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EXECUTIVE SUMMARY

OBJECTIVES

v

v

In 1999-2003, the U.S. Geological Survey and Humboldt State University conducted a
research project to study the at-sea distribution and abundance of seabirds and marine
mammals off the coast of Southern California. Partnerships with other agencies and
universities allowed expansion of our original goals and greater data collection.
To address the management needs of the Minerals Management Service and other natural
resource agencies, our primary objectives were to:
I. describe the spatial and temporal patterns of the at-sea distribution of seabirds and
marine mammals within the Southern California Bight.
Il. provide current biological data for examining potential anthropogenic impacts,
including oil pollution.
I1l. compare current seabird population densities at-sea to historical population
densities at-sea to identify differences from past studies and possible population
trends, especially for locally breeding species.

METHODS

v

We conducted three main research projects to complete our primary objectives:
I. at-sea aerial surveys of seabirds and marine mammals (May 1999 to January 2002).
I1. radio telemetry studies of Cassin’s Auklets to determine at-sea foraging ranges
(March-August 1999-2001).
I11. radio telemetry studies of Xantus’s Murrelets to determine at-sea foraging ranges
(April-July 2002-2003).

RESULTS
Chapter 1

v

We used aerial at-sea and coastline transects to survey seabirds from Cambria, California
to the United States and Mexico border during January, May, and September during 1999
to 2002.

On transect we identified 54 species of seabirds, comprising 12 families, and counted
127,578 birds.

Seabird densities were higher along island and mainland coastlines than on at-sea
transects and were generally highest during January surveys.

On at-sea transects seabird densities were highest near the northern Channel Islands in
January and north of Point Conception in May. Sooty Shearwaters and Western Gulls
were the most abundant species at sea during May and September surveys, whereas,
California Gulls, Western Grebes, Cassin’s Auklets, and Western Gulls were the most
abundant species at sea in January.

On coastal transects seabird densities were highest along the central and southern
portions of the mainland coastlines from Point Arguello to Mexico and lowest around the
Channel Islands in the southwestern portion of the study area. California Gulls, Western
Grebes, Western Gulls, and Surf Scoters were the most abundant species on coastline
transects in January; Western Grebes, Western Gulls, Surf Scoters, and Brown Pelicans
were the most abundant species in May; and Sooty Shearwaters, Western Gulls, Western



Grebes, Brown Pelicans, and Heermann’s Gull were the most abundant species in
September.

Comparing 1975-1983 (Briggs et al. 1987) with 1999-2002, we found a 14%, 57%, and
42% decrease in total seabird abundance during January, May, and September,
respectively. Most notably, Common Murre abundance decreased in each season by 75—
87%, Sooty Shearwater abundance decreased by 55% during May and 27% during
September, and Bonaparte’s Gull abundance decreased in each season by 95-100%.
Some species increased in abundance, including a 167% increase in Brown Pelican, a
125% increase in Xantus’s Murrelet, a 100% increase in Cassin’s Auklet, and a 55%
increase in Western Gull abundance during May. While aerial surveys were conducted
with the same methods between time periods, differences in seabird abundance reflected
changes in the abundance and distribution of seabirds, as well as changes in survey
coverage and frequency, and must be interpreted with caution.

We estimated that 981,400 seabirds used the Southern California Bight region during
January, 862,100 in May, and 762,000 in September.

Chapter 2

v

v

v

Simultaneously with the seabird surveys, we used aerial at-sea transects to survey marine
mammals during January, May, and September from 1999 to 2002.

On transect we identified 20 species of marine mammals, including 4 pinnipeds, 1
carnivore, and 15 cetaceans, and counted 68,309 marine mammals.

The two most common marine mammal species in the study area were Common
Dolphins and California Sea Lions. Collectively, these two species account for 86% of
all marine mammals recorded.

Marine mammal abundance was highest in the Santa Barbara Channel, near the northern
Channel Islands, and from the Santa Rosa/Cortes Ridge to the vicinity of San Nicolas
Island.

Marine mammal sightings were widespread in January and most restricted in distribution
during September when they were concentrated near the Santa Barbara Channel.

The combined at-sea density of the four most common species (Common Dolphins,
California Sea Lions, Bottlenose Dolphins, and Harbor Seals) was 1.57 km, with
seasonal densities ranging from 1.06 to 1.96 km™. Densities were highest in September
when Common Dolphins were abundant, intermediate in January when California Sea
Lions were abundant at sea, and lowest in May.

We estimated the population size of Common Dolphins in the Southern California Bight
area to be 28,500 in January, 8,500 in May, and 93,100 in September. Similarly, we
estimated the population size of California Sea Lions to be 88,500, 54,700, and 47,000
during the same months.

Chapter 3

v

v
v

We examined the at-sea distribution, foraging range, and areas used by Cassin’s Auklets
breeding on the northern California Channel Islands from 1999-2001.

We radio-marked 99 Cassin's Auklets nesting at Prince Island and Scorpion Rock.
Locations of auklets from Prince Island were aggregated north to northeast of the colony
near the insular shelf break and in the western Santa Barbara Channel. Locations from



Scorpion Rock were aggregated in the Anacapa Passage and over the southeastern Santa
Barbara Channel.

Auklets generally foraged <40 km from their colonies. At Prince Island, distance from
colony was greater among females than males, whereas the opposite trend was observed
at Scorpion Rock.

