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Abstract

ABSTRACT

Lamont-Doherty Earth Observatory (L-DEO), with research funding from the U.S. National
Science Foundation (NSF), plans to conduct a marine seismic survey in Southeast (SE) Asia during
March—July 2009. The survey will take place in the Exclusive Economic Zones (EEZ) of Taiwan, China,
Philippines, and Japan, in water depths ranging from <100 to >1000 m. L-DEO has requested clearance
to work in these waters. The seismic study will use a towed array of 36 airguns with a total discharge
volume of ~6600 in’.

NSF, as the funding and action agency, has a mission to “promote the progress of science; to
advance the national health, prosperity, and welfare; to secure the national defense...”. The proposed
seismic survey is part of a research proposal recommended for funding by an expert review panel. It will
provide data integral to advancing scientific understanding of the process of large-scale mountain
building, which in turn can provide information on locations and source properties of regional

earthquakes.

L-DEO is requesting an Incidental Harassment Authorization (IHA) from the U.S. National Marine
Fisheries Service (NMFS) to authorize the incidental, i.e., not intentional, harassment of small numbers of
marine mammals should this occur during the seismic survey. The information in this Environmental
Assessment (EA) supports the IHA application process and provides information on marine species that
are not addressed by the IHA application, including birds, sea turtles, invertebrates, and fish. The EA
addresses the requirements of U.S. Executive Order 12114, “Environmental Effects Abroad of Major
Federal Actions”. Alternatives addressed in this EA consist of a corresponding program at a different
time, along with issuance of an associated IHA; and the no action alternative, with no IHA and no seismic
survey.

Numerous species of marine mammals inhabit the proposed study area in SE Asia. Several of
these species are listed as endangered under the U.S. Endangered Species Act (ESA), including the
western North Pacific gray, North Pacific right, sperm, humpback, sei, fin, and blue whales. With the
exception of humpback and sperm whales, these species are also considered endangered by the
International Union for Conservation of Nature and Natural Resources (IUCN) 2008 Red List of
Threatened species. In addition, the western North Pacific gray whale is listed as critically endangered
on the 2008 IUCN Red List of Threatened Species, the Indo-Pacific humpback dolphin is considered near
threatened, and the finless porpoise is considered vulnerable. Other ESA-listed species that could occur
in the study area include the endangered leatherback and hawksbill turtles, and the threatened green,
olive ridley, and loggerhead turtles.

Potential impacts of the seismic survey on the environment would be primarily a result of the
operation of the airgun array. A multibeam echosounder and a sub-bottom profiler will also be operated.
Impacts would be associated with increased underwater noise, which may result in avoidance behavior by
marine mammals, sea turtles, and fish, and other forms of disturbance. An integral part of the planned
survey is a monitoring and mitigation program designed to minimize impacts of the proposed activities on
marine animals present during the proposed research, and to document as much as possible the nature and
extent of any effects. Injurious impacts to marine mammals and sea turtles have not been proven to occur
near airgun arrays, and also are not likely to be caused by the other types of sound sources to be used.
However, given the high levels of sound emitted by a large array of airguns, a precautionary approach is
warranted. The planned monitoring and mitigation measures would reduce the possibility of injurious
effects.
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Abstract

Protection measures designed to mitigate the potential environmental impacts to marine mammals
and turtles will include the following: ramp ups, minimum of one dedicated observer maintaining a
visual watch during all daytime airgun operations, two observers 30 min before and during ramp ups
during the day and at night (and when possible at other times), no start ups during poor visibility or at
night unless at least one airgun has been operating, passive acoustic monitoring (PAM) via towed hydro-
phones during both day and night to complement visual monitoring (when practicable), and power downs
(or if necessary shut downs) when marine mammals or sea turtles are detected in or about to enter
designated exclusion zones. L-DEO and its contractors are committed to apply these measures in order to
minimize effects on marine mammals and sea turtles and other environmental impacts. The relatively
wide shot spacing, in time and space, to be used during some of the survey, is an inherent mitigation
measure relative to more typical seismic surveys with closer shotpoints.

With the planned monitoring and mitigation measures, unavoidable impacts to each species of
marine mammal and turtle that could be encountered are expected to be limited to short-term, localized
changes in behavior and distribution near the seismic vessel. At most, effects on marine mammals may
be interpreted as falling within the U.S. Marine Mammal Protection Act (MMPA) definition of “Level B
Harassment” for those species managed by NMFS. No long-term or significant effects are expected on
individual marine mammals, sea turtles, the populations to which they belong, or their habitats.
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1. Purpose and Need

I. PURPOSE AND NEED

Lamont-Doherty Earth Observatory (L-DEOQ), a part of Columbia University, operates the oceano-
graphic research vessel Marcus G. Langseth under a cooperative agreement with the U.S. National
Science Foundation (NSF). L-DEO plans to conduct a seismic survey in Southeast (SE) Asia from ~21
March—14 July 2009, as part of the Taiwan Integrated Geodynamics Research (TAIGER) program. The
marine seismic survey will take place in the China and Philippine seas within the Exclusive Economic
Zones (EEZ) of Taiwan, China, Philippines, and Japan.

NSF, as the funding and action agency, has a mission to “promote the progress of science; to
advance the national health, prosperity, and welfare; to secure the national defense...”. The proposed
seismic survey is part of a research proposal recommended for funding by an expert review panel. The
proposed survey will provide data integral to advancing scientific understanding of the process of large-
scale mountain building. The study is designed to characterize the birth and evolution of a mountain belt,
which in turn can provide information on locations and source properties of regional earthquakes. The
information is vital to understanding plate tectonic processes and their effects on earthquake occurrence
and distribution.

The purpose of this Environmental Assessment (EA) is to provide the information needed to assess
the potential environmental impacts associated with the use of a 36-airgun array during the proposed
study. The EA was prepared under the U.S. National Environmental Policy Act (NEPA) and Executive
Order 12114, “Environmental Effects Abroad of Major Federal Actions”. The EA addresses potential
impacts of the proposed seismic survey on marine mammals, as well as other species of concern in and
near the study area, including sea turtles, fish, and invertebrates. The EA will also provide useful
information in support of the application for an Incidental Harassment Authorization (IHA) from the
National Marine Fisheries Service (NMFS). The requested IHA would, if issued, allow the non-
intentional “take by harassment” of small numbers of marine mammals during the proposed TAIGER
seismic survey by L-DEO during March—July 2009.

To be eligible for an IHA under the U.S. Marine Mammal Protection Act (MMPA), the proposed
“taking” (with mitigation measures in place) must not cause serious physical injury or death of marine
mammals, must have negligible impacts on the species and stocks, must “take” no more than small
numbers of those species or stocks, and must not have an unmitigable adverse impact on the availability
of the species or stocks for legitimate subsistence uses.

Numerous species of marine mammals inhabit the proposed survey area in SE Asia. Several of
these species are listed as endangered under the U.S. Endangered Species Act (ESA), including the
western North Pacific gray, North Pacific right, sperm, humpback, sei, fin, and blue whales. With the
exception of humpback and sperm whales, these species are also considered endangered by the
International Union for Conservation of Nature and Natural Resources (IUCN) 2008 Red List of
Threatened species. In addition, the western North Pacific gray whale is listed as critically endangered
on the 2008 IUCN Red List of Threatened Species, the Indo-Pacific humpback dolphin is considered near
threatened, and the finless porpoise is considered vulnerable. Other ESA-listed species that could occur
in the study area include the endangered leatherback and hawksbill turtles, and the threatened green,
olive ridley, and loggerhead turtles.
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Il. Alternatives Including Proposed Action

Protection measures designed to mitigate the potential environmental impacts are also described in
this EA as an integral part of the planned activities. With these mitigation measures in place, any impacts
on marine mammals and sea turtles are expected to be limited to short-term, localized changes in behavior
of small numbers of animals. No long-term or significant effects are expected on individual mammals,
turtles, or populations. The proposed project would also have little impact on fish resources, and the only
effect on fish habitat would be short-term disturbance that could lead to temporary relocation of pelagic
fish species or their food. Impacts of seismic sounds on some pelagic seabirds are possible, although
none are expected to be significant to individual birds or their populations.

II. ALTERNATIVES INCLUDING PROPOSED ACTION

Three alternatives are evaluated: (1) the proposed seismic survey and issuance of an associated
IHA, (2) a corresponding seismic survey at an alternative time, along with issuance of an associated [HA,
and (3) no action alternative.

Proposed Action

The project objectives and context, activities, and mitigation measures for L-DEO’s planned
seismic survey are described in the following subsections.

(1) Project Objectives and Context

L-DEO plans to conduct the seismic survey along the Taiwan arc-continental collision in the China
and Philippine seas. Taiwan is one of only a few sites of arc-continent collision worldwide — one of the
primary tectonic environments for large-scale mountain building. The primary purpose of the TAIGER
project is to investigate the processes of mountain building, a fundamental set of processes which plays a
major role in shaping the face of the Earth. The vicinity of Taiwan is particularly well-suited for this type
of study, because the collision can be observed at different stages of its evolution, from incipient, to
mature, and finally to post-collision.

As a result of its location in an ongoing tectonic collision zone, Taiwan experiences a great number
of earthquakes; most are small, but many are large and destructive. This project will provide a great deal
of information about the nature of the earthquakes around Taiwan and will lead to a better assessment of
earthquake hazard in the area. The information obtained from this study will help the people and
government of Taiwan to better prepare for future seismic events and may thus mitigate some of the loss
of life and economic disruptions that will inevitably occur.

(2) Proposed Activities

(a) Location of the Activities

The survey will encompass the area 17°30°-26°30°N, 113°30°-126°E (Fig. 1). Water depths in the
survey area range from ~25 to 6585 m, with most of the survey taking place in water >1000 m. The
seismic survey will be conducted in the EEZs of Taiwan, China, Japan, and the Philippines. The vessel
will approach mainland Taiwan within 1 km and China within 10 km. The closest approach to the
Ryukyu Islands will be 16 km. Although the survey will occur at least 32 km from Luzon, Philippines,
survey lines will take place ~8 km from some of the Babuyan and Batan islands. The project is scheduled
to occur 21 March—14 July 2009. Some minor deviation from these dates is possible, depending on
logistics and weather.

Environmental Assessment forL-DEQ’s Southeast Asia Seismic Survey, 2009 Page 2
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Il. Alternatives Including Proposed Action

(b) Description of the Activities

The procedures to be used for the survey will be similar to those used during previous seismic
surveys by L-DEO and will use conventional seismic methodology. The survey will involve one source
vessel, the R/V Marcus G. Langseth. The Langseth will deploy an array of 36 airguns as an energy
source. The receiving system will consist of a hydrophone streamer and ~100 ocean bottom seismo-
meters (OBSs). The Langseth will deploy an 8-km long streamer for most transects requiring a streamer;
however, a shorter streamer (500 m to 2 km) will be used during surveys in Taiwan (Formosa) Strait. As
the airgun array is towed along the survey lines, the hydrophone streamer will receive the returning
acoustic signals and transfer the data to the on-board processing system. The OBSs record the returning
acoustic signals internally for later analysis. The OBSs to be used for the 2009 program will be deployed
and retrieved numerous times by a combination of four or five Taiwanese support vessels [see Section (f)
below], as well as perhaps the Langseth. The Langseth will also retrieve 20 OBSs that were deployed in
the study area during previous years to record earthquake activity.

The planned seismic survey will consist of ~15,902 km of transect lines within the South and East
China seas as well as the Philippine Sea, with the majority of survey effort occurring in the South China
Sea (Fig. 1). Most survey effort (~80%) will occur in deep (>1000 m) water, 13% will take place in
intermediate-depth waters (100—1000 m), and 7% will occur in shallow water (<100 m deep).

In addition to the operations of the airgun array, a multibeam echosounder (MBES) and a sub-
bottom profiler (SBP) will also be operated from the Langseth continuously throughout the cruise. All
planned geophysical data acquisition activities will be conducted by L-DEO with on-board assistance by
the scientists who have proposed the study. The scientific team consists of Dr. Francis Wu (State
University of New York at Binghamton) and Dr. Kirk Mclntosh (University of Texas at Austin, Institute
of Geophysics). The vessel will be self-contained, and the crew will live aboard the vessel for the entire
cruise.

(c¢) Schedule

The TAIGER program consists of four legs, each starting and ending in Kao-hsiung, Taiwan. The
first leg is expected to occur from ~21 March to 19 April 2009 and will include the survey lines in the
South China Sea (shown in red in Fig. 1). The second leg is scheduled for 20 April to 7 June and will
include survey lines in Luzon Strait and the Philippine Sea (green lines in Fig. 1). The third leg (820
June; not shown on Fig. 1) will involve OBS recovery by the Langseth only; no seismic acquisition will
occur during this leg. The fourth leg, consisting of the survey lines immediately around Taiwan (shown
in black in Fig. 1), is scheduled to occur from 21 June 14 July. The program will consist of ~103 days of
seismic acquisition. The exact dates of the activities depend on logistics, weather conditions, and the
need to repeat some lines if data quality is substandard.

(d) Source Vessel Specifications

The R/V Marcus G. Langseth will be used as the source vessel. The Langseth will tow the 36-
airgun array along predetermined lines (Fig. 1). The Langseth will also tow the hydrophone streamer,
retrieve OBSs, and may also deploy OBSs. When the Langseth is towing the airgun array as well as the
hydrophone streamer, the turning rate of the vessel while the gear is deployed is limited to five degrees
per minute. Thus, the maneuverability of the vessel is limited during operations with the streamer.

The Langseth has a length of 71.5 m, a beam of 17.0 m, and a maximum draft of 5.9 m. The Lang-
seth was designed as a seismic research vessel, with a propulsion system designed to be as quiet as
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Il. Alternatives Including Proposed Action

possible to avoid interference with the seismic signals. The ship is powered by two Bergen BRG-6 diesel
engines, each producing 3550 hp, which drive the two propellers directly. Each propeller has four blades,
and the shaft typically rotates at 750 revolutions per minute (rpm). The vessel also has an 800 hp bow-
thruster, which is not used during seismic acquisition. The operation speed during seismic acquisition is
typically 7.4-9.3 km/h. When not towing seismic survey gear, the Langseth can cruise at 20-24 km/h.
The Langseth has a range of 25,000 km.

The Langseth will also serve as the platform from which vessel-based marine mammal (and sea
turtle) observers (MMOs) will watch for animals before and during airgun operations, as described in
§ I1(3), below.

Other details of the Langseth include the following:

Owner: National Science Foundation

Operator: Lamont-Doherty Earth Observatory of Columbia University
Flag: United States of America

Date Built: 1991 (Refitted in 2006)

Gross Tonnage: 3834

Accommodation Capacity: 55 including ~35 scientists

(e) Airgun Description

During the survey, the airgun array to be used will consist of 36 airguns, with a total volume of
~6600 in’. The airgun array will consist of a mixture of Bolt 1500LL and Bolt 1900LLX airguns. The
airguns will be configured as four identical linear arrays or “strings” (Fig. 2). Each string will have ten
airguns; the first and last airguns in the strings are spaced 16 m apart. Nine airguns in each string will be
fired simultaneously, whereas the tenth is kept in reserve as a spare, to be turned on in case of failure of
another airgun. The four airgun strings will be distributed across an area of ~24%x16 m behind the
Langseth and will be towed ~140 m behind the vessel. The shot interval will vary from ~25 to 125 m
during the study. The shot interval will be relatively short (~25-50 m or ~10-25 s) for multichannel
seismic surveying with the hydrophone streamer, and relatively long (~100-125 m or ~45-60 s) when
recording data on the OBSs. The firing pressure of the array is 1900 psi. During firing, a brief (~0.1 s)
pulse of sound is emitted. The airguns will be silent during the intervening periods.

The tow depth of the array will be 6-9 m. The depth at which the source is towed (particularly a
large source) affects the maximum near-field output and the shape of its frequency spectrum. If the
source is towed at 9 m, the effective source level for sound propagating in near-horizontal directions is
higher than if the array is towed at shallow depths (see Figs. 3—5 and Table 1, later). However, the
nominal source levels of the array (or the estimates of the sound that would be measured from a
theoretical point source emitting the same total energy as the airgun array) at various tow depths are
nearly identical. In our calculations, we have assumed a tow depth of 9 m at all times.

Because the actual source is a distributed sound source (36 airguns) rather than a single point
source, the highest sound levels measurable at any location in the water will be less than the nominal
source level. In addition, the effective source level for sound propagating in near-horizontal directions
will be substantially lower than the nominal source level applicable to downward propagation because of
the directional nature of the sound from the airgun array.
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Il. Alternatives Including Proposed Action

FIGURE 2. One linear airgun array or string with ten airguns, nine of which would be operating.

36-Airgun Array Specifications

Energy Source Thirty-six 1900 psi Bolt airguns of 40-360 in’,
in four strings each containing nine operating airguns
Source output (downward) 0-pk is 84 bar-m (259 dB re 1 pPa+m);
pk-pk is 177 bar+m (265 dB)
Air discharge volume ~6600 in’
Dominant frequency components 2-188 Hz

(f) OBS Description and Deployment

Approximately 100 OBSs will be deployed during the survey. OBSs will likely be deployed and
retrieved by the R/V Langseth as well as by a combination of four to five Taiwanese vessels. The
Taiwanese vessels to be used include two 30-m vessels (the R/V Ocean Researcher 2 and the R/V Ocean
Researcher 3) and two vessels >60 m in length (Fisheries Research | and the Navy ship Taquan). The
R/V Ocean Researcher | may also be used if the R/V Langseth is not used to deploy OBSs. The OBS
deployment spacing will vary depending on the number of instruments available and shiptime. The
nominal spacing is 15 km, but this will vary from as little as 5 km to perhaps as much as 25 km. The
OBSs will be deployed and recovered several (2 to 4) times. Sixty of the 100 OBSs may be deployed
from the Langseth. All OBSs will be retrieved at the end of the study. The Langseth will retrieve 20
OBSs that were deployed during previous years in the study area.

Up to three different types of OBSs may be used during the 2009 program. The Woods Hole
Oceanographic Institution (WHOI) “D2” OBS has a height of ~1 m and a maximum diameter of 50 cm.
The anchor is made of hot-rolled steel and weighs 23 kg. The anchor dimensions are 2.5 x 30.5 x 38.1
cm. The LC4x4 OBS from the Scripps Institution of Oceanography has a volume of ~1 m®, with an
anchor that consists of a large piece of steel grating (~1 m?). Taiwanese OBSs will also be used; their
anchor is in the shape of an ‘x” with dimensions of 51 to 76 cm”. Once the OBS is ready to be retrieved,
an acoustic release transponder interrogates the OBS at a frequency of 9—11 kHz, and a response is
received at a frequency of 9—13 kHz. The burn wire release assembly is then activated, and the
instrument is released from the anchor to float to the surface.
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(g) Multibeam Echosounder and Sub-bottom Profiler

Along with the airgun operations, two additional acoustical data acquisition systems will be operat-
ed during the survey. The ocean floor will be mapped with the 12-kHz Simrad EM120 MBES and a 3.5-
kHz SBP. These sound sources will be operated from the Langseth simultaneously with the airgun array.

