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Abstract

ABSTRACT

The Scripps Institution of Oceanography (SIO), with research funding from the National Science
Foundation (NSF), plans to conduct a seismic survey and test coring cruise in the Santa Barbara Channel
for 12 days during November 2008. The seismic survey will occur in water depths ranging from <50 m
to ~580 m during daylight hours. The seismic study will either use a 1.5-kJ (kiloJoule) electromechanical
boomer or a 2-kJ sparker system for shallow water, and a small (25- to 45-in®) GI airgun in deeper water.
The survey will test the feasibility of extending the remarkable high-resolution paleoclimate record in the
Santa Barbara Basin established in 1992 and 2005 from ~700,000 years ago back to ~1.2 million years
ago. This will be done by conducting detailed 3D modeling of the structure and outcrop stratigraphy of
the northern shelf to locate optimal core sites, and by conducting high-resolution seismic reflection site
surveys, test coring, and core analyses of the northern shelf and an elevated portion of the mid-channel
area called the Mid-Channel Trend. The seismic surveys will identify subsequent optimal and safe coring
strategies suitable for recovering a continuous paleoclimate record from the shallow marine sediments in
Santa Barbara Basin in the future as part of the Integrated Ocean Drilling Program (IODP).

SIO is requesting an Incidental Harassment Authorization (IHA) from the 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, notably sea turtles, which are listed under the U.S. Endangered
Species Act (ESA), and one mammal species (sea otter) that is managed by the U.S. Fish and Wildlife
Service (USFWS) rather than by NMFS. The EA addresses the requirements of the National Environ-
mental Policy Act (NEPA). 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 cetaceans and pinnipeds inhabit the Santa Barbara Channel. Several of these
species are listed as endangered under the ESA, including the humpback, sei, fin, blue, North Pacific
right, and sperm whales. Other species of special concern that could occur in the study area are the
endangered leatherback turtle and threatened loggerhead, green, and olive ridley turtles.

Potential impacts of the seismic survey on the environment would be primarily a result of the oper-
ation of the GI airgun and the boomer or sparker. A multibeam echosounder, chirp echosounder, and sub-
bottom profiler will also be operated. Impacts would be associated with increased underwater noise,
which could result in avoidance behavior of 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 mam-
mals 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. The planned monitoring and mitigation measures would
minimize the possibility of such effects.

Protection measures designed to mitigate the potential environmental impacts to marine mammals
and turtles will include the following: minimum of one dedicated observer maintaining a visual watch
during all daytime seismic operations, two observers 30 min before and during start ups (and when
possible at other times), shut downs when marine mammals or sea turtles are detected in or about to enter
designated exclusion zones, and shut downs if North Pacific right whales are sighted at any distance from
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Abstract

the source vessel (given their special status). SIO and its contractors are committed to apply these
measures in order to minimize effects on marine mammals and other environmental impacts.

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, or the populations to which they belong, or on their habitats.
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1. Purpose and Need

I. PURPOSE AND NEED

Scripps Institution of Oceanography (SI0), a part of the University of California, operates the oceano-
graphic research vessel (R/V) Melville under a charter agreement with the U.S. Office of Naval Research
(ONR). The title of the vessel is held by the U.S. Navy. SIO, in collaboration with other academic
institutions and the U.S Geological Survey (USGS), plans to conduct a seismic survey and test coring
program with the R/V Melville in the Santa Barbara Channel for 12 days in November 2008. The National
Science Foundation (NSF) is the agency of the U.S. Government that is providing the funding to support the
research to be undertaken on this research cruise. USGS will provide some scientific personnel and equipment
in support of this project, because of the critical importance of this research for coastal hazard and environ-
mental studies, as well as its contribution to understanding processes of global climate change. The marine
seismic survey and test coring will take place in water depths ranging from <50 m to ~580 m.

The purpose of this project is to test the feasibility of extending the remarkable high-resolution
paleoclimate record from Santa Barbara Basin from ~700,000 years ago back to ~1.2 million years ago.
This would be accomplished by conducting detailed 3D modeling of the structure and outcrop stratig-
raphy of the northern shelf to locate optimal core sites, and by conducting high-resolution seismic
reflection site surveys, test coring, and core analyses of both the northern shelf and mid-channel area. A
similar seismic and coring expedition in 2005 verified the presence of this remarkable paleoclimate record
back to ~700,000 years ago in the mid-channel region. An integrated seismic data acquisition and coring
cruise will be conducted to (1) acquire piston core samples of older marine sediments that are now expos-
ed at the seafloor to test the suitability of these older deep basin sediments to provide a high-quality
paleoclimate record, and (2) conduct high-resolution multi-channel seismic (MCS) surveys of the coring
sites to place the results from the core analyses in a wider basin context, and to identify subsequent op-
timal and safe coring strategies suitable for recovering a continuous paleoclimate record from the shallow
marine sediments in Santa Barbara Basin in the future as part of the Integrated Ocean Drilling Program
(IODP).

Numerous species of cetaceans and pinnipeds occur in the Santa Barbara Channel. Several of these
species are listed as endangered under the U.S. Endangered Species Act (ESA), including the humpback,
fin, blue, and sperm whale, as well as the Guadalupe fur seal, which is listed as threatened. Other species
of concern that could occur in the study area are the endangered leatherback turtle and threatened logger-
head, green, and olive ridley turtles.

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 GI airgun, boomer, and mini-sparker
during the proposed study. The EA was prepared under the National Environmental Policy Act (NEPA).
The EA addresses potential impacts of the proposed seismic survey on marine mammals, as well as other
species of concern in the study area, notably sea turtles. The EA also provides useful information in sup-
port of an application for an Incidental Harassment Authorization (IHA) from the National Marine Fish-
eries Service (NMFS). The requested IHA would, if issued, allow the non-intentional, non-injurious
“take by harassment” of small numbers of marine mammals during the proposed seismic survey by SIO
in the Santa Barbara Channel during November 2008.

To be eligible for an IHA, 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 un-
mitigable adverse impact on the availability of the species or stocks for legitimate subsistence uses.
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1. Purpose and Need

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.

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 IHA,
and (3) no action alternative.