Home ranges were 750 + 944 km? and did not differ by year, colony, or sex. Colony
foraging areas overlapped during 2000, but not during 2001.

The Prince Island colony’s foraging area (1216 + 654 km?) was twice as large as the
foraging area of auklets nesting at Scorpion Rock (598 + 204 km?). Greater wind speeds
near Prince Island compared with Scorpion Rock reduced foraging distances and affected
distribution.

Dispersal coincided with decreased upwelling off Point Conception and sea-surface
warming throughout the Santa Barbara Channel.

Chapter 4

v

v
v

We examined the diets of Cassin’s Auklet chicks in relation to yearly foraging areas and
reproductive success during 1999-2001 at Prince Island.

Chick diets varied within seasons and among years.

Seven items comprised 87% of the food delivered by number and mass. In all years,
parents provisioned chicks with euphausiids, larval fishes, and minor amounts of
cephalopods.

Thysanoéssa spinifera (Euphausacea) juveniles and adults were the most important items
during 1999 and 2001, followed by Euphausia pacifica (Euphausacea), whereas E.
pacifica replaced T. spinifera in 2000 after an anomalous eastward inflection of the
California Current occurred off Point Conception during March — April.

Despite this variation in chick diet, parents foraged in a similar area within 40 km of their
colony each year, indicating that dietary composition was influenced by fluctuations in
upwelling and regional circulation rather than foraging location.

Moreover, the variation in chick diet did not influence fledging success or chick growth
rates, but double-clutching was especially prevalent in 1999 (63%) and 2000 (75%)
compared to 2001 (7%).

Chapter 5

v

AN

We studied the at-sea distribution, foraging habitat, and dive durations of Xantus’s
Murrelets during 2002—-2003.

In 2002, we radio-marked 68 Xantus’s Murrelets captured near Anacapa Island and Santa
Barbara Island, and in 2003 we radio-marked 44 Xantus’s Murrelets at Anacapa Island.
Xantus’s Murrelets were located farther from Anacapa Island in 2002 compared to 2003.
Similarly, home range sizes were larger in 2002 compared to 2003.

Distance to land, sea surface temperature, and water depth at Xantus’s Murrelet locations
were greater in 2003 compared to 2002.

The (feeding) dive durations of Xantus’s Murrelets were short in duration throughout the
2003 breeding-season (19, 29, and 30 sec), indicating that they were foraging near the
water’s surface.



Chapter 6

v
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We examined whether radio transmitters adversely affected the reproductive performance
of Cassin’s Auklets breeding on Anacapa Island and Scorpion Rock during 1999-2001.
We attached external radio transmitters to one partner in 108 Cassin’s Auklet pairs and to
both partners in 7 pairs after nest initiation, and used 131 unmarked, but handled, pairs as
controls.

Compared to alpha chicks raised by radio-marked pairs, alpha chicks raised by unmarked
pairs had faster mass growth rates (1.95 + 0.30 g d™* vs. 3.37 + 0.53 g d™, respectively),
faster wing growth rates (2.46 + 0.10 mm d* vs. 2.85 + 0.05 mm d), greater peak
fledging masses (118.9 £ 3.5 g vs. 148.3 + 2.4 g), and higher fledging success (61% vs.
90%).

Fledging success was reduced more when we radio-marked the male (50% fledged) than
the female partner (77% fledged).

Furthermore, after fledging an alpha chick, unmarked pairs were significantly more likely
to initiate a second clutch (radio-marked: 7%, unmarked: 39%) and tended to hatch a
second egg (radio-marked: 4%, unmarked: 25%) and fledge a second (beta) chick (radio-
marked: 4%, unmarked: 18%) more often than radio-marked pairs.

However, radio-marked Cassin’s Auklets foraged in similar areas compared to unmarked
Cassin’s Auklets that were surveyed concurrently by aircraft.

Our results indicate that although radio telemetry influences the reproductive
performance of Cassin’s Auklets, it is still a valuable technique to assess their at-sea
movements and foraging ranges.

Appendix 1

v

See Appendix 1 for a full list of products including publications, reports, and scientific
presentations.

FUTURE RESEARCH

v

v

v

The first phase of this research has been successfully completed on schedule; however,
much additional work is needed to better understand seabird and marine mammal
distributions in the Southern California Bight and to make research findings available to
agency and other users.
To maximize the value of our expansive data set for management agencies and to build
on this new biological knowledge, the U.S. Geological Survey (Western Ecological
Research Center), with several past partners, is continuing research on seabirds and
marine mammals in the Southern California Bight.
Additional funding is needed to:
I. publish this research in scientific literature.
Il. synthesize large databases into a relational database for distribution to government
client agencies (CDROM) and a web-page for public use.
I1l. integrate existing data bases with environmental datasets to relate distribution and
abundance patterns to habitat variables and oil platform structures.
IV. develop integrated mechanistic models to relate seabirds to their marine habitats
and prey resources.
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CHAPTER 1:

AT-SEA AERIAL SURVEYS OF SEABIRDS IN THE SOUTHERN
CALIFORNIA BIGHT: 1999-2002

John W. Masonl, Gerard J. McChesney”, William R. McIverl’S, Harry R. Carterl’g, JohnY.
Takekawa®, Richard T. Golightly', Joshua T. Ackerman’, Dennis L. Orthmeyer*'’, William M.
Perry4, Julie L. Yee® , Mark O. Pierson6, and Michael D. McCrary6’8

! Department of Wildlife, Humboldt State University, Arcata, California 95521, USA.
2U.S. Geological Survey, Western Ecological Research Center, San Francisco Bay Estuary Field
Station, P.O. 505 Azuar Drive, Vallejo, California 94592, USA.

