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REPORT OF 1993-1994 MARINE MAMMAL AERIAL SURVEYS CONDUCTED
WITHIN THE U.S. NAVY OUTER SEA TEST RANGE OFF
SOUTHERN CALIFORNIA

James V. Carretta
Karin A. Forney
Jay Barlow
Southwest Fisheries Science Center
National Marine Fisheries Service
P.O. Box 271, La Jolla, CA 92038

ABSTRACT

Aerial line-transect surveys were conducted during 1993-1994 to determine the relative
spatial and seasonal distribution and abundance of marine mammals within a portion of the U.S.
Navy Outer Sea Test Range, west of San Nicolas Island, California. A total of 13,734 km were
surveyed within a10,173 km’study area during a 17-month period, resulting in 462 on-effort
sightings of 18 marine mammal species. Of 462 on-effort sightings, 89% were represented by
10 species or species groups: California sea lion, Zalophus californianus (237 on-effort sightings,
51% of all on-effort sightings); common dolphin, genus Delphinus (54, 12%); northern right
whale dolphin, Lissodelphis borealis (26, 6%); Risso’s dolphin, “Grampus griseus (24, 5%);
Pacific white-sided dolphin, Lagenorhynchus obliquidens (17, 4%), northern elephant seal,
Mirounga angustirostris (13, 3%); fin whale, Balaenoptera physalus (11,2%); all beaked whales
(11, 2%); Dall’s porpoise, Phocoenoides dalli (10, 2%); and blue whale, Balaenoptera musculus
(8, 2%). Blue whales were encountered only in summer, while fin whales were present in every
season. Gray whales were rarely encountered seaward of the Channel Islands. Numerically,
common dolphins (26.45 animals/100 km) and northern right whale dolphins (26.24 animals/100
km) were the most abundant species, although northern right whale dolphins were absent from
the study area in summer and fall. Seasonal encounter rates for all species combined were highest
in summer (4.93 sightings/100 km), and lowest in fall (1.98 sightings/100 km). Group encounter
rates (# sightings/100 km) and animal encounter rates (# animals/100 km) were highest in the
eastern part of the study area, near the Santa Rosa-Cortes Ridge. The lowest group and animal
encounter rates were found in the southwest portion of the study area, near the Patton Ridge and
Patton Escatpment. Group encounter rates during calm sea states (4.81 sightings/100km,
Beaufort 0-2) were nearly double that of rough sea states (2.51 sightings/100 km, Beaufort 3-4).

INTRODUCTION

In 1994, the U.S. Navy conducted two ship-shock trials utilizing 4,536 kg (10,000 1b)
charges, detonated at sites within the Outer Sea Test Range (OSTR), approximately 167 km (90
nmi) southwest of San Nicolas Island, California. The trials were conducted on the Aegis-class
destroyer U.S.S. John Paul Jones to test the structural integrity of the ship’s hull, as well as
electronic and fixed-structure systems. In order to minimize potential impact to marine mammals,
the U.S. Navy requested information on their spatial and temporal distribution within a portion



of the OSTR prior to the shock trials, so that trials could be conducted in those areas with the
fewest marine mammals. Aerial surveys were conducted by the Southwest Fisheries Science

- Center (SWFSC) to meet this goal.

The aerial survey data collected during 1993-1994 were used by the SWFSC to
recommend suitable shock trial sites to the U.S. Navy. Prior to the scheduled shock trials, a
lawsuit was filed by the Natural Resources Defense Council (NRDC), challenging the SWFSC’s
choice of recommended shock trial sites. A U.S. District Court ruling and subsequent legal
agreement resulted in the shock-trial sites being moved approximately 120 km (65 nmi) southwest
of the SWFSC study area. The new shock-trial sites were then surveyed in April and May of
1994 prior to completion of the shock trials. It is not the intention of this report to review the
legal processes or opinions which resulted in the movement of trial sites, but merely to report the
marine mammal sighting data collected during aerial surveys. In addition to completing pre-trial
surveys for the U.S. Navy, the SWFSC also placed marine mammal observers on board the U.S.S.
John Paul Jones and in survey aircraft during the actual shock trial events to ensure that no
marine mammals were within a 2 nmi radius of the vessel. A separate report detailing activities
on the days of the shock trials and marine mammal mitigation efforts has been presented to the
National Marine Fisheries Service by the U.S. Navy (Department of the Navy 1994).

MATERIALS AND METHODS
Study Areas

Three study areas (plus two analyzed sub-areas within one area) are described in this
report. An emphasis is placed on the SWFSC study area and its two stratified sub-areas, since a
majority of survey effort was conducted there. A brief summary of each area follows:

1. SWFSC study area

The original study area that was surveyed by the SWFSC from January 1993 through May
1994 comprises 10,173 km’ Twenty-nine transects, totalling 2,345 km and ranging in length from

15 to 126 km were spaced 9 km apart to provide uniform coverage of the area (Figure 1). An
attempt was made to survey the complete transect grid at least once each month. Frequently poor
weather conditions in the study area prevented this from being accomplished. Additionally,
military range operations within the OSTR eliminated approximately one quarter of all potential
survey dates.

SWFSC Area "A"

This sub-area of the SWFSC study area covers 7,588 km? (Figure 2). Area A was
eliminated from consideration as a ship-shock trial site based on its consistently higher animal
encounter rates and group encounter rates of marine mammals.

SWFSC Area "B", recommended shock trial area



This other sub-area of the SWFSC study area covers 2,585 km® (Flgure 2). Area B was
recommended by the SWFSC to the Navy as a site suitable for shock trials, based on data
collected through May of 1994'. Area B was chosen as the most suitable shock trial location
based on overall lower animal and group encounter rates.

2. Area "C"

This 1,746 km® area is located approximately 120 km southwest of Area B (Figure 2). Area
C is where ship-shock trials were eventually conducted. Surveys were flown here only in April
and May of 1994, totalling 1,344 km of effort. Sixteen transects, totalling 525 km, and ranging

in length from 8 to 58 km were spaced 9 km apart to provide uniform coverage of this area.

3. "Inshore Area"

This 33,403 km’ area lies mostly east of the OSTR and was surveyed on an opportunlstlc
basis when transiting to and from the SWFSC study area or, when poor weather conditions
offshore precluded effective surveying within the SWESC study area (Figure 3). Surveys here
were done opportunistically, not along fixed transect lines.