The Simrad EM120 MBES operates at 11.25-12.6 kHz and is hull-mounted on the Langseth. The
beamwidth is 1° fore—aft and 150° athwartship. The maximum source level is 242 dB re 1 pPa+myps. For
deep-water operation, each “ping” consists of nine successive fan-shaped transmissions, each 15 ms in
duration and each ensonifying a sector that extends 1° fore—aft. The nine successive transmissions span
an overall cross-track angular extent of about 150°, with 16 ms gaps between the pulses for successive
sectors. A receiver in the overlap area between two sectors would receive two 15-ms pulses separated by
a 16-ms gap. In shallower water, the pulse duration is reduced to 5 or 2 ms, and the number of transmit
beams is also reduced. The ping interval varies with water depth, from ~5 s at 1000 m to 20 s at 4000 m
(Kongsberg Maritime 2005).

The SBP is normally operated to provide information about the sedimentary features and the
bottom topography that is being mapped simultaneously by the MBES. The energy from the SBP is
directed downward by a 3.5-kHz transducer in the hull of the Langseth. The output varies with water
depth from 50 watts in shallow water to 800 watts in deep water. The pulse interval is 1 s, but a common
mode of operation is to broadcast five pulses at 1-s intervals followed by a 5-s pause.

Langseth Sub-bottom Profiler Specifications

Maximum source output (downward) 204 dB re 1 pPa-m; 800 watts
Normal source output (downward) 200 dB re 1 pPa+-m; 500 watts
Dominant frequency components 3.5kHz

Bandwidth 1.0 kHz with pulse duration 4 ms

0.5 kHz with pulse duration 2 ms
0.25 kHz with pulse duration 1 ms
Nominal beam width 30 degrees
Pulse duration 1,2, or4 ms

(3) Monitoring and Mitigation Measures

Numerous species of marine mammals are known to occur in the proposed study area. However,
the number of individual animals expected to be approached closely during the proposed activities will be
relatively small in relation to regional population sizes. With the proposed monitoring and mitigation
provisions, effects on most if not all individuals are expected to be limited to minor behavioral
disturbance. Those effects are expected to have negligible impacts both on individual marine mammals
and on the associated species and stocks.

To minimize the likelihood that impacts will occur to the species and stocks, airgun operations will
be conducted in accordance with all applicable U.S. federal regulations and IHA requirements. As the
proposed activities will take place in the EEZs of several foreign countries, L-DEO will coordinate all
activities with the governments of Taiwan, China, Philippines, and Japan, as well as the relevant U.S.
federal agencies, i.e., NMFS.

The following subsections provide more detailed information about the monitoring and mitigation
measures that are an integral part of the planned activities. The procedures described here are based on
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protocols used during previous L-DEO seismic research cruises as approved by NMFS, and on best prac-
tices recommended in Richardson et al (1995), Pierson et al. (1998), and Weir and Dolman (2007).

(a) Visual Monitoring

MMOs will watch for marine mammals and turtles near the seismic source vessel during all day-
time airgun operations and during any start ups of the airguns at night. Airgun operations will be suspen-
ded when marine mammals or turtles are observed within, or about to enter, designated exclusion zones
[see subsection (d) below] where there is concern about effects on hearing or other physical effects.
MMOs will also watch for marine mammals and turtles near the seismic vessel for at least 30 min prior to
the planned start of airgun operations after an extended shut down of the airguns. When feasible, observa-
tions will also be made during daytime periods when the Langseth is underway without seismic operations,
such as during transits.

During seismic operations in the South and East China seas and the Philippine Sea, at least three
visual observers will be based aboard the Langseth. MMOs will be appointed by L-DEO with NMFS
concurrence. At least one MMO, and when practical two MMOs, will monitor marine mammals and
turtles near the seismic vessel during ongoing daytime operations and nighttime start ups of the airguns.
Use of two simultaneous observers will increase the effectiveness of detecting animals near the source
vessel. MMO(s) will be on duty in shifts of duration no longer than 4 h. Other crew will also be
instructed to assist in detecting marine mammals and turtles and implementing mitigation requirements (if
practical). Before the start of the seismic survey the crew will be given additional instruction regarding
how to do so.

The Langseth is a suitable platform for marine mammal and turtle observations. When stationed
on the observation platform, the eye level will be ~18 m above sea level, and the observer will have a
good view around the entire vessel. During daytime, the MMO(s) will scan the area around the vessel
systematically with reticle binoculars (e.g., 7%50 Fujinon), Big-eye binoculars (25%150), and with the
naked eye. During darkness, night vision devices (NVDs) will be available (ITT F500 Series Generation
3 binocular-image intensifier or equivalent), when required. Laser rangefinding binoculars (Leica LRF
1200 laser rangefinder or equivalent) will be available to assist with distance estimation. Those are useful
in training observers to estimate distances visually, but are generally not useful in measuring distances to
animals directly; that is done primarily with the reticles in the binoculars.

When mammals or turtles are detected within or about to enter the designated exclusion zone, the
airguns will immediately be powered down or shut down if necessary. The MMO(s) will continue to
maintain watch to determine when the animal(s) are outside the exclusion zone. Airgun operations will
not resume until the animal has left the exclusion zone.

The vessel-based monitoring will provide data to estimate the numbers of marine mammals
exposed to various received sound levels, to document any apparent disturbance reactions or lack thereof,
and thus to estimate the numbers of mammals potentially “taken” by harassment. It will also provide the
information needed in order to power down or shut down the airguns at times when mammals or turtles
are present in or near the exclusion zone. When a sighting is made, the following information about the
sighting will be recorded:

1. Species, group size, age/size/sex categories (if determinable), behavior when first sighted and
after initial sighting, heading (if consistent), bearing and distance from seismic vessel, sighting
cue, apparent reaction to the airguns or vessel (e.g., none, avoidance, approach, paralleling,
etc.), and behavioral pace.
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2. Time, location, heading, speed, activity of the vessel, sea state, visibility, and sun glare.

The data listed under (2) will also be recorded at the start and end of each observation watch, and during a
watch whenever there is a change in one or more of the variables.

All observations and power downs or shut downs will be recorded in a standardized format. Data
will be entered into an electronic database. The accuracy of the data entry will be verified by computer-
ized data validity checks as the data are entered and by subsequent manual checking of the database.
These procedures will allow initial summaries of data to be prepared during and shortly after the field
program, and will facilitate transfer of the data to statistical, graphical, and other programs for further
processing and archiving.

Results from the vessel-based observations will provide

1. The basis for real-time mitigation (airgun power down or shut down).

2. Information needed to estimate the number of marine mammals potentially taken by harass-
ment, which must be reported to NMFS.

3. Data on the occurrence, distribution, and activities of marine mammals and turtles in the area
where the seismic study is conducted.

4. Information to compare the distance and distribution of marine mammals and turtles relative to
the source vessel at times with and without seismic activity.

5. Data on the behavior and movement patterns of marine mammals and turtles seen at times with
and without seismic activity.

(b) Passive Acoustic Monitoring

Passive acoustic monitoring (PAM) will take place to complement the visual monitoring program,
when practicable. Visual monitoring typically is not effective during periods of poor visibility or at night,
and even with good visibility, is unable to detect marine mammals when they are below the surface or
beyond visual range. Acoustical monitoring can be used in addition to visual observations to improve
detection, identification, and localization of cetaceans. The acoustic monitoring will serve to alert visual
observers (if on duty) when vocalizing cetaceans are detected. It is only useful when marine mammals
call, but it can be effective either by day or by night, and does not depend on good visibility. It will be
monitored in real time so that the visual observers can be advised when cetaceans are detected. When
bearings (primary and mirror-image) to calling cetacean(s) are determined, the bearings will be relayed to
the visual observer to help him/her sight the calling animal(s).

The PAM system consists of hardware (i.e., hydrophones) and software. The “wet end” of the sys-
tem consists of a towed hydrophone array that is connected to the vessel by a “hairy” faired cable. The
array will be deployed from a winch located on the back deck. A deck cable will connect from the winch
to the main computer lab where the acoustic station and signal conditioning and processing system will be
located. The lead-in from the hydrophone array is ~400 m long, and the active part of the hydrophone
array is ~56 m long. The hydrophone array is typically towed at depths <20 m.

The towed hydrophones will ideally be monitored 24 h per day while at the seismic survey area
during airgun operations, and during most periods when the Langseth is underway while the airguns are
not operating. One MMO will monitor the acoustic detection system at any one time, by listening to the
signals from two channels via headphones and/or speakers and watching the real-time spectrographic
display for frequency ranges produced by cetaceans. MMOs monitoring the acoustical data will be on
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shift for 1-6 h at a time. Besides the visual MMOs, an additional MMO with primary responsibility for
PAM will also be aboard. All MMOs are expected to rotate through the PAM position, although the most
experienced with acoustics will be on PAM duty more frequently.

When a vocalization is detected while visual observations are in progress, the acoustic MMO will
contact the visual MMO immediately, to alert him/her to the presence of cetaceans (if they have not
already been seen), and to allow a power down or shut down to be initiated, if required. The information
regarding the call will be entered into a database. The data to be entered include an acoustic encounter
identification number, whether it was linked with a visual sighting, date, time when first and last heard
and whenever any additional information was recorded, position and water depth when first detected,
bearing if determinable, species or species group (e.g., unidentified dolphin, sperm whale), types and
nature of sounds heard (e.g., clicks, continuous, sporadic, whistles, creaks, burst pulses, strength of signal,
etc.), and any other notable information. The acoustic detection can also be recorded for further analysis.

(c) Reporting

A report will be submitted to NMFS and NSF within 90 days after the end of the cruise. The report
will describe the operations that were conducted and sightings of marine mammals and turtles near the
operations. The report will provide full documentation of methods, results, and interpretation pertaining
to all monitoring. The 90-day report will summarize the dates and locations of seismic operations, and all
marine mammal and turtle sightings (dates, times, locations, activities, associated seismic survey
activities). The report will also include estimates of the number and nature of exposures that could result
in “takes” of marine mammals by harassment or in other ways.

(d) Proposed Exclusion Zones

Acoustic Measurement Units.—Received sound levels have been predicted by L-DEO, in relation
to distance and direction from the airguns, for the 36-airgun array (Fig. 3: 6 m tow depth; Fig. 4: 9 m tow
depth) and for a single 1900LL 40-in’ airgun, which will be used during power downs (Fig. 5). The
maximum relevant depth shown on the Figures by the straight dashed line is the maximum assumed dive
depth for deep-diving marine mammals and is relevant for predicting exclusion zones in deep water (see
below). A detailed description of the modeling effort is provided in Appendix A.

The predicted sound contours are shown as sound exposure levels (SEL) in decibels (dB) re
1 uPa’-s. SEL is a measure of the received energy in the pulse and represents the sound pressure level
(SPL) that would be measured if the pulse energy were spread evenly across a 1-s period. Because actual
seismic pulses are less than 1 s in duration in most situations, this means that the SEL value for a given
pulse is usually lower than the SPL calculated for the actual duration of the pulse (see Appendix B). The
advantage of working with SEL is that the SEL measure accounts for the total received energy in the
pulse, and biological effects of pulsed sounds are believed to depend mainly on pulse energy (Southall et
al. 2007). In contrast, SPL for a given pulse depends greatly on pulse duration. A pulse with a given SEL
can be long or short depending on the extent to which propagation effects have “stretched” the pulse
duration. The SPL will be low if the duration is long and higher if the duration is short, even though the
pulse energy (and presumably the biological effects) are the same.

Although SEL is now believed to be a better measure than SPL when dealing with biological
effects of pulsed sound, SPL is the measure that has been most commonly used in studies of marine
mammal reactions to airgun sounds and in NMFS guidelines concerning levels above which “taking”
might occur. SPL is often referred to as rms or “root mean square” pressure, averaged over the pulse
duration. As noted above, the rms received levels that are used as impact criteria for marine mammals are
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FIGURE 3. Modeled received sound levels (SELs) from the 36-airgun array operating in deep water at a
6-m tow depth, planned for use during the TAIGER survey, 21 March—15 July 2009. Received rms levels
(SPLs) are expected to be ~10 dB higher. Maximum relevant depth is applicable to marine mammals.
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FIGURE 4. Modeled received sound levels (SELs) from the 36-airgun array operating in deep water at a
9-m tow depth, planned for use during the TAIGER survey, 21 March—15 July 2009. Otherwise as above.
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FIGURE 5.

Modeled received sound levels (SELs) from a single 40-in® airgun operating in deep water,

which is planned for use during the TAIGER survey, 21 March—14 July 2009. Received rms levels (SPLs)

are expected to be ~10 dB higher.

Environmental Assessment forL-DEQ’s Southeast Asia Seismic Survey, 2009

Page 12



Il. Alternatives Including Proposed Action

not directly comparable to pulse energy (SEL). At the distances where rms levels are 160-190 dB re
1 pPa, the difference between the SEL and SPL values for the same pulse measured at the same location
usually average ~10-15 dB, depending on the propagation characteristics of the location (Greene 1997;
McCauley et al. 1998, 2000a; Appendix B). In this EA, we assume that rms pressure levels of received
seismic pulses will be 10 dB higher than the SEL values predicted by L-DEO’s model. Thus, we assume
that 170 dB SEL ~ 180 dB re 1 pPayps.

It should be noted that neither the SEL nor the SPL (=rms) measure is directly comparable to the
peak or peak-to-peak pressure levels normally used by geophysicists to characterize source levels of
airguns. Peak and peak-to-peak pressure levels for airgun pulses are always higher than the rms dB
referred to in much of the biological literature (Greene 1997; McCauley et al. 1998, 2000a). For example,
a measured received level of 160 dB re 1 puPa.yg in the far field typically would correspond to a peak
measurement of ~170-172 dB re 1 pPa, and to a peak-to-peak measurement of ~176—178 dB re 1 pPa, as
measured for the same pulse received at the same location (Greene 1997; McCauley et al. 1998, 2000a).
(The SEL value for the same pulse would normally be 145-150 dB re 1 pPa’-s). The precise difference
between rms and peak or peak-to-peak values for a given pulse depends on the frequency content and
duration of the pulse, among other factors. However, the rms level is always lower than the peak or peak-
to-peak level and (for an airgun-type source at the ranges relevant here) higher than the SEL value.

Predicted Sound Levels vs. Distance and Depth.—Empirical data concerning 180-, 170-, and 160-
dB re 1 pPayys distances were acquired for various airgun configurations during the acoustic calibration
study of the R/V Ewing’s 20-airgun 8600-in’ array in 2003 (Tolstoy et al. 2004a,b). The results showed
that radii around the airguns where the received level was 160 dB re 1 uPayys varied with water depth.
Similar depth-related variation is likely for the 180-dB and 190-dB re 1 pPa.yg safety criteria applied by
NMEFS (2000) to cetaceans and pinnipeds, respectively, although these were not measured. The L-DEO
model does not allow for bottom interactions, and thus is most directly applicable to deep water and to
relatively short ranges. During the TAIGER study, most survey effort (80%) will take place in deep
(>1000 m) water, but intermediate-depth and shallow waters will also be surveyed.

e The empirical data indicated that, for deep water (>1000 m), the L-DEO model (as applied to
the Ewing’s airgun configurations) overestimated the measured received sound levels at a
given distance (Tolstoy et al. 2004a,b). However, to be conservative, the modeled distances
shown in Figures 3—5 for the planned Langseth airgun configuration will be applied to deep-
water areas during the proposed study (Table 1). As very few, if any, mammals are expected to
occur below 2000 m, this depth was used as the maximum relevant depth.

e Empirical measurements of sounds from the Ewing’s airgun arrays were not conducted for
intermediate depths (100-1000 m). On the expectation that results would be intermediate
between those from shallow and deep water, a correction factor of 1.1 to 1.5x was applied to
the estimates provided by the model for deep-water situations to obtain estimates for
intermediate-depth sites. Corresponding correction factors, applied to the modeled radii for the
Langseth’s airgun configuration, will be used during the proposed study for intermediate
depths (Table 1).

Environmental Assessment forL-DEQ’s Southeast Asia Seismic Survey, 2009 Page 13



Il. Alternatives Including Proposed Action

TABLE 1. Predicted distances to which sound levels >190, 180, 170 and 160 dB re 1 pPa,,s could be
received in shallow (<100 m), intermediate (100—1000 m), and deep (>1000 m) water from the 36-airgun
array, as well as a single airgun, planned for use during the TAIGER survey, 21 March—-14 July 2009
(based on L-DEO modeling). Predicted radii are based on Figures 3-5, assuming that received levels on
an RMS basis are, numerically, 10 dB higher than the SEL values shown in Figures 3-5, and that
mammals would not typically occur at depths >2000 m.

Predicted RMS Distances (m)

Tow
Source and Depth

Volume (m) Water Depth 190 dB 180 dB 170 dB 160 dB

Deep 12 40 120 385

Single Bolt airgun 6-9° Intermediate 18 60 180 578

40 in® Shallow 150 296 500 1050

4 strings Deep 220 710 2100 4670

36 airguns 6-7 Intermediate 330 1065 3150 5189

6600 in® Shallow 1600 2761 5654 6227

4 strings Deep 300 950 2900 6000

36 airguns 8-9 Intermediate 450 1425 4350 6667

6600 in® Shallow 2182 3694 7808 8000

" The tow depth has minimal effect on the maximum near-field output and the shape of the frequency spectrum for the single
40 in® airgun; thus, the predicted safety radii are essentially the same at each tow depth. The most precautionary distances (i.e.,
for the deepest tow depth, 9 m) are shown.

e Empirical measurements near the Ewing indicated that in shallow water (<100 m), the L-DEO
model underestimates actual levels. In previous L-DEO projects, the exclusion zones were
typically based on measured values and ranged from 1.3 to 15x higher than the modeled values
depending on the size of the airgun array and the sound level measured (Tolstoy et al. 2004b).
During the proposed cruise, similar factors will be applied to derive appropriate shallow-water
radii from the modeled deep-water radii for the Langseth’s airgun configuration (Table 1).

Using the modeled distances and various correction factors, Table 1 shows the distances at which
four rms sound levels are expected to be received from the 36-airgun array and a single airgun in three
different water depths. The 180- and 190-dB re 1 puPayys distances are the safety criteria as specified by
NMFS (2000) and are applicable to cetaceans and pinnipeds, respectively. The 180-dB distance will also
be used as the exclusion zone for sea turtles, as required by NMFS in most other recent seismic projects
(e.g., Smultea et al. 2004; Holst et al. 2005b; Holst and Beland 2008; Holst and Smultea 2008). If marine
mammals or turtles are detected within or about to enter the appropriate exclusion zone, the airguns will
be powered down (or shut down if necessary) immediately.

Southall et al. (2007) made detailed recommendations for new science-based noise exposure
criteria. L-DEO will be prepared to revise its procedures for estimating numbers of mammals “taken”,
exclusion zones, etc., as may be required by any new guidelines that result. However, currently the
procedures are based on best practices noted by Pierson et al. (1998) and Weir and Dolman (2007). As
yet, NMFS has not specified a new procedure for determining exclusion zones.
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(e) Mitigation During Operations

Mitigation measures that will be adopted during the survey include (1) power-down procedures, (2)
shut-down procedures, (3) ramp-up procedures, and (4) spatial and temporal avoidance of sensitive
species and areas.