3 U.S. Geological Survey, Western Ecological Research Center, Davis Field Station, One Shields
Avenue, University of California, Davis, California 95616, USA.

*U.S. Geological Survey, Western Ecological Research Center, Dixon Field Station, 6924
Tremont Road, Dixon, California 95620, USA.
>U.S. Geological Survey, Western Ecological Research Center, 3020 State University Drive
East, Modoc Hall, Room 3006, Sacramento, CA 95819, USA.

%U.S. Minerals Management Service, Pacific Outer Continental Shelf Region, 770 Paseo
Camarillo, Camarillo, California 93010, USA.

" present address: U.S. Fish and Wildlife Service, San Francisco Bay National Wildlife Refuge,
PO Box 524 Newark, California 94560 USA.

8 present address: U.S. Fish and Wildlife Service, 2439 Portola Road, Suite B, Ventura,
California 93003, USA.

? present address: #219 5700 Arcadia Rd., Richmond, British Columbia, V6X 2G9 Canada.

10 present address: California Waterfowl Association, 4630 Northgate Boulevard, Suite 150,
Sacramento, California 95834, USA.

Abstract: We conducted aerial at-sea and coastal surveys to examine distribution and abundance
of seabirds off Southern California, from Cambria, California to the Mexican border. From May
1999 to January 2002, we flew aerial surveys on 102 days, covered >54,640 km of transect lines,
and completed nine surveys of the entire Southern California Bight (SCB) during January, May,
and September. We identified 54 species of seabirds, comprising 12 families, and counted
135,545 birds. Seabird densities were greater along island and mainland coastlines than at sea
and were usually greatest during January surveys. Seabird densities at sea were greatest near the
northern Channel Islands during January and north of Point Conception during May and lowest

Suggested citation:

Mason, J. W., G. J. McChesney, W. R. Mclver, H. R. Carter, J. Y. Takekawa, R. T. Golightly, J. T. Ackerman, D. L.
Orthmeyer, W. M. Perry, J. L. Yee, M. O. Pierson, and M. D. McCrary. 2004. At-sea aerial surveys of seabirds in
the Southern California Bight: 1999-2002. Pages 11-109 in Takekawa, J. Y., H. R. Carter, D. L. Orthmeyer, R. T.
Golightly, J. T. Ackerman, G. J. McChesney, J. W. Mason, J. Adams, W. R. Mclver, M. O. Pierson, and C. D.
Hamilton. 2004. At-sea distribution and abundance of seabirds and marine mammals in the Southern California
Bight: 1999-2003. Unpublished summary report, U. S. Geological Survey, Western Ecological Research Center,
Vallejo, CA; and Humboldt State University, Department of Wildlife, Arcata, CA 309 pp.



Mason et al. — At-sea aerial surveys of seabirds off Southern California 12

at sea in the southwestern portion of the study area in all survey months. On coastal transects,
seabird densities were greatest along central and southern portions of the mainland coastline
from Point Arguello to Mexico. We estimated that 981,000 + 144,000 (mean + SE) seabirds
occurred in the region during January, 862,000 + 95,000 during May, and 762,000 + 172,000
during September. On at-sea transects, California Gulls (Larus californicus), Western Grebes
(Aechmophorus occidentalis), and Casssin’s Auklets (Ptychoramphus aleuticus) were most
abundant during January surveys, whereas Sooty Shearwaters (Puffinus griseus), phalaropes, and
Western Gulls (Larus occidentalis) were most abundant during May and September surveys. On
coastal transects, California Gulls, Western Grebes, Western Gulls, and Surf Scoters (Melanitta
perspicillata) were most abundant during January, Western Grebes, Western Gulls, Surf Scoters,
and Brown Pelicans (Pelecanus occidentalis) were most abundant during May, and Sooty
Shearwaters, Western Gulls, Western Grebes, Brown Pelicans, and Heermann’s Gulls (Larus
heermanni) were most abundant during September. We also compared current seabird densities
(1999-2002) to historical seabird densities collected in the same area two decades ago (1975—
1978 and 1980-1983). Estimated seabird abundance for all species from 1999-2002 compared
with 1975-1978 and 19801983 was reduced by 14%, 57%, and 42% during January, May, and
September, respectively. Notable species with reduced densities from 1999-2002 compared
with 1975-1978 and 1980-1983 were Common Murres (Uria aalge; >75% in each season),
Sooty Shearwaters (55% during May and 27% during September), and Bonaparte’s Gulls (Larus
philadelphia; >95% in each season). Conversely, species with increased densities were Brown
Pelicans (167%), Xantus’s Murrelets (125%), Cassin’s Auklets (100%), Ashy Storm-Petrels
(450%) and Western Gulls (55%) during May, and Brandt’s Cormorants (450%) during
September. We present detailed accounts for 30 seabird species that were abundant or of special
interest in the SCB.