Secientific Personnel

Wes Armstrong NMFS/SWFSC Marine Mammal Observer

Dr. Jay Barlow NMFS/SWESC Program Leader/Marine Mammal Observer
Scott Benson NMFS/SWFSC Marine Mammal Observer

James Carretta NMFS/SWFSC Survey Coordinator/Observer

Susan Chivers NMFS/SWEFSC Marine Mammal Observer

Terry Farley NMFS/SWFSC Marine Mammal Observer

Daniel Fink NMFS/SWFSC Data Recorder

Karin Forney NMFS/SWFSC Survey Coordinator/Observer

James Gilpatrick NMFS/SWFSC Marine Mammal Observer/Photogrammetrist
Fred Julian NMFS/SWFSC Data Recorder

Carrie LeDuc NMFS/SWFSC Marine Mammal Observer

Tim Lee NMFS/SWFSC Marine Mammal Observer

Mark Lowry NMFS/SWFSC Marine Mammal Observer

Morgan Lynn NMFS/SWFSC Marine Mammal Observer/Photogrammetrist
Joyce Sisson NMFS/SWFSC Marine Mammal Observer

Robin Westlake NMFS/SWFSC Marine Mammal Observer/Photogrammetrist

All marine mammal observers, with the exception of one, had prior experience with

! - In the Department of the Navy’s final report to NMFS (Department of the Navy 1994), the SWFSC recommended shock
trial areas shown differ from those presented here. The initially recommended areas were based on aerial survey data collected
for the period Japuary through June of 1993. Additional data were collected through May of 1994, which were used to update
recommended trial areas. These recommended areas collectively represent "Area B".
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identifying marine mammals in the field, either from aerial platforms, shipboard platforms, or
both. - The one observer without prior experience was limited to data recording duties during a
period of marine mammal identification training.

Pilots

John Drust Aspen Helicopters, Oxnard, CA.
Barry Hansen Aspen Helicopters, Oxnard, CA.
Rick Throckmorton Aspen Helicopters, Oxnard, CA.

Aircraft

Two models of Partenavia aircraft were utilized for the surveys. A twin-engine, turbo-
prop Partenavia Spartacus was used on most surveys. When the Sparfacus aircraft was not
available, a twin-engine Partenavia P-68 was used. Both aircraft models were fitted with left and
right side bubble windows just forward of the wings. The bubble windows provided observers
with unobstructed viewing from the horizon (0° declination angle) to the trackline directly beneath
the aircraft (90°), and approximately 10° of visual overlap directly below the aircraft. The bubble
windows allowed observers to search ahead of and behind the aircraft as well. A rectangular
viewing hole (30 x 50 c¢m) in the bottom of the Spartacus aircraft was fitted with optical glass to
allow a third observer to monitor the trackline directly below the aircraft. A similar belly window
in the P-68 model (25x30 cm) was covered with plexiglass. The aircraft maintained an altitude
of approximately 213 m (700 ft) and airspeeds of 167-185 km/hr (90-100 knots) while surveying.
The survey altitude was occasionally reduced to as low as 152 m (500 ft) due to low clouds.

Duty Stations

The aerial survey team consisted of three observers, one data recorder, and the pilot.
Three observers rotated through three duty stations (left bubble window, right bubble window,
and belly window) approximately every 45 minutes. The data recorder remained in his or her
position for the duration of each flight. The left and right bubble windows were designated as
"primary observer" stations, and the belly window observer was designated as a "secondary
observer."

Primary Observers

The left and right observers searched with unaided eye through bubble windows on each
side of the aircraft. To increase sighting efficiency near the trackline, primary observers limited
their search for marine mammals out to a declination angle of 12° (1004 m perpendicular distance
from the trackline). When marine mammals were sighted, the observer waited until the animals
were perpendicular to the aircraft, and then measured a declination angle to the center of the
group. The pllot was then instructed to direct the aircraft towards the group, so that observers
could make species identifications and school size estimates.



Secondary Observer

A third observer searched with unaided eye through a rectangular belly window located
in the tail section of the aircraft. This observer had a clear view of the trackline directly below
and slightly forward of the aircraft out to approximately 65° declination angle (100 meters
perpendicular distance) on each side of the trackline. The role of the secondary observer was to
sight marine mammals near the trackline that were missed by primary observers. The secondary
observer waited approximately 5-10 seconds to announce the presence of marine mammals when
sighted, to ensure that they were well out of the view of the primary observers. These data are
used to calculate the fraction of sightings missed by both observer teams. -Bias caused by the
fraction of sightings missed on a previous aerial survey is discussed by Forney et al. (1995) for
various species groups and school sizes.

Data Recorder

The data recorder entered and updated all effort, environmental, and sighting data into a
laptop computer. The types of effort, environmental, and sighting data recorded during the
surveys were summarized in Carretta and Forney (1993). The data recorder terminated effort
when the aircraft diverted from the transect line and ensured that observers were prepared to
search before resuming effort. The data recorder did not actively search for marine mammals,
and any sightings that were detected by the recorder were classified as "off-effort" sightings if
they were not detected by primary or secondary observers (see explanation of on- and off-effort
classifications in "Data Collection Procedures” section).

Data Collection Procedures

Aerial surveys were conducted during Beaufort sea states 0-4, following the sea state
definitions from Bowditch (1966) (Table 1). Survey effort was normally terminated when
conditions reached Beaufort 5, although 408 km of Beaufort 5 data were collected. These
Beaufort 5 data were not used in the calculations of marine mammal group or animal encounter
rates. Surveys within the OSTR were restricted primarily to weekends and occasional Fridays
due to scheduled military operations the remainder of the week, although not all weekends were
free of military operations.

A Toshiba® T-1000 or Sager> NP-500 laptop computer was used to record all effort and
sighting data. The computer was linked to the aircraft’s LORAN navigation system via a 25-to-9
pin serial port connector to obtain continuous location data. An event-driven, Pascal program was
used to record effort and sighting data. The program captured current LORAN position data
every minute and again when any survey events were recorded. These events included changes
in altitude, airspeed, environmental conditions, observer positions, comments, and sighting
information.



The left and right primary observers used Suunto® optical clinometers to measure the
declination angle from the aircraft to sighted animals. Declination angles were used to calculate
the perpendicular distance of sighted animals from the trackline. Due to space limitation, the
secondary observer used hatch marks on the belly window to measure declination angles to
sightings. These hatch marks were calibrated using a clinometer prior to the surveys. A table
showing perpendicular distances from the trackline relative to declination angle is given in
Appendix 1 of Carretta and Forney (1993).

Sightings were recorded as either "on-effort” or "off-effort". "On-effort" sightings were
those made by primary and secondary observers while the aircraft was flying along a
predetermined transect line and all three observers were actively searching for marine mammals.
Sightings were categorized as "off-effort" in the following four cases:

1. Sightings made while the three observers were not actively searching along the
transect line (i.e. when in transit).

2. Sightings made by the pilot or the data recorder, but missed by the primary and
secondary observers.

3. Additional sightings made while circling to re-locate an on-effort sighting.
4. Sightings made beyond 12° declination angle (1004 m perpendicular distance).
Off-effort sightings are not used in the calculation of encounter rates presented in this report.