Proposed Action

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

(1) Project Objectives and Context

SIO plans to conduct a seismic survey in the Santa Barbara Channel as part of an integrated
geologic and geophysical study. The study will test the feasibility of extending the remarkable high-
resolution paleoclimate record from Santa Barbara Basin established in 1992 and 2005 from ~700,000
years ago back to ~1.2 million years ago by conducting detailed 3D modeling of the structure and outcrop
stratigraphy of the northern shelf to locate optimal core sites, and by conducting high-resolution seismic
reflection site surveys, test coring, and core analyses in the northern shelf and mid-channel areas. The
seismic surveys will identify subsequent optimal and safe coring strategies suitable for recovering a
continuous paleoclimate record from the shallow marine sediments in Santa Barbara Basin in the future as
part of the Integrated Ocean Drilling Program (I0ODP).

(2) Proposed Activities

(a) Location of the Activities

The survey will encompass the small area ~34-34.5°N, ~119.5-120°W, north and northwest of
Santa Cruz Island in the Santa Barbara Channel off southern California (Fig. 1). Water depths in the
survey area range from <50 m to ~580 m. The seismic survey will be conducted in the territorial waters
of the U.S., partly in California state waters, and is scheduled to occur for ~12 days during November
2008. Some minor deviation from these dates is possible, depending on logistics and weather.

(b) Description of the Activities

The survey will involve one source vessel, the R/V Melville. Seismic sources to be deployed by the
R/V Melville will vary with water depth. At two shallow-water sites that cross into California state waters, a
1.5-kJ electromechanical boomer or a 2-kJ electric sparker system will be used, depending on water depth
and seafloor conditions, and depending on which source provides the highest resolution and best sub-
seafloor signal penetration. In general, the boomer source likely will be preferred. At three deeper-water
sites outside state waters, a small (25- to 45-in’) GI airgun will be used. The receiving system for the
returning acoustic signals will consist of a 72-channel, 450-m-long towed hydrophone streamer. As the
boomer, sparker, or GI airgun are towed along the survey lines, the hydrophone streamer will receive the
returning acoustic signals and transfer the data to the on-board processing system.
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11. Alternatives Including Proposed Action

3 0 10 20 kilometres
i 20 TS S4-sihl
==V

Santa Barbara

SANTA BARBARA CHANNEL

FIGURE 1. Proposed study areas for the survey in the Santa Barbara Channel, November 2008.

The seismic program will consist of grids of closely-spaced lines in each of 5 survey areas (Fig. 1).
Line spacing will be 100400 m. There will be additional operations associated with equipment testing,
startup, line changes, and repeat coverage of any areas where initial data quality is sub-standard. Those
additional operations are allowed for in the estimated total line km given below.

The planned seismic survey (including turns) will consist of ~600 km of survey lines using the GI
airgun at Sites A, B, and E, and ~500 km of survey lines using the sparker or boomer at Sites C and D. At
Sites A, B, and E, all of the lines will be in intermediate water depths of 100—1000 m, and at Sites C and
D, the survey lines will be in water depths 100—1000 m and <100 m.

In addition to the boomer, minisparker, and GI airgun, a towed chirp system, a multibeam echo-
sounder (MBES), and a sub-bottom profiler (SBP) will be used at various times during the cruise. The
chirp system will be used in tandem with the seismic sources, or will be used separately to locate optimal
piston core sites, up to 4 hours at a time to a maximum of 8—10 hours per day. A 3.5-kHz SBP will be
used to help verify seafloor conditions at possible coring sites, and will also be used in tandem with a
MBES during transit to and from the Santa Barbara Channel area to collect additional seafloor bathy-
metric data.
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11. Alternatives Including Proposed Action

All planned geophysical data acquisition activities will be conducted by SIO and the U.S. Geol-
ogical Survey (USGS) with on-board assistance by the scientists who have proposed the study. The Chief
Scientist is Dr. Craig Nicholson of the University of California at Santa Barbara. The vessel will be self-
contained, and the crew will live aboard the vessel for the entire cruise. Some crew changes may take
place at mid-cruise if needed.

(c) Schedule

The R/V Melville is expected to depart San Diego and spend ~12 days conducting the survey and
piston coring activities in November 2008. During daylight, seismic operations will be conducted at two
shallow-water sites using a 1.5-kJ electromechanical boomer system or a 2-kJ electric sparker system, and at
three deeper-water sites using a small (25- to 45-in’) GI airgun. If the 2-kJ sparker is used, its output may be
reduced to provide the best, most consistent output signal with this source. If the small GI airgun is used, its
size will generally be limited to 25 in to allow optimal shot spacing. Seismic operations will be conducted
for 1-2 days at each site. At night, piston coring will be conducted. 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 Melville has a length of 85 m, a beam of 14.0 m, and a maximum draft of 5.0 m. The ship is
powered by two 1385-hp Propulsion General Electric motors and a 900-hp retracting Azimuthing bow thrus-
ter. An operation speed of ~7.4—8 km/h (4—4.3 knots) will be used during seismic acquisition. When not tow-
ing seismic survey gear, the R/V Melville cruises at 21.7 km/h (11.7 knots) and has a maximum speed of 25.9
km/h (14 knots). It has a normal operating range of ~18,630 km.

The R/V Melville will also serve as the platform from which vessel-based marine mammal
observers will watch for marine mammals and sea turtles before and during airgun operations, as
described in § 1I(3), below.