INTRODUCTION

The Southern California Bight (SCB) comprises critical habitat for numerous seabird
species (Briggs et al. 1981a, 1983a, 1987; Carter et al. 1992, Veit et al. 1996, 1997; Pierson et al.
2000). More than 20 species of seabirds breed in the SCB, primarily on the California Channel
Islands (hereafter Channel Islands), including four threatened or endangered seabird species
(U.S. Fish and Wildlife Service 2002). The SCB is the only region in California supporting
breeding Brown Pelicans (Pelecanus occidentalis), Black Storm-Petrels (Oceanodroma
melania), FElegant Terns (Sterna elegans), and Xantus’s Murrelets (Synthliboramphus
hypoleucus; Carter et al. 1992, Burness et al. 1999). The region also contains almost half of the
world population of Ashy Storm-Petrels (Oceanodroma homochroa; Carter et al. 1992). In
addition, numerous seabirds migrate through or winter in the SCB region (Briggs et al. 1987).

The SCB is used extensively by humans and is of economic significance, contributing
approximately nine billion dollars annually to local economies via offshore oil production, oil
transportation by tankers, commercial shipping, commercial fishing, military activities (e.g.,
weapons testing and exercises), and public recreation (Anderson et al. 1993, Carter et al. 2000).
From 1970 to 2000, the human population bordering the SCB increased by 64% with
concomitant increases in coastal development, sewage discharge, recreational use, and
commercial activities (U.S. Census Bureau 2003). Censuses conducted in 2002 estimated >16
million people in counties rimming the SCB (U.S. Census Bureau 2003). As a consequence,
great concern exists regarding potential effects of human activities on seabird and marine
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mammal populations in this area and federal and state agencies have established several marine
reserves to protect wildlife (Airamé et al. 2003).

During the past 20 years, the SCB also has undergone changes in oceanography and
biology. An increase in sea surface temperature (SST) coincident with the Pacific Decadal
Oscillation (PDO) began in 1977 and extended to 1999. This period was characterized by
reduced phytoplankton and zooplankton abundances and altered prey fish distributions (Mantua
et al. 1997, Minobe 1997, Peterson and Schwing 2003). Several studies in the 1980s and 1990s
reported declines in abundance or changes in community composition of plankton and seabirds
in the California Current System (CCS; Veit et al. 1996, 1997; McGowan et al. 1998, Oedekoven
et al. 2001, Hyrenbach and Veit 2003). The CCS extends up to 1000 km from shore from
Oregon to Baja California, Mexico, and consists of a southward surface current, a poleward
undercurrent, and several surface countercurrents. A temperature increase of 0.8°C in the top
500 m of the CCS occurred between 1950 and 1992 with most of the increase occurring since
1975 (Roemmich 1992). Reproductive success of seabirds generally declines as ocean
temperatures increase off California (Ainley et al. 1994, 1996), but it is unknown whether this
general warming has caused a long-term decrease in seabird populations in the SCB. In addition,
the effects of DDE (dichlorodiphenyldichloroethylene) contamination in the SCB have abated
leading to increased reproductive success of several seabird species including Brown Pelicans
and cormorants (Gress et al. 1995). Based on seabird surveys conducted in 1991, Carter et al.
(1992) reported increased populations of several species compared with the 1970s, including
Brown Pelicans, cormorants, and Western Gulls (Larus occidentalis) but decreased populations
of Cassin’s Auklets (Ptychoramphus aleuticus) and Xantus’s Murrelets.

Collectively, these changes in oceanography and human demography prompted a need
for updated information regarding at-sea populations of seabirds in the SCB using techniques
that would allow comparison with previous seabird surveys conducted by Briggs et al. (1987).
From 1975-1978 and 19801983 (hereafter 1975-1983), Briggs et al. (1987) conducted the first
replicated, quantitative assessment of the distribution, abundance, and diversity of seabirds off
California using aerial survey techniques. They conducted surveys in the SCB from 1975-1978
and off central and northern California from 1980-1983. More than two decades later, we have
used similar aerial survey techniques in the SCB and adjacent waters to provide updated
information and examine differences in seabird distribution, abundance, and diversity.

STUDY AREA

The SCB extends from Point Conception to just south of the Mexican border and
comprises a unique oceanographic environment. Off Point Conception and to the north, shelf
currents and water properties respond to strong, persistent upwelling-favorable winds, whereas
offshore and in the SCB, flows consist of eddies, jets, and fronts which show no relation to local
winds (Harms and Winant 1998). These unique conditions result in a transition zone between
warmer sub-tropical waters to the south and colder nutrient rich waters to the north (Hunt et al.
1980). As a result, the SCB hosts a diverse avifauna that includes species typical of both
northern and southern climates. Several seabird species have their northern or southern
distribution limit in this region.

The study area encompassed continental shelf and slope waters from 35°35'N (off the
city of Cambria, San Luis Obispo County, CA) south to the Mexican border, and from the
mainland shoreline west to 122°W at the northern boundary, and to 119°30'W at the southern
boundary (Figure 1.1). In this area, most of the coastline and seafloor is oriented north to south.
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Like most parts of the California coast, the continental shelf gradually slopes westward before
dropping precipitously to depths in excess of 3,000 m. At Point Conception, the coastline and
bottom topography abruptly turn eastward to southeastward but have a more southward
orientation between Los Angeles and San Diego.