When marine mammals were sighted, the observer who first detected the animals announced their
presence to the data recorder, who terminated effort and entered the sighting information into the
computer. At this time, the belly window observer released a fluorescein dye marker from the
aircraft to aid the pilot in relocating the marine mammals. After the declination angle was
measured, the pilot was then instructed to direct the aircraft back to the location of the marine
mammals. The computer program also provided dynamic distance and bearing information to the
location where animals were first sighted.

During a sighting, the aircraft typically made several passes over the animals. Observers
made species identifications at this time, and took notes on the features they observed. After a
consensus was reached on the species identification, the pilot continued to circle the aircraft
around the area so that observers could obtain school size estimates. Observers made three
estimates: a best, high, and low estimate of the number of animals thought to be present. The
observers entered their estimates into personal notebooks without discussing them, to avoid
biasing or influencing each other. These estimates were entered into the data files at the end of
the day by the survey leader.

% Reference to trade names does not imply endorsement by the NMFS.
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Occasionally, it was not possible to identify marine mammals to species. In these cases,
the animals were assigned to various unidentified categories (i.e. "unidentified dolphin" or
"unidentified whale"). In some cases, the observer could narrow the identification down to one
of two species, for example,"common dolphin" (species code DD) or "Pacific white-sided
dolphin" (species code LO). In this case, the codes for both species were combined: (DDLO).
Two species of common dolphin (Delphinus delphis and Delphinus capensis) could not be
distinguished by aerial observers and were both assigned the species code DD.

Aerial photogrammetry was used to obtain length data for cetaceans, and also to verify
some species identifications. A 127 mm format, KA-45 military reconnaissance camera was
mounted in the belly window of the plane. The camera has a 152 mm focal length lens, and a
forward motion compensator to eliminate blurring by forward aircraft motion. Photographs were
taken on Kodak 3404 Plus-X black-and-white film, which was exposed through a Wratten 9 filter
to increase contrast between subject and water. A second Toshiba T-1000 laptop computer was
linked to the aircraft’s radar altimeter to obtain accurate and continuous altitude data during
photographic operations. Photogrammetric methods of length determination are reviewed by
Perryman and Lynn (1993). Photographs obtained during the surveys will be analyzed at a later
date, and used to distinguish short-beaked and long-beaked common dolphins (Delphinus delphis
and Delphinus capensis), which have recently been recognized as two distinct species based on
genetic and morphological evidence (Rosel et al. 1994, Heyning and Perrin 1994).

Data Presentation

Bathymetry contours (200, 500, 1,000, 2,000, and 3,000 meters) and the major submarine
features (Patton Escarpment, Patton Ridge, Santa Rosa-Cortes Ridge, and San Juan Seamount)
are shown for the Southern California Bight (SCB) in Figure 4. Bathymetric contours also appear
in all subsequent species plots. -

Seasonal data presented in this report are based on the following monthly divisions:
winter (December - February), spring (March - May), summer (June - August), and fall
(September - November). -

Two types of encounter rates are presented. Group encounter rates represent the number
of on-effort marine mammal schools or groups detected per 100 km of survey effort. Animal
encounter rates refer to the number of individual animals detected per 100 km of survey effort.
Only on-effort sightings are used in the calculation of both encounter rate types.

Species plots are not consistent with regard to effort-type. For the frequently encountered
species (such as California sea lion and common dolphins), only on-effort sightings are plotted.
Plotting of numerous off-effort sightings of these species would have confounded effort-based
distributional patterns due to the large number off-effort sightings recorded during transit flights
to and from the study areas, and between transect lines. Endangered species (such as blue, fin,
- and sperm whales), and rarely encountered species (such as Cuvier’s beaked whale and pygmy
sperm whale) are represented by both on and off-effort sightings in their respective plots.



RESULTS
Effort

Surveys were cancelled and/or aborted on approximately half of all available weekends
due to poor weather. Additionally, approximately a quarter of all weekends were unavailable for
surveying due to military operations. Surveys effort was conducted on a total of 58 dates. Of
these 58 dates, there were 45 in which survey effort was conducted within the SWFSC study area.
A summary of survey dates and kilometers surveyed for each date is given in Table 2.

A total of 17,650 km were searched within the entire Southern California Bight (SCB).
Within the SWFSC study area, 13,734 km were surveyed from January 1993 through May 1994.
The relative spatial survey effort within the SWFSC study area is shown in Figure 5. Survey
effort was most concentrated in the southeast portion of the study area. Winter and spring survey
effort was double that of summer and fall because of the greater number of winter and spring
survey dates available during the 17-month study. The total number of kilometers surveyed
within each area, season, and sea state category are given in Table 3.

Spatial and Temporal Overview

Group and animal encounter rates are summarized by area in Table 3. The highest group
encounter rate (8.50 sightings/100 km) occurred in the Inshore Area, the lowest in Area C (0.89
sightings/100 km). Animal encounter rates were highest in the Inshore Area (542 animals/100
km) and lowest within Area B (37.2 animals/100 km). Area B is that which the SWFSC
recommended for shock trials.

Relative spatial group encounter rates within the SWFSC study area are shown in Figure
6. Within the SWFSC study area, group encounter rates were highest in the northeastern extreme
near the Santa Rosa-Cortes Ridge (corresponding to Area A). Generally, group encounter rates
were higher in the northern half of the SWFSC study area. The lowest group encounter rates were
- found in the southwest quarter of the SWFSC area, which corresponds to Area B. Group
encounter rates in Area A (3.54 sightings/100 km) were nearly double that of Area B (1.88
sightings/100 km). Seasonally, the overall SWFSC area group encounter rate was highest in
summer (4.93 sightings/100 km), and lowest in fall (1.98 sightings/100 km).

