and outside of the safety radius).
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Additional mitigation measures were put in place for species of particular concern. These procedures
were as follows:

1. The GI gun(s)/sparker were to be shut down if a North Atlantic right whale was sighted at any
distance from the vessel. This provision was a result of the rarity and conservation status of
the North Atlantic right whale.

2. If concentrations of humpback, fin, sperm, blue, or sei whales were observed prior to or
during seismic operations, and did not appear to be traveling, then operations were to be shut
down, delayed, and/or moved to another location, if possible, based on recommendations by
the on-duty MMO aboard the Endeavor. A typical concentration was understood to be a
group of three or more individuals visually sighted. If the group appeared to be traveling, then
Rice was to shut down operations and wait for 30 min for the individuals to move out of the
study area before seismic operations could resume.

Visual Monitoring Methods

Visual monitoring methods were designed to meet the requirements identified in the THA (see
above and Appendix A). The primary purposes of MMOs aboard the Endeavor were as follows: (1)
Conduct monitoring and implement mitigation measures to avoid or minimize exposure of cetaceans and
sea turtles to seismic sounds with received levels >180 dB re 1 pPa,,s and pinnipeds to received levels
>190 dB re 1 pPa,, and to implement the other requirements of the IHA. (2) Document numbers of
marine mammals and sea turtles present, and any reactions to seismic activities. The data collected were
used to estimate the number of marine mammals potentially affected by the project. Results of the
monitoring program are presented in Chapter 4.

During the present seismic study, at least one but at most times two MMOs maintained a visual
watch for marine mammals and sea turtles during all daylight hours from dawn to dusk. Two or more
MMOs were on watch during 87% of the visual observation periods. Visual observations occurred
mostly from the Endeavor’s flying bridge. Observers focused search effort forward of the vessel but also
searched aft of the vessel while it was underway. Watches were conducted with the naked eye and
Fujinon 7x50 reticle binoculars. Nighttime visual watches were only required before and during any
nighttime startups of the seismic source, and nighttime visual observations made up <1% of observation
effort within the study area. Appendix C provides further details regarding visual monitoring methods.

Analyses

Categorization of Data

Visual effort and marine mammal and turtle sightings were divided into several analysis categories
related to vessel and seismic activity. The categories used were similar to those used during previous
low-energy NSF-funded seismic cruises (e.g., Haley and Koski 2004; MacLean and Haley 2004;
MacLean and Koski 2005; Holst et al. 2005a; Ireland et al. 2005; Smultea and Holst 2008).

In general, data were categorized as ‘“‘seismic”, ‘“non-seismic”, or “post-seismic”. “Seismic”
included all data collected while the GI gun(s)/sparker were operating, including ramp ups, and periods
up to 90 s after the GI gun(s)/sparker were shut off. Non-seismic included all data obtained before GI
gun(s)/sparker were turned on (pre-seismic) or >2 h after the GI gun(s)/sparker were turned off. Data
collected during post-seismic periods from 90 s to 2 h after cessation of seismic were considered “recently
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exposed” (90 s—2 h) to seismic. The “recently exposed” sub-category was not included in either the
“seismic” or “non-seismic” categories and was excluded from all analyses.

This categorization system was designed primarily to distinguish situations with ongoing seismic
surveys from those where any seismic surveys were sufficiently far in the past that it could be assumed
that they had no effect on current behavior and distribution of animals. The rate of recovery toward
“normal” during the post-seismic period is uncertain. Therefore, the post-seismic period was defined so
as to be sufficiently long (2 h in the case of the GI guns/sparker) to ensure that any carry-over effects of
exposure to the sounds from this configuration surely would have waned to zero or near-zero. The
reasoning behind these categories was explained in MacLean and Koski (2005) and Smultea et al. (2005)
and is discussed in Appendix C.