Power-down Procedures.—A power down involves decreasing the number of airguns in use such
that the radius of the 180-dB (or 190-dB) zone is decreased to the extent that marine mammals or turtles
are no longer in or about to enter the exclusion zone. A power down of the airgun array can also occur
when the vessel is moving from one seismic line to another. During a power down for mitigation, one
airgun will be operated. The continued operation of one airgun is intended to alert marine mammals and
turtles to the presence of the seismic vessel in the area. In contrast, a shut down occurs when all airgun
activity is suspended.

If a marine mammal (other than gray and right whales—see Shut-down Procedures below) or turtle
is detected outside the exclusion zone but is likely to enter the exclusion zone, the airguns will be
powered down before the animal is within the exclusion zone. Likewise, if a mammal or turtle is already
within the safety zone when first detected, the airguns will be powered down immediately. During a
power down of the airgun array, the 40-in’ airgun will be operated. If a marine mammal or turtle is
detected within or near the smaller exclusion zone around that single airgun (Table 1), it will be shut
down (see next subsection).

Following a power down, airgun activity will not resume until the marine mammal or turtle has
cleared the safety zone. The animal will be considered to have cleared the safety zone if

e itis visually observed to have left the exclusion zone, or

e it has not been seen within the zone for 15 min in the case of small odontocetes (or pinnipeds), or

e it has not been seen within the zone for 30 min in the case of mysticetes and large odontocetes,
including sperm, pygmy sperm, dwarf sperm, and beaked whales, or

e the vessel has moved outside the exclusion zone for turtles, i.e., ~6 to 24 min, depending on the
sighting distance, vessel speed, and tow depth [based on the length of time it will take the vessel
to leave behind the turtle, so that it is outside the exclusion zone; e.g., if a turtle is sighted close to
the vessel in deep water, the ship speed is 9.3 km/h, and the tow depth is 9 m, it would take the
vessel ~6 min to leave the turtle behind].

During airgun operations following a power down (or shut down) whose duration has exceeded the
limits specified above, the airgun array will be ramped up gradually. Ramp-up procedures are described
below.

Shut-down Procedures.—The operating airgun(s) will be shut down if a marine mammal or turtle
is seen within or approaching the exclusion zone for a single airgun. Shut downs will be implemented (1)
if an animal enters the exclusion zone of the single airgun after a power down has been initiated, or (2) if
an animal is initially seen within the exclusion zone of a single airgun when more than one airgun
(typically the full array) is operating. Airgun activity will not resume until the marine mammal or turtle
has cleared the safety zone, or until the MMO is confident that the animal has left the vicinity of the
vessel. Criteria for judging that the animal has cleared the safety zone will be as described in the
preceding subsection.

Considering the conservation status for North Pacific right whales and Western North Pacific gray
whales, the airgun(s) will be shut down immediately if either of these species are observed, regardless of
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the distance from the Langseth. Ramp up will only begin if the gray or right whale has not been seen for
30 min.

Ramp-up Procedures.—A ramp-up procedure will be followed when the airgun array begins
operating after a specified period without airgun operations or when a power down has exceeded that
period. It is proposed that, for the present cruise, this period would be ~8 min. This period is based on
the 180-dB radius for the 36-airgun array (see Table 1) in relation to the planned speed of the Langseth
while shooting (see above). Similar periods (~8—10 min) were used during previous L-DEO surveys.

Ramp up will begin with the smallest airgun in the array (40 in’). Airguns will be added in a
sequence such that the source level of the array will increase in steps not exceeding 6 dB per 5-min period
over a total duration of ~35 min. During ramp up, the MMOs will monitor the exclusion zone, and if
marine mammals or turtles are sighted, a power down or shut down will be implemented as though the
full array were operational.

If the complete exclusion zone has not been visible for at least 30 min prior to the start of
operations in either daylight or nighttime, ramp up will not commence unless at least one airgun (40 in® or
similar) has been operating during the interruption of seismic survey operations. Given these provisions,
it is likely that the airgun array will not be ramped up from a complete shut down at night or in thick fog,
because the outer part of the safety zone for that array will not be visible during those conditions. If one
airgun has operated during a power down period, ramp up to full power will be permissible at night or in
poor visibility, on the assumption that marine mammals and turtles will be alerted to the approaching seis-
mic vessel by the sounds from the single airgun and could move away if they choose. Ramp up of the air-
guns will not be initiated if a sea turtle or marine mammal is sighted within or near the applicable
exclusion zones during the day or close to the vessel at night.

Temporal and Spatial Avoidance.—The Langseth will not acquire seismic data in the humpback
winter concentration areas during the early part of the seismic program, if practicable. North Pacific
humpback whales are known to winter and calve around Ogasawara and Ryukyu Islands in southern
Japan and in the Babuyan Islands in Luzon Strait in the northern Philippines (Perry et al. 1999a; Acebes
et al. 2007; Calambokidis et al. 2008). In the Luzon Strait, the whales may arrive in the area as early as
November and leave in May or even June, with a peak occurrence during February through March or
April (Acebes et al. 2007). The Langseth will attempt to avoid these wintering areas at the time of peak
occurrence, by surveying the lines near the Ryukyu Islands and Babuyan Islands as late as possible during
each leg of the cruise.

Due to conservation status of Indo-Pacific humpback dolphins in Taiwan Strait, seismic operation
will not occur in water depths <20 m and within at least 2 km from the Taiwanese shore. Also, when at
all possible, seismic surveying will only take place at least 8-10 km from the Taiwanese coast,
particularly the central western coast (~from Taixi to Tongshiao), to minimize the potential of exposing
these threatened dolphins to SPLs >160 dB re 1 pPay.

Alternative Action: Another Time

An alternative to issuing the IHA for the period requested and to conducting the project then is to
issue the IHA for another time and to conduct the project at that alternative time. The proposed time for
the cruise (~21 March—14 July 2009) is the most suitable time logistically for the Langseth and the
participating scientists. Given the limited weather window for the operations, and the fact that cetaceans
are widespread in the survey area throughout the year, altering the timing of the proposed project likely
would result in no net benefits. Although breeding humpback whales are known to occur in the study
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area at the time of the proposed survey, seismic operations in areas where humpbacks breed will be
avoided at least during the month of March, when peak numbers of animals occur there. In addition,
green and hawksbill sea turtles are known to nest in the TAIGER study area at the time of the survey, and
loggerhead turtles are known to nest in nearby Okinawa. Although green turtles nest in the area year-
round, the peak nesting season appears to fall outside of the study period. If the IHA is issued for another
period, it could result in significant delay and disruption not only of the proposed cruise, but of
subsequent geophysical studies that are planned by L-DEO for 2009 and beyond. An evaluation of the
effects of this alternative action is given in § IV.

No Action Alternative

An alternative to conducting the proposed activities is the "No Action” alternative, i.e., do not issue
an IHA and do not conduct the research operations. If the research is not conducted, the “No Action”
alternative would result in no disturbance to marine mammals due to the proposed activities.

The seismic data from the survey will characterize the birth and evolution of a mountain belt,
which in turn can provide information on locations and source properties of regional earthquakes. Such
information is vital to understanding plate tectonic processes and their effects on earthquake occurrence
and distribution. Under the “No Action” alternative, this valuable scientific information would not
become available.

In addition to forcing cancellation of the planned seismic survey, the “No Action” alternative could
also, in some circumstances, result in significant delay of other geophysical studies that are planned by
L-DEO for 2009 and beyond, depending on the timing of the decision. The entire proposal, based on the
premise of collecting these data, would be compromised. Cancellation (no action) for this cruise would
decrease available data and support for the academic institutions involved. Data collection is an essential
first step for a much greater effort to analyze and report information concerning the scientifically
significant topics indicated. The field effort will provide material for years of analyses involving multiple
professors, students, and technicians. The lost opportunity to collect valuable scientific information
would be compounded by lost opportunities for support of research infrastructure, training, and
professional career growth.

III. AFFECTED ENVIRONMENT

Oceanography

The proposed survey will study the Taiwan arc-continental collision in the China and Philippine
seas. This area experiences a monsoonal climate influenced by the Southwest Monsoon in summer and
the Northeast Monsoon in winter (Morton and Blackmore 2001; Longhurst 2007). According to the
biogeographical breakdown of Longhurst (2007), the TAIGER study area is located within three different
provinces: the Archipelagic Deep Basin Province (in the Pacific Trade Wind Biome) to the southwest of
Taiwan, the China Sea Coastal Province (of the Pacific Coastal Biome) between China and Taiwan, and
the Kuroshio Current Province (in the Pacific Westerly Winds Biome) to the east of Taiwan.

The warm Kuroshio current flows northwest along the continental edge of the Philippines, then to
the east at the latitude of Luzon (Longhurst 2007). The current then flows north along the east coast of
Taiwan and Japan (Longhurst 2007). The Kuroshio current stimulates upwelling at the shelf edge off
Luzon from October through January and north of Taiwan (Longhurst 2007). During the spring tides,
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more upwelling occurs in Luzon Strait (between Taiwan and Luzon), due to large-amplitude internal
waves (Ramp et al. 2004; Lien et al. 2005).

On the Pacific coast of Taiwan, the continental shelf is narrow, and the 1000-m isobath occurs less
than 3 km from shore, with depths >3000 m within 4 to 5 km of shore (Wang et al. 1995a). Although
waters of the Kuroshio Current Province may reach productivity levels of 1 gCm™d™ during the spring
(Longhurst 2007), the waters of Taiwan tend to have an average primary productivity of ~725 mgCm™d"
(Sea Around Us 2008).

The Taiwan (Formosa) Strait is part of the South China Sea and connects it to the East China Sea.
The Taiwan Strait consists of shallow continental shelf waters with a depth of up to 200 m (Wang et al.
1995a), and an average depth of ~60 m (Yao et al. 2004). It is ~180 km wide, but the narrowest portion is
131 km wide. Luzon Strait to the south of Taiwan, is ~250 km wide, and connects the South China Sea to
the Philippine Sea to the east of Taiwan. During the winter, the China Coastal Current flows southward
from the Yellow Sea through the Taiwan Strait as the Taiwan Current (Shaw 1992 in Longhurst 2007).
During the summer, the current is reversed from Hainan to Taiwan under the influence of the Southwest
Monsoon (Morton and Blackmore 2001; Longhurst 2007). In the Taiwan Strait, the northerly flow is
reinforced by the northward flow of some Kuroshio water (Longhurst 2007). Primary productivity levels
reach up to 1.1 gCm™d™ in this area of the China Sea Coastal Province (Longhurst 2007).

The South China Sea experiences a winter phytoplankton bloom in January due to the reversing
monsoon winds, but the dynamic range of chlorophyll biomass throughout the year is small (Longhurst
2007). The South China Sea is less oligotrophic than the waters of the western Pacific, with nearly twice
the amount of surface chlorophyll (up to 0.26 chl mg m~ and 0.37 gCm™d"'; Longhurst 2007). During
winter, wind pushes cooler, coastal waters down through Taiwan Strait, that circulates west and
southward along the coast of China and Vietnam; during summer, the current flow is reversed (Morton
and Blackmore 2001).

Protected Areas

Several Marine Protected Areas (MPAs) or sanctuaries have been established in or near the study
area (Hoyt 2005; Table 2). North of Luzon, Philippines, three protected areas occur: (1) Batanes Islands
Protected Land and Seascape, (2) Calayan Island Protected Area, and (3) Sierra Madre Natural Park.
Another three protected areas have been established in China to protect the Indo-Pacific humpback
dolphin and the finless porpoise in the Pearl River delta and Xiamen.

Marine Mammals

Thirty-four cetacean species, including 25 odontocete (dolphins and small- and large-toothed
whales) species and nine mysticetes (baleen whales) are known to occur in the proposed TAIGER study
area. Wang et al. (2001a) noted that during the spring/summer off southern Taiwan, the highest number
of sightings and species occur during April and June. The number of sightings per survey effort and the
number of species were highest directly west of the southern tip of Taiwan and northeast off the southern
tip (Wang et al. 2001a).

Information on the occurrence, distribution, population size, and conservation status for each of the
34 marine mammal species that may occur in the proposed project area is presented in Table 3. The
status of these species is based on the ESA, the IUCN Red List of Threatened Species, and the
Convention on International Trade in Endangered Species (CITES). Several species are listed under the
ESA as endangered: the Western North Pacific gray whale, North Pacific right whale, sperm, humpback,
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TABLE 2. Protected marine areas located within and near the TAIGER seismic survey area in SE Asia

(adapted from Hoyt 2005).

Protected Area

Location/Size

Cetacean Species

Notes

Batanes Islands Protected
Land and Seascape

(Philippines)

Luzon Strait, 120 km
SE of Taiwan

(within survey area)

2136 km?

False killer whale, short-finned
pilot whale, probably
humpback whale

Established in 1994;
potentially significant
cetacean habitat.

Calayan Island Protected
Area

(Philippines)

Babuyan Islands,
southern Luzon Strait

(within survey area)

583 km?

Humpback, sperm, dwarf
sperm, melon-headed, false
killer, short-finned pilot whale;
Fraser’s, spinner, pantropical
spotted, bottlenose, rough-
toothed, Risso’s dolphin

Established in 1999;
considered most diverse
cetacean area in
Philippines; southernmost
breeding/calving site for
humpbacks in western
North Pacific

Sierra Madre Natural Park

(Philippines)

Southeasterly portion
of Babuyan Channel
(plus NE Luzon)

(just south of survey
area)

3195 km?

Humpback, sperm, short-
finned pilot whale; spinner,
pantropical spotted, Indo-
Pacific bottlenose dolphin

Established in 1997;
humpback calving may
extend to this area

Lung Kwu Chau and Sha
Chau Marine Park

(China)

Pearl River delta near
Hong Kong

(west of survey area)

12 km?

Indo-Pacific humpback
dolphin, finless porpoise

Established in 1996;
rationale for establishment
was protection of Indo-
Pacific humpback dolphins

Xiamen Marine National
Park and Conservation
Area

(China)

Xiamen in Fujian
Province

(just west of survey
area)

Indo-Pacific humpback
dolphin, finless porpoise

Established 1997
(provincially) and 2000
(nationally) to protect Indo-
Pacific humpback dolphins

Zhujiang (Pearl River) Delta
Ecosystem Protected Area,
tentative name

(China)

Pearl River delta and
adjacent waters,
including Lung Kwu
Chau and Sha Chau
Marine Park

(west of survey area)

460 km* with 140 km?
protected core area

Indo-Pacific humpback
dolphin, finless porpoise

Received provincial
approval in 1999; goal to
protect dolphins
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TABLE 3. The habitat, occurrence, regional population sizes, and conservation status of marine mammals
that could occur in or near the proposed TAIGER seismic survey area in SE Asia.

Occurrence | Regional

in study area |population| U.S.
Species Habitat in SE Asia size ESA? [IUCN®|CITES®
Mysticetes
Western North Pacific gray whale
(Eschrichtius robustus) Coastal Rare 131¢ EN CR I
North Pacific right whale
(Eubalaena japonica) Pelagic and coastal Rare few 100° EN EN I
Humpback whale Mainly nearshore
(Megaptera novaeangliae) waters and banks | Uncommon |938-1107 | EN LC I
Minke whale
(Balaenoptera acutorostrata) Pelagic and coastal| Uncommon 25,000° - LC I
Bryde’s whale 20,000-
(Balaenoptera brydei) Pelagic and coastal | Common? 30,000°" - DD I
Omura’s whale
(Balaenoptera omurai) Pelagic and coastal| Uncommon N.A. - DD Il
Sei whale Primarily offshore, 7260—
(Balaenoptera borealis) pelagic Uncommon 12,620 EN EN I
Fin whale Continental slope, 13,620-
(Balaenoptera physalus) mostly pelagic Uncommon 18,680’ EN EN I
Blue whale
(Balaenoptera musculus) Pelagic and coastal| Uncommon N.A. EN EN I
Odontocetes
Sperm whale Usually pelagic and
(Physeter macrocephalus) deep seas Uncommon 29,674% EN VU |
Pygmy sperm whale Deep waters off the
(Kogia breviceps) shelf Uncommon N.A. - DD Il
Dwarf sperm whale Deep waters off the 11,200°
(Kogia sima) shelf Common? ETP - DD Il
Cuvier's beaked whale Likely 20,000°
(Ziphius cavirostris) Pelagic common ETP - LC Il
Longman’s beaked whale
(Indopacetus pacificus) Deep water Rare N.A. - DD Il
Blainville’s beaked whale
(Mesoplodon densirostris) Pelagic Uncommon? | 25,300 - DD Il
Ginkgo-toothed beaked whale
(Mesoplodon ginkgodens) Pelagic Rare N.A. - DD Il
Rough-toothed dolphin 146,000
(Steno bredanensis) Deep water Common ETP® - LC Il

1680

Indo-Pacific humpback dolphin China+
(Sousa chinensis) Coastal Uncommon | Taiwan ° - NT™ I
Common bottlenose dolphin Coastal and 243,500
(Tursiops truncatus) oceanic, shelf break| Common ETP® - LC Il
Indo-Pacific bottlenose dolphin Coastal and shelf
(Tursiops aduncus) waters Common? N.A. - DD Il
Pacific white-sided dolphin 930,000—
(Lagenorhynchus obliquidens) Coastal and pelagic Rare 990,000 ° - LC Il
Pantropical spotted dolphin 800,000
(Stenella attenuata) Coastal and pelagic/| Common ETP® - LC Il
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Occurrence | Regional

in study area |population| U.S.
Species Habitat in SE Asia size ESA? |[IUCN®| CITES®
Spinner dolphin 800,000 °
(Stenella longirostris) Coastal and pelagic| Common ETP - DD Il
Striped dolphin 1 million
(Stenella coeruleoalba) Off continental shelf| Uncommon ETP® - LC Il
Fraser’s dolphin 289,000
(Lagenodelphis hosei) Waters >1000 m Common ETP® - LC Il
Short-beaked common dolphin Shelf and pelagic, 3 million
(Delphinus delphis) seamounts Rare ETP® - LC Il
Long-beaked common dolphin
(Delphinus capensis) Coastal Uncommon N.A. - DD Il
Risso’s dolphin Waters >1000 m, 175,000
(Grampus griseus) seamounts Common ETP® - LC Il
Melon-headed whale 45,000
(Peponocephala electra) Oceanic Common? ETP® - LC Il
Pygmy killer whale Deep, pantropical 39,000
(Feresa attenuata) waters Uncommon ETP® - DD Il
False killer whale
(Pseudorca crassidens) Pelagic Common? 40,000 " - DD Il
Killer whale 8500 °©
(Orcinus orca) Widely distributed | Uncommon? ETP - DD Il
Short-finned pilot whale Mostly pelagic, high- 500,000
(Globicephala macrorhynchus) relief topography Common? ETP® - DD Il
Porpoise 5220-
Finless porpoise 10,220
(Neophocaena phocaenoides) Coastal Common? |Japan+HK®| - VU I

N.A. - Data not available or species status was not assessed. ? indicates uncertainty. ETP = Eastern Tropical Pacific. HK = Hong

Kong.

?U.S. Endangered Species Act; EN = Endangered, - = Not listed
® Codes for IUCN classifications; CR = Critically Endangered; EN = Endangered; VU = Vulnerable; NT = Near Threatened; LC =
Least Concern; (IUCN 2008). Classifications are from 2008 IUCN Red List of Threatened Species (IUCN 2008).
°Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2008): Appendix | = Threatened
with extinction; Appendix Il = not necessarily now threatened with extinction but may become so unless trade is closely controlled.