Relative spatial animal encounter rates within the SWFSC study area are shown in Figure
7. Animal encounter rates within the SWFSC study area were also highest near the northeastern
extreme, with a second area of relatively high animal encounter rates east of the San Juan
Seamount. Areas of relatively low animal encounter rates were found near the center of the
SWFSC study area, over the Patton Ridge. The animal encounter rate in Area A (169.3
animals/100 km) was approximately 4.5 times greater than in Area B (37.2 animals/100 km).
Seasonally, animal encounter rates were highest within the SWFSC study area in spring (189.4
animals/100 km), and lowest in winter (78.0 animals/100 km). -



Effects of Beaufort Sea State

Group encounter rates within the SWFSC study area were approximately twice as high
(4.81 sightings/100 km) in calm sea states (Beaufort 0-2) than in rough sea states (Beaufort 3-4,
2.51 sightings/100 km). Previous studies have shown that sighting rates decline with an increase
in Beaufort sea state (Holt and Cologne 1987, Forney ef al. 1991). Additionally, it has been
shown that apparent densities of harbor porpoise are reduced with increasing cloud cover, due to
decreased light penetration of the sea-surface (Barlow et al. 1988, Forney et al. 1991). This is
intuitively obvious, as marine mammals are more difficult to detect in poor conditions. The sea
state effect on encounter rates is confounded within the SWFSC study area due to the large
weather gradient found there. Sea state (and marine fog) conditions were consistently worse in
the western half of the study area, while group encounter rates also decreased with increasing
distance from shore. Although other researchers have also shown that cetaceans are more
abundant in the productive coastal waters than in the offshore waters of the California Current
(Smith ez al. 1986), it is unknown how much the observed differences in inshore/offshore group
encounter rates are based on real marine mammal abundance or reduced observer effectiveness
in higher sea states. This is not easily determined due to geographic biases in both parameters.
It may be possible to establish group encounter rate correction factors for differing Beaufort sea
states (as well as other environmental variables such as cloud cover) if the analysis is confined
to an area small enough to eliminate the effects of spatial heterogeneity in weather and marine
mammal abundance.

Species Accounts

Within the SWFSC study area, 18 marine mammal species were identified, which included
15 cetacean and 3 pinniped species. Sighting information for these 18 species is summarized in
Table 4. Bottlenose dolphins, striped dolphins, and humpback whales were only identified
outside of the SWFSC study area.

The highest group encounter rate was found for California sea lions (1.82 sightings/100
km), followed by common dolphins (0.394 sightings/100 km) and northern right whale dolphins
(0.189 sightings/100 km). Common dolphins had the highest animal encounter rate (26.45
animals/100 km), followed closely by northern right whale dolphins (26.24 animals/100 km).
Northern right whale dolphin had the largest mean school size (138.8 animals, range= 2-2,263),
which was more than double than that of the common dolphin (67.3 animals, range= 1-2,000).
California sea lions were the most frequently detected marine mammal (1.82 sightings/100 km),
although their mean school size was small (1.4 animals, range= 1-16). Fin whales were the most
commonly detected large whale and were detected during all seasons (0.081 sightings/100 km).
As a group, the beaked whales (Cuvier’s, Baird’s, Mesoplodon spp., and unidentified ziphiids)
were seen just as frequently (0.081 sightings/100 km) as fin whales. Blue whales were the next
most commonly encountered whale (0.059 sightings/100 km), with all of the sightings occurring
in summer.

Detailed sighting information for each species seen within the SWFSC study area is given



in the following sections. Species sighting data are summarized by season and school size in
Tables 5-6. A summary of the species codes used during the surveys is given in Table 7, and a
summary of all on and off-effort coded sightings is given in Table 8. Abundance estimates
provided in the following species summaries are for California waters only, unless otherwise
specified. Estimates are based on 1991-1992 winter and spring aerial surveys (Carretta and
Forney 1993, Forney ef al. 1995) and a 1991 summer and fall ship survey (Hill and Barlow 1992,
Barlow 1995), unless noted otherwise. All associated confidence intervals (C.1.) are log-normal
and are given at the 95% level. Mean school sizes and ranges are given for on-effort sightings
within the SWFSC study area only.

Dolphins and Porpoises

Common dolphins (Delphinus delphis and Delphinus capensis): Common dolphins
were the most frequently encountered cetacean (54 on-effort sightings, 0.394 sightings/100 km)
within the SWFSC study area. Seasonally, common dolphins were encountered much more
frequently in summer and fall (0.734 sightings/100 km), than in winter and spring (0.227
sightings/100 km). The highest group encounter rate occurred in summer (1.19 sightings/100
km), and the lowest (0.17 sightings/100 km) in winter. The locations of all on-effort common
dolphin sightings are shown in Figure 8.

Common dolphins are the most abundant cetacean in California waters, occurring in large
schools throughout the SCB (Forney et al. 1995, Barlow 1995). Two species of common
dolphins, the "short-beaked" Delphinus delphis, and "long-beaked" Delphinus capensis, occur
within the SCB (Heyning and Perrin 1994, Rosel et al. 1994). Current abundance estimates based
on aerial surveys of common dolphins for the winter and spring period are 305,694 (C.1.=
159,864-584,552, Forney et al. 1995). Because short-beaked and long-beaked common dolphins
are indistinguishable from the air, this abundance estimate combines of both forms. Summer and
fall abundance estimates (Barlow 1995) are 225,821 short-beaked (C.I. = 132,139-385,918) and
9,472 long-beaked common dolphin (C.I. =2,817-31,842), based on a ship survey. An additional
10,286 unclassified common dolphin (C.I.= 2,539-41,664) were estimated, bringing the total
summer and fall common dolphin estimate to 245,579 animals (Barlow 1995). During this
summer and fall ship survey, fourteen sightings of long-beaked common dolphin were recorded
(Hill and Barlow 1992). Twelve of the 14 long-beaked sightings were clustered around the
northern Channel Islands of San Miguel, Santa Rosa, and Santa Cruz (the remaining two were
within 10 nmi of the mainland). Sightings of short-beaked common dolphin were also found near
the northern Channel Islands, but a majority of the 155 short-beaked sightings reported were
spread far offshore to approximately 300 nmi, and north to latitude 39° N. This distribution
pattern is consistent with the known "nearshore” habits of long-beaked common dolphin (Heyning
and Perrin 1994). Previous work has suggested evidence of mixing of "nearshore" and "pelagic"
forms over the Santa Rosa-Cortes Ridge and Patton Escarpment, and that west of the Patton
Escarpment, only the pelagic form is found (Dohl ef al. 1986). Although aerial observers are not
able to differentiate the two species of common dolphin, aerial photogrammetry has allowed for
the differentiation of common dolphin stocks within the eastern tropical Pacific (Perryman and
Lynn 1993). Aerial photographs taken during the present study will be analyzed for this purpose,
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and this information will be presented in a later report.