Other details of the R/V Melville include the following:

Owner: U.S. Navy

Operator: Scripps Institution of Oceanography of the University of
California

Flag: United States of America

Date Built: 1969

Gross Tonnage: 2516

Compressors for Air Guns: 1850 psi

Accommodation Capacity: 23 crew plus 38 scientists

The R/V Melville complies with International Maritime Organization (IMO) guidelines and United
States Coast Guard (USCQG) regulations for Ballast Water Management. The R/V Melville’s procedures
are documented in the SIO Marine Facility's Safety Management Manual (SMM) in Section 256, “Ballast
Water Management Plan.” These procedures are in place and approved by the American Bureau of
Shipping (ABS), which acts for USCG to approve and verify compliance with approved procedures.
These procedures are audited internally annually and externally every 2.5 years. The loading and
discharging of ballast water is recorded in the ship's Ballast Water Management Log and in the ship’s
official log located on the bridge. In short, the R/V Melville meets all international and US requirements
for handling ballast water and U.S. requirements for reporting carriage and discharge of ballast water in
US ports.
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(e) Airgun Description

The airgun to be used in the proposed survey is a single GI airgun. SIO would try to reduce its
standard 45-in> GI airgun to 25 or 35 in’ for this cruise, but in case that is not possible, we are providing
the specifications for a 45-in’ GI airgun and using that at the basis for calculating exclusion zones [see
§ II(3)(e)]. Seismic pulses will be emitted at intervals of 3 seconds. At a speed of ~4 knots (7.4 km/h),
the 3-s spacing corresponds to a shot interval of ~6 m.

If possible, the generator chamber of the GI airgun, the one responsible for introducing the sound
pulse into the ocean, will be set to 25 in’. The injector chamber also will be set to the same 25-in’ size
and will inject air into the previously-generated bubble to maintain its shape. This does not introduce
more sound into the water. The 45-in’, reduced to 25-in’, GI airgun will be towed 21 m behind the R/V
Melville at a depth of 2 m. The variation of the sound pressure field of that GI-gun set to its original 45-
in® size and towed at a depth of 2.5 m has been modeled by L-DEO in relation to distance and direction
from the GI airgun (see “Mitigation Measures” below). At its reduced chamber size of 25 in’, these
numbers will be further reduced. For comparison, the peak source sound level of the 45-in® gun is 225.3
dB re 1 pPa'm, whereas the peak source sound level of a USGS GI airgun with chamber sizes reduced to
24 in’ is ~218 dB re 1 pPa'm.

As the GI airgun is towed along the survey line, the towed hydrophone array in the 450-m streamer
receives the reflected signals and transfers the data to the on-board processing system. Given the relative-
ly short streamer length behind the vessel, the turning rate of the vessel while the gear is deployed is
much higher than the limit of five degrees per minute for a seismic vessel towing a streamer of more
typical length (>>] km). Thus, the maneuverability of the vessel is not limited much during operations.

Gl-airgun Specifications

Energy Source GI airgun of 45 in®  or
GI airgun of 25 in’

Source output (downward) (45 in’) 0—pk is 1.8 bar-m (225.3 dB re 1 pPa'my);
pk—pk is 3.4 bar-m (230.7 dB re 1 uPa'm, ;)

Source output (downward) (25 in’) ~218 dB re 1 pPa'm,

Towing depth of energy source 2m

Air discharge volume ~45 in® or ~25 in’®

Dominant frequency components 0-188 Hz (45 in®) or <500 Hz (25 in’)

The rms' (root mean square) received levels that are used as impact criteria for marine mammals
are not directly comparable to the peak (p or 0—p) or peak to peak (p—p) values normally used to charac-
terize source levels of airgun arrays. The measurement units used to describe airgun sources, peak or
peak-to-peak decibels, are always higher than the “root mean square” (rms) decibels referred to in biolog-
ical literature. A measured received level of 160 dB re 1 puPayy in the far field would typically corres-
pond to ~170 dB re 1 pPa,, and to ~176-178 dB re 1 pPa,.,, as measured for the same pulse received at
the same location (Greene 1997; McCauley et al. 1998, 2000). The precise difference between rms and
peak or peak-to-peak values depends on the frequency content and duration of the pulse, among other fac-
tors. However, the rms level is always lower than the peak or peak-to-peak level for an airgun-type
source.

1 . .
The rms (root mean square) pressure is an average over the pulse duration.
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Additional discussion of the characteristics of airgun pulses is included in Appendix A (subpart 3).

(f) Electric Sparker Description

The sparker system is similar to the SQUID 2000™ minisparker system manufactured by Applied
Acoustic Engineering, Inc. This minisparker includes electrodes mounted on a small pontoon sled that
simultaneously discharge electric current through the seawater to an electrical ground, creating an elec-
trical arc that momentarily vaporizes water between positive and negative leads. The collapsing bubbles
produce an omnidirectional pulse. The pontoon sled that supports the minisparker is towed on the sea
surface, ~5 m behind the ship.

Source characteristics of the SQUID 2000™ provided by the manufacturer show a source level of
209 dB re 1 yParmyys. This is at the full power level of 2 kJ. The power level of this source may be
reduced to provide more consistent, reliable output signals if necessary. The amplitude spectrum of this
pulse indicates that most of the sound energy lies between 150 Hz and 1700 Hz, and the peak amplitude is
at 900 Hz. The output sound pulse of the minisparker has a duration of about 0.8 ms. When operated at
sea for the proposed MCS-reflection survey, the minisparker will be discharged every 0.5-3 seconds.

(g) Electromechanical Boomer Description

A boomer is a broad-band sound source operating in the 100-2500 Hz range. By sending electrical
energy from the power supply through wire coils, spring-loaded plates in the boomer transducer are elec-
trically charged causing the plates to repel, thus generating an acoustic pulse. The boomer planned for
this cruise has three plates with a power input of 500 J per plate. The source level is 219 dB re 1 uPa'm,,
and the boomer will be towed on the surface. When operated at sea for the proposed MCS-reflection
survey, the boomer will be discharged every 0.5-2 seconds.

(h) Chirp Sub-bottom Profiler System Description

The Edgetech 512i Chirp sub-bottom profiler (SBP) is a high resolution system that provides full-
spectrum (“chirp”) imaging. The system is towed either at the water surface or slightly submerged, depend-
ing on the application and water depth. The 512i has a source level of 198 dB re 1 pPamyys. It has a
frequency range of 500 Hz—12 kHz with pulse widths from 5 ms to 50 ms depending on the application.

(i) Multibeam Echosounder and Sub-bottom Profiler Descriptions

Along with the seismic operations, two additional acoustical data acquisition systems will be
operated during part of the R/V Melville’s cruise. The ocean floor will be mapped with the 12-kHz
Simrad EM120 multi-beam echosounder (MBES) in transit to the survey area, and a 3.5-kHz sub-bottom
profiler (SBP) will also be operated along with the MBES and also to help verify seafloor conditions at
possible coring sites.