The SCB contains a variety of bathymetric and land features that combine to form a
highly complex oceanographic region. Eight major islands, 11 deep-water basins, three major
banks and seamounts, and at least 13 major submarine canyons bisect the U.S. portion of the
SCB (Dailey et al. 1993, Hickey 1993). These features strongly affect local circulation patterns
of the California Current, which turns from its more typical equatorward flow to poleward flow
in the central-southern SCB, with a predominant counterclockwise eddy south of the northern
Channel Islands (Hickey 1993). The strong coastal upwelling off the northern and central
California coasts is much reduced in the SCB, resulting in warmer and less productive waters.

Human uses of the SCB and adjacent waters also are complex. The southern California
coastal region is one of the most densely populated coastal areas in the United States and this has
led to highly modified coastal habitats. Various pollutants, including oil, sewage, agricultural
runoff, pesticides, and other chemicals have affected coastal waters (Schiff 2000). Several
offshore oil leases for commercial oil development are located off Point Conception, Santa
Barbara Channel, and the San Pedro Channel and several other lease sales remain undeveloped
(Figure 1.2). Many commercial ships, including oil tankers, traverse the area en route to and
from SCB ports. Within the SCB, there are four active offshore oil platforms off Point
Conception and Point Arguello, 15 in the Santa Barbara Channel, and five in San Pedro Channel.
Three major oil tanker and commercial ship transport lanes pass through the SCB to enter Los
Angeles and Long Beach harbors, and significant tanker traffic and oil volume pass through the
San Diego and Estero Bay—Avila Beach areas. Relatively small oil spills along the California
and Washington coast have resulted in significant losses to local seabird populations (Page et al.
1990, Piatt et al. 1990, Carter and Kuletz 1995). Seabird mortality also has been documented for
spills from offshore platforms, pipelines, on-shore oil facilities, tankers, and military and
commercial shipping (Anderson et al. 1993, Carter and Kuletz 1995). The region also is used
extensively by the military. In particular, the Naval Air Systems Command’s sea test range
covers a large portion of the southern California offshore zone (Figure 1.3). Additionally,
several military bases are located along the mainland coast of the SCB and on San Nicolas and
San Clemente Islands. Although there is little documented mortality of seabirds from military
operations in the SCB (i.e., missile and target-drone testing, low-level aircraft flights, and naval
fleet maneuvers), seabirds may be disturbed or killed during such activities.

METHODS
Aerial Surveys

We conducted aerial surveys for seabirds during January, May, and September from May
1999 to January 2002 (Table 1.1). Fixed transect lines were located both at sea and along all
mainland and island coastlines in the SCB (Figure 1.4). Coastal transects included the mainland
shoreline from Cambria, CA (35° 35'N, 121° 07'"W) to the Mexican border (32° 32" N, 117°
07'W) and the shorelines of the eight Channel Islands. We surveyed in January, May, and
September because these months coincide with over-wintering, breeding, and post-breeding
dispersal, respectively, for many species of seabirds in the SCB (Briggs et al. 1981a, Carter et al.
1992).
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We conducted surveys from a high-winged, twin-engine Partenavia PN 68 Observer
aircraft following methods developed for seabirds by Briggs et al. (1987). We flew surveys at 60
m (200 ft) above sea level at 160 km/hr (90 knots) ground speed and flew coastline (mainland
and island) transects 300 m from shore. In ecologically sensitive areas (e.g., seabird nesting and
roosting sites and marine mammal rookery and haul-out sites), we flew 400 m from shore.
Observers sat on both sides of the aircraft and scanned the sea surface through bubble windows.
Each of two observers counted and identified seabirds occurring within a 50 m strip on their side
of the aircraft for a total strip width of 100 m when both observers were surveying
simultaneously. At least one observer surveyed at all times, but individual effort was
discontinued when glare obscured >25% of an observer’s field of view. To ensure that we
maintained a strip width of 50 m, we estimated sighting angles from the aircraft to the water
using clinometers. Observers rechecked sighting angles with a clinometer several times during
each survey.

We recorded seabird observations on audiotape using hand-held tape recorders (VSC—
2002, Model No. 14-1158, Tandy Corporation, Fort Worth, TX, USA). We identified animals to
species or nearest taxon and made exact counts for solitary seabirds or small groups and
estimated numbers for groups >10 birds. For each observation, we recorded time to the nearest
second, species, number of birds, behavior (e.g., flying or sitting on water), and flight direction.

Each observer transcribed data from audiotape onto standardized data forms and entered
data into the computer program SIGHT (Micro Computer Solutions, Portland, OR, USA). We
used SIGHT because it had preset data entry protocols that helped to ensure entry accuracy.
Two people checked data entry for accuracy by printing SIGHT data for comparison with
transcribed forms.

We determined the location of each observation and tracked survey lines using a
Garmin® 12 Plus Global Positioning System (GPS; Garmin Ltd., Olathe, KS, USA) connected
to a laptop computer that was operated by a third observer. The computer program dLog (R.G.
Ford Consulting, Portland, OR, USA) recorded aircraft position (waypoint) from the GPS unit
every 5 seconds into a log file. We chose an interval of 5 seconds to allow adequate spatial
coverage of the trackline (225 m is traversed every 5 seconds at our survey speed of 160 km/hr)
and to limit the size of the resulting data files. We synchronized observer watches with the
computer clock twice each survey day.