Northern right whale dolphin (Lissodelphis borealis): Within the SWFSC study area,
twenty six on-effort sightings of northern right whale dolphin were recorded in winter and spring.
No northern right whale dolphin were seen during summer, and only one on-effort group of two
animals was detected in the fall, just outside of the SWFSC area. Group encounter rates for the

~winter and spring were similar (0.30 and 0.26 sightings/100 km, respectively). Northern right
whale dolphin occurred in the largest schools, averaging 138.8 animals (range 2-2,500). The
average school size increased from 13.9 animals (14 sightings) in winter to 284.3 animals (12
sightings) in spring, possibly in response to warming water temperatures and as a precedent to
migration out of the region. Additional analyses of northern right whale dolphin school sizes
relative to season and water temperature may reveal if there is a true seasonal component. The
locations of all on-effort northern right whale dolphin sightings are shown in Figure 9.

The observed sighting patterns during this study are consistent with previous observations
that indicate that northern right whale dolphins are a winter/spring visitor to the shelf waters of
the SCB, when sea-surface temperatures are generally coldest, and less abundant during seasonal
warm-water periods (Leatherwood and Walker 1979, Dohl et al. 1980, Carretta and Forney 1993).
The observed seasonal distributions are reflected in recent abundance estimates. Winter and
spring abundance estimates are 21,332 northern right whale dolphin (C.1.= 9,548-47,658), while
summer and fall estimates are lower; 9,342 (C.1. =3,322-26,272); (Forney et al. 1995, and Barlow
1995, repectively).

Risso’s dolphin (Grampus griseus): Twenty four on-effort sightings of Risso’s dolphins
were recorded within the SWFSC study area,. Risso’s dolphin were encountered within the
SWEFSC study area in all seasons except fall, and were the third most encountered cetacean (0.173
sightings/100 km). The mean school size ranked third among all species at 34.3 animals (range=
3-238). Group encounter rates were highest in winter (0.30 sightings/100 km) and lowest in
summer (0.10 sightings/100 km). The locations of all on-effort Risso’s dolphin sightings are
shown in Figure 10.

Risso’s dolphin are commonly encountered near the Channel Islands and their abundance
is apparently linked to warm-water periods (Leatherwood ef al. 1980). Abundance estimates for
the winter and spring (Forney ef al. 1995) are 32,376 (C.1.= 13,812-75,891), and 8,496 (C.I. =
3,890-18,555) for the summer and fall (Barlow 1995). This difference in seasonal estimates may
be due to movement of animals from Oregon and Washington into Califorria waters in winter
(Green et al. 1992, Forney et al. 1995).

Pacific white-sided dolphin (Lagenorhynchus obliquidens): Pacific white-sided dolphin
were the fourth most commonly encountered cetacean species (0.124 sightings/100 km) within
the SWFSC study area, and were seen in all seasons. The highest group encounter rate (0.30
sightings/100 km) occurred in summer, and the lowest group encounter rate (0.04 sightings/100
km) occurred in the fall. The mean school size was 24.2 animals (range= 2-163), which ranked
fourth among all species. The locations of all on-effort Pacific white-sided dolphin sightings are
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shown in Figure 11.

Seasonal movements of Pacific white-sided dolphin along the U.S. west coast have been
described by Dohl et al. (1980), Leatherwood et al. (1984), Green et al. (1992), and Carretta and
Forney (1993). The observed seasonal trends within the SCB indicate that Pacific white-sided
dolphin increase in abundance with decreasing water temperatures. Recently published
abundance estimates of 121,693 animals (C.I. = 51,041-290,144) for the winter and spring
(Forney et al. 1995) and 12,310 animals (C.I. = 4,590-33,010) for the summer and fall (Barlow
1995) support these observations.

Dall’s porpoise (Phocoenoides dalli): Dall’s porpoise were encountered within the
SWFSC study area a total of 10 times and in every season except summer. The highest group
encounter rate (0.10 sightings/100 km) occurred in spring. Most sightings occurred along the
western edge of the Santa Rosa-Cortes Ridge, near the 1,000 m isobath. The mean school size
for all groups was 4.0 animals (range= 1-8). The locations of all on-effort Dall’s porpoise
sightings are shown in Figure 12.

Dall’s porpoise are infrequently seen in the SCB during warm-water periods (Dohl ef al.
1980), while they can be found as far south as Baja California during cold-water periods
(Leatherwood et al. 1972). During winter and spring aerial surveys in 1991 and 1992, Dall’s
porpoise was the most commonly sighted cetacean (Carretta and Forney 1993). Recent seasonal
abundance estimates of Dall’s porpoise are 8,460 (C.1.=5,320-13,453) for the winter and spring
(Forney et al. 1995) and 78,422 (C.I. = 40,026-153,649) for the summer and fall (Barlow 1995).
Although these two abundance estimates appear to contradict the observed seasonal distributions
for this species, Forney et al. (1995) stated that the winter and spring aerial estimate of Dall’s
porpoise is likely to be biased downward considerably. This is due to the large fraction of time
that Dall’s porpoise spend diving, thus increasing the chances that an observer in a fast-moving
aircraft would fail to detect the animals. Regardless of the seasonal disparity in abundance
estimates, there were marked distributional differences for this species between the two studies.
The summer and fall survey (Hill and Barlow 1992) showed that all 128 sightings of Dall’s
porpoise occurred north of Pt. Conception, while the winter and spring distribution was fairly
uniform from the SCB north to the California/Oregon border (Carretta and Forney 1993).

Killer whale (Orcinus orca): Three on-effort sightings of killer whales were recorded
within the SWFSC study area, two of which occurred on consecutive days 32 miles apart and may
have represented some of the same animals. The mean school size for the three on-effort
sightings was 2.3 animals (range= 1-4). Two off-effort sightings were recorded outside of the
SWFSC study area, including a group of 6 to 8 animals just south of San Miguel Island in March
of 1994. The locations of all (on and off-effort) killer whale sightings are shown in Figure 13.

Killer whale sightings in California waters are relatively rare and no resident populations
have been identified (Forney 1994). Current abundance estimates are 65 animals (C.I. = 19-220)
for the winter and spring (Forney ef al. 1995) and 307 animals (C.I. = 48-1,947) for the summer
and fall (Barlow 1995).
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Short-finned pilot whale (Globicephala macrorhynchus): One off-effort sighting of
nine pilot whales was recorded within the SWFSC study area in July of 1993 (Figure 14). Pilot
whales were once common residents of the SCB, but have been infrequently sighted since the
1982-83 El Nifio (Shane 1994). Twenty-five animals were observed and photographed off central
California in the fall of 1991 (Jones and Szczepaniak 1992), and one sighting of four animals was
reported in the SCB in 1992 (Carretta and Forney 1993). No pilot whales were sighted during an
extensive ship survey in 1991 of California waters out to 555 km (300 nmi) (Barlow 1995). Five
sightings of pilot whales were recorded off of central California during a 1993 ship survey
(Mangels and Gerrodette 1994).