Kongsberg—Simrad EM120 Multi-beam Echo Sounder.—The Kongsberg-Simrad EM120 oper-
ates at 11.25-12.6 kHz, and is mounted in the hull of the R/V Melville. 1t operates in several modes,
depending on water depth. In the proposed survey, it will be used in automatic mode, changing from
“Shallow” to “Medium” mode at 450 m and from “Medium” to “Deep” mode at 1000 m. In “Shallow”
mode, the beamwidth is 2° fore-aft and the estimated maximum source level is 232 dB re 1 pPa‘mypys.
Each “ping” consists of three successive fan-shaped transmissions, each 2 ms in duration with a delay of 3
ms between pulses for successive sectors. In “Medium” mode, the beamwidth is 1° or 2° fore-aft and the
estimated maximum source levels are 232 or 226 dB re 1 uPa‘myys. Each “ping” consists of three succes-
sive fan-shaped transmissions, each 5 ms in duration with a delay of 6 ms between pulses for successive
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sectors. In “Deep” mode, the beamwidth is 1° or 2° fore-aft and the estimated maximum source levels are
239 or 233 dB re 1 pParm;ys. Each “ping” consists of nine successive fan-shaped transmissions, each 15
ms in duration with a delay of 16 ms between pulses for successive sectors.

Knudsen 320BR Sub-bottom Profiler—The Knudsen Engineering Model 320BR sub-bottom
profiler is a dual-frequency transceiver designed to operate at 3.5 and/or 12 kHz. It is used in conjunction
with the MBES to provide data about the sedimentary features that occur below the sea floor. The energy
from the sub-bottom profiler is directed downward via a 3.5-kHz transducer array mounted in the hull of
the R/V Melville. The maximum power output of the 320BR is 10 kilowatts for the 3.5-kHz section and 2
kilowatts for the 12-kHz section. (The 12-kHz section is seldom used in survey mode on R/V Melville
because of overlap with the operating frequency of the Kongsberg Simrad EM-120 multi-beam sonar.)

The pulse length for the 3.5 kHz section of the 320BR is 0.8-24 ms, controlled by the system oper-
ator in regards to water depth and reflectivity of the bottom sediments, and will usually be 1.5-6 ms at the
water depths (<50—-1000 m) at the study sites and in transit to and from San Diego. The system produces
one sound pulse and then waits for its return before transmitting again. Thus, the pulse interval is directly
dependent upon water depth, and in this survey is 0.8—1.5 sec. Using the Sonar Equations and assuming
100% efficiency in the system (impractical in real world applications), the source level for the 320BR is
calculated to be 211 dB re 1pPa-m. In practice, the system is rarely operated above 80% power level.

Sub-bottom Profiler Specifications (this survey)

Maximum source output (downward) 211 dB re 1 pPa-m; 10 kilowatts
Dominant frequency components 3.5kHz

Nominal beamwidth 80 degrees

Pulse interval 0.8-1.5 sec

Pulse duration 1.5-6 ms

(3) Monitoring and Mitigation Measures

Marine mammals and sea turtles are known to occur in the proposed study area. To minimize the
likelihood that impacts will occur to the species and stocks, seismic operations will be conducted in ac-
cordance with regulations by the National Marine Fisheries Service (NMFS) and the U.S. Fish and Wild-
life Service (USFWS) under the Marine Mammal Protection Act (MMPA) and the Endangered Species
Act (ESA), including obtaining permission for incidental harassment or incidental ‘take’ of marine mam-
mals and other endangered species. The proposed seismic activities will take place in the territorial
waters of the U.S.A., partly inside California state waters.

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
protocols used during previous SIO seismic research cruises as approved by NMFS and USFWS, and on
best practices recommended in Richardson et al (1995), Pierson et al. (1998), and Weir and Dolman (2007).

(a) Planning Phase

In designing this proposed seismic survey, SIO and NSF have considered potential environmental
impacts including seasonal, biological, and weather factors; ship schedules; and equipment availability
during a preliminary assessment carried out when ship schedules were still flexible. Included were using
the smallest source possible to meet research objectives and designing the survey to minimize the time
spent on seismic operations. The research cruise was also scheduled for November when seasonally
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migrating gray whales, as well as more tropical endangered species like sea turtles, are typically outside
the immediate Santa Barbara Channel area.

(b) Visual Monitoring

Vessel-based marine mammal visual observers (MMVOs) will be based on board the seismic
source vessel, and they will watch for marine mammals and turtles near the vessel during seismic
operations. MMVOs will also watch for marine mammals and turtles near the seismic vessel for at least
30 minutes prior to the start of seismic operations after an extended shutdown. When feasible, MMVOs
will also make observations during daytime periods when the seismic system is not operating for com-
parison of animal abundance and behavior. Based on MMVO observations, the seismic source will be
shut down when marine mammals are observed within or about to enter a designated exclusion zone (EZ)
[see section (e) below]. The EZ is a region in which a possibility exists of adverse effects on animal
hearing or other physical effects.

MMVOs will be appointed by the academic institution conducting the research cruise, with NMFS
Office of Protected Resources concurrence. At least one MMVO will monitor the EZ during seismic
operations. MMVOs will normally work in shifts of 4-hour duration or less. The vessel crew will also be
instructed to assist in detecting marine mammals and turtles.

Standard equipment for marine mammal observers will be 7 X 50 reticule binoculars and optical
range finders. At night, night-vision equipment will be available, although seismic activity will be rest-
ricted to daylight hours. The observers will be in wireless communication with ship’s officers on the
bridge and scientists in the vessel’s operations laboratory, so they can advise promptly of the need for
avoidance maneuvers or seismic source shut down.

(c) MMVO Data and Documentation

MMVOs will record data to estimate the numbers of marine mammals and turtles exposed to
various received sound levels and to document apparent disturbance reactions or lack thereof. Data will
be used to estimate numbers of animals potentially ‘taken’ by harassment (as defined in the MMPA).
They will also provide information needed to order a shutdown of the seismic source when a marine
mammal or sea turtle is within or near the EZ.

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 seismic source or vessel (e.g., none, avoidance, approach,
paralleling, etc.), and behavioral pace.