Line Transect Estimation of Densities

Sightings during the “seismic” and “non-seismic” periods were used to calculate sighting rates
(n0./1000 km). Sighting rates were then used to calculate the corresponding densities (no./km’) of marine
mammals and turtles near the survey ship during seismic and non-seismic periods. Density calculations
were based on line-transect principles (Buckland et al. 2001). Because of assumptions associated with
line-transect surveys [sightability, f{0), g(0), etc.], only “useable” effort and sightings were included in
density calculations. Effort and sightings were defined as “useable” when made under the following
conditions: daylight periods both within the seismic survey area and during transit to and from that area,
excluding post-seismic periods 90 s to 2 h after the GI gun(s)/sparker were turned off, when ship speed
was <3.7 km/h (2 kt), or when sightability was seriously impaired. The latter included all nighttime
observations and daytime periods with one or more of the following: visibility <3.5 km, Beaufort Wind
Force (Bf)>5 (or >2 for cryptic species), or >60° severe glare between 90° left and 90° right of the bow.
Also, sightings beyond the truncation distance (used for density calculations) were considered non-
useable. Although “non-useable” sightings (and associated survey effort) were not considered when
calculating densities, such sightings were taken into account when determining the need for real-time
mitigation measures.

Correction factors for missed cetaceans and turtles, i.e., f{0) and g(0), were taken from other related
studies (e.g., Koski et al. 1998; Barlow 1999). This was necessary because the number of sightings of
any individual species during the present study was too low to allow direct estimation of {0), and because
2(0), the trackline sighting probability, cannot be assessed during a study of this type. It is acknowledged
that f{0) and g(0) values derived from other studies probably are not exactly applicable to the
circumstances of the present study. However, use of “best available” approximate f{0) and g(0) factors
from other studies is expected to result in more realistic density estimates than would be obtained by
using uncorrected (“raw”) densities without any allowance for f{0) and g(0) effects.

Densities during non-seismic periods are normally used to estimate the numbers of animals that
presumably would have been present in the absence of seismic activities. However, in this case, only
densities during seismic periods were used to estimate the numbers of animals present near the seismic
operation and exposed to various sound levels. Normally, the difference between the two estimates could
be taken as an estimate of the number of animals that moved in response to the operating seismic vessel,
or that changed their behavior sufficiently to affect their detectability to visual observers. Further details
on the line-transect methodology used during the survey are provided in Appendix C.
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Estimating Numbers of Marine Mammals Potentially Affected

For purposes of the IHA, NMFS assumes that any marine mammal that might have been exposed
to seismic pulses with received sound levels 2160 dB re 1 pPa,,s may have been disturbed. When calcu-
lating the number of mammals potentially affected, the nominal 160-dB radii for the GI gun(s)/sparker
were applied (Table 3.1).

Two approaches were applied to estimate the numbers of marine mammals that either were
exposed to sound levels >160 dB re 1 pPa,,sor avoided such exposure by moving away:

1. Estimates of the numbers of potential exposures of marine mammals, and
2. Estimates of the number of different individual mammals exposed (one or more times).

The first method (“exposures”) was obtained by multiplying the “corrected” densities of marine
mammals (as estimated by line transect methods) by the area assumed to be ensonified to >160 dB re
1 pPa,,s. The second approach (“individuals”) involved multiplying the same corrected density of marine
mammals by the area exposed to 2160 dB re 1 pPa,,s one or more times during the course of the study.
In the latter method, areas ensonified to 2160 dB on more than one occasion, e.g., when seismic lines
crossed or were repeated, were counted only once.

The two approaches can be interpreted as providing maximum and minimum (respectively)
estimates of the number of marine mammals exposed to sound levels 2160 dB re 1 pPa,,;, or that would
have been so exposed had they not moved away from the approaching seismic vessel. The actual number
exposed and/or moving away is probably somewhere between these two estimates. This approach was
originally developed to estimate numbers of seals potentially affected by seismic surveys (Harris et al.
2001). This approach has recently been used in various reports to NMFS (e.g., Haley and Koski 2004;
Smultea et al. 2004, 2005; MacLean and Koski 2005; Holst et al. 2005a,b; Holst and Beland 2008; Holst
and Smultea 2008; Hauser et al. 2008; Hauser and Holst 2009). The methodology is described in detail in
these past reports and in Appendix C.
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4. MONITORING RESULTS

Introduction

This chapter provides background information on the occurrence of marine mammals and sea
turtles in the project area, and describes the results of the marine mammal and sea turtle monitoring
program. In addition, this chapter estimates numbers of marine mammals that were exposed to (or
avoided) various sound levels and were potentially affected during project operations.