4 Viadimirov et al. (2008).

€ North Pacific unless otherwise indicated (Jefferson et al. 2008).

" Western North Pacific (Calambokidis et al. 2008).
9 Northwest Pacific and Okhotsk Sea (IWC 2007a).

" Kitakado et al. (2008).
'Tillman (1977).
) Ohsumi and Wada (1974).

K Western North Pacific (Whitehead 2002b).
ETP; all Mesoplodon spp. (Wade and Gerrodette 1993).

™ JUCN states that this species should be re-assessed following taxonomic classification of the two forms. The chinensis-type would

be considered vulnerable (IUCN 2008).

"ETP (Wade and Gerrodette 1993).
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fin, sei, and blue whales. In addition to those seven species, the Indo-Pacific humpback dolphin is listed
as near threatened and the finless porpoise is listed as vulnerable under the 2008 IUCN Red List of
Threatened Species (IUCN 2008).

Although the dugong (Dugong dugon) may have inhabited waters of Taiwan, it is no longer
thought to occur there (Marsh et al. n.d.; Chou 2004; Perrin et al. 2005). Similarly, although the dugong
was once widespread throughout the Philippines, current data suggest that it does not inhabit the Batan or
Babuyan islands or northwestern Luzon (Marsh et al. n.d.; Perrin et al. 2005), where seismic operations
will occur. However, the dugong does occur off northeastern Luzon (Marsh et al. n.d.; Perrin et al. 2005),
outside of the study area. In China, it is only known to inhabit the waters off Guangxi and Guangdong
and the west coast of Hanain Island (Marsh et al. n.d.; Perrin et al. 2005), which do not occur near the
study area. It is rare in the Ryukyu Islands, but can be sighted in Okinawa, particularly off the east coast
of the island (Yoshida and Trono 2004; Shirakihara et al. 2007); some individuals may have previously
occurred in the southernmost of the Ryukyu Islands, Yaeyama (Marsh et al. n.d.), but these animals have
not been documented there recently (Shirakihara et al. 2007).

(1) Mysticetes

Western North Pacific Gray Whale

There are two separate populations of gray whales in the North Pacific (LeDuc et al. 2002): the
eastern Pacific and the western North Pacific (or Korean-Okhotsk) stock. The western North Pacific
population is listed as endangered under the ESA, critically endangered on the 2008 IUCN Red List of
Threatened Species (IUCN 2008), and it is listed in CITES Appendix [ (UNEP-WCMC 2008) (Table 3).
The western North Pacific population is estimated to be at least 131 individuals (Vladimirov et al. 2008).
Population models indicate a high probability of population increase; however, if extra mortalities occur,
such as recent bycatch deaths on the Pacific coast of Japan, a population decline and potential extirpation
may occur (Cooke et al. 2008).

The western population is known to feed in the Okhotsk Sea along the northeast coast of Sakhalin
Island (Weller et al. 1999, 2002a, 2008), Eastern Kamchatka, and the northern Okhotsk Sea in the
summer and autumn (Vladimirov et al. 2008). Winter breeding grounds are not known. It was postulated
that gray whale wintering grounds occur along the south coast of the Korean Peninsula, but it is more
likely that wintering areas are located in the South China Sea, along the coast of Guangdong province and
Hainan (Wang 1984 and Zhu 1998 in Weller et al. 2002a; Rice 1998). Gray whales were hunted between
November and May, with a peak in December and January in the “East Sea Area” of Korea (Mizue 1951
in Reeves et al. 2008), which may represent a movement of migrating animals towards southern breeding
ground(s) (Reeves et al. 2008). The gray whale ranges as far south as southern China (Wang 1984 and
Zhu 1998 in Weller et al. 2002b). Whaling records from 1868-69 indicate that American ships sighted
gray whales near the Chinese mainland coast, middle of the Taiwan Strait, and off northern Taiwan
during winter (Henderson 1990 in Reeves et al. 2008). Winter records also exist for Japan, North Korea,
and South Korea (Weller et al. 2002a,b), as well as Taiwan (Parsons et al. 1995; Chou 2004). Five
whales (all female) have been caught (at least four) in fishing gear or found dead on the Pacific coast of
Japan in 2005-2007 (see Cooke et al. 2008). These whale mortalities occurred in May, July, August and
January.

The migration route of gray whales is ill defined but very likely extends through Taiwanese waters,
probably through the Taiwan Strait. Their occurrence there is possible from December—April. Migration
into the Sea of Okhotsk may occur through the Sea of Japan via the Tatar Strait and/or La Perouse Strait
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(see Reeves et al. 2008). If migration timing is similar to that of the better-known eastern gray whale,
southbound migration probably occurs mainly in December—January, and northbound migration mainly in
February—April, with northbound migration of newborn calves and their mothers probably concentrated at
the end of that period. However, Mizue (1951 in Reeves et al. 1998) speculated that northward migration
from Korea through the Tatar Strait occurred in May or June. Even during migration, gray whales are
found primarily in shallow coastal waters.

North Pacific Right Whale

The North Pacific right whale is listed as endangered under the ESA, endangered on the 2008
IUCN Red List of Threatened Species (IUCN 2008), and it is listed in CITES Appendix I (UNEP-WCMC
2008) (Table 3). It is considered by NMFS (1991) to be the most endangered baleen whale in the world.
Although protected from commercial whaling since 1935, there has been little indication of recovery.
The pre-exploitation stock may have exceeded 11,000 animals (NMFS 1991). There are no reliable
population estimates for this species. Wada (1973; see also Braham and Rice 1984) provided an estimate
of 100-200 right whales in the North Pacific, and Jefferson et al. (2008) indicate that there are “no more
than a few hundred right whales alive today”.

North Pacific right whales summer in the northern North Pacific and Bering Sea, apparently
feeding off southern and western Alaska from May to September (e.g., Tynan et al. 2001). Wintering
areas are unknown, but have been suggested to include the Hawaiian Islands and the Ryukyu Islands
(Allen 1942; Banfield 1974; Gilmore 1978; Reeves et al. 1978; Herman et al. 1980). In April 1996, a
right whale was sighted off Maui, the first documented sighting of a right whale in Hawaiian waters since
1979 (Herman et al. 1980; Rowntree et al. 1980).

Whaling records indicate that right whales in the North Pacific once ranged across the entire North
Pacific north of 35°N and occasionally occurred as far south as 20°N. In the western Pacific, most
sightings in the 1900s were reported from Japanese waters, followed by the Kuril Islands, and the
Okhotsk Sea (Brownell et al. 2001). However, since the 1960s sightings have been relatively rare (e.g.,
Clapham et al. 2004; Shelden et al. 2005). Nonetheless, in the western Pacific, significant numbers of
right whales have been seen in the Okhotsk Sea during the 1990s, suggesting that the adjacent Kuril
Islands and Kamchatka coast are a major feeding ground (Brownell et al. 2001). Right whales were also
seen near Chichi-jima Island (Bonin Island), Japan, in the 1990s (Mori et al. 1998). Several breeding
grounds have been proposed, including the Ryukyu Islands and the Sea of Japan (Omura 1986), offshore
waters (Scarff 1991), and off Guangdong province, southern China (Rudolph and Smeenk 2002).
Although there are no recent sightings of right whales from Taiwan, historically, small numbers were
caught in the Taiwan Strait (Townsend 1935). Thus, right whales may occur in the proposed study area.
However, Chou (2004) did not include right whales on the list of cetaceans occurring in Taiwanese
waters.

Humpback Whale

The humpback whale is found throughout all of the oceans of the world (Clapham 2002). The
species is listed as endangered under the ESA, least concern on the 2008 IUCN Red List of Threatened
Species (IUCN 2008), and it is listed in CITES Appendix I (UNEP-WCMC 2008) (Table 3). The
worldwide population of humpback whales is divided into northern and southern ocean populations, but
genetic analyses suggest some gene flow (either past or present) between the North and South Pacific
oceans (e.g., Baker et al. 1993; Caballero et al. 2001). Calambokidis et al. (1997) provided a population
estimate of over 6000 for the North Pacific stock, but the IWC (2007a) reported that this population
numbers at least 10,000. Based on a collaborative study involving numerous jurisdictions, the North
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Pacific stock has been recently estimated at 18,302 whales (excluding calves; Calambokidis et al. 2008;
TUCN 2008). Overall, the North Pacific stock is considered to be increasing. The western Pacific stock is
estimated at 938—1107 animals (Calambokidis et al. 2008). The low population estimate for the western
North Pacific subpopulation is a cause for concern for the IUCN (2008).

Although considered to be mainly a coastal species, humpback whales often traverse deep pelagic
areas while migrating. Humpback whales spend spring through fall on mid- or high-latitude feeding
grounds, and winter on low-latitude breeding grounds, with limited interchange between regions (Baker et
al. 1998; Clapham 2002; Garrigue et al. 2002). On winter breeding grounds, humpback dives have been
recorded at depths >100 m (Baird et al. 2000). In summer feeding areas, humpbacks typically forage in
the upper 120 m of the water column, with a maximum recorded dive depth of 500 m (Dolphin 1987;
Dietz et al. 2002). Humpback whales are often sighted singly or in groups of two or three; however,
while on their breeding and feeding ranges, they may occur in groups of up to 15 (Leatherwood and
Reeves 1983; Donoghue 1996).

North Pacific humpback whales migrate between summer feeding grounds along the Pacific Rim,
and the Bering and Okhotsk Seas, and winter calving and breeding areas in subtropical and tropical
waters (Pike and MacAskie 1969; Rice 1978). North Pacific humpback whales are known to assemble in
three different winter breeding areas: (1) the eastern North Pacific along the coast of Mexico and central
America, and near the Revillagigedo Islands; (2) around the main Hawaiian Islands; and (3) in the west
Pacific, particularly around Ogasawara and Ryukyu Islands in southern Japan and the northern
Philippines (Perry et al. 1999a; Calambokidis et al. 2008).

In the western North Pacific, most humpback whales winter and calve near Okinawa (Ryukyu
Island) and Ogasawara (Bonin Islands) (Nishiwaki 1959; Rice 1989). Darling and Mori (1993) reported
that the occurrence of humpbacks off Taiwan, the Mariana Islands, and the Marshall Islands is unknown
or uncommon. More recently, Calambokidis et al. (2008) include the waters of Taiwan and the Mariana
Islands as part of the humpback winter range. Rudolph and Smeenk (2002) noted that humpbacks have
been sighted in the South China Sea and Taiwan; and Chou (2004) also reports on records of this species
in Taiwan. Humpback whales have in fact been sighted in southern Taiwan waters off Hualien City and
Orchid Island from 1994 to 2003 (Wang et al. 2001a; J.Y. Wang and S. Yang, per. comm. in Acebes et al.
2007).

The same population likely uses both Ogasawara and Okinawa (Darling and Mori 1993), but
interchange between these two winter subareas is low, given the distance (1500 km) between these
locations (Calambokidis et al. 2001). In Okinawa, sightings were centered around Kerama Retto and
towards the main island of Okinawa (Darling and Mori 1993). In 1987-90, they were commonly sighted
from December to May throughout the Ogasawara archipelago and near the Kerama Islands, Okinawa
(Darling and Mori 1993). During 1987-90, humpbacks were not seen regularly in the Northern Mariana
Islands or near Kenting, Taiwan (Darling and Mori 1993). There is potential for the mixing of the
western and eastern North Pacific humpback populations, as several individuals have been seen in the
wintering areas of Japan and Hawaii in separate years (Darling and Cerchio 1993; Salden et al. 1999;
Calambokidis et al. 2001). Whales from these wintering areas have been shown to travel to summer
feeding areas in British Columbia, Canada, and Kodiak Island, Alaska (Darling et al. 1996; Calambokidis
et al. 2001), but feeding areas in Russian waters may be most important (Calambokidis et al. 2008).
There appears to be a very low level of interchange between Asian wintering or feeding areas and those in
the eastern and central Pacific (Calambokidis et al. 2008).
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A small population of humpbacks winters and calves in the Babuyan Islands in Luzon Strait
(Acebes and Lesaca 2003; Acebes et al. 2007). Photo-identification studies have catalogued at least 69
individuals, 12 of which match with whales that visit the breeding area in Ogasawara and Okinawa;
Ogasawara and the Babuyan Islands are located ~2700 to 3000 km apart (Acebes et al. 2007). Only on
one occasion was a humpback whale seen in both locations within the same season (Yamaguchi et al.
2002). In the Babuyan Islands, humpback whales have most often been sighted within the 200-m depth
contour around the leeward side of Camiguin, Fuga and Calayan Island (Acebes et al. 2007). Sightings
were also made on the northwestern side of Palaui Island off the coast of Luzon (Acebes et al. 2007). The
whales may arrive in the area as early as November and leave in May or even June, with a peak
occurrence during February through March or April (Acebes et al. 2007). Some whales spend up to 40
days in the area (Acebes et al. 2007). The Babuyan Islands, perhaps the southernmost breeding areas of
the humpback whale, are being recommended as a humpback whale sanctuary (Perrin et al. 2005).

Minke Whale

The minke whale has a cosmopolitan distribution that spans ice-free latitudes (Stewart and Leather-
wood 1985). In the Northern Hemisphere, minke whales are usually seen in coastal areas, but can also be
seen in pelagic waters during northward migrations in spring and summer, and southward migration in
autumn (Stewart and Leatherwood 1985). Two subspecies are recognized: the North Pacific minke whale
(Balaenoptera acutorostrata scammoni) and the North Atlantic minke whale (B. a. acutorostrata).

Minke whales are relatively solitary, but may occur in aggregations of up to 100 when food
resources are concentrated (Perrin and Brownell 2002). The small size, inconspicuous blows, and brief
surfacing times of minke whales mean that they are easily overlooked in heavy sea states, although they
are known to approach vessels in some circumstances (Stewart and Leatherwood 1985). Little is known
about the diving behavior of minke whales, but they are not known to make prolonged deep dives
(Leatherwood and Reeves 1983).

North Pacific minke whales are known to occur in the Yellow, East China and South China Seas
(Parsons et al. 1995), although reports from Vietnam and the Philippines have yet to be confirmed
(Rudolph and Smeenk 2002). Minke whale abundance in the Yellow Sea was estimated at 1685 and 1287
individuals in 2001 and 2004, respectively; these are likely underestimates (An et al. 2008). Chou (2004)
also included the minke whale on the list of species occurring in Taiwan. Minke whales that occur in SE
Asia are likely from the same population that winters off the coast of Japan (see Parsons et al. 1995).

Bryde’s Whale

Bryde’s whale is found in tropical and subtropical waters throughout the world between 40°N and
40°S, generally in waters warmer than 20°C, but at minimum 15°C (Reeves et al. 1999; Kato 2002; Kanda
et al. 2007). Populations in the western North Pacific, western South Pacific, eastern South Pacific, and
eastern Indian Ocean currently show low levels of genetic interchange (Kanda et al. 2007). In fact, the
smaller Balaenoptera edeni (the pygmy Bryde’s or Eden’s whale) may be a distinct species from the
larger B. brydei or Bryde’s whale (Wada et al. 2003; Sasaki et al. 2006).

Some populations show a general pattern of movement toward the equator in winter and toward
higher latitudes in summer, though the locations of actual winter breeding grounds are unknown (Reeves
et al. 1999; Kato 2002; Kanda et al. 2007). Bryde’s whales are both pelagic and coastal (Reeves et al.
1999), and occur singly or in groups of up to five. Wade and Gerrodette (1993) reported a mean group
size of 1.7 for the ETP. The durations of Bryde’s whale dives are 1-20 min (Cummings 1985).
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Bryde’s whales are known to occur in the Yellow, East China, and South China Seas, including the
waters of Taiwan (Parsons et al. 1995; Chou 2004). The small form is known to occur in southwestern
Japan, Hong Kong/Macau, and Australia, but this form has not been distinguished from the common
Bryde’s whale (Jefferson et al. 2008). In addition, whales in the East China Sea and coastal waters of
Kochi, Japan, differ from the whales in offshore waters of the western North Pacific, perhaps at the
subspecific level (Yoshida and Kato 1999). However, the reclassification of Bryde’s whales remains
unresolved (Jefferson et al. 2008). Leatherwood et al. (1992) and Alava et al. (1993 both in Parsons et al.
1999) reported the presence of Bryde’s whales in the Philippines. Parsons et al. (1995) and Jefferson and
Hung (2007) reported on the occurrence of this species in the waters of Hong Kong. Tissues from a
stranded ‘pygmy’ Bryde’s whale was found to have elevated levels of lead and DDT (Parsons et al.
1999).

Omura’s Whale

Omura’s whale was first described in 2003 from records from the eastern Indian Ocean, Indonesia,
the Philippines, the Sea of Japan, and the Solomon Islands (Wada et al. 2003). Wada and Numachi
(1991) and Yoshida and Kato (1999) had noted that whales in the Solomon Islands were distinct from
Bryde’s whales from offshore waters of the western North pacific and the East China Sea. In fact, this
species is not as closely related to Bryde’s, Eden’s, or Sei whales as previously thought (Sasaki et al.
20006).

Omura’s whale is found in the tropical and subtropical waters of the western Pacific and eastern
Indian Oceans (Jefferson et al. 2008). It mostly occurs over the continental shelf in nearshore waters, and
is generally seen alone or in pairs (Jefferson et al. 2008). It is possible that this species may occur in the
proposed study area.

Sei Whale

The sei whale has a cosmopolitan distribution, with a marked preference for temperate oceanic
waters (Gambell 1985a). It is listed as endangered under the U.S. ESA and on the 2008 IUCN Red List
of Threatened Species (IUCN 2008), and it is listed in CITES Appendix I (UNEP-WCMC 2008) (Table
3). Sei whale populations were depleted by whaling, and their current status is generally uncertain
(Horwood 1987). The global population is thought to be ~80,000 (Horwood 2002).

Sei whale migrations are less extensive than those of other baleen whales. In the western North
Pacific, the sei whale can be found across the Bering Sea and off the coasts of Japan and Korea in the
summer. Its occurrence in the South China Sea is unconfirmed (Rudolph and Smeenk 2002), although
Chou (2004) reports on records for this species in Taiwan. Its winter distribution is concentrated at about
20°N.

The sei whale is pelagic and generally not found in coastal waters (Harwood and Wilson 2001). It
is found in deeper waters characteristic of the continental shelf edge region (Hain et al. 1985) and in other
regions of steep bathymetric relief such as canyons or basins situated between banks and ledges (DoN
2007). The sei whale usually occurs in groups of up to six, and larger groups sometimes form on feeding
grounds (Gambell 1985a). Sei whales generally do not dive deeply, and dive durations are 15 min or
longer (Gambell 1985a). Sei whales migrate from temperate zones occupied in winter to higher latitudes
in the summer, where most feeding takes place (Gambell 1985a).
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Fin Whale

The fin whale is widely distributed in all the world’s oceans (Gambell 1985b), but typically occurs
in temperate and polar regions from 20° to 70° north and south of the equator (Perry et al. 1999b). It is
listed as endangered under the U.S. ESA and on the 2008 IUCN Red List of Threatened Species (IUCN
2008), and it is listed in CITES Appendix I (UNEP-WCMC 2008) (Table 3). Northern and southern fin
whale populations are distinct, and are sometimes recognized as different subspecies (Aguilar 2002). The
current distribution of fin whales in the western North Pacific is largely unknown.