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, as well as information regarding seismic source shutdown, will be recorded in a
standardized format. Data accuracy will be verified by the MMVOs at sea, and preliminary reports will
be prepared during the field program and summaries forwarded to the operating institution’s shore facility
and to NSF weekly or more frequently. MMVO observations will provide the following information:

1. The basis for decisions about shutting down the seismic source.
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2. Information needed to estimate the number of marine mammals and sea turtles potentially
‘taken by harassment’. These data will be reported to NMFS and/or USFWS per terms of
MMPA authorizations or regulations.

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

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

(d) Reporting

A report will be submitted to NMFS within 90 days after the end of the cruise. The report will des-
cribe the operations that were conducted and sightings of marine mammals and turtles near the operations.
The report will be submitted to NMFS, providing full documentation of methods, results, and interpret-
ation 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 seis-
mic survey activities). The report will also include estimates of the amount and nature of any potential
“take” of marine mammals and sea turtles by harassment or in other ways.

(e) Proposed Exclusion Zones

Received sound levels have been modeled by Lamont-Doherty Earth Observatory of Columbia
University (L-DEO) for a number of airgun configurations, including one 45-in> GI airgun, in relation to
distance and direction from the GI airgun (Fig. 2). The model does not allow for bottom interactions, and
is most directly applicable to deep water. Based on the modeling, estimates of the maximum distances
from the GI airgun where sound levels of 190, 180, 170, and 160 dB re 1 uPa.ys are predicted to be
received in deep (>1000-m) water are shown in Table 1. Because the model results are for a 2.5-m tow
depth, which is deeper than the proposed 2-m tow depth, the distances in Table 1 slightly overestimate the
distances for the 45-in> GI airgun towed at 2-m depth.

Empirical data concerning the 180-, 170-, and 160-dB distances have been acquired based on
measurements during the acoustic verification study conducted by L-DEO in the northern Gulf of Mexico
from 27 May to 3 June 2003 (Tolstoy et al. 2004). Although the results are limited, the data showed that
radii around the airguns where the received level would be 180 dB re 1 pPayy, the safety criterion applic-
able to cetaceans (NMFS 2000), vary with water depth. Similar depth-related variation is likely in the
190-dB distances applicable to pinnipeds. Correction factors were developed for water depths 100—-1000
m and <100 m. The proposed survey using the GI airgun will occur only in depths ~150-580 m.

The empirical data indicate that, for deep water (>1000 m), the L-DEO model tends to
overestimate the received sound levels at a given distance (Tolstoy et al. 2004). However, to be
precautionary pending acquisition of additional empirical data, it is proposed that safety radii during GI-
gun operations in deep water will be the values predicted by L-DEO’s model (Table 1). Therefore, the
assumed 180- and 190-dB radii are 23 m and 8 m, respectively.

Empirical measurements were not conducted for intermediate depths (100-1000 m). On the
expectation that results will be intermediate between those from shallow and deep water, a 1.5X correction
factor is applied to the estimates provided by the model for deep water situations. This is the same factor
that was applied to the model estimates during L-DEO cruises in 2003. The assumed 180 and 190 dB
radii in intermediate-depth water are 35 m and 12 m, respectively (Table 1).
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FIGURE 2. Modeled received sound levels from the 45-in® Gl airgun that will be used during the SIO
survey in the Santa Barbara Channel in November 2008. Model results provided by the Lamont-Doherty

Earth Observatory of Columbia University.
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TABLE 1. Distances to which sound levels >190, 180, 170, and 160 dB re 1 pPa,,s could be received from
the 45-in® Gl airgun that will be used during the seismic surveys in the Santa Barbara Channel in
November 2008. Distances are based on model results provided by L-DEO.

Estimated Distances (m) at Received Levels

Water depth
190 dB 180 dB 170 dB 160 dB
>1000 m 8 23 70 220
100-1000 m 12 35 105 330

Received sound levels from the boomer proposed for use® in shallow water have not been modeled or
measured. Burgess and Lawson (2001) measured received sound levels from a boomer with a source
level of 203 dB re 1 pPam;yg in water depths 12—-14 m, and Greene (2006) measured received sound
levels from a boomer with a source level of 188.8 dB re 1 uPa‘mynys in water depths 37-48 m, both in the
Alaskan Beaufort Sea. The distances at which sound levels 190-, 180-, and 160-dB re 1 pPayy,s were
received are given in Table 2 together with the distances predicted using a spherical spreading model. In
each case, more so for the larger source level, the modeled distance exceeded the measured distance. As
a conservative (i.e., precautionary) measure, we will use modeled distances for our calculations. The
source level of the boomer is 219 dB re 1 pPa'm,, corresponding roughly to 209 dB re 1 uPamps’.
Based on the spherical spreading model, distances to which sound levels >190, 180, 170, and 160 dB re 1
uPa,,s could be received from the boomer are 9, 28, 90, and 280, respectively (Table 2).

TABLE 2. Distances to which received sound levels >190, 180, and 160 dB re 1 yPa,,s were measured for
two boomers in the Alaskan Beaufort Sea, and distances predicted by a spherical spreading model for
those sources and for the boomer to be used in the proposed surveys..

Boomer source level (dB Estimated
re 1 yParm.,s) and Distances (m) at
distance 190 dB 180 dB 170 dB 160 dB
203, measured <1 2 Not measured 22
203, modeled 4.5 16 140
188.8, measured 0.9 2.3 Not measured 14.6
188.8, modeled 1 2.7 27.5
209 (this study), modeled 9 28 90 280

? Either the boomer or the mini sparker will be used in State waters. The boomer likely will be used (see text), and
its source level is higher than that of the mini sparker, so our calculations are made for the boomer.

? The rms (root mean square) pressure is an average over the pulse duration. It is the measure commonly used in
studies of marine mammal reactions to airgun sounds, and in NMFS guidelines concerning levels above which
“taking” might occur. The rms level of a seismic pulse is typically about 10 dB less than its peak level (Greene
1997; McCauley et al. 1998, 2000a).