Status of Marine Mammals in the NWA

Thirty cetacean species are known to occur in the waters off New England, excluding extralimital
sightings or strandings. These 30 species include 23 odontocete species (toothed cetaceans, such as
dolphins and sperm whales) and seven mysticete species (baleen whales). Six of these species are listed
under the ESA as endangered, including the North Atlantic right, humpback, sei, fin, blue, and sperm
whales. In addition, the Western North Atlantic coastal morphotype stock of common bottlenose
dolphins is listed as depleted under the MMPA. Of the four pinniped species that are known to occur
along the northeastern coast of the U.S., only the harbor and gray seals regularly inhabit the study area.
However, few seals occur in the area in summer, and none were seen during the survey. Appendix D
summarizes the abundance, habitat, and conservation status of the marine mammal species known to
occur in the area.

Status of Sea Turtles in the NWA

Of the seven species of sea turtle recognized worldwide, four occur off the U.S. East coast: the
leatherback, loggerhead, Kemp’s ridley, and green turtles. The loggerhead and leatherback turtles are
considered common in the region (e.g., Shoop and Kenney 1992), but are listed as threatened and
endangered, respectively. The Kemp’s ridley and green turtles occur at much lower densities and are
listed as endangered. The IUCN-World Conservation Union Red List (IUCN 2009) classifies Kemp’s
ridley and leatherback turtles as critically endangered, and loggerhead and green turtles as endangered.

Sea turtles spend most of their time at sea and generally only return to land to nest. Most species
are widely distributed, but their habitat preferences vary. All except the leatherback turtle, and some
populations of green turtles, are believed to be primarily coastal when not breeding (EuroTurtle 2006).
The leatherback sea turtle is highly oceanic and only occurs in coastal areas during the breeding season.

Visual Monitoring Effort

The Endeavor traveled a total of 2244 km during 330 h off New England, and visual observations
were obtained for a total of ~1032 km or 143 h (Fig. 4.1; Table ES.1). One or more observers (usually
two) were on watch during all daytime seismic operations and most daytime periods when the vessel was
underway but not operating seismic equipment; at least two observers were on duty during 87% of visual
watches. A total of 0.3 h of visual observation effort occurred at dusk during GI gun operations. The
number of hours of observation per day varied according to the schedule of operations, but observations
typically occurred from sunrise to sunset.

About 72% of all visual effort (in km) occurred during seismic periods. The majority of seismic
operations (93%) occurred in shallow (<100 m) water, and 7% took place in intermediate-depth (100-
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FIGURE 4.1. The New England study area showing the ship tracks, seismic lines (“Ship track exposed”),
and sightings of marine mammals and sea turtles, 12—-25 August 2009.
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1000 m) water; operations were not conducted in water deeper than 200 m. The majority (62%) of
seismic operations were undertaken with a single GI gun, ~24% used two GI guns, and the sparker was in
operation for ~13% of the survey. Observation effort in various water depth categories and with various
seismic sources is shown in Appendix E.

Survey conditions “useable” for estimating animal densities in ‘“non-seismic” and “seismic”
conditions included 56% of total visual effort in km (Table ES.1; Fig. 4.2). “Useable” effort excluded
nighttime observations, periods 90 s to 2 h after GI gun(s)/sparker were turned off, poor visibility condi-
tions (visibility <3.5 km or extensive glare), Bf >5 for most marine mammal species and Bf >2 for cryptic
species, and ship speed <3.7 km/h (2 kt). Also, sightings beyond the truncation distance (used to
determine densities) were considered non-useable. Bf during observations ranged from zero to five; the
majority of “useable” observations occurred during Bf 1-3 (Fig. 4.3; Appendix E). Sightings and survey
effort during “non-useable” conditions were excluded when calculating densities, but were used to
determine when shut downs were necessary. Detailed data summaries are presented in Appendix E,
including visual survey effort subdivided by seismic activity, Bf, and water depth.