Baleen whales

Minke whale (Balaenoptera acutorostrata): Two minke whale sightings (one on effort)
were recorded within the SWFSC study area. An additional five sightings were recorded in the
Inshore Area. Six of the seven minke whale sightings contained single animals; the remaining
sighting contained two. The locations of all (on and off effort) minke whale sightings are shown
in Figure 15. Within the SCB, minke whales are usually seen over continental shelf waters, and
are reported to be most common around the Channel Islands (Leatherwood ef al. 1982). Current
abundance estimates of minke whales are 73 (C.I.= 24-223) for the winter and spring (Forney et
al. 1995) and 526 (C.I.= 106-2,596) for the summer and fall (Barlow 1995). '

Blue whale (Balaenoptera musculus): Thirty one total sightings of blue whales were
recorded, although only eight were on-effort sightings within the SWFSC area. All sightings
within the SWFSC area occurred in summer, and most occurred along the Santa Rosa-Cortes
Ridge. The mean school size for the eight on-effort sightings was 1.5 animals (range= 1-3). The
location and timing of blue whale sightings in southern California waters suggests that they may
be encountered any time of the year; however, they appear rare in winter and spring and become
abundant in the study area and in surrounding waters in the summer and fall. The locations of all
thirty-one blue whale sightings are shown in Figure 16.

In the SCB, blue whales are reported to be common from July through October, west of
the Channel Islands along the Patton Escarpment (Leatherwood et al. 1982). North-to-south
seasonal movements of blue whales have been documented with photo-identification of
individuals. Whales that have been photographed off of Baja California in March and April have
been resighted off central California near Monterey Bay and the Gulf of the Farallones in
September and October (Calambokidis ef al. 1990). Concentrations of up to 40 whales occur in
September near San Miguel and Santa Rosa Islands, where the whales have been seen feeding on
large krill swarms (NMFS, unpublished data). An abundance estimate of 2,250 blue whales
(C.1.=1,093-4,632) in California waters was recently reported by Barlow (1995), based ona 1991
summer and fall ship survey and a study area that extended out 555 km (300 nmi) from the coast.
During 1991-1992 winter and spring aerial surveys, two blue whale sightings were recorded off
southern California in February and March of 1992, during which time waters were warmer than
normal due to an El Nifio event (Carretta and Forney 1993).
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Fin whale (Balaenoptera physalus): The fin whale was the most commonly encountered
whale species within the SWFSC study area (0.081 sightings/100 km). Fin whales were
encountered in every season, and most frequently in fall. Eleven on-effort sightings were
recorded within the SWFSC study area. The mean school size for all seasons was 1.9 animals
(range= 1-4). One off-effort sighting of at least 8 whales was recorded in the SWFSC study area.
All of the sightings were recorded east of the Patton Escarpment, over the continental shelf. The
locations of all (on and off-effort) fin whale sightings are shown in Figure 17.

Within the range of central California south to Baja California, fin whales are most often
found just outside (west) of the Channel Islands (Leatherwood et al. 1982). The year-round
presence of fin whales in California suggests the possibility of a resident population (Barlow
1994). A total of 935 fin whales (C.I.= 299-2,925) were estimated during a 1991 summer and fall
ship survey (Barlow 1995).

Gray whale (Eschrichtius robustus): Two gray whale sightings were recorded within
the SWFSC study area (the one on-effort sighting was a cow-calf pair). The locations of all (on-
and off-effort) gray whale sightings during this study are shown in Figure 18. A review of gray
whale sightings recorded during Minerals Management Service (MMS) surveys from 1975-1983
and NMFS surveys from 1991-1994 shows that a majority of the gray whales migrate east of the
SWEFSC study area (Minerals Management Service 1993, NMFS unpublished data). A combined
total of 473 MMS and NMFS gray whale sightings are shown in Figure 19, reflecting survey
effort that extended well west of the Channel Islands. During winter and spring 1991-1992 aerial
surveys, 29 sightings of gray whales were reported; none of these were recorded within the
SWFSC study area (Carretta and Forney 1993).

The gray whale is the most common whale species found in California coastal waters
during the winter and spring. The most recently published population estimate for the California
gray whale is 20,869 (C.I.= 19,200 - 22,700), based on 1987-1988 counts of gray whales passing
the Monterey area (Buckland et al. 1993). The population has reached pre-whaling population
levels, and therefore recently has been taken off the endangered species list. Gray whales migrate
very near to the coast, and from northwest to southeast along the axis of the Channel Islands,
usually avoiding very deep water. Some gray whales use a migratory route west of the Channel
Islands, although a majority of the whales pass inshore of the islands (Rice 1965, Leatherwood
1974).

Toothed Whales

Baird’s beaked whale (Berardius bairdii): Four sightings (two on effort) of Baird’s
beaked whale were recorded within the SWFSC area, near the Patton Escarpment and Patton
Ridge. Two of the sightings occurred in May, and two in July. The locations of all four Baird’s
beaked whale sightings are shown in Figure 20.

Baird’s beaked whale is infrequently encountered along the continental slope in California
waters. The distribution of Baird’s beaked whale in Japanese waters has been described as being
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limited to the continental slope at a depth of 1,000 to 3,000 meters (Kasuya 1986). Sightings
along the U.S. west coast appear to follow the same pattern. Green et al. (1992) reported five
sightings of Baird’s beaked whale off the coast of Oregon, four of which were in close proximity
to the 2,000 m contour, and the fifth occurring in deeper water westward. Three sightings of
Baird’s beaked whale were reported during a 1991 ship survey (Hill and Barlow 1992); all three
sightings occurred in August, in water depths 1,000 m or greater. Dohl et al. (1983) found this
species to be most abundant off California from June through October. No Baird’s beaked whales
were seen during 1991-1992 aerial surveys in winter and spring (Carretta and Forney 1993). A
ship survey in 1993 resulted in five Baird’s beaked whale sightings in August, four of which
occurred in water deeper than 1,000 m (Mangels and Gerrodette 1994). The only available
abundance estimate of Baird’s beaked whale in California waters is 38 whales (C.I. = 7-203,
Barlow 1995), which is based on one on-effort sighting. This estimate is likely to be negatively
biased due to the species’ deep-diving habits.