Following each survey, we plotted trackline log files in ArcView (ESRI, Redlands, CA,
USA) and checked for GPS errors or missing trackline data. For transects with missing trackline
data (e.g., from occasional computer errors or momentary loss of satellite coverage), we re-
created transect lines based on known waypoints and constant airspeed using interpolation
programs written in SAS (SAS Institute, 1999) statistics program. After correcting trackline
files, we calculated the position of each sighting based on observation time with the program
INTERPD (R.G. Ford Consulting, Portland, OR, USA).

Previous studies indicated greatest densities of seabirds in the SCB occurred near the
northern Channel Islands (Briggs et al. 1981a, 1987). This also was the area of greatest
aggregation of breeding seabirds and commercial oil development in the study area. Therefore,
we concentrated our survey effort in this core area (Figure 1.4). Transect lines were arranged
systematically and were designed to concentrate survey effort in areas near the northern Channel
Islands and to include the wide range of habitats and bathymetry throughout the SCB. At-sea
transects near the northern Channel Islands were oriented predominantly north-to-south
(perpendicular to bathymetric contours) and were spaced at intervals of 10’ of longitude (~15
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km). In other parts of the study area, at-sea transects were oriented east-to-west and were spaced
at intervals of 15’ of latitude (~27 km) to cover a larger sampling area. Whereas all at-sea and
coastal transect lines within the core area were replicated each survey month, transects in the
non-core area were surveyed only once per survey month. We conducted the replicate survey of
the core area 5-10 days after the initial survey. Weather conditions (e.g., fog or strong winds)
and aircraft availability determined whether the non-core area was surveyed during the first or
second survey period for each month.

We surveyed north of the SCB because the area contained current and potential oil and
natural gas operations. Currently, there are four oil and gas platforms north of Point Conception
(Figure 1.2) and oil and gas operations will continue on these platforms for more than a decade
and other leases might be developed in the future.

At-sea Subareas

We divided the at-sea study area into five subareas to facilitate a more spatially refined
comparison of our data with historic data (Figure 1.5; Briggs et al. 1987). We created subareas
based on biological and oceanographic features and also attempted to equalize total transect
length within each subarea. Subarea boundaries were located such that they bisected the distance
between contiguous parallel transect lines (i.e., subarea boundaries were equidistant from
adjacent parallel transect lines). Briggs et al. (1987) surveyed farther offshore than we did; thus,
we restricted our comparisons to their data that were collected within our study area. We chose
five subareas based on distinct oceanographic and biological regions in the SCB: three subareas
within the SCB, one north of Point Conception to Cambria, and one west of the Santa Barbara
Channel.

(A) Subarea 1 (S1) extended from Point Piedras Blancas to north of Point Conception and
seaward 108 km (60 NM; Figure 1.5). The southern boundary was along the edge of the
transition zone between colder, upwelled waters of central California and the more variable
waters of the SCB (Chelton 1984, Lynn and Simpson 1987). This area represented the southern
portion of the area surveyed by Briggs et al. (1987) from 1980-1983.

(B) Subarea 2 (S2) extended south from 34° 30'N to 33° 40'N and from 120° 30'W
seaward to the western edge of the study area 117 km (65 NM) west of San Miguel Island
(Figure 1.5). This area represented the offshore zone west of the northern Channel Islands. It
was downstream and slightly offshore from the central California upwelling zone and was
largely outside the foraging areas for most Channel Islands seabirds during the breeding season.

(C) Subarea 3 (S3) comprised the northern Channel Islands from Point Conception east to
Point Mugu (Figure 1.5). Main ecological features of this area included the Santa Barbara
Channel and the northern Channel Islands seabird-breeding habitat. Significant upwelling (Point
Conception upwelling plume) from S1 becomes entrained in the western half of S3 (Denner et al.
1988, Harms and Winant 1998).

(D) Subarea 4 (S4) comprised the eastern SCB and was less influenced by coastal
upwelling and had fewer breeding seabirds relative to S3 (Figure 1.5; Carter et al. 1992).
Subarea four contained breeding and roosting habitat provided by Santa Barbara, Santa Catalina,
and San Clemente Islands and complex bathymetry with several deep basins and the Santa Rosa
Ridge.

(E) Subarea 5 (S5) represented the offshore portion of the southwestern SCB and
contained large expanses of open, deep ocean as well as ocean ridges and banks (Figure 1.5).
The northern section of S5 was influenced by the Point Conception upwelling plume, but
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compared with S1, S2, and S3, waters were generally warmer, more saline, and less nutrient
enriched. San Nicolas Island provided breeding and roosting habitat in S5.

Coastal Subareas

The coastlines of the mainland and Channel Islands also were divided into five subareas:
three mainland subareas and two island coastline subareas (Figure 1.5). We created coastline
subareas to represent biologically distinct areas and to make total transect length within subareas
approximately equal. Coastal subareas were not intended to match at-sea subareas because we
assumed avifauna in these subareas were not similar.

(A) Northern Mainland Coast (NMC) included the northern portion of the mainland
coastline extending from Cambria to Point Arguello (Figure 1.5). The NMC was
oceanographically similar to the central California coast and characterized by strong, upwelling-
favorable winds.