Marine Mammal Sighting Results

Numbers Observed

A total of 14 groups of ~601 marine mammals were sighted during the NWA survey. Two species
of delphinid were identified (short-beaked common and bottlenose dolphins), and there was one sighting
of an unidentified mysticete (Table 4.1). The short-beaked common dolphin was the most frequently
sighted species (n =9 groups), followed by the bottlenose dolphin (n =4 groups).

All sightings during seismic and non-seismic periods (12 groups totaling 581 individuals) occurred
during “useable” observation effort (Table 4.1). These “useable” sightings, along with the corresponding
useable effort data, are considered in the ensuing analyses of behavior, detection rates, and densities of
marine mammals.

Sightings by Seismic State

During the survey, there was ~3 times more useable effort during seismic (437 km) than during
non-seismic periods (140 km) (Table ES.1). Of the 12 useable sightings, most (83%) were recorded
during seismic operations (n = 10). Only one sighting of a group of 10 bottlenose dolphins was made
during sparker operations; all other sightings during seismic were made during operations with the single
GI gun. The two non-useable sightings were made during recently-exposed periods. Five shut downs
were required due to marine mammals being sighted within or near the 180-dB re 1 pPa,, safety radius
around the operating GI gun/sparker. Further details on these encounters are provided later in this chapter
(see Table 4.5 under Mitigation Measures Implemented).

Detection Rates

The detection rate (no. groups sighted per 1000 km of “useable” effort) was ~1.5x greater during
seismic (23 groups/1000 km, » = 10) compared with non-seismic (14 groups/1000 km, n = 2) periods.
However, sample sizes during non-seismic periods were low. Detection rates were highest during Bf 0
and Bf 5 (Fig. 4.4; Appendix E). During marine mammal surveys, detection rates are typically related to
sea state and wind speed, i.e., Bf, and rougher sea conditions make it more difficult for observers to detect
animals particularly as distance increases (e.g., Buckland et al. 2001). In this cruise, survey effort and
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FIGURE 4.2. Total observer effort, categorized by seismic activity, during operations of the Endeavor off
New England, 12-25 August 2009. Recently exposed = 90 s to 2 h after termination of seismic
operations.
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FIGURE 4.3. Total observer effort, categorized by Beaufort wind force, during operations of the Endeavor
off New England, 12—25 August 2009. All effort with Bf>2 was considered non-useable when considering
sightings of cryptic species, though there were no such sightings in this study.
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TABLE 4.1. Numbers of marine mammals observed from the Endeavor during the NWA cruise, 12-25

August 2009. All sightings during seismic and non-seismic periods were “useable”.

Seismic Recently-exposed® Non-seismic Total - All
Species Groups Indiv. Groups Indiv. Groups Indiv. Groups Indiv.
Bottlenose dolphin 1 10 2 20 1 2 4 32
Short-beaked common delphin 9 565 0 0 0 0 9 568
Unidentified mysticete whale ] 0 ] 1 1 1 1
Total 10 578 2 20 2 3 14 601

*Zightings made during recently-exposed periods are not considered useable, as defined in Acronymes and Abbreviations.
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FIGURE 4.4. Marine mammal detection rates (based on useable sightings and effort) from the Endeavor
during different Beaufort Wind Force conditions during the NWA cruise, 12-25 August 2009. X = no
survey effort in this Bf state. Number of sightings above bars.

numbers of sightings with most categories of Bf were low, limiting what can be said about the relation-
ship of sighting rate to Bf.

Densities

Calculated densities were based on the number of “useable” sightings during non-seismic and
seismic periods of the NWA survey (Table 4.1, 4.2). Overall densities were higher during seismic
compared with non-seismic periods, but observation effort in non-seismic periods was limited (Table 4.2).
For short-beaked common dolphins in shallow water, the density was 0.264/km’, and it was zero during
non-seismic periods (Table 4.2). The density of bottlenose dolphins in intermediate-depth water was
greater during seismic (0.354/km’) than for non-seismic (0.065/km?) periods, but this was based on
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TABLE 4.2. Sightings and densities of cetaceans in water depths (A) <100 m and (B) 100—1000 m during
‘useable” survey effort in the study area off New England, 12-25 August 2009. Effort is shown for
seismic/non-seismic periods. Cetacean densities were corrected for f{0) and g(0) using values from Koski
et al. (1998) and Barlow (1999). No operations occurred in water deeper than 200 m.