Fin whales occur in coastal, shelf, and oceanic waters. Sergeant (1977) proposed that fin whales
tend to follow steep slope contours, either because they detect them readily or because biological
productivity is high along steep contours because of tidal mixing and perhaps current mixing. The fin
whale is sometimes observed alone or in pairs, but on feeding grounds, groups of up to 20 are more
common (Gambell 1985b). Croll et al. (2001) reported a mean dive depth and time of 98 m and 6.3 min
for foraging fin whales, and a mean dive depth and time of 59 m and 4.2 min for non-foraging
individuals. Dive depths of >150 m coinciding with the diel migration of krill were reported by Panigada
et al. (1999).

Fin whales migrate in the open oceans and their winter breeding areas are uncertain. However,
they are known to winter in the Yellow, East China, and South China Seas (Parsons et al. 1995; Rudoph
and Smeenk 2002). Records exist for Taiwan (Chou 2004). Fin whales may be resident in the East China
Sea (Jefferson et al. 2008). They could be present in Taiwanese waters during winter months. De Boer
(2000) reported a fin whale sighting for the South China Sea, and suggested that Balabac Strait may be a
migration route for fin whales between the Sulu Sea and the South China Sea.

Blue Whale

The blue whale is widely distributed throughout the world’s oceans, occurring in pelagic, con-
tinental shelf, and inshore waters (Leatherwood and Reeves 1983). It is listed as endangered under the
U.S. ESA and on the 2008 IUCN Red List of Threatened Species (IUCN 2008), and it is listed in CITES
Appendix I (UNEP-WCMC 2008) (Table 3). All blue whale populations have been exploited
commercially, and many have been severely depleted as a result. The worldwide population has been
estimated at 15,000, with 10,000 in the Southern Hemisphere (Gambell 1976), 3500 in the North Pacific,
and up to 1400 in the North Atlantic (NMFS 1998). Blue whale calls monitored from the U.S. Navy
Sound Surveillance System (SOSUS) and other offshore hydrophones suggest that separate populations
occur in the eastern and western North Pacific (Stafford et al. 1999, 2001, 2007; Watkins et al. 2000a;
Stafford 2003).

Blue whales usually occur alone or in small groups (Leatherwood and Reeves 1983; Palacios
1999). Wade and Gerrodette (1993) reported a mean group size of 1.5 for the ETP. Croll et al. (2001)
reported mean dive depths and times of 140 m and 7.8 min for foraging blue whales, and 68 m and 4.9
min for non-foraging individuals. Dives of up to 300 m were recorded for tagged blue whales
(Calambokidis et al. 2003).

Generally, blue whales are seasonal migrants between high latitudes in the summer, where they
feed, and low latitudes in the winter, where they mate and give birth (Lockyer and Brown 1981). Some
individuals may stay in low or high latitudes throughout the year (Reilly and Thayer 1990; Watkins et al.
2000b). Moore et al. (2002) reported that blue whale calls are received in the North Pacific year-round.
Little information is available on blue whale wintering areas (Perry et al. 1999a).
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The current distribution of blue whales in the western North Pacific is largely unknown. The North
Pacific stock of blue whales is reported to winter off Taiwan, Japan, and Korea. The waters off eastern
Taiwan are included in their historical distribution, and Chou (2004) reports records of this species in
Taiwan. However, modern-day sightings of the species in the western North Pacific seem to be very rare.
Strandings and sightings have been reported for southern China (Rudolph and Smeenk 2002).

(2) Odontocetes

Sperm Whale

Sperm whales are the largest of the toothed whales, with an extensive worldwide distribution (Rice
1989). The species is listed as endangered under the U.S. ESA, but on a worldwide basis it is abundant
and not biologically endangered. It is listed as vulnerable on the 2008 ITUCN Red List of Threatened
Species (IUCN 2008), and it is listed in CITES Appendix I (UNEP-WCMC 2008) (Table 3).

Sperm whale distribution is linked to social structure—mixed groups of adult females and juvenile
animals of both sexes generally occur in tropical and subtropical waters, whereas adult males are com-
monly found alone or in same-sex aggregations, often occurring in higher latitudes outside the breeding
season (Best 1979; Watkins and Moore 1982; Arnbom and Whitehead 1989; Whitehead and Waters
1990). Female and immature sperm whales could occur in the survey area at any time of the year,
whereas large male sperm whales likely are not found in the area at all. There currently is no accurate
estimate for the size of any sperm whale population (Whitehead 2002a). Best estimates probably are
those of Whitehead (2002b), who provided a sperm whale population size estimate of 29,674 for the
western North Pacific.

Mature male sperm whales migrate to warmer waters to breed when they are in their late twenties
(Best 1979). They spend periods of at least months on the breeding grounds, moving between mixed
groups of 20-30 on average (Whitehead 1993, 2003). Wade and Gerrodette (1993) noted a mean group
size of 7.9 for the ETP. In the Southern Hemisphere, mating occurs from July to March, with a peak from
September to December, and most calves are born between November and March (Rice 1989).

Sperm whales generally are distributed over large areas that have high secondary productivity and
steep underwater topography, in waters at least 1000 m deep (Jaquet and Whitehead 1996; Whitehead
2002a). They are often found far from shore, but can be found closer to oceanic islands that rise steeply
from deep ocean waters (Whitehead 2002a). They can dive as deep as ~2 km and possibly deeper on rare
occasions for periods of over 1 h; however, most of their foraging occurs at depths of ~300-800 m for 30—
45 min (Whitehead 2003). During a foraging dive, sperm whales typically travel ~3 km horizontally and
0.5 km vertically (Whitehead 2003). Whales in the Galapagos Islands typically dove for ~40 min and then
spent 10 min at the surface (Papastavrou et al. 1989).

Sperm whales are known to occur in the waters of Hong Kong (Parsons et al. 1995; Jefferson and
Hung 2007), the Philippines (Acebes et al. 2000 in Perrin et al. 2005; Acebes and Lesaca 2003), and
Taiwan (Chou 2004). De Boer (2000) and suggested that Balabac Strait may be a migration route for
sperm whales between the Sulu Sea and the South China Sea.

Pygmy and Dwarf Sperm Whales

Pygmy sperm whales (Kogia breviceps) and dwarf sperm whales (K. sima) are distributed widely
throughout tropical and temperate seas, but their precise distributions are unknown as most information
on these species comes from strandings (McAlpine 2002). They are difficult to sight at sea, perhaps
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because of their avoidance reactions to ships and behavior changes in relation to survey aircraft (Wiirsig
et al. 1998). The two species are difficult to distinguish from one another when sighted (McAlpine 2002).
During sighting surveys and, hence, in population and density estimates, the two species are most often
categorized together as Kogia spp. (Waring et al. 2008).

Pygmy sperm whales may inhabit waters beyond the continental shelf edge, whereas dwarf sperm
whales are thought to inhabit the shelf-edge and slope waters (Rice 1998). Also, the dwarf sperm whale
could prefer warmer waters than the pygmy sperm whale (McAlpine 2002). Pygmy sperm whales feed
mainly on various species of squid in the deep zones of the continental shelf and slope (McAlpine et al.
1997). Pygmy sperm whales occur in small groups of up to six, and dwarf sperm whales can form groups
of up to 10 (Caldwell and Caldwell 1989). Wade and Gerrodette (1993) noted a mean group size of 1.7
for the dwarf sperm whale in the ETP.

Although there are few useful estimates of abundance for pygmy or dwarf sperm whales anywhere
in their range, they are thought to be fairly common in some areas. Kogia are thought to occur throughout
SE Asia, and confirmed records exist for the East and South China seas off mainland China and Taiwan
(Parsons et al. 1995; Zhou et al. 1995; Perrin et al. 2005; Chou 2004), as well for Hong Kong (Parsons et
al. 1995; Jefferson and Hung 2007). In the Philippines, only K. sima has been confirmed to occur (e.g.,
Acebes 2005 in Perrin et al. 2005; Acebes and Lesaca 2003; Perrin et al. 2005).

A group of four to five Kogia sp. was seen during surveys off the central-eastern coast of Taiwan in
water ~800 m deep (Yang et al. 1999). Wang et al. (2001a) reported one unidentified Kogia and six K.
sima during surveys in the offshore waters of southeastern and southwestern Taiwan. Although the
cephalopod prey items of both Kogia spp. are similar, the proportion in which they were fed on support
the view that pygmy sperm whales live seaward of the continental shelf whereas dwarf sperm whales
inhabit more coastal waters (Wang et al. 2002). K. sima is likely to feed in shallow water than K.
breviceps (McAlpine 2002). Kogia are harpooned in Taiwan and occur as bycatch in driftnets there
(Perrin et al. 2005). Strandings of dwarf and pygmy sperm whales occurred in Taiwan in 2005 (Yang et
al. 2008).

Cuvier’s Beaked Whale

Cuvier’s beaked whale is probably the most widespread of the beaked whales, although it is not
found in polar waters (Heyning 1989). It is rarely observed at sea and is mostly known from strandings.
It strands more commonly than any other beaked whale (Heyning 1989). Its inconspicuous blows, deep-
diving behavior, and tendency to avoid vessels all help to explain the infrequent sightings (Barlow and
Gisner 2006). Adult males of this species usually travel alone, but these whales can be seen in groups of
up to 15 individuals, with a mean group size of 2.3 (MacLeod and D’ Amico 2006). Wade and Gerrodette
(1993) reported a mean group size of 2.2 for the ETP.

Cuvier’s beaked whale is an offshore, deep-diving species that feeds on fish and squid (Heyning
2002). Stomach contents from stranded whales in Taiwan included cephalopod beaks, crustacean parts,
and fish otoliths (Wang et al. 1995a). Its dives generally last 30-60 min, but dives of 85 min have been
recorded (Tyack et al. 2006).

In the western Pacific, Cuvier’s beaked whales are known to occur in the waters of Japan
(Nishiwaki and Oguro 1972 in Wang et al. 1995a) and parts of SE Asia (Heyning 1989). They occur in
the East and South China seas off China and Taiwan (Wang et al. 1995a; Zhou et al. 1995; Chou 2004;
Perrin et al. 2005), and in the Philippines (Rudolph and Smeenk 2002; Perrin et al. 2005). It also occurs
in the waters of Taiwan and is thought to be common along the east coast, where the 1000-m isobath is
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relatively near shore (Wang et al. 1995a). During surveys off southern Taiwan, Wang et al. (2001a)
observed a single Cuvier’s beaked whale off the southwestern tip of Taiwan. Sightings of this species
were also made during recent surveys off the southeast coast of Taiwan (J.Y. Wang, pers. comm., August
2008). Wang et al. (1995a) reported on strandings in Taiwan, and seven of nine strandings occurred on
the east coast; two strandings occurred on the shallower west coast. All strandings have occurred in non-
summer months, with most strandings during the winter (Wang et al. 1995a). Cuvier’s beaked whales are
also taken by harpoon there (Perrin et al. 2005). They occur in bycatch in the Philippines and possibly in
Taiwan (Perrin et al. 2005).

Longman’s Beaked Whale

Until very recently, Longman’s beaked whale was thought to be extremely rare, and was known
only from two skulls (Pitman et al. 1987). Recent morphometric and genetic analyses of those two
original specimens and an additional four specimens have allowed a more detailed characterization of the
species (Dalebout et al. 2003). It seems likely that it is, in fact, the cetacean that has been seen in Indo-
Pacific waters and called the “tropical bottlenose whale”. Some authorities place the species in the genus
Mesoplodon, but there now seems to be sufficient information to afford it status as a separate genus
(Dalebout et al. 2003). Records of this species exist within an area from 10°S to 40°N.

Longman’s beaked whales have been sighted in waters with temperatures 21-31°C and have been
seen in the tropics every month of the year except June, indicating year-round residency (Pitman et al.
1999; Jefferson et al. 2008). Although widespread throughout the tropical Pacific, the species must still
be considered rare because of a scarcity of sightings despite a great deal of survey effort (Pitman et al.
1999). Longman’s beaked whales have been seen alone, but more commonly in groups of at least ten and
up to 100, with an average group size of 15-20 (Jefferson et al. 2008). Pitman et al. (1999) reported a
mean group size of 18.5 in the tropics. Dives are thought to last 18—33 min (Jefferson et al. 2008).

Sightings of Longman’s beaked whale have occurred at many locations in tropical waters of the
Indo-Pacific region (Rudolph and Smeenk 2002; Jefferson et al. 2008). In SE Asia and the surrounding
area, records for this species exist for Japan (Yamada et al. 2004), the Philippines (Acebes et al. 2005),
and Taiwan, where two whales stranded in 2005 (Yang et al. 2008). Unconfirmed sighting records also
exist for Taiwan (Chou 2004). Wang et al. (2001a) reported a sighting of large unidentified beaked
whales off southeastern Taiwan, which may have been Longman’s beaked whales. During recent surveys
in the southeastern waters of Taiwan, probable Longman’s beaked whales were observed; the
identification is currently being confirmed (J.Y. Wang, pers. comm., August 2008).

Mesoplodont Beaked Whales

Two species of mesoplodont whales likely occur in deep waters in the study area. They are Blain-
ville’s and the gingko-toothed beaked whales. No population estimates exist for either of these species in
SE Asia.

Almost everything that is known regarding most mesoplodont species has come from stranded
animals (Pitman 2002). The different mesoplodont species are difficult to distinguish in the field, and are
most often categorized during sighting surveys, and therefore in density and population estimates, as
Mesoplodon spp. They are all thought to be deep-water animals, only rarely seen over the continental
shelf. Typical group sizes range from one to six (Pitman 2002). Because of the scarcity of sightings,
most are thought to be rare. Beaked whales are occasionally harpooned in Taiwan (Perrin et al. 2005).
As many as 100 beaked whales per year may be taken in large-mesh driftnets in Taiwan (Perrin et al.
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2005). A group of three to five unidentified beaked whales was seen during surveys off the central-
eastern coast by Yang et al. (1999), and one sighting was made by Wang et al. (2001a) in the offshore
waters off southwestern Taiwan. During recent surveys in the southeastern waters of Taiwan, probable
ginkgo-toothed beaked whales were observed; the identification is currently being confirmed (J.Y. Wang,
pers. comm., August 2008). It is thought that this area may be a “hotspot” for mesoplodonts.

Blainville’s beaked whale—This species is found in tropical and temperate waters of all oceans
(Jefferson et al. 2008). Blainville’s beaked whale has the widest distribution throughout the world of all
Mesoplodon species (Mead 1989). There is no evidence that Blainville’s beaked whales undergo seasonal
migrations. Blainville’s beaked whales are most often found in singles or pairs, but also in groups of 3—7
(Jefferson et al. 2008).

Like other beaked whales, Blainville’s beaked whales are generally found in deep waters 200 m to
1400 m deep (Gannier 2000; Jefferson et al. 2008). Maximum dive depths have been reported as 1251 m
(Tyack et al. 2006) and 1408 m (Baird et al. 2006), and dives have lasted as long as 54 min (Baird et al.
2006) to 57 min (Tyack et al. 2006). However, they also can occur in coastal areas and have been known
to spend long periods of time at depths <50 m (Jefferson et al. 2008).

Sighting records exist for Blainville’s beaked whale for the East China Sea off mainland China and
for the Philippines (Perrin et al. 2005). They are also known to occur off Taiwan (Zhou et al. 1995; Chou
2004; Perrin et al. 2005). Two Blainville’s beaked whales stranded in Taiwan in 2005 (Yang et al. 2008).
One group of four Blaineville’s beaked whales were seen during surveys off the central-eastern coast of
Taiwan (Yang et al. 1999).

Ginkgo-toothed beaked whale—This species is only known from stranding records (Mead 1989;
Jefferson et al. 2008). In the South Pacific Ocean, it has stranded in New South Wales, Australia, and the
North Island and Chatham Islands, New Zealand (Mead 1989; Baker and van Helden 1999). The ginkgo-
toothed whale is hypothesized to occupy tropical and warm temperate waters of the Indian and Pacific
oceans (Pitman 2002), and its occurrence has been confirmed in the Yellow and East China seas off
mainland China (Perrin et al. 2005), as well as off Taiwan (Yang 1976 in Zhou et al. 1995; Chou 2004;
Wang and Yang 2006).

Rough-toothed Dolphin

The rough-toothed dolphin is widely distributed around the world, but mainly occurs in tropical
and warm temperate waters (Miyazaki and Perrin 1994). Rough-toothed dolphins generally occur in
deep, oceanic waters, but can be found in shallower coastal waters in some regions (Jefferson et al.2008).
Rough-toothed dolphins are deep divers and can dive for up to 15 min (Jefferson et al. 2008). They
usually form groups of 10-20, but aggregations of hundreds have been seen (Jefferson et al. 2008). Wade
and Gerrodette (1993) reported a mean group size of 14.7 for the ETP.

Rough-toothed dolphins are known to occur in the Philippines (Acebes 2005 in Perrin et al. 2005;
Acebes and Lesaca 2003; Perrin et al. 2005) and in the East and South China seas off China and Taiwan
(Parsons et al. 1995; Zhou et al. 1995; Chou 2004; Perrin et al. 2005), as well as in Hong Kong (Parsons
et al. 1995; Jefferson and Hung 2007). The rough-toothed dolphin is the most commonly encountered
species during surveys in the Babuyan Islands, off northern Philippines (Perrin et al. 2005).
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Indo-Pacific Humpback Dolphin

The Indo-Pacific humpback dolphin (including both the chinensis-type and the plumbea-type
together), is listed on the 2008 IUCN Red List of Threatened species as near threatened (IUCN 2008).
The TUCN states that this species should be re-assessed following taxonomic classification of the two
forms. The chinensis-type, which occurs in the TAIGER study area, would be considered vulnerable
(IUCN 2008). This dolphin generally occurs in warm, shallow (<20 m) water and is often associated with
mangroves, river deltas and estuaries (Parsons et al. 1995; Jefferson et al. 2008). It generally occurs
within several kilometers from shore and is frequently seen in water <5 m deep (Wang et al. 2004Db).
During surveys by Wang et al. (2007) all dolphins were seen within 2 km from shore, with a mean
distance of 0.9 km from shore. Although groups are generally small (<10 individuals; Jefferson et al.
2008), groups of 20 to 40 animals have been seen in Chinese waters (Wang et al. 2004b; Jefferson et al.
2008).

Its distribution is fragmented in SE Asia, but extends from Zhejiang Province, China, to Taiwan
and the Philippines (Parsons et al. 1995; Zhou et al. 1995; Perrin et al. 2005). It is estimated that about
eight populations occur along the coast of China, mostly centered around the mouths of large rivers
(Jefferson 2000). It is the most commonly observed species in Hong Kong (Parsons et al. 1995; Jefferson
and Hung 2007), and it is abundant between February and May in Xiamen (Parsons et al. 1995).
Humpback dolphins are also known to swim up rivers (Jefferson et al. 2008).