Pygmy sperm whale (Kogia breviceps): One sighting of a single pygmy sperm whale
was recorded approximately 89 km (48 nmi) southwest of San Nicolas Island (Figure 21). From
a survey aircraft, the pygmy sperm whale can be distinguished from the dwarf sperm whale based
on size, if a large animal is encountered. The maximum reported length for K. breviceps is 4.28
meters, for a specimen from the Indian Ocean (Chantrapornsyl ef al. 1991). The animal that was
sighted during our surveys was estimated to be approximately 3.6-3.9 meters by one observer
(JVC), well above the maximum reported length (2.7 m) for the dwarf sperm whale, K. simus
(Caldwell and Caldwell 1989). The length estimate was based on the observation that the animal
was nearly identical in size to an adult Risso’s dolphin (Grampus griseus), a species that all
observers had frequently seen from the air. Another observer on board the aircraft had seen K
simus numerous times from aerial platforms in the eastern tropical Pacific, and concurred that the
animal in question was not that species.

Pygmy sperm whales are rarely identified at sea due to their cryptic habits and similarity
to the dwarf sperm whale (Kogia simus). The only available abundance estimate for pygmy
sperm whales in California waters is 870 (C.I.=220-3,433), based on 2 on-effort sightings during
a 1991 ship survey (Barlow 1995). Although both species of Kogia occur in California waters
and further north, [as evidenced by stranded animals; Hubbs (1951), Roest (1970), Jones (1981),
Nagorsen and Stewart (1983) and Eliason and Houck (1986)], only K breviceps has been
identified at-sea in California waters despite extensive cetacean surveys by both the SWFSC and
other researchers. K. simus has however, been commonly identified by SWFSC observers in the
eastern tropical Pacific, being sighted 84 times during ship surveys between 1986-1990 (Wade
and Gerrodette 1993). By comparison, K. breviceps was sighted only four times during the same
study, with all four sightings occurring north of 24° N latitude. These data are in agreement with
the observed tendency of K. simus to occur more frequently in warmer seas (Caldwell and
Caldwell 1989), while K. breviceps occurs in more temperate waters.

Sperm whale (Physeter macrocephalus): Eleven sightings of sperm whales were

recorded in the SWFSC study area, and one (off effort) in Area C. Most of these sightings
occurred along the Patton Escarpment near the 2,000-3,000 meter contour. The locations of all
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(on and off-effort) sperm whale sightings are shown in Figure 22.

Off of southern California, sperm whales may be encountered during any season in offshore
waters, most often seaward of the continental shelf. Current abundance estimates of sperm whales
in California waters are 892 (C.I.= 176-4,506) for the winter and spring (Forhey et al. 1995) and
756 (C.I.= 303-1,886) for the summer and fall (Barlow 1995). Sperm whales are deep-divers,
reaching depths as great as 2,000 m, and possibly 3,000 m (Rice 1989, Watkins ef al. 1993).
Most deep dives are made by large males (Rice 1989). Watkins et al. (1985) reported a maximum
dive time of 138 minutes for a group of whales. Lockyer (1977) reported that most dives (77.1%)
are less than 500 m, and that 96.7% are less than 30 minutes. Due to the deep-diving habits of
this species, Barlow (1994) noted that abundance estimates from aerial surveys are likely to be
biased downward by a factor of three to eight.

Cuvier’s beaked whale (Ziphius cavirostris): Twelve sightings of Cuvier’s beaked
whale were recorded within the SWFSC study area, and one within Area C. Cuvier’s beaked
whale was encountered in every season except summer. Eight of the SWFSC study area sightings
were on-effort. Two of these eight sightings were recorded during Beaufort 5 conditions, and are
therefore not included in calculation of encounter rates. The locations of all on and off effort
(n=14) Cuvier’s beaked whale sightings are shown in Figure 23.

The general rarity of sightings prevents seasonal movements to be determined within
California waters. Leatherwood ef al. (1982) reported that Cuvier’s beaked whale sightings were
rare in continental shelf regions of California, even where survey effort had been extensive. Four
sightings from the present study occurred over the continental shelf, in waters-500 to 1,000 meters
deep, near the Santa Rosa-Cortes Ridge and the Patton Ridge, while the remaining ten sightings
occurred in waters greater than 1,000 m deep. An abundance estimate of 1,621 (C.1. = 396-6,637)
Cuvier’s beaked whales was reported by Barlow (1995). The true number of Cuvier’s beaked
whales is likely to be much higher, due to the deep-diving habits of the species.

Mesoplodont beaked whales (Mesoplodon spp): Two sightings of Mesoplodon species
(one in the SWFSC study area, the other in Area C) were recorded, and the locations are shown
in Figure 24. The SWFSC study area sighting contained one animal and the Area C group
contained two animals. At least five species of Mesoplodon occur off the U.S. west coast (Forney
1994), but the species are difficult to distinguish in the field. The only available population
estimate of Mesoplodon spp. in California waters is 250 (C.I.= 60-1,040, Barlow 1995). This
estimate is also likely to be negatively biased due to the deep-diving habits of the genus.
Members of the genus Mesoplodon are similar in their sighting characteristics to Cuvier’s beaked
whale (low, often barely visible blow, and tendency to remain at the surface for brief periods).
The infrequency of Mesoplodon sightings in comparison with Cuvier’s beaked whale during this
study may suggest that mesoplodont beaked whales are less numerous within the SCB, or perhaps
spend more time at depth than do Cuvier’s beaked whale.
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Pinnipeds

Northern elephant seal (Mirounga angustirostris): Elephant seals were seen in every
season within the SWFSC study area. All sightings were of single animals, and the locations of
all sightings are shown in Figure 25. The most recent (1991) population estimate for elephant
seals along California and Baja California is 127,000 animals (Stewart et al. 1994). The largest
elephant seal rookeries in southern California occur on San Miguel and San Nicolas Islands,
respectively. Elephant seals are difficult to detect from an aircraft because they spend the
majority of their time at sea diving. DeLong and Stewart (1991) reported that adult male elephant
seals were submerged 86% of the time that they were at sea, reaching depths as great as 1,529 m.
Because of this, the group encounter rates presented in this report are likely to be biased
downward by a factor of seven or greater. -

Harbor seal (Phoca vitulina): Two sightings of single harbor seals were recorded within
the SWFSC study area, and these sighting locations are shown in Figure 26. The relative scarcity
of harbor seal sightings within the SWFSC study area is probably linked to this species’ coastal
habits, and the fact that they are less abundant than other pinniped species.” A combined 1993
count of 3,166 seals for all 8 California Channel Islands was reported by Hanan and Beeson
(1994). This number is an index of abundance, which is estimated to represent approximately 50
to 70 percent of the peak seasonal abundance.