Environmental Assessment for SIO Santa Barbara Channel Cruise, 2008 Page 11



11. Alternatives Including Proposed Action

The seismic source will be shut down immediately when cetaceans or sea turtles are detected
within or about to enter the 180-dB re 1 pPayyg radius, or when pinnipeds are detected within or about to
enter the 190-dB re 1 pPayys radius. The 180- and 190-dB shut-down criteria are consistent with
guidelines listed for cetaceans and pinnipeds, respectively, by NMFS (2000) and other guidance by
NMEFS.

Detailed recommendations for new science-based noise exposure criteria were published recently
(Southall et al. 2007). SIO 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. As yet, NMFS has
not specified a new procedure for determining exclusion zones.

(e) Mitigation During Operations

Mitigation measures that will be adopted will include (1) vessel speed or course alteration, provid-
ed that doing so will not compromise operational safety requirements, (2) GI-gun or boomer shut down
within calculated exclusion zones, (3) minimizing approach to slopes and submarine canyons, if possible,
because of sensitivity of beaked whales, and (4) shut down at any range in the unlikely event that a North
Pacific right whale or a concentration of sea otters is sighted. Two other standard mitigation measures—
airgun array power down and airgun array ramp up—are not possible because only one, low-volume GI
airgun, boomer, or sparker will be used for the surveys.

Speed or course alteration

If a marine mammal or sea turtle is detected outside the exclusion zone and, based on its position
and the relative motion, is likely to enter the exclusion zone, the vessel’s speed and/or direct course could
be changed. This would be done if practicable while minimizing the effect on the planned science
objectives. The activities and movements of the marine mammal or sea turtle (relative to the seismic
vessel) will then be closely monitored to determine whether the animal is approaching the applicable ex-
clusion zone. If the animal appears likely to enter the exclusion zone, further mitigative actions will be
taken, i.e., either further course alterations or a shut down of the seismic source. Typically, during
seismic operations, the source vessel is unable to change speed or course and one or more alternative
mitigation measures (see below) will need to be implemented.

Shut-down procedures

If a marine mammal or turtle is detected outside the exclusion zone but is likely to enter the ex-
clusion zone, and if the vessel’s speed and/or course cannot be changed to avoid having the animal enter
the exclusion zone, the seismic source will be shut 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 seismic source
will be shut down immediately.

Following a shut down, seismic activity will not resume until the marine mammal or turtle has
cleared the exclusion zone. The animal will be considered to have cleared the exclusion zone if it

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

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

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

o the vessel has moved outside the exclusion zone for turtles, i.e., ~1 min in intermediate-depth
water to ~6 min in shallow water [based on the lengths of time it would take the vessel to leave
the modeled exclusion zones of 35 m and 170 m, respectively, with a speed of 7.4 km/h].
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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
November 2008 is the most suitable time logistically for the Melville and the participating scientists. If the
IHA is issued for another period, it could result in significant delay and disruption not only of this cruise, but of
additional geophysical studies that are planned by SIO for 2008 and beyond. An evaluation of the effects of
this alternative action is given in § I'V.

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 purpose of this project is to test the feasibility of extending the remarkable high-resolution
paleoclimate record from Santa Barbara Basin from ~700,000 years ago back to ~1.2 million years ago by
conducting detailed 3D modeling of the structure and outcrop stratigraphy of the northern shelf to locate
optimal core sites, and by conducting high-resolution seismic reflection site surveys, test coring, and core
analyses of the northern shelf and mid-channel areas. An integrated seismic data acquisition and coring
cruise will be conducted to (1) acquire piston core samples of older marine sediments that are now
exposed at the seafloor to test the suitability of these older deep basin sediments to provide a high-quality
paleoclimate record, and (2) conduct high-resolution multi-channel seismic (MCS) surveys of the coring
sites to place the results from the core analyses in a wider basin context, and to identify subsequent
optimal and safe coring strategies suitable for recovering a continuous paleoclimate record from the
shallow marine sediments in Santa Barbara Basin in the future as part of the Integrated Ocean Drilling
Program (IODP). The acquisition of both seismic and coring data will also help tremendously in terms of
providing critical sub-seafloor geologic and geophysical information needed to conduct additional coastal
environmental and hazard studies in the Santa Barbara Channel area where a large and growing coastal
population is currently at risk. In large part, it is because of this potential for these data to contribute to
these other studies, as well as to a better understanding of the processes of global climate change, that the
USGS is able and willing to participate as one of our principal research collaborators. 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
SIO for 2008 and beyond, depending on the timing of the decision, and would result in a cancellation of
an important aspect of the IODP. The entire proposal, based on the premise of collecting these data,
would be compromised. Cancellation (no action) for this cruise would lessen 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 for the significant topics indicated. The ~12 days of field effort pro-
vides material for years of analyses involving multiple professors, students, and technicians. The lost op-
portunity to collect valuable scientific information is compounded by lost opportunities for support of
research infrastructure, training, and professional career growth.
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III. AFFECTED ENVIRONMENT

Marine Mammals

Thirty-two species of marine mammals, including 17 odontocetes, 8 mysticetes, 6 pinnipeds, and
the southern sea otter (Table 3) could occur in the Santa Barbara Channel (SBC) area, based on many
years of marine mammal surveys by ship and aircraft in the Southern California Bight (SCB) (e.g., Dohl
et al., 1981, 1983; Barlow and Gerrodette 1996; Forney and Barlow 1998; Barlow and Taylor 2001;
Calambokidis et al. 2003; Barlow 2003; Barlow and Forney 2007; Becker 2007; CINMS 2008). Eight of
the cetacean and pinniped species and the southern sea otter are listed under the Endangered Species Act
(ESA) as Endangered or Threatened: the North Pacific right whale, humpback whale, sei whale, fin
whale, blue whale, sperm whale, Guadalupe fur seal, and Steller sea lion. The Southern Resident Popul-
ation of the killer whale is also listed as Endangered. The California/Oregon/Washington stock of the
short-finned pilot whale is considered “Strategic” under the MMPA, meaning that human impacts may in-
fluence the sustainability of these populations. No U.S.-designated critical habitat for any marine mam-
mal species occurs in or near the project area. [The sea otter is the one marine mammal species mention-
ed in this document that, in the U.S.A., is managed by the USFWS; all others are managed by NMFS.
Informal consultation from the USFWS is being sought for sea otters.]