In 2002, a small population of Indo-Pacific humpback dolphins was discovered along the west
coast of Taiwan (Wang et al. 2004a). This population occurs along a ~100 km stretch of the west coast of
Taiwan, from Taixi to Tongshiao (Wang et al. 2007). The habitat spans an area of ~515 km® off central-
western Taiwan, with a density of ~19.3 individuals/100 km* (Wang et al. 2007). This population
consists of ~100 individuals (Wang et al. 2007). A sighting has also been made outside this area, near
Jiang-Jyun port in the SW of Taiwan, but this is thought to be outside the regular range of this species
(Wang et al. 2007). A sighting record also exists for Fugang (SE Taiwan); however, as the east coast
does not have suitable habitat for this species, it is believed that this animal may have been sick or a
vagrant individuals (Wang et al. 2007). The animals are thought to occur in the area year-round, and have
been seen during spring and summer surveys (Wang et al. 2007).

Another small population of ~80 individuals inhabits the coast of China, near the Jiulong River
estuary and adjacent waters of Xiamen (Jefferson and Hung 2004). The animals occur year-round
throughout a 700 km” area around Xiamen Island. It is thought that the mating season for this population
occurs from April to June (Wang 1965 and Wang and Sun 1982 in Jefferson and Hung 2004).

The largest known population near the survey area occurs in the waters of Hong Kong, Macau, and
the Pearl River Estuary (Jefferson 2000). This population numbers ~1500 individuals (Jefferson and
Hung 2004). Densities of this population have been estimated at 60 to 280 individuals per 100 km?* for
high-density areas, 15 to 50 in medium-density areas, and <10 in low-density areas (T.A. Jefferson,
SWEFSC, unpubl. data in Wang et al. 2007).

Individual Indo-Pacific humpback dolphins (n = 40 dolphins) in Hong Kong waters and Lingding
Bay have been shown to range over areas 24 km” to 304 km?, with an average range of 99.5 km” (Hung
and Jefferson 2004). The authors of this paper caution that further study is needed to identify ranging
patterns and home range characteristics. The diet of Indo-Pacific humpback dolphins is primarily fish
which are demersal, estuarine species; there is little evidence for feeding on cephalopods or crustaceans
(Jefferson and Hung 2004).
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Common Bottlenose Dolphin

The bottlenose dolphin is distributed worldwide. It is found mainly where surface temperatures
range from 10-32°C (Reeves et al. 2002). Generally, there are two distinct bottlenose dolphin types: a
shallow water type, mainly found in coastal waters, and a deep water type, mainly found in oceanic
waters (Duffield et al. 1983; Hoelzel et al. 1998; Walker et al. 1999). As well as inhabiting different
areas, these ecotypes differ in their diving abilities (Klatsky 2004) and prey types (Mead and Potter 1995).
In SE Asia, the common bottlenose dolphin (Tursiops truncates) is typically of the offshore form (see
Zhou 1987 in Barros et al. 2000). The common bottlenose dolphin occurs in the Yellow and East China
Sea and is replaced by the sympatric form (T. aduncus) in coastal waters of the South China Sea (Gao et
al. 1995; Zhou et al. 1995; Yang et al. 2005). The two species are known to overlap in Taiwan Strait
(Yang et al. 2005), and mixed school are seen around the Penghu Islands, Taiwan (Zhou and Qian 1985).
However, genetic interchange between the two species has not been shown (Yang et al. 2005). Stranded
common bottlenose dolphins off Hong Kong had been feeding on both pelagic as well as neritic fish and
cephalopod species (Barros et al. 2000).

Bottlenose dolphins have been reported to regularly dive to depths >450 m for periods of >5 min
(Klatsky 2004), and even down to depths of 600-700 m for up to 12 min (Klatsky et al. 2005). Mean
group size in the ETP has been estimated at 24 (Smith and Whitehead 1999) and 22.7 (Wade and
Gerrodette 1993). The average group size seen off the Marquesas Islands was 8.2 (Gannier 2002).

In the western Pacific, the bottlenose dolphin is distributed from Japan to Australia and New
Zealand. Bottlenose dolphins are known to occur in the Philippines (Acebes 2005 in Perrin et al. 2005;
Acebes and Lesaca 2003; Perrin et al. 2005), in the Yellow, East and South China seas off China and
Taiwan (Parsons et al. 1995; Zhou et al. 1995; Chou 2004; Perrin et al. 2005), as well as Hong Kong
(Parsons et al. 1995; Jefferson and Hung 2007). The minimum density of common bottlenose dolphins in
the area between 25° and 30°N, west of 125°E in the East China Sea was estimated at 0.14
individuals/km® (Yang et al. 1997 in Perrin et al. 2005). Chen (2001 in Perrin et al. 2005) reported a
population estimate of 193 common bottlenose dolphins in the waters northeast of Taiwan. For
southwestern Taiwan, the population has been estimated at 672 dolphins, with a density of 0.20268
(Huang 1996 in Chou 2004), although this estimate is uncertain (Perrin et al. 2005). These dolphins
occur in both coastal and deep-water offshore areas off Taiwan (Perrin et al. 2005).

During surveys off central-eastern Taiwan, bottlenose dolphins were generally seen near ports
beyond the 800-m isopleth (Yang et al. 1999). The mean group size was 23.5, and sightings were made at
a rate of 0.04 per hour (Yang et al. 1999). Wang et al. (2001a) reported one bottlenose dolphin sighting
during surveys off southern Taiwan. Common bottlenose dolphins are also known to occur by the
Penghu Islands (Wang et al. 1995b).

Indo-Pacific Bottlenose Dolphin

Indo-Pacific bottlenose dolphins are only found in the warm temperate to tropical waters of the
Indo-Pacific, from South Africa to southern Japan and central Australia (Jefferson et al. 2008). They
occur over the continental shelf, mainly in shallow coastal and inshore waters (Wang et al. 2001a;
Jefferson et al. 2008). Records for this species in SE Asia include the South and East China Seas off
mainland China (Zhou and Qian 1985; Zhou et al. 1995; Perrin et al. 2005), Taiwan Strait (Zhou and Qian
1985; Chou 2004), and Hong Kong (Parsons et al. 1995; Jefferson and Hung 2007). There have been no
confirmed sightings of this species in the Philippines (Perrin et al. 2005). The density of Indo-Pacific
bottlenose dolphins in Xiamen-Dongshan waters of the Taiwan Strait was estimated at 0.0436 + 0.0286
individuals/km® (Yang et al. 2000 in Perrin et al. 2005). Off southern Taiwan, near Nan Wan, the
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abundance estimate for Indo-Pacific bottlenose dolphins is 24 (Wang and Yang 2005); this is believed to
be a functional unit isolated from others during at least part of the year. These dolphins appear to occur in
shallow-water areas with rocky reefs, such as at Nan Wan at the southern tip of Taiwan and at the Penghu
Islands (Wang et al. 1995b; Yang et al. 2000 in Perrin et al. 2005). It is unlikely that this species occurs
along the east coast of Taiwan, where the shelf is narrow (Wang et al. 2001a).

Pacific white-sided Dolphin

The Pacific white-sided dolphin is found throughout the temperate North Pacific, in a relatively
narrow distribution between 38°N and 47°N (Brownell et al. 1999). The species is common both on the
high seas and along the continental margins (Leatherwood et al. 1984). Although it has been reported to
occur in the East China Sea (Zhou et al. 1995) and in the South China Sea (Parsons et al. 1995), Perrin et
al. (2005) did not include it in the species known to occur in SE Asia, and Jefferson et al. (2008) noted
that records from Taiwan were misidentifications. Chou (2004) did not include the Pacific white-sided
dolphin on the list of cetacean species occurring in Taiwan. Strandings (Ogino et al. 2005) and sightings
of this species occur in Japan. Thus, this species could be sighted in the northern part of the study area,
near the Ryukyu Islands. Buckland et al. (1993) estimated that there were a total of 931,000 Pacific
white-sided dolphins, rangewide, from surveys conducted in the North Pacific.

Pantropical Spotted Dolphin

The pantropical spotted dolphin can be found throughout tropical and some subtropical oceans of
the world (Perrin and Hohn 1994). The southernmost limit of its range is ~40°S (Perrin 2002a). In the
ETP, this dolphin is associated with warm (>25°C) tropical surface water (Au and Perryman 1985; Reilly
1990; Reilly and Fiedler 1994; Reeves et al. 1999). There are two forms of pantropical spotted dolphin,
coastal and offshore forms, although the coastal form occurs mainly in the ETP from Baha California to
South America (Jefferson et al. 2008). The offshore form inhabits tropical, equatorial, and southern
subtropical water masses (Perrin 2002a). This species is found primarily in deeper waters, and rarely over
the continental shelf or continental shelf edge (Davis et al. 1998). Pantropical spotted dolphins are
extremely gregarious, forming groups of hundreds or even thousands. Wade and Gerrodette (1993)
reported a mean group size of 149.4 for the western/southern stock in the ETP. Pantropical spotted and
spinner dolphins are commonly seen together in mixed-species groups, e.g., in the ETP (Au and Perryman
1985), off Hawaii (Psarakos et al. 2003), and off the Marquesas Archipelago (Gannier 2002).

In the western Pacific, Pantropical spotted dolphins occur from Japan south to Australia. They are
known to occur in the Philippines (Acebes et al. 2000 in Perrin et al. 2005; Acebes and Lesaca 2003;
Perrin et al. 2005), in the East and South China seas off China (Parsons et al. 1995; Zhou et al. 1995;
Perrin et al. 2005), in Taiwan (Parsons et al. 1995; Zhou et al. 1995; Chou 2004), as well as off Hong
Kong (Parsons et al. 1995; Jefferson and Hung 2007). Pantropical spotted dolphins occur in the eastern
and western waters off Taiwan (Yao et al. 2004). Yao et al. (2004) examined the genetic structure and
population differentiation of spotted dolphins in Taiwan and the South China Sea. They found that
spotted dolphins from the east and west coasts of Taiwan were genetically similar, but some population
differentiation was apparent in the animals from the South China Sea.

Chen (2001 in Perrin et al. 2005) reported a population estimate of 1280 pantropical spotted
dolphins in the waters northeast of Taiwan. During surveys off central-eastern Taiwan, pantropical
spotted dolphins were distributed evenly throughout the study area, mostly in water >800 m deep (Yang
et al. 1999). The mean group size was 84.3, and sightings were made at a rate of 0.05 per hour (Yang et
al. 1999). Wang et al. (2001a) reported three sightings of pantropical spotted dolphins during surveys off
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southern Taiwan. Off eastern Taiwan, pantropical spotted dolphins have been shown to prey mainly on
laternfishes and squid (Wang et al. 2003).

Spinner Dolphin

The spinner dolphin is distributed in oceanic and coastal tropical waters between 40°N and 40°S
(Jefferson et al. 2008). In SE Asian, spinner dolphins are known to occur in the Philippines (Acebes et al.
2000 in Perrin et al. 2005; Acebes and Lesaca 2003; Perrin et al. 2005), in the East and South China seas
off China and Taiwan (Parsons et al. 1995; Zhou et al. 1995; Perrin et al. 2005), as well as Hong Kong
(Parsons et al. 1995; Jefferson and Hung 2007).

Two subspecies of spinner dolphin occur in the western Pacific: the widespread, offshore spinner
dolphin (Stenella longirostris longirostris) and the dwarf spinner dolphin (S. I. roseiventris). There is
little or no genetic interchange between the two subspecies (Dizon et al. 1991). S. I. longirostris feeds on
small mesopelagic fish and squid, whereas S. |. roseiventris preys on benthic and coral reef fishes and
invertebrates (Perrin et al. 1999). S. I. longirostris occurs in the deep inner waters of the Philippines as
well as Japan, whereas S. |. roseiventris inhabits the shallow waters of inner SE Asia (Perrin et al. 1999).

Spinner dolphins are most often encountered in the shallow waters off the southern and eastern
coasts of Taiwan (Yang et al. 1999; Wang et al. 2001a). Chen (2001 in Perrin et al. 2005) reported a
population estimate of 1490 spinner dolphins in the waters northeast of Taiwan. During surveys off
central-eastern Taiwan, spinner dolphins were generally seen near port within and outside of the 800-m
isopleth (Yang et al. 1999). The mean group size was 43.8, and sightings were made at a rate of 0.11 per
hour (Yang et al. 1999). Wang et al. (2001a) reported three sightings of spinner dolphins offshore
southern Taiwan, and one sighting in coastal waters of southern Taiwan.

Striped Dolphin

The striped dolphin has a cosmopolitan distribution in tropical to warm temperate waters (Perrin et
al. 1994a) and is generally seen below 43°N (Archer 2002). It is typically found in waters outside the
continental shelf and is often associated with convergence zones and areas of upwelling (Archer 2002).
Striped dolphins are fairly gregarious (groups of 20 or more are common) and active at the surface
(Whitehead et al. 1998). Wade and Gerrodette (1993) reported a mean group size of 60.9 in the ETP, and
Smith and Whitehead (1999) reported a mean group size of 50 in the Galapagos Islands.

Striped dolphins are not considered common in SE Asia (Perrin et al. 2005). However, they are
known to occur in the Philippines (Perrin et al. 2005), in the East and South China seas off China and
Taiwan (Parsons et al. 1995; Zhou et al. 1995; Chou 2004; Perrin et al. 2005), as well as Hong Kong
(Parsons et al. 1995; Jefferson and Hung 2007). However, sightings in Taiwan are relatively rare (Wang
and Yang 2006). One striped dolphin stranded in Taiwan in 2004 (Wang and Yang 2006), and two
striped dolphins stranded there 2005 (Yang et al. 2008).

Fraser’s Dolphin

Fraser’s dolphin is a tropical species found between 30°N and 30°S (Dolar 2002). It only occurs
rarely in temperate regions, and then only in relation to temporary oceanographic anomalies such as El
Nifo events (Perrin et al. 1994b). The species typically occurs in deep, oceanic waters. In the ETP, most
sightings were 45-100 km from shore in waters 1500-2500 m deep (Dolar 2002). Off Huahine and
Tahiti (Society Islands), it was observed in waters 500—1500 m deep (Gannier 2000).
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Fraser’s dolphins travel in groups ranging from just a few animals to 100 or even 1000 (Perrin et al.
1994b). Wade and Gerrodette (1993) reported a mean group size of 394.9 for the ETP. In the ETP, its
abundance has been estimated at about 289,000 (Wade and Gerrodette 1993). In the eastern Sulu Sea
adjacent to the Philippines, the abundance estimate is 8700 (Dolar 1999 in Perrin et al. 2003).

In SE Asia, Fraser’s dolphins are known to occur in the Philippines (Acebes 2005 in Perrin et al.
2005; Acebes and Lesaca 2003; Perrin et al. 2005), in the East and South China seas off China and
Taiwan (Parsons et al. 1995; Zhou et al. 1995; Chou 2004; Perrin et al. 2005), as well as Hong Kong
(Parsons et al. 1995; Jefferson and Hung 2007). Perrin et al. (2003) have suggested that animals off Japan
belong to a different population than those in the Philippines. During surveys off central-eastern Taiwan
(Yang et al. 1999) and southern Taiwan (Wang et al. 2001a), the majority of individual cetaceans seen
were Fraser’s dolphins. Off central-eastern Taiwan, most animals were seen near Shih-ti, in water >800
m deep (Yang et al. 1999). The mean group size was 224.4, and sightings were made at a rate of 0.03 per
hour (Yang et al. 1999). This species is also known to strand often in Taiwan (Perrin et al. 2005). Off
southern Taiwan, Risso’s dolphins are often seen in mixed groups with Fraser’s dolphins (Wang et al.
2001a).

Long- and short-beaked Common Dolphin

The common dolphin is found in tropical and warm temperate oceans around the world (Perrin
2002b). It ranges as far south as 40°S in the Pacific Ocean, is common in coastal waters 200-300 m deep,
and is also associated with prominent underwater topography, such as seamounts (Evans 1994). Off
northern New Zealand, it is generally seen at a mean distance <10 km from shore in the summer, and
moves further offshore in winter (Neumann 2001). Common dolphins often travel in fairly large groups;
schools of hundreds or even thousands are common. Smith and Whitehead (1999) noted that common
dolphins were frequently seen in waters near the Galapagos Islands, with a mean group size of 125.
Wade and Gerrodette reported a mean group size of 472.8 in the southern portion of the ETP.

There are two species of common dolphins: the short-beaked common dolphin (D. delphis) and the
long-beaked common dolphin (D. capensis). The long-beaked common dolphin is distributed from
central Japan southward to Australia and New Zealand. It is known to occur off mainland China in the
Yellow, East China and South China seas, in waters of Taiwan (Parsons et al. 1995; Zhou et al. 1995;
Chou 2004; Perrin et al. 2005), as well as Hong Kong (Parsons et al. 1995; Jefferson and Hung 2007).
There have not been any sightings in the Philippines (Perrin et al. 2005). Most common dolphins in SE
Asia appear to be the extremely long-beaked form (D. capensis tropicalis) although standard long-beaked
form (D. c. capensis) also occurs in the temperate areas near Taiwan and possibly central and northern
China (Jefferson and Van Waerebeek 2002). It is uncertain whether short-beaked common dolphins
occur off Hong Kong (Parsons et al. 1995; Jefferson and Hung 2007) or Taiwan (Zhou et al. 1995; Chou
2004). Zhou et al. (1995) reported that it does not occur in Chinese waters, but Rudolph and Smeenk
(2002) noted that it has been reported off Taiwan and southern Japan, and its distributional range appears
to include Taiwan (Jefferson et al. 2008). Yang (1976) noted the presence of both species in the waters of
Taiwan.

Risso’s Dolphin

Risso’s dolphin is primarily a tropical and mid-temperate species distributed worldwide. It occurs
between 60°N and 60°S, where surface water temperatures are at least 10°C (Kruse et al. 1999). In the
northern Gulf of Mexico, Risso’s dolphin usually occurs over steeper sections of the upper continental
slope (Baumgartner 1997) in waters 150-2000 m deep (Davis et al. 1998). In Monterey Bay, California,
it is most numerous where there is steep bottom topography (Kruse et al. 1999). Risso’s dolphins occur
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individually or in small to moderate-sized groups, normally ranging from 2 to <250. The majority of
groups consist of <50 (Kruse et al. 1999). Wade and Gerrodette (1993) reported a mean group size of
11.8 in the ETP.

In the western Pacific, Risso’s dolphins range from the Kuril Islands to New Zealand and Australia.
They are known to occur in the Philippines (Perrin et al. 2005), off mainland China in the Yellow, East
and South China seas (Parsons et al. 1995; Zhou et al. 1995; Perrin et al. 2005), around Taiwan (Parsons
et al. 1995; Zhou et al. 1995; Chou 2004; Wang and Yang 2006) as well as Hong Kong (Parsons et al.
1995; Jefterson and Hung 2007). Risso’s dolphin is the most commonly encountered cetacean species off
southeastern Taiwan (Wang et al. 2001a; Perrin et al. 2005). The populations are estimated at 218 Risso’s
dolphins off northeastern Taiwan (Chen 2001 in Perrin et al. 2005), and 153 dolphins off southwestern
Taiwan (Huang 1996 in Perrin et al. 2005), although the latter estimate is uncertain. Huang (1996 in
Chou 2004) gave a density estimate of 0.046. During surveys off central-eastern Taiwan, Risso’s
dolphins were the most frequently encountered cetacean (Yang et al. 1999). The were distributed evenly
within the study area, but mainly in waters >800 m deep (Yang et al. 1999). The mean group size was
23.2, and sightings were made at a rate of 0.13 per hour (Yang et al. 1999).