Seismic Non-seismic
Mumber Mean Average corrected Mumber HMean Hverage corrected
of group density [#/km’) of group __density (#km?)
Sightings  size Density Cv® Sightings  size Density Cv®
(A) =100 m (415 km 7 117 km)
Short-beaked common dolphin 9 63 0.264 0.58 0 0 0
(B) 100-1000 m (22 km [ 24 km)
Bottlenose dolphin 1 10 0.354 0.94 1 2 0.065
Unidentified haleen whale 1 1 0.016 0.94 0 0 0

*The CV (Coeflicient of Variation) is a measure of each density’s variahility. The larger the CV_ the higher the variability_ It is
estimated as indicated in Koski et al. (1998), but likely underestimates the true variahility

limited survey effort (Table 4.2). Only 8% of useable effort occurred in intermediate-depth water (see
Appendix E).

Other Vessels

A number of small sport fishing boats and commercial fishing vessels were present in the study
area during the survey, especially in nearshore areas. On 16 August, one small sport fishing vessel was
seen ~700 m off the starboard side of the Endeavor while a group of 50 short-beaked common dolphins
was milling ~750 m off the bow of the Endeavor. At the time of the sighting, 1 GI gun was in operation,
and the Endeavor was making a turn to port. The dolphins were sighted for ~5 min, and the sport fishing
vessel was traveling towards the dolphins. The dolphins remained outside of the safety radius while the
single GI gun was firing, and no interaction between the sport fishing vessel and dolphins was observed.

Several hours later on 16 August, a group of 18 short-beaked common dolphins was seen traveling
towards the Endeavor while one GI gun was in operation. At the same time, a lobster boat was seen 1 km
ahead of the Endeavor. As the dolphins came within ~30 m of the bow, the GI gun was shut down. The
dolphins swam towards the stern of the vessel and were then seen swimming away.

Marine Mammal Distribution and Behavior

Data collected during visual observations provide information about behavioral responses of
marine mammals to the seismic survey. The relevant data collected from the Endeavor include the
closest observed point of approach (CPA) to the seismic source, movement relative to the vessel, and
behavior of animals at the time of the initial sighting.

Marine mammal behavior is difficult to observe, especially from a seismic vessel, because individ-
uals and/or groups are often at the surface only briefly, and there may be avoidance behavior. This causes
difficulties in resighting those animals, and in determining whether two sightings some minutes apart are
repeat sightings of the same individual(s). Also, low sample sizes during any single cruise (including this
one) make many of the results from an individual cruise difficult to interpret. However, at least some of
these results will be meaningful when combined with similar results from other related seismic surveys.
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The position of MMOs on the vessel, and where they focused their observation efforts, yielded a
distribution of animal sightings relative to the Endeavor that was skewed towards the front of the vessel.
Nearly all sightings were of animals in the forward 180° relative to the vessel.

Closest Point of Approach

The mean CPA calculations are based on very small sample sizes, particularly for non-seismic
periods (n = 2; Table 4.3). For delphinids, the mean CPA during seismic periods was 1076 m (n = 10
sightings) compared with a CPA of 3695 m for one delphinid group seen during non-seismic periods
(Table 4.3). The CPA for the one unidentified mysticete seen during non-seismic was 613 m (Table 4.3).

First Observed Behavior

During seismic periods, the most common observed first behavior for delphinids (n = 10 groups)
was recorded as swimming, surface active-traveling, and traveling (Fig. 4.5). Other behaviors recorded
included bowriding and surface active (Fig. 4.5; Appendix E). There was only one dolphin sighting
during non-seismic periods; individuals in this group were breaching (Fig. 4.5). The unidentified
mysticete was seen blowing.