Of the 32 species, 20 are considered residents or regular visitors to the Channel Islands National
Marine Sanctuary (CINMS) waters, 14 of which are at least seasonally common to abundant in the SBC.
The other 12 species are rare to extremely rare (Table 3).

(1) Mysticetes

North Pacific Right Whale (Eubalaena japonica)

The North Pacific right whale is Endangered under the ESA and on the 2007 IUCN Red List of
Threatened Species (IUCN 2007), and is listed in CITES Appendix I (UNEP-WCMC 2008). NMFS desig-
nated Critical Habitat for this species on 8 May 2008 to include recently discovered summer feeding areas in
the SE Bering Sea and Gulf of Alaska (NMFS 2008). A reliable estimate of abundance is currently not
available for this species and there has been little indication of population recovery since whaling depleted
the population (Caretta et al. 2007). It has been estimated that <1000 individuals inhabit the entire North
Pacific, with <100 to possibly several hundred in the eastern North Pacific (NMFS 2006). A minimum of
17 different individuals were photo-identified off Alaska in 2004 (Angliss and Outlaw 2008).

Right whales are generally considered migratory, with at least a proportion of the population feeding
during summer in temperate or high-latitude waters and breeding and calving in warmer, lower-latitude waters
(Clapham et al. 2004; NMFS 2006). Historical whaling records indicate that North Pacific right whales once
ranged across the entire North Pacific north of 35°N, occasionally occurring as far south as 20°N. However,
sightings have been rare since the 1960s (e.g., Clapham et al. 2004; Sheldon et al. 2005; NMFS 2008). In the
eastern North Pacific, south of 50°N, only 29 reliable sightings were recorded from 1900 to 1994 (Scarff 1986,
1991; Carretta et al. 1994; Rowlett et al. 1994). NMFS (2008) identified the current occupied range of this
species off the western U.S. from 60°N to 40°N, ~500 km north of the project area. There is no evidence that
waters off the west coast of North America have ever been important for this species (Brownell et al. 2001;
NMEFS 2008). Since 1996, small aggregations of right whales have been detected annually on feeding grounds
in the southeast Bering Sea from summer through November, including calves in some years (Goddard and
Rugh 1998; LeDuc et al. 2001; Moore et al. 2000, 2002; Munger et al. 2005; Scarff 2006; Wade et al. 2006;
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TABLE 3. The habitat, regional abundance, and conservation status of marine mammals that could occur
in or near the proposed seismic survey area in the Santa Barbara Channel (SBC).

Species Occurrence in SBC Habitat Abundance’ ESA? | IUCN® | CITES®

Mysticetes Extremely rare; Offshore, occasionally

North Pacific right whale winter-spring vagrant inshore 100-200 ° EN EN I
Common when mig- Coastal except near

Gray whale rating; rare Oct-Nov Channel Islands 18,813 ° NL LR-cd I

All year, common Mainly nearshore waters
Humpback whale May-Jun, Sep-Dec and banks >6000 7 EN VU |
All year, common

Minke whale spring-fall Pelagic and coastal 9000 ® NL LR-nt I

Bryde’s whale Rare Pelagic and coastal 13,000 ° NL DD [

Sei whale Very rare Mostly pelagic 7260-12,620 7 EN EN [

Fin whale Uncommon all year Slope, mostly pelagic | 13,620-18,680" EN EN I
All year, common

Blue whale Jun-Oct Pelagic and coastal 1186 "° EN EN I

Odontocetes

Sperm whale Uncommon all year | Usually deep pelagic 24,000 ™ EN vu I

Pygmy sperm whale Uncommon all year Deep waters off shelf N.A. NL LR-lc Il

Dwarf sperm whale Very rare Deep waters off shelf 11,200 ° NL LR-lc Il

Cuvier’'s beaked whale Rare all year Slope and pelagic 20,000 ° NL DD Il

Baird’s beaked whale Rare all year Slope and pelagic 6000 ™ NL LR-cd [

Mesoplodont beaked whale Rare all year Slope and pelagic 1024 NL DD I

Offshore bottlenose dolphin Common all year Offshore, slope, shelf 32571 NL DD I

Coastal bottlenose dolphin Common all year Within 1 km of shore 323 ™ NL DD I

Striped dolphin Rare Off continental shelf 1,824,000 ° NL LR-cd 1]

Short-beaked common dolphin| Common all year | Shelf, pelagic, high relief 487,622 NL LR-lc Il

Long-beaked common dolphin |  Common all year Coastal, high relief 1893 NL I
All year, common

Pacific white-sided dolphin fall-winter Offshore, slope 931,000 '° NL LR-Ic 1l

Common only winter,

Northern right whale dolphin spring Slope, offshore waters 15,305 *° NL | LR-c I

Risso’s dolphin Common all year | Shelf, slope, seamounts 12,093 NL DD I

Killer whale Uncommon all year Widely distributed 8500 ™ NL | LR-cd* I

Short-finned pilot whale Rare all year Mostly pelagic, high-relief 160,200 ° NL LR-cd I

Dall’s porpoise Uncommon all year | Shelf, slope, offshore 57,549 "° NL LR-cd I

Harbor porpoise Rare Coastal 202,988 7 NL VU I

Pinnipeds

Guadalupe fur seal Extremely rare Coastal 7408 '° T vU I

Northern fur seal Uncommon all year Pelagic, offshore 721,935 ™ NL VU NL

California sea lion Common all year Coastal, shelf 238,000 ™ NL LR/Ic NL

Steller sea lion Rare all year Coastal, shelf 44,584 T EN NL

Harbor seal Common all year Coastal 34,2337 NL LR-lc NL
All year, common Coastal, pelagic when

Northern elephant seal Dec-Mar peak migrating 124,000 ' NL | LR-lc NL

Fissiped

Southern sea otter Common all year Coastal 2825 2 T EN |

N.A. Not available or not assessed.
*Southern Resident stock is listed as endangered but is unlikely to occur in southern California.
! Abundance given for North Pacific, Eastern North Pacific, Eastern Tropical Pacific, or California/Oregon/Washington Stock, unless

otherwise stated.