Melon-headed Whale

The melon-headed whale is a pantropical and pelagic species that occurs mainly between 20°N and
20°S in offshore waters (Perryman et al. 1994). Melon-headed whales tend to occur in groups of 100—
500, but have also been seen in groups of up to 2000 (Jefferson et al. 2008). Wade and Gerrodette (1993)
reported a mean group size of 199 for the ETP. Melon-head whales are commonly seen in mixed groups
with other cetaceans (Jefferson and Barros 1997).

Melon-headed whales are known to occur off mainland China in the East and South China seas,
Taiwan, and around the Babuyan Islands in the Philippines (Zhou et al. 1995; Acebes 2005 in Perrin et al.
2005; Acebes and Lesaca 2003; Chou 2004; Perrin et al. 2005). Several recent sightings have been made
in Taiwan waters (Wang et al. 2001a,b).

Pygmy Killer Whale

The pygmy killer whale is distributed throughout tropical and subtropical oceans worldwide (Ross
and Leatherwood 1994; Donahue and Perryman 2002). Little is known about the species in most of its
range, but it is sighted frequently in the ETP, off Hawaii, and off Japan (Donahue and Perryman 2002).
In warmer water, it is usually seen close to the coast (Wade and Gerrodette 1993), but it is also found in
deep waters. In the Marquesas, it was sighted in water 100 m deep (Gannier 2002). Pygmy killer whales
tend to travel in groups of 15-50, although herds of a few hundred have been sighted (Ross and
Leatherwood 1994). Wade and Gerrodette (1993) reported a mean group size of 27.9 in the ETP.

The pygmy killer whale is known to occur off mainland China in the East China Sea (Perrin et al.
2005), in Taiwan (Zhou et al. 1995; Chou 2004; Wang and Yang 2006), and in the Philippines (Perrin et
al. 2005). Wang et al. (2001a) reported one sighting of pygmy killer whales during offshore surveys off
southern Taiwan in 2000. Eight pygmy whales stranded at Tainan in 2005 (Hsieh et al. 2005).

False Killer Whale

The false killer whale is found in all tropical and warmer temperate oceans, especially in deep, off-
shore waters (Odell and McClune 1999). It is also known to occur in nearshore areas (e.g., Stacey and
Baird 1991). In the ETP, it is usually seen far offshore (Wade and Gerrodette 1993). False killer whales
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travel in pods of 20-100 (Baird 2002), although groups of several hundred are sometimes observed.
Wade and Gerrodette (1993) reported a mean group size of 11.4 in the ETP.

In the west Pacific, the false killer whale is distributed from Japan to Australia. The false killer
whale is known to occur in the Philippines (Acebes 2005 in Perrin et al. 2005; Acebes and Lesaca 2003;
Perrin et al. 2005), in the Yellow, East and South China seas off China and Taiwan (Parsons et al. 1995;
Zhou et al. 1995; Chou 2004; Perrin et al. 2005), as well as Hong Kong (Parsons et al. 1995; Jefferson
and Hung 2007). Yang et al. (1999) noted an encounter rate of 0.01 sightings per hour of surveys off the
central-eastern coast of Taiwan. Wang et al. (2001a) reported two sightings of false killer whales during
offshore surveys off southern Taiwan.

Killer Whale

The killer whale is cosmopolitan and globally fairly abundant; it has been observed in all oceans of
the world (Ford 2002). It is very common in temperate waters, and also frequents tropical waters, at least
seasonally (Heyning and Dahlheim 1988; Reeves et al. 1999). High densities of the species occur in high
latitudes, especially in areas where prey is abundant. Although resident in some parts of its range, the
killer whale can also be transient. Killer whale movements generally appear to follow the distribution of
their prey, which includes marine mammals, fish, and squid. Killer whales are large and conspicuous,
often traveling in close-knit matrilineal groups of a few to tens of individuals (Dahlheim and Heyning
1999). Wade and Gerrodette (1993) reported a mean group size of 5.4 in the ETP.

Killer whales are known to occur off China in the Yellow and East China seas (Zhou et al. 1995;
Perrin et al. 2005), off Taiwan (Zhou et al. 1995; Chou 2004; Chou et al. 2007), and in the Philippines
(Perrin et al. 2005). They do not appear to be common or resident in Taiwan (Wang et al. 2001a). One
killer whale sighting was made by Yang et al. (1999) during surveys off the central-eastern coast of
Taiwan. Twenty killer whale sightings (incidental) were reported between 1996-2005 from the eastern
and southwestern waters of Taiwan (Chou et al. 2007).

Short-finned Pilot Whales

The short-finned pilot whale is found in tropical and warm temperate waters (Olson and Reilly
2002); it is seen as far south as ~40°S, but is more common north of ~35°S (Olson and Reilly 2002). Pilot
whales occur on the shelf break, over the slope, and in areas with prominent topographic features, and are
usually seen in groups of 20-90 (Olson and Reilly 2002). Wade and Gerrodette (1993) reported a mean
group size of 18.3 in the ETP. Long-finned pilot whales outfitted with time-depth recorders dove to
depths up to 828 m, although most of their time was spent above depths of 7 m (Heide-Jorgensen et al.
2002). The species’ maximum recorded dive depth is 971 m (Baird pers. comm. in DoN 2005).

Short-finned pilot whales are known to occur off mainland China in the South China Sea (Perrin et
al. 2005), off Taiwan (Miyashita et al. 1995 in Zhou et al. 1995; Chou 2004), and in the Philippines
(Acebes et al. 2000 in Perrin et al. 2005; Acebes and Lesaca 2003; Perrin et al. 2005). Wang et al.
(2001a) reported two sightings of short-finned pilot whales during offshore surveys off the southern coast
of Taiwan. Short-finned pilot whales have also stranded in Taiwan (Wang and Yang 2006; Yang et al.
2008). Short-finned pilot whales have been seen to follow large-amplitude internal waves in the Luzon
Strait; the whales are thought to take advantage of the upwelling caused by these waves, which may make
potential prey items like fish and squid more available (Moore and Lien 2007).
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Finless Porpoise

The finless porpoise has a fragmented distribution throughout the coastal waters of the Indo-
Pacific. The species is listed as vulnerable on the 2008 IUCN Red List of Threatened Species (IUCN
2008) (Table 3). Its range extends from northern Japan (Shirakihara et al. 1992) south to the waters of
Taiwan and China (Parsons et al. 1995; Zhou et al. 1995; Parsons and Wang 1998; Perrin et al. 2005), to
Indonesia (Parsons and Wang 1998), and along coastal SE Asia and the Indian Ocean to the Arabian Gulf
(Parsons and Wang 1998).

Parsons et al. (1995) and Jefferson and Hung (2007) reported on resident finless porpoise in Hong
Kong. Only unconfirmed sightings exist for the Philippines (Parsons and Wang 1998). The finless
porpoise inhabits warm, shallow coastal and estuarine waters, where it typically occurs in water depths
<50 m (Shirakihara et al. 1992). Although it is rarely encountered more than 5 km from shore, finless
porpoises have been seen in shallow water (<200 m deep) up to 240 km from shore in the Yellow and
East China Seas (Kasuya 1999; Jefferson et al. 2008). Finless porpoise have also been sighted ~135 km
(73 miles) offshore in the South China Sea (De Boer 2000). This shallow-water species is known on the
west coast of Taiwan but is unlikely to occur off the east coast of Taiwan (Zhou et al. 1995; Wang et al.
2001a), and it was not seen during surveys off southern Taiwan in 2000 (Wang et al. 2001a). A finless
porpoise specimen was found in the Ryukyu archipelago, which is located in the northern portion of the
TAIGER survey area (Uchida 1994 in Reeves et al. 1997). This species occurs primarily in areas with
sandy or soft bottoms and is less likely to occur in areas with hard bottoms (Reeves et al. 1997). Finless
porpoise are known to feed on crustaceans, particularly shrimp, squid and octopus, and small fish
(reviewed in Reeves et al. 1997).

There are three populations of finless porpoise in SE Asia: the Yangtze River population
(Neophocaena phocaeniodes asiaeorientalis), the East and Yellow Sea population (N. p. sunameri), and
the South China Sea population (N. p. phocaenoides) (Gao and Zhou 1993; Amano 2002). Gao and Zhou
(1993) and Wang et al. (2008) reported on the morphological differences between these populations. The
distributions of N. p. phocaenoides and N. p. usunameri overlap in the Taiwan Strait, and based on
genetic analyses, these two forms are actually two different species (Wang et al. 2008). The calving
season is quite variable amongst different populations of the finless porpoise. In the South China Sea, the
finless porpoise gives birth from June to March, with a peak between August and December (Gao and
Zhou 1993); in Hong Kong, parturition occurs from November through March (Parsons and Wang 1998);
and in the Yangtze River calving occurs from March to May (see Jefferson et al. 2002). Abundance is
estimated at >220 off Hong Kong, <2000 in the Yangtze River, and 5000-10,000 in Japanese waters
(Jefferson et al. 2008). The Yangtze River population is undergoing a new assessment but was classified
as endangered in 1996 (IUCN 2008).

(3) Pinnipeds

There are no pinnipeds that occur within the TAIGER study area in SE Asia.

Sea Turtles

Five species of sea turtles occur within the TAIGER study area, including the leatherback
(Dermochelys coriacea), green (Chelonia mydas), loggerhead (Caretta caretta), hawksbill (Eretmochelys
imbricata), and olive ridley turtles (Lepidochelys olivacea) (Chan et al. 2007). The green, loggerhead,
and hawksbill turtles are the most widespread species in the study area, and also nest in most countries
and territories of this region (Chan et al. 2007).
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(1) Leatherback Turtle

The leatherback turtle is listed as endangered under the U.S. ESA and critically endangered on the
2008 IUCN Red List of Threatened Species (IUCN 2008), and is listed in CITES Appendix I (UNEP-
WCMC 2008). The world leatherback turtle population is currently estimated at 35,860 females (Spotila
2004). A significant decline in the numbers of nesting leatherbacks in the Pacific has been reported
(Dutton et al. 2007) with possible extirpation of some nesting groups in the eastern Pacific (Spotila et al.
2000).

The leatherback is the largest and most widely distributed sea turtle, ranging far from its tropical
and subtropical breeding grounds (Plotkin 2003). Frair et al. (1972) and Greer et al. (1973) noted that
leatherback turtles have evolved physiologically with anatomical adaptations to cold water, allowing them
to use some habitats that other sea turtles species would not. They have been reported from 71°N to 42°S
in the Pacific Ocean (NMFS and USFWS 1998a, 2007a). Leatherbacks are highly pelagic, spending the
majority of their time in waters >1000 m deep and possibly swimming more than 10,000 km in a year
(Eckert 1995 in NMFS 2002). Female leatherbacks approach coastal waters only during the reproductive
season (EuroTurtle 2006), whereas males are rarely observed near nesting sites (NMFS 2002).

Leatherbacks are highly migratory, feeding in convergence zones and upwelling areas in the open
ocean, along continental margins, and in archipelagic waters (Morreale et al. 1994). Hatchling
leatherbacks are pelagic, but nothing is known about their distribution for the first four years (Musick and
Limpus 1997). Post-nesting adult leatherbacks appear to migrate along bathymetric contours from 200 to
3500 m (Morreale et al. 1994). There is evidence that leatherbacks are associated with oceanic front
systems, such as shelf breaks and the edges of oceanic gyre systems where their prey is concentrated
(Lutcavage 1996). Leatherbacks feed mainly on jellyfish, tunicates, and other epipelagic soft-bodied
invertebrates (Davenport and Balazs 1991).

The leatherback turtle is one of the deepest divers in the ocean, with dives deeper than 1000 m
(Eckert et al. 1989). The leatherback dives continually and spends short periods of time on the surface
between dives (Eckert et al. 1986; Southwood et al. 1998). Off Playa Grande, Costa Rica, six inter-nesting
female leatherbacks spent 57-68% of their time underwater, diving to a mean depth of 19 m for 7.4 min
(Southwood et al. 1998 in NMFS 2002). Off St. Croix, six inter-nesting females dove to a mean depth of
61.6 m for an average of 9.9 min, and post-dive surfacing intervals averaged 4.9 min (Eckert et al. 1989).
During shallow-water diving in the South China Sea, typical dive durations averaged 6.9—14.5 min, with a
maximum of 42 min (Eckert et al. 1996). Off central California, leatherbacks dove to 20-30 m with a maxi-
mum of 92 m, corresponding to the vertical distribution if their prey, and mean dive and surface durations were
2.9 and 2.2 min, respectively (Harvey et al. 2006).

In the eastern Pacific, leatherbacks nest along the west coast of Mexico and Central America from
October to March (EuroTurtle 2006). In the western Pacific, they mainly nest in New Guinea, the
Solomon Islands, and Vanuatu, with fewer nesting in Fiji, Malaysia, and Australia (EuroTurtle 2006;
NMFS and USFWS 2007a). Leatherbacks are not known to nest in the study area (Chan et al. 2007), but
are known to forage in waters off Nanao Island and Dongshan Island, between Guangdong and Fujian
China (Xu and Zhang 2000 in Chan et al. 2007). Leatherbacks have also been reported feeding during
jellyfish reproduction season in autumn off the waters of Jiangsu, East China Sea (Hua and Yin 1993 in
Chan et al. 2007). Thus, migrating or foraging leatherbacks could be encountered during the proposed
seismic survey.
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(2) Green Turtle

The green turtle is listed as threatened under the ESA throughout its Pacific range, except for the
endangered population nesting on the Pacific coast of Mexico. The green turtle is listed as endangered
on the 2008 TUCN Red List of Threatened Species (IUCN 2008) and is listed in CITES Appendix I
(UNEP-WCMC 2008). The worldwide green turtle population is estimated at 88,520 nesting females by
Spotila (2004) and 110,000-150,000 by NMFS and USFWS (2007b). The worldwide population has
declined 50—70% since 1900 (Spotila 2004).

The green turtle is widely distributed in tropical and subtropical waters near continental coasts and
around islands. Some authorities treat the black turtle (C. agassizii) as a separate species, but most
recognize the black turtle as a subspecies of green turtle (Karl and Bowen 2001). Green turtles typically
migrate along coastal routes from rookeries to feeding grounds, although some populations conduct trans-
oceanic migrations (EuroTurtle 2006). Females typically show nest-site fidelity, and nest repeatedly in
the same spot, or at least on the same beach from which they hatched. Hatchlings are epipelagic (surface
dwelling in the open sea) for ~1-3 years. Subsequently, most green turtles live in bays and along
protected shorelines, and feed during the day on seagrass and algae (Bjorndal 1982). Juvenile and sub-
adult green turtles can travel thousands of kilometers before they return to breeding and nesting grounds
(Carr et al. 1978). It has been suggested recently that some green turtles remain in oceanic habitats,
foraging on jellyfish and other pelagic prey, and possibly never inhabit coastal foraging sites (NMFS and
USFWS 2007b).

Green turtles typically make dives shallower than 30 m (Hochscheid et al. 1999; Hays et al. 2000),
although they have been observed diving to 73—110 m in the eastern Pacific Ocean (Berkson 1967). The
maximum dive time recorded for a juvenile green turtle off Hawaii was 66 min, and routine dive times
were 9-23 min (Brill et al. 1995).

The largest nesting area of green turtles is Raine Island off eastern Australia; ~25,000 females nest
there (NMFS and USFWS 2007b). Smaller numbers of green turtles are also known to nest on islands
throughout the TAIGER study area (Chan et al. 2007). Green turtles occur in most countries and
territories in the TAIGER study area, including mainland China, Taiwan, Philippines, and Okinawa and
adjacent islands of the central Ryukyus, Japan (Chan et al. 2007). The green turtle is the most common
and abundant sea turtle in China. Its distribution ranges from Liaoning in the north, past Taiwan, to the
Beibu Gulf in the South China Sea. However, existing nesting sites are only located in a few subtropical
or tropical beaches in Guangdong and Taiwan as well as several sites in the Dongsha (Pratas Island),
Xisha, and Nansha archipelagos in the South China Sea (Chan et al. 2007). Nesting can occur throughout
the year, but peaks between July and August (Cheng 2002). Green turtles are most abundant in the
southern waters of China, and nearly 80% of the turtles captured during a survey in the South China Sea
came from the waters of Hainan Island and the Xisha Archipelago. The remaining turtles were captured
from Guangdong and Fujian (Frazier et al. 1988).

In mainland China, a survey on the distribution and nesting sites of green turtles was conducted in
Fujian, Guangdong, and Hainan Island in 1985, with 14 nesting beaches being identified, including 7 in
Fujian, 1 in Guangdong, and 6 on Hainan Island. Except for nesting at Huidong in Guangdong, no
nesting activity was observed at the other sites (Frazier et al. 1988). Based on local anecdotal accounts,
unconfirmed reports of historical nesting sites include Chuanshan Island in Guangdong and the Beibu
Gulf in Guangxi. However, these sites seemed to have been abandoned over the past few decades (Jiang
et al. 2000). Currently, the only known nesting sites on mainland China for green turtles are in Huidong
(Gangkou Sea Turtle National Nature Reserve; GSTNNR) and Hong Kong. According to the Gangkou
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Sea Turtle National Nature Reserve’s record (GSTNNR 2005; Chan et al. 2007), the number of nesting
incidents (i.e., confirmed egg laying) and number of eggs laid by green turtles each year ranged from 1 to
83 and 131 to 9766, respectively. This resulted in the production of over 75,000 eggs from 665 nests
during 1985 to 2005. On average, there were about 30 nests, with 3500 eggs, being laid each year.

The only nesting site in Hong Kong is located on a small sandy beach called Sham Wan on Lamma
Island, where there are up to five nesting females per season (Cheng 1997 in Chan et al. 2007). From
1997 to 2005, the total number of nests was 28, and the estimated total number of eggs laid was about
3000 (AFCD 2005). Frazier et al. (1988) suggested that there is little feeding habitat for green turtles
along the coast of Fujian and Guangdong, due to the lack of suitable nearshore waters. However, the
waters surrounding Nanao Island and Dongshan Island, between Guangdong and Fujian, were reported to
be important foraging grounds for green turtles (Xu and Zheng 2000 in Chan et al. 2007). The coastal
waters off Guangdong, and in particular, the waters around offshore islands, such as the Wanshan
Archipelago, Shangchaun Island, Xiachuan Island, Donghai Island, and the Qiongzhou Gulf of the
Leizhou Peninsula, are also potential foraging grounds for green turtles (Chan 2004). Other potential
foraging grounds for green turtles on mainland China may occur along the coastal waters where many
green turtles, in particular juveniles and subadults, have been captured or seen, and where suitable
habitats, such as coral reefs and seagrass pastures are present. These sites include the inshore waters of
Pingtan Island and Dongshan Island in Fujian (Zheng 1985); and Shanwei in Guangdong (AFCD 2005).
Satellite telemetry has indicated that the southern coastal waters of Hainan Island, in particular the
shallow waters near Wanning and Wenchang, are potential foraging grounds for green turtles (Chan et al.
2003).