Movement

For delphinids recorded during seismic periods, the most common movement categories relative to
the vessel were recorded as swimming toward the vessel followed by swimming parallel to or across the
vessel path (Fig. 4.6; Appendix E). All four instances of delphinids swimming toward the vessel while
the seismic source was operating resulted in a shut down (see Table 4.5 under Mitigation Measures
Implemented). The one dolphin group seen during non-seismic periods was swimming away from the
vessel (Fig. 4.6), as was the unidentified mysticete whale.

Distribution

The one unidentified mysticete whale was seen in water ~120 m deep at the southernmost part of
the survey area. Short-beaked common dolphins were seen throughout the study area in shallow water
<100 m deep. Bottlenose dolphins were seen around the 100-m isobath in the southern study area.

TABLE 4.3. Closest observed points of approach (CPA) of marine mammals to the Gl gun(s)/sparker
during non-seismic and seismic periods of the NWA cruise, 12-25 August 2009. s.d. = standard
deviation.

Seismic Hon-seismic
lMean Range Mean Range
Group CPA [(m) 5.d. n® (m) CPA [m) 5.d. n? {m)
Unidentified mysticete - - - - 613 - 1
Delphinids 1076 1411 10 20-3686 3695 - 1

Mote: 5.d. = standard deviation; /A = Mot Applicable.
*|Useahle sightings made during useable visual effort as defined in Acronyms and Abbreviations.
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FIGURE 4.5. First observed behavior of “useable” dolphins sighted off New England from the Endeavor,
12—-25 August 2009.
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FIGURE 4.6. Movement of “useable” dolphins sighted off New England from the Endeavor, 12-25 August
20009.

Sea Turtle Sighting Results

Numbers Observed

A total of 11 single turtles were seen during the survey off New England (Table 4.4). Two species
of turtles were identified, including the leatherback (n = 10) and loggerhead (n = 1) turtles. Only two of
the 11 sightings (2 leatherbacks) were made during “useable” observation effort (Table 4.4). Only these
few “useable” sightings, along with the corresponding useable effort data, are considered in the ensuing
analyses of behavior, detection rate, and density. No other vessels were in the area when a turtle was
sighted from the Endeavor.
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TABLE 4.4. Numbers of sea turtles observed from the Endeavor during the NWA cruise, 12—-25 August
20009.

Seismic Recently-exposed® Non-seismic Total
Species All Useable All Useable All Useable All Useable
Leatherback turtle 9 Z 1 0 0 0 10 2
Loggerhead turtle 1 0 0 0 0 0 1 0
Total 10 2 1 0 0 0 11 2

*Zightings made during recently-exposed periods are not considered useable, as defined in Acronyms and Abareviations.

Sightings by Seismic State

During the survey, there was ~3 times more useable effort during seismic (437 km) than during
non-seismic periods (140 km) (Table ES.1). Ten of the 11 turtle sightings were made during seismic
operations. All of these turtles were seen during operations with a single GI gun. The two useable
sightings of leatherbacks were made during seismic operations. Based on this very small sample, the
detection rate during seismic periods was 4.6 leartherbacks/1000 km, and the density calculated for
seismic periods in shallow water was 34 leatherbacks/1000 km®.

Two shut downs were required due to sea turtles being sighted within the 180-dB re 1 pPa,,s safety
radius around the operating GI gun. Further details on these encounters are provided later in this chapter
(see Table 4.5 under Mitigation Measures Implemented).

Sea Turtle Distribution and Behavior

Closest Point of Approach

The mean CPA for leatherback turtles seen during useable seismic periods was 131 m, with a range
of 117-144 m (n = 2). There were no “useable” sightings of leatherback turtles during non-seismic
periods, and no useable sightings of loggerheads. The CPA of the one loggerhead turtle seen during non-
useable seismic periods was 92 m. The mean CPA for the additional leatherback turtles (n = 7) sighted
during non-useable seismic periods was 435 m (s.d. = 146).

Movement and Behavior

During “useable” seismic periods, the two turtles showed no movement relative to the vessel as
they were logging at the surface. Similarly, four of the eight turtles seen during non-useable seismic
periods were logging at the surface and did not show any movement relative to the vessel. The four
remaining turtles that were observed during seismic periods were seen milling, swi