(B) Central Mainland Coast (CMC) included the central portion of the mainland coastline
from Point Arguello to just east of Point Dume including Point Conception, the northern Santa
Barbara Channel coastline, and Mugu Lagoon (Figure 1.5).

(C) Southern Mainland Coast (SMC) included the southern portion of the mainland
coastline just east of Point Dume to the Mexican border and included Santa Monica Bay, Palos
Verdes, Dana Point, and Point Loma (Figure 1.5).

(D) Northern Island Coast (NIC) included the northern Channel Islands (San Miguel,
Santa Rosa, Santa Cruz, and Anacapa Islands; Figure 1.5).

(E) Southern Island Coast (SIC) included the southern Channel Islands (Santa Barbara,
San Nicolas, Santa Catalina, and San Clemente Islands; Figure 1.5).

Spatial Analysis Methods

We originally collected data in geographic coordinates (NAD 27) and later reprojected
data into the California Teale Albers projection to ensure accuracy of distance and area
calculations. Track log GPS data collected during aerial surveys were reformatted using SAS to
create formatted text files. We processed text files with an ArcIlnfo (ESRI, Redlands, CA, USA)
arc macro language program to create point and line coverages.

Track line coverages were buffered to form strips parallel to the transect line depending
on number of observers. We created strips 50 m wide for one observer and strips 100 m wide for
two observers. We separated strip data into coastal and at-sea groups and intersected both
groups with 1’ x 1" and 5" x 5’ latitude and longitude grid cells, thereby creating unique grid
identifiers for buffered transects. We used these data for analysis and mapping.

Species observations were linked to track log data, output as a dbase file, imported into
Arcview (Version 3.3, ESRI, INC.), and converted to shape files. We intersected shape files
with buffered strips to transfer grid identifiers to points. These data were exported as dBASE
files (ABASE Inc., Vestal, NY) and entered into SAS to calculate densities.

Statistical Analyses

We examined seabird distribution hierarchically at three taxonomic levels: individual
species, families, and all seabirds grouped together. Occasionally seabirds could be identified
only to family or, very infrequently, just as seabirds. Unidentified seabirds were excluded from
species-specific analyses, but were used in the broader taxon groupings.
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We analyzed at-sea and coastal transect data separately and included both flying and non-
flying birds in analyses. Unlike shipboard surveys, densities of flying birds were not corrected
for the effect of flight direction (Spear and Ainley 1997). Because of the greater relative speed
of the survey aircraft compared with flying seabirds, error in density calculations of flying birds
was assumed to be negligible. We assessed differences among seasons (January, May, and
September) and subareas. We compared our at-sea transect data with similar aerial survey data
collected from 1975-1978 throughout the SCB and from 1980-1983 off central and northern
California (Briggs et al 1987). We were unable to compare coastal transect data with previous
data because Briggs et al. (1987) did not collect coastal transect data.

We used generalized linear mixed models (GLMM) using SAS software to model species
counts within grids (Poisson distribution) with means that are proportional to the area of buffered
transect (offset variable; McCullagh and Nelder 1989) and that vary according to subarea,
season, year, and replicate. We assessed effects of subarea and season on densities and
controlled for variation between replicates and years by including replicate and year as random
effect variables in models.

We restricted the GLMM to test for differences in densities only for those subareas and
seasons in which species were observed. For subareas or seasons where a species was not
observed, density and standard error were zero. In this case, one of two possibilities occurred: 1)
the entire season or subarea contained no individuals of a particular species causing season or
subarea to be significantly different from any other season or subarea where the species was
observed at least once, 2) the species was present but too rare to be observed by the survey.
Because, there were not enough data for the GLMM to distinguish between these two
alternatives, we evaluated differences in subareas and seasons by identifying those with and
without observations.

For similar reasons, we occasionally restricted the GLMM to exclude the replicate
random effect when no observations occurred for one of the replicates. Conversely, for species
with sufficiently large densities, we tested for presence of subarea and season interactions. We
considered differences in average densities with an alpha level of 0.05 to be statistically
significant.

Comparisons to Past Density Estimates

We obtained data for Briggs et al. (1987) from the Computer Database Analysis System
compact disc (Bonnell and Ford 2001). Aerial survey data were collected in the SCB from
19751978 that corresponded to our areas S2—S5. Aerial survey data were collected off central
and northern California from 1980-1983 that corresponded to our area S1. We assigned
observations from Briggs et al. (1987) to subareas based on latitude and longitude associated
with each observation. Briggs et al. (1987) did not conduct aerial coastline surveys so we
compared only our at-sea transect data to data collected in the same subarea from 1975-1983.
To compare at-sea densities of seabirds between the two studies, we used Briggs et al. (1987)
data that bracketed the months of our survey (i.e., Jan 2000-2002 vs. average of Dec, Jan, and
Feb 1975-1983; May 1999-2001 vs. Apr, May, and Jun 1975-1983; and Sep 1999-2001 vs.
Aug, Sep, and Oct 1975-1983). We did this to reduce the possibility of missing species density
peaks occurring from 1975-1983 and to ensure that, if Briggs et al. (1987) did not survey during
January, May or September in a particular year, that we could obtain data from a similar time of
year with which to compare.
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Preliminary analyses revealed replicate and year as insignificant sources of variability in
seabird density; thus, we removed replicate and year for further analyses. We used generalized
linear mixed models (GLMM) to test differences in density between the current survey and the
historical survey. We created a classification variable for the historical and current survey
periods. This variable was included in the GLMM and tested the effects of period on density.
We conducted this analysis separately for the five at-sea subareas and all at-sea subareas
combined. We included season in the model after preliminary results revealed density varied by
season. We used contrasts to express the difference in densities between the two periods and
extrapolated seabird abundance in the entire study area for both periods.