California sea lion (Zalophus californianus): California sea lions were the most
frequently encountered species within the SWFSC area (1.82 sightings/100 km), although the
mean school size was only 1.4 animals (range= 1-16). Sea lions were sighted throughout the
study area, and were encountered most frequently over the Santa Rosa-Cortes Ridge and west of
San Nicolas Island. The highest group encounter rates were in summer (2.54 schools/100 km)
when animals are breeding and pupping, and nursing females make frequent foraging trips to sea.
The locations of all on-effort sightings are shown in Figure 27. California sea lions are the most
abundant pinniped species in southern California. The largest breeding rookeries occur at San
Miguel and San Nicolas Islands, respectively. Based on growth rates obtained from yearly pup
counts at breeding colonies, an assumed stable age structure, and a hypothetical survivorship
schedule, the population estimate for the U.S. stock in 1990 was 111,016 individuals® (C.L=
101,361-143,211).

Sightings that were not identified to species and species that were only seen outside of the
SWESC area are shown in Figures 28-34.

} - Lowry, M.S. et al. (1992). Status of the California sea lion (Zalophus californianus californianus) population in 1992,
Administrative Report LJ-92-32, available from the Southwest Fisheries Science Center, P.O. Box 271, La Jolla, CA 92038, 34
pp.
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Table 1. Sea state conditions measured by the
Beaufort scale (from Bowditch, 1966).

Probable
Wind wave
force height
(Beaufort) Knots Descriptive Sea Conditions in feet
0 0- 1 Calm Sea smooth and -
mirror-like
1 1- 3 Light air Scale-like ripple 1/4
without foam crests
2 4- 6 Light breeze Small short wavelets; 1/2

crests have a glassy
appearance and do not
break

3 7-10 Gentle breeze Large wavelets; some 2
crests begin to break;
foam of glassy appear-
ance. Occasional white
foam crests ' '

4 11-16 Moderate Small waves, becoming 4
breeze longer; fairly frequent
» white foam crests

5 17-21 Fresh breeze Moderate waves, taking 6
a more pronounced long
form; many white foam
crests; there may be
some spray

6 22-27 Strong breeze Large waves begin to 10
form; white foam crests
are more extensive
everywhere; there may
be some spray
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Table 2. Numbers of kilometers surveyed in the SWFSC study area and other areas on each of
58 survey dates. Dates where attempted survey flights were aborted due to poor weather are not

included.

" DATE SWFSC STUDY AREA OTHER AREAS TOTAL
January 23, 1993 408 70 478
January 24, 1993 349 0 349
January 30, 1993 392 86 479
January 31, 1993 467 31 498

February 12, 1993 128 141 269

February 13, 1993 327 19 346

March 6, 1993 401 3 404
March 7, 1993 0 209 209
March 12, 1993 78 237 316
April 9, 1993 0 16 16
April 10, 1993 0 208 208
May 1, 1993 191 28 219
May 7, 1993 0 184 184
May 8, 1993 0 147 147
May 9, 1993 679 3 682
May 15, 1993 273 13 286
May 28, 1993 209 4 213
May 29, 1993 495 10 505
May 30, 1993 492 1 493
June 19, 1993 304 7 311
July 24, 1993 390 8 398
Tuly 25, 1993 180 5 185
July 30, 1993 453 4 457
July 31, 1993 - 276 4 280
August 21, 1993 69 0 69
August 27, 1993 337 6 343
October 2, 1993 0 17 17

October 16, 1993 418 0 418
October 22, 1993 436 10 446
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Table 2 (continued).

DATE SWFSC STUDY AREA OTHER AREAS TOTAL
October 23, 1993 465 8 473
October 24, 1993 446 10 456

November 20, 1993 362 5 367

November 21, 1993 349 2 351
December 4, 1993 0 327 ' 327
December 5, 1993 225 R 317

December 30, 1993 285 4 289

December 31, 1993 0 124 124

January 1, 1994 0 97 97
January 8, 1994 208 1 209
January 15, 1994 277 6 . 283
January 16, 1994 : 177 2 179
January 29, 1994 397 0 397
February 15, 1994 207 ' 0 207
February 25, 1994 169 38 207

February 26, 1994 605 4 609

February 27, 1994 : 0 192 192
March 13, 1994 196 30 226
March 29, 1994 263 115 377

April 16, 1994 179 1 180
April 29, 1994 0 316 316
May 6, 1994 125 112 237
May 7, 1994 40 191 231
May 14, 1994 ‘ 23 , 48 71
May 16, 1994 629 ' 8 637
May 18; 1994 210 213 : 423
May 21, 1994 0 42 42
May 23, 1994 160 209 369
May 29, 1994 : 0 371 371
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Table 7. Marine mammal species codes used during 1993-1994 aerial surveys.

Code

Common Name

Scientific Name

BA
BD
BM
BP
DD
ER
GG
GM
KB
LB
LO
LR
LW
MA
MM
MN
00
PD
PM
PU
PV
SC
SD
SDUP
SwW
SZ
TT
UB
Ub
UM
Us
uw
WB
zC
ZI
ZU

Minke whale

Baird’s beaked whale

Blue whale

Fin whale

Common dolphin

Gray whale

Risso’s dolphin

Short-finned pilot whale
Pygmy sperm whale
Northern right whale dolphin
Pacific white-sided dolphin
Unidentified large rorqual
Unidentified large whale
Northern elephant seal
Unidentified marine mammal
Humpback whale

Killer whale

Dall’s porpoise

Sperm whale

Unidentified pinniped
Harbor seal

Striped dolphin

Unidentified small delphinid
small delphinid/unidentified porpoise
Unidentified small whale
Unidentified small ziphiid
Bottlenose dolphin
Unidentified baleen whale
Unidentified delphinid
Unidentified Mesoplodont beaked whale
Unidentified seal
Unidentified whale

Unidentified common/white-sided/striped dolphin

California sea lion
Cuvier’s beaked whale
Unidentified ziphiid (beaked whale)

Balaenoptera acutorostrata
Berardius bairdii
Balaenoptera musculus
Balaenoptera physalus
Delphinus spp. (D. delphis or D. capensis)
Eschrichtius robustus
Grampus griseus
Globicephala macrorhynchus
Kogia breviceps

Lissodelphis borealis
Lagenorhynchus obliquidens

Mirounga angustirostris
Megaptera novaeangliae
Orcinus orca
Phocoenoides dalli

Physeter macrocephalus

Phoca vitulina
Stenella coeruleoalba

Tursiops truncatus

Mesoplodon sp.

Zalophus californianus
Ziphius cavirostris

O
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Figure 15. Locations of all (n=7) minke whale sightings.
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Figure 17. Locations of all (n=27) fin whale sightings.
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ice (MMS) and Southwest Fisheries

rded during Minerals and Management Servi

Science Center (SWFSC) surveys conducted during the periods 1975-1983, and 1991-1994, respectively.

Figure 19. Locations of 473 gray whale sightings reco
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