Among the various nesting sites in Taiwan, green turtles mainly nest on Wan-an Island in Penghu
Archipelago and Lanyu Island in Taitung County (Cheng 1997 in Chan et al. 2007). Wan-an Island of
Penghu Archipelago hosts a small rookery, with 2 to 19 nesting females each year during 1992 to 2005
(Fig. 5 in Chen and Cheng 1995). The small green turtle rookery on Lanyu Island hosts between 5 to 13
nesting females per season. There are two nesting beaches on the island; one faces the Pacific Ocean and
the other faces eastern Taiwan (Cheng 2002). Surveys for nesting sea turtles conducted on Okinawa and
adjacent islands of the central Ryukyus, Japan, between 1995 and 1996 showed that there were five
clutches that belonged to green turtles as well (Kikukawa et al. 1996). The nesting period in this area
ranges at least from mid-May to mid-July (Kikukawa et al. 1996).

Green turtle foraging grounds include the coastal waters off Taiwan (Cheng and Chen 1997).
Satellite telemetry showed that the foraging grounds of adult green turtles that nested at Wan-an Island
included the coastal waters off northern Taiwan, Nanao Island, Huidong, Hong Kong, Donsha
Archipelago, Hainan Island, east coast of Leizhou Peninsula, northern Philippines, Ryukyu Archipelago,
and Koshiki in southern Japan (Cheng et al. 2000). One post-nesting green turtle from Wan-an Island and
another from Gangkou Sea Turtle National Reserve were found to spend time in the nearshore waters of
Okinawa Island, Japan (Cheng 2000a; Song et al. 2002). The northeastern waters of Okinawa Island are
also known as a foraging site for green turtles. In addition, coastal fishery bycatch showed that the coral
reefs in the Penghu waters act as a foraging site for juvenile and subadult green turtles (Chen et al. 2004).

In the South China Sea, green turtle nesting sites include the Dongsha Archipelago, Taipin Island,
and the Xisha Archipelago (Liang et al. 1990 in Chan et al. 2007). However, only the nesting sites on the
Dongsha Archipelago are within the TAIGER study area. The Dongsha Archipelago hosts a small green
turtle rookery, with 4 to 10 nesting females per season (Cheng 1995). Satellite telemetry shows that the
foraging grounds of adult green turtles, nesting on Taipin Island of the Nansha Archipelago, are mainly
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located in the coastal waters off Palawan Island, Philippines, the north coast of eastern Malaysia, and the
east coast of Luzon Island, Philippines (Cheng 2007). Inconel tags showed that a green turtle, which
nested at Wan-an Island, was found in the northern Philippines (Cheng 2000a). The Donsha
Archipelagos host substantial seagrass pastures and coral reefs, which may provide suitable foraging
grounds for green turtles as well (Li et al. 2004 in Chan et al. 2007).

Green turtles are the most widespread sea turtle species in the TAIGER study area. Of the five sea
turtles species in the study area, they are the most likely to be encountered during the seismic survey.

(3) Loggerhead Turtle

The loggerhead turtle is listed as threatened under the U.S. ESA throughout its range, primarily
because of direct take, incidental capture in various fisheries, and the alteration and destruction of its
habitat (NMFS 2002). The loggerhead is categorized as endangered on the 2008 ITUCN Red List of
Threatened Species (IUCN 2008), and is listed in CITES Appendix I (UNEP-WCMC 2008). The global
population of loggerhead turtles is estimated at 43,320—44,560 nesting females (Spotila 2004).

The loggerhead is a widely distributed species, occurring in coastal tropical and subtropical waters
around the world. On average, loggerheads turtles spend over 90% of their time underwater (Byles 1988;
Renaud and Carpenter 1994). In the North Pacific Ocean, two loggerheads tagged with satellite-linked
depth recorders spent about 40% of their time in the top meter and virtually all their time shallower than
100 m; 70% of the dives were no deeper than 5 m (Polovina et al. 2003). Off Japan, virtually all the dives
of two loggerheads between nesting periods were shallower than 30 m (Sakamoto et al. 1993). Routine
dives can last 4-172 min (Byles 1988; Sakamoto et al. 1990; Renaud and Carpenter 1994). Small
juvenile loggerheads live at or near the surface; for the 612 years spent at sea as juveniles, loggerheads
spend 75% of their time in the top 5 m of water (Spotila 2004). Juveniles spend more time on the surface
in deep, offshore areas than in shallow, nearshore waters (Lutcavage and Lutz 1997).

Loggerhead turtles undertake long migrations that take them far from their breeding grounds.
Loggerheads may be seen in the open seas during migration. They prefer to feed in coastal bays and
estuaries, and in the shallow waters along the continental shelves of the Atlantic, Pacific, and Indian
oceans. Adult loggerheads feed on a variety of benthic fauna like conchs, crabs, shrimp, sea urchins,
sponges, and fish. During migration through the open sea, they eat jellyfish, pteropods, floating mollusks,
floating egg clusters, flying fish, and squid, feeding mostly in the top 50 m (Polovina et al. 2003, 2004).

Nesting in the Pacific Ocean basin is restricted to the western region; the two main nesting stocks
in Japan and Australia/New Caledonia have been identified as genetically distinct (NMFS and USFWS
2007c). The closest nesting beaches to the study area are on Okinawa and adjacent islands of the central
Ryukus, Japan. Surveys for nesting sea turtles conducted on Okinawa and adjacent islands of the central
Ryukyus, Japan between 1995 and 1996 showed that there were 47 clutches that belonged to loggerhead
turtles (Kikukawa et al. 1996). The estimation of nesting dates suggests that the nesting period of the
loggerhead in this area ranges from April to August, with a peak in July. Loggerhead turtles are also
known to nest in the Xisha Archipelago in the South China Sea (Cheng 2000c).

The size structure of loggerheads in coastal and nearshore waters of the eastern and western Pacific
Ocean suggest that hatchling loggerheads in the Pacific Ocean have a pelagic stage similar to that in the
Atlantic (NMFS 2002), where they spend the first 2—6 years of their lives at sea. Telemetry studies,
mark-recapture data, demographics, diet analysis, and oceanographic patterns suggest that North Pacific
loggerhead turtles, mostly born in southern Japan, are transported as hatchlings and juveniles to the North
Pacific by the Kuroshio Current. They spend the next 2—6 years moving from west to east, feeding along
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convergence and frontal zones. Loggerheads arrive at the U.S. west coast as juveniles, and feed along the
Baha California coast on pelagic red crabs, which are extremely abundant there in spring and early
summer. When mature, they migrate back to natal beaches in Japan and remain in the western Pacific,
migrating annually between nesting beaches and feeding grounds in the South and East China Seas
(Nichols et al. 2000; Nichols 2005; Parker et al. 2005). Tagged loggerhead turtles, recovered during
fisheries bycatch, showed that the East China Sea and the coastal waters off Japan are foraging grounds
for loggerhead turtles nesting in Japan (Sato et al. 1997). The continental shelves of the South China Sea
are also considered as foraging grounds for loggerhead turtles nesting in Japan (Zhu 2002). Hatese et al.
(2002) reported that three loggerhead turtles that nested at Minabe in Japan migrated to the East China
Sea. Further evidence was given by the report that a loggerhead turtle tagged in Japan was recaptured in
Vietnam (Sadoyama et al. 1996).

(4) Hawksbill Turtle

The hawksbill turtle is listed as endangered under the U.S. ESA and critically endangered on the
2008 TUCN Red List of Threatened Species (IUCN 2008), and is listed in CITES Appendix I (UNEP-
WCMC 2008). The hawksbill is a solitary nester, and population trends or estimates are difficult to deter-
mine. The worldwide hawksbill population is estimated at 20,000-26,000 nesting females, <10% of the
population a century ago (Spotila 2004).

Hawksbill turtles can be found in the Yellow, East China, and South China seas, ranging from
waters off Shandong to the Beibu Gulf. Most records of live sightings and strandings in China are
subadults from the East China and South China Seas (Frazier et al. 1988). Hawksbill turtles are observed
in shallow waters with seagrass or algal meadows, and are most common where reef formations are
present. They live in clear, littoral waters of mainland and island shelves. Post-hatchlings are believed to
be pelagic, taking shelter in weed lines around convergence zones, and they re-enter coastal waters once
attaining a length of ~25-35 cm (NMFS and USFWS 1998b). In the Pacific, the pelagic habitat of
hawksbill juveniles is still unknown (NMFS 2008a).

Frazier et al. (1988) suggested that there is little feeding habitat for hawksbill turtles along the coast
of Fujian and Guangdong, China, due to the lack of suitable nearshore waters. However, the waters
surrounding Nanao Island and Dongshan Island, between Guangdong and Fujian, were reported to be
important foraging grounds for hawksbill turtles (Xu and Zheng 2000 in Chan et al. 2007). Other
potential foraging grounds for hawksbill turtles, in China, may occur along the coastal waters where
hawksbill turtles, in particular juveniles and subadults, have suitable habitats, such as coral reefs and
seagrass pastures. These sites include the inshore waters of Pingtan Island and Dongshan Island in Fujian
(Zheng 1985); and Shanwei in Guangdong (AFCD 2005). In addition, coastal fishery bycatch showed
that the coral reefs in the Penghu waters act as a foraging site for juvenile and subadult hawksbill turtles
(Chen et al. 2004). Hawksbill turtles appear to be specialist sponge carnivores (e.g., Vicente 1994) that
move from shallow to deeper (<200 m) water as they grow (NMFS and USFWS 1998b). They nest on
low- and high-energy beaches, often sharing high-energy locations with green turtles. Hawksbill turtles
most commonly perform short-distance movements between nesting beaches and offshore feeding banks,
although long-distance movements are also known (NMFS and USFWS 1998b, 2007d).

Hawksbills have very long routine dive times. For inter-nesting females in St. Croix, Starbird et al.
(1999) reported dive times averaging 56 min, a maximum dive time of 73.5 min, and an average surface
interval of ~2 min. Average day and night dive times were 34—65 and 42—74 min, respectively. Based on
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time-depth recorder studies in Puerto Rico, foraging dives of immature hawksbills were 8.6—14 min to a
mean depth of 4.7 m (van Dam and Diez 1996).

Within the TAIGER study area, hawksbills are only known to nest on the Dongsha Archipelago
(Cheng 2000b). The Dongsha Archipelago hosts a small hawksbill turtle rookery, with 4 to 10 nesting
females per season (Cheng 1995).

(5) Olive Ridley Turtle

The olive ridley turtle has a large range in tropical and subtropical regions in the Pacific, Indian,
and South Atlantic oceans, and is generally found between 40°N and 40°S. The olive ridley is the most
abundant sea turtle in the world, although its population is in serious decline worldwide (Spotila 2004).
Olive ridley populations on the Pacific coast of Mexico are listed as endangered under the U.S. ESA; all
other populations are listed as threatened. The olive ridley is categorized as vulnerable on the 2008
ITUCN Red List of Threatened Species (IUCN 2008) and is listed in CITES Appendix I (UNEP-WCMC
2008). The worldwide population of olive ridley turtles is estimated at ~2 million nesting females
(Spotila 2004).

Olive ridley turtles lead a primarily pelagic existence (NMFS 2008b). For example, the post-
nesting migration routes of olive ridleys tracked via satellite from Costa Rica traversed thousands of
kilometers of deep oceanic waters ranging from Mexico to Peru, and more than 3000 km out into the
central Pacific (Plotkin et al. 1994a). The olive ridley is the most abundant sea turtle in the open ocean
waters of the ETP (Pitman 1990), where it forages, often in large groups, or flotillas (NMFS 2002).

Olive ridleys can dive and feed at considerable depths (80-300 m), although ~90% of their time is
spent at depths <100 m (Eckert et al. 1986; Polovina et al. 2003). In the ETP, at least 25% of their total
dive time is spent in the permanent thermocline, located at 20—-100 m (Parker et al. 2003). Olive ridleys
spend considerable time at the surface basking, presumably in an effort to speed their metabolism and
digestion after a deep dive (Spotila 2004). In the open ocean of the ETP, olive ridley turtles are often
seen near flotsam, possibly feeding on associated fish and invertebrates (Pitman 1992). In the North
Pacific Ocean, two olive ridleys tagged with satellite-linked depth recorders spent about 20% of their time
in the top meter and about 10% of their time deeper than 100 m; 70% of the dives were no deeper than
5 m (Polovina et al. 2003).

In the western Pacific, nesting colonies occur in the Philippines and northern Australia (EuroTurtle
2006), Papua New Guinea (Spring 1982), Bruney, Malaysia, Indonesia, and Vietnam (Spotila 2004). In
the eastern Pacific, the largest nesting concentrations occur in southern Mexico and northern Costa Rica,
with stragglers nesting as far north as southern Baja California (Fritts et al. 1982) and as far south as Peru
(Brown and Brown 1982). Most olive ridleys nest synchronously in huge colonies called “arribadas”,
with several thousand females nesting at the same time; others nest alone, out of sequence with the
arribada (Kalb and Owens 1994). The arribadas usually last from three to seven nights (Aprill 1994).
Most females lay two clutches of eggs with an inter-nesting period of 1-2 months (Plotkin et al. 1994b).
Radio-tracking studies showed that females that nested in arribadas remain within 5 km of the beach most
of the time during the inter-nesting period (Kalb and Owens 1994). Olive ridleys nest throughout the year
in the eastern Pacific with the highest numbers nesting during September—December (NMFS and USFWS
1998c). Arribadas are not known to occur in the western Pacific (Spotila 2004).

Although most mating is generally assumed to occur near nesting beaches, Pitman (1990) observed
olive ridleys mating at sea in the ETP, as far as 1850 km from the nearest mainland, during every month
of the year except March and December. However, there was a sharp peak in offshore mating activity
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during August and September, corresponding with peak breeding activity in mainland populations.
Turtles observed during NMFS/SWFC dolphin surveys during July—December 1998 and 1999 were
captured; 50 of 324 were involved in mating (Kopitsky et al. 2000). Aggregations of turtles', sometimes
>100 individuals, have been observed as far offshore as 120°W, ~3000 km from shore (Arenas and Hall
1991). As a significant proportion of mating is suspected to occur at sea, it is possible that some breeding
groups do not migrate to the nearshore breeding grounds at all (Pitman 1991; Kopitsky et al. 2000).

Outside of the breeding season, the turtles disperse, but little is known of their behavior. Neither
males nor females migrate to one specific foraging area, but exhibit a nomadic movement pattern and
occupy a series of feeding area in the oceanic waters (Plotkin et al. 1994a,b). Typically, turtles will feed
during the morning and bask on the water’s surface in the afternoon. Olive ridleys are primarily
carnivorous, feeding on crabs, jellyfish, and fish eggs. They feed on algae if no other food is available.
They are generally thought to be surface feeders, but have been caught in trawls at depths of 80—110 m
(NMFS and USFWS 1998c, 2007¢).

In the TAIGER study area, olive ridley turtles have been sighted in the East China and South China
Seas. Both adults and subadults have been recorded (Frazier et al. 1988). However, the olive ridley is an
uncommon species in the TAIGER study area (Chan et al. 2007). Olive ridley turtles are known to occur
more frequently in the waters off Fujian than off Hainan Island, Guangdong, or Zhejiang, China. Olive
ridley turtles are not known to nest in the study area (Cheng 1995). Coastal fishery bycatch showed that
the coral reefs in the Penghu waters can act infrequently as a foraging site for subadult olive ridley turtles
(Chen et al. 2004).

IV. ENVIRONMENTAL CONSEQUENCES

Proposed Action

(1) Direct Effects and Their Significance

The material in this section includes a summary of the anticipated effects (or lack thereof) on
marine mammals and sea turtles of the airgun system to be used by L-DEO. A more detailed review of
airgun effects on marine mammals appears in Appendix B. That Appendix is similar to corresponding
parts of previous EAs and associated IHA applications concerning other L-DEO seismic surveys since
2003, but was updated in 2008. Appendix C contains a general review of the effects of seismic pulses on
sea turtles. This section (along with Appendix B) also includes a discussion of the potential impacts of
operations by L-DEO’s MBES and SBP.

Finally, this section includes estimates of the numbers of marine mammals that could be affected
by the proposed activity during the seismic survey scheduled to occur from 21 March to 14 July 2009. A
description of the rationale for L-DEQ’s estimates of the numbers of exposures to various received sound
levels that could occur during the planned seismic program is also provided.

(a) Summary of Potential Effects of Airgun Sounds

The effects of sounds from airguns could include one or more of the following: tolerance, masking
of natural sounds, behavioral disturbance, and at least in theory, temporary or permanent hearing impair-

" Of sea turtles observed at sea, 75% were olive ridleys.
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ment, or non-auditory physical or physiological effects (Richardson et al. 1995; Gordon et al. 2004;
Nowacek et al. 2007; Southall et al. 2007). Permanent hearing impairment, in the unlikely event that it
occurred, would constitute injury, but temporary threshold shift (TTS) is not an injury (Southall et al.
2007). Although the possibility cannot be entirely excluded, it is unlikely that the project would result in
any cases of temporary or especially permanent hearing impairment, or any significant non-auditory
physical or physiological effects. Some behavioral disturbance is expected, but this would be localized
and short-term.

Tolerance.—Numerous studies have shown that pulsed sounds from airguns are often readily
detectable in the water at distances of many kilometers. For a summary of the characteristics of airgun
pulses, see Appendix B (3). Several studies have shown that marine mammals at distances more than a
few kilometers from operating seismic vessels often show no apparent response—see Appendix B (5).
That is often true even in cases when the pulsed sounds must be readily audible to the animals based on
measured received levels and the hearing sensitivity of that mammal group. Although various baleen
whales and toothed whales have been shown to react behaviorally to airgun pulses under some conditions,
at other times mammals of both types have shown no overt reactions. The relative responsiveness of
baleen and toothed whales are quite variable. During active seismic surveys, sea turtles typically do not
show overt reactions to airgun pulses.

Masking.—Masking effects of pulsed sounds (even from large arrays of airguns) on marine
mammal calls and other natural sounds are expected to be limited, although there are very few specific
data on this. Because of the intermittent nature and low duty cycle of seismic pulses, animals can emit
and receive sounds in the relatively quiet intervals between pulses. However, in exceptional situations,
reverberation occurs for much or all of the interval between pulses (e.g., Simard et al. 2005; Clark and
Gagnon 2006) which could mask calls. Some baleen and toothed whales are known to continue calling in
the presence of seismic pulses, and their calls usually can be heard between the seismic pulses (e.g.,
Richardson et al. 1986; McDonald et al. 1995; Greene et al. 1999; Nieukirk et al. 2004; Smultea et al.
2004; Holst et al. 2005a,b, 2006). In the northeast Pacific Ocean, blue whale calls have been recorded
during a seismic survey off Oregon (McDonald et al. 1995). Among odontocetes, there has been one
report that sperm whales ceased calling when exposed to pulses from a very distant seismic ship (Bowles
et al. 1994), but more recent studies found that they continued calling in the presence of seismic pulses
(Madsen et al. 2002; Tyack et al. 2003; Smultea et al. 2004; Holst et al. 2006; Jochens et al. 2006, 2008).
Dolphins and porpoises commonly are heard calling while airguns are operating (e.g., Gordon et al. 2004;
Smultea et al. 2004; Holst et al. 2005a,b; Potter et al. 2007). The sounds important to small odontocetes
are predominantly at much higher frequencies than are the dominant components of airgun sounds, thus
limiting the potential for masking. In general, masking effects of seismic pulses are expected to be minor,
given the normally intermittent nature of seismic pulses. Masking effects on marine mammals are
discussed further in Appendix B (4). We are not aware of any information concerning masking of hearing
in sea turtles.

Disturbance Reactions.—Disturbance includes a va