Estimated Abundance

We calculated estimates of seabird abundance in the study area during January, May, and
September based on densities from at-sea transects. We assumed constant densities throughout
subareas from which transects originated, extrapolated numbers based on size of subarea, added
the five subarea totals for the total estimate, and averaged total estimates by month. We also
used coastal transect data to calculate estimates of seabird abundance within 1 km of shore for
species with >100 observations and for which >70% of observations occurred on coastal
transects. We calculated abundance estimates for the study area during January, May, and
September by multiplying the number of birds observed by 10 for areas in which two people
were observing (i.e., 100m strip width) and by 20 for areas in which one person (i.e., 50 m strip
width) was observing. We assumed constant densities from shore out to 1 km and only used data
from the replicate from each survey month that covered the entire study area (not just the core
area). We note that these calculations provide only a cursory estimate of population abundance
and should be used and interpreted with caution.

Species Diversity

We calculated the number of species and the Shannon-Weiner Diversity Index (SWDI;
Krebs 1989) for data collected from 1999-2002 for subareas, survey months, and survey types
(at-sea and coastal). The SWDI is defined as:

HY:'Z; pilnp;

where s is the number of species and p; is the proportion of total density contributed by species i.
To standardize calculations, we used the replicate from each survey month that covered the
entire study area (not just the core area) to calculate diversity indices.

Distribution and Abundance Maps

We created maps in ArcView of species and family distribution for the study area. For
the 1999-2002 data, we averaged seabird densities for 5’ latitude and longitude grids across years
and replicates for each survey month. This resulted in three maps for each species and family
representing January, May, and September. To facilitate visual comparisons among maps for
individual species or families, map legends were standardized for each species or family based
on percentages of maximum densities observed for that species or family. The five categories
were: (1) 0 (none observed), (2) >0-50% of densities, (3) >50-75% of densities, (4) >75-90% of
densities, and (5) >90% of densities to the maximum density observed. Standardized density
legends highlight areas of greatest importance to individual species.
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RESULTS

From May 1999 to January 2002, we completed nine surveys (102 flight days). For all
surveys combined, we flew >54,600 km (30,350 NM) of transects with >20,100 km (11,150
NM) in the core area and >14,400 km (8,000 NM) along coastlines. We identified 54 species of
seabirds representing 12 families and counted a total of 135,545 seabirds on transect (Table 1.2).

Seabirds occurred in the study area in all subareas in all seasons (Figure 1.6). Seabird
densities (all species) averaged >33.7 birds/km” (for at-sea and coastal transects combined) and
ranged from 0—12,244 birds/km®. Densities for both at-sea and coastal transects were greatest
during January (Tables 1.3—1.6), primarily due to large numbers of California Gulls (Larus
californicus), Western Grebes (Aechmophorus occidentalis), Surf Scoters (Melanitta
perspicillata) and, to a lesser extent, Black-legged Kittiwakes (Rissa tridactyla), Cassin’s
Auklets, loons, and phalaropes. Average densities were lowest during May and September.
Western Grebes, Sooty Shearwaters (Puffinus griseus), phalaropes, and Western Gulls were the
most abundant species in the SCB in May. Sooty Shearwaters were the most abundant seabird in
the SCB in September followed by Western Grebes, Western Gulls, and Brown Pelicans.
Maximum seabird densities for a single 5 by 5’ grid occurred during September due to large
flocks of Sooty Shearwaters.

Densities for all seabirds combined differed among at-sea subareas (F44930 = 22.1, P <
0.001) and coastal subareas (F4 1731 = 5.5, P < 0.001). Greatest densities of seabirds occurred in
S3 (Table 1.3), CMC, and SMC (Table 1.5) and lowest densities occurred in S5 (Table 1.3).
Densities along coastal transects differed among seasons (F4 1751 = 13.5, P < 0.001) with greatest
densities during January and lowest densities during May (Tables 1.4—1.6). Densities along at-
sea transects did not differ among seasons (Fz4932 = 0.8, P < 0.451) but greatest seasonal
densities for at-sea transects occurred in S3 during January and in S1 during May (Table 1.3).
We estimated an average of 981,000 + 144,000 seabirds throughout the study area during
January using at-sea transect data (Table 1.7).

At-sea densities for all seabirds combined were greater from 1975-1983 than from 1999—
2002 for the entire study area (1= 155.8, P < 0.001), S2 (x*1 = 5.1, P < 0.024), S4 (x*; = 76.3, P
< 0.001), and S5 (x* = 162.0, P < 0.001) but did not differ in S1 (x*; = 1.8, P < 0.182) and S3
(x*1 < 0.1, P < 0.942). From 1975-1983 to 1999-2002, we observed a decline in abundance of
14% in January, 57% in May, and 42% in September (Table 1.8).

SWDI for at-sea and coastal subareas combined was greatest during May (2.10) and
lowest during January (1.80) and September (1.86; Table 1.9). At-sea transects had a greater
species diversity (2.