2u.s. Endangered Species Act: EN = Endangered, T = Threatened, NL = Not listed

% Codes for IUCN classifications: EN = Endangered; VU = Vulnerable; LR = Lower Risk (-cd = Conservation Dependent; -nt = Near
Threatened; -Ic = Least Concern); DD = Data Deficient. Classifications are from the 2007 IUCN Red List of Threatened Species

(ITUCN 2007), although the status of marine mammals has not been reassessed since 1996.
# Convention on International Trade in Endangered Species of Wild Fauna and Flora (UNEP-WCMC 2008); NL = Not listed.
® Eastern North Pacific (Wada 1973).
® Mean of 2000-2001 and 2001-2002 abundance estimates for eastern North Pacific (Angliss and Outlaw 2008)
" North Pacific Ocean (Carretta et al. 2007).
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& North Pacific Ocean (Wada 1976).

® Eastern Tropical Pacific (Wade and Gerrodette 1993)

10 California/Oregon/Washington (Carretta et al. 2007).

" Eastern temperate North Pacific (Whitehead 2002).

12 Western North Pacific (Kasuya 2002).

Al mesoplodont whales; California/Oregon/Washington (Carretta et al. 2007).
' California (Carretta et al. 2007)

'® North Pacific Ocean (Buckland et al. 1993).

'® Eastern Tropical Pacific (Ford 2002).

"7 Eastern North Pacific Ocean (totals from Carretta et al. 2007 and Angliss and Outlaw 2008).
'® Abundance for Eastern Pacific Stock (Angliss and Outlaw 2008)

Yus. (Carretta et al. 2007)

20 Minimum estimate for Eastern U.S. Stock (Angliss and Outlaw 2008)

21 California (Carretta et al. 2007)

%2 California (Maender 2004)

Angliss and Outlaw 2008). The winter breeding and calving areas for the population are unknown (Scarff
1986; Clapham et al. 2004) but could be in offshore waters (NMFS 2008).

Based on a small number of recent sightings, North Pacific right whales tend to occur alone (Brow-
nell et al. 2001), except in an area of the southeastern Bering Sea where small groups of up to 57 have
been documented in several successive years (Tynan et al. 2001). While feeding, North Atlantic right
whales typically dive to depths of 80—175 m for 5-14 min (Baumgartner and Mate 2003).

The North Pacific right whale is considered a rare winter or early spring vagrant off southern
California (NMFS 2008). Over the last century, 13 right whale sightings have occurred off California in-
cluding two sightings off Baja, all but one since 1955 (Scarff 2006). Most of the sightings were of single
animals and most occurred in winter or early spring (March—May) and very close to shore (Scarff 1991,
2006). Three of these records were near the Santa Barbara project area: one sighting ~74 km southwest
of the southeast tip of Santa Catalina Island on 24 March 1992 (Carretta et al. 1994), one whale ~15 km
north of Santa Catalina Island on 9 May 1990 (Scarff 1991), and one near Santa Barbara on 17 April 1981
(Woodhouse and Strickley 1982).

Gray Whale (Eschrichtius robustus)

The eastern gray whale population ranges from the Chukchi and Beaufort seas to the Gulf of Cali-
fornia (Rice 1998). Gray whales are found primarily in shallow water, and usually remain closer to shore
than any other large cetacean. The current population estimate for this stock of 18,813 is based on the
mean of the 2000-2001 and 2001-2002 abundance estimates (Angliss and Outlaw 2008). The population
has increased overall from 1967/68 through 2001/02 at a rate of 1.86% (Rugh et al. 2005).

Gray whales make a well-defined seasonal north-south migration. Most of the population summers in
shallow waters of the northern Bering Sea, the Chukchi Sea, and the western Beaufort Sea (Rice and Wolman
1971); some individuals also summer along the west coast from Canada to central California (Rice and Wol-
man 1971; Darling 1984; Nerini 1984). Nearly all feeding activity occurs between late spring and early fall,
though some opportunistic feeding may occur in or near the breeding and calving grounds (Norris et al. 1977).
In October and November, gray whales begin to migrate south, following the shoreline south to breeding
grounds on the west coast of Baja California and the southeastern Gulf of California (Braham 1984; Rugh
1984). Some calves are born along the coast of California, but most are born in the shallow, protected waters
on the west coast of Baja California from ~28°N to ~24°N (Urban et al. 2003).
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Gray whales usually migrate alone, with the exception of cow/calf pairs, and groups of >6 whales
are unusual (Rice and Wolman 1971; Leatherwood et al. 1988). A mean group size of 2.9 gray whales was
reported for both coastal (16 groups) and non-coastal (15 groups) areas in the San Clemente Island Range
Complex (SCIRC), ~250 km southeast of the study area (Carretta et al. 2000). The largest group reported was
nine animals. Koski et al. (1998) reported a mean group size of 3.2 (n = 141) in the Point Mugu Sea Range,
which extends roughly from Anacapa Island offshore for ~300 km and north to ~35.5°N, a mean group size of
2.7 (n = 428) east of the range, close to shore in the SBC, and a maximum group size of 27. Foraging gray
whales commonly dive to depths of 50—60 m, and the maximum known dive depth is 170 m (Jones and
Swartz 2002). Migrating gray whales typically dive for 3—5 min and spend 1-2.5 min on the surface
between dives (Jones and Swartz 2002).

The southward gray whale migration through the SCB extends from December through February, and
the northward migration occurs from February through May, peaking in March (Leatherwood 1974; Bonnell
and Dailey 1993). This migration generally follows the coastline closely, although south of Point Conception,
most gray whales follow a more offshore route across the SCB and through the Channel Islands (Jones and
Swartz 2002). Gray whales are usually absent from southern California waters during August—-November
(MMS 2005), although there have been a small number of sightings in the SBC during this period, including in
early through late November (CINMS 2008). Approximately 2485 sightings of gray whales are recorded in
the CINMS Sightings Database in and near the SBC from 2000 to 2008 during nearly every month of the year,
but primarily from December to March (CINMS 2008).

Humpback Whale (Megaptera novaeangliae)

The humpback whale is listed as Endangered under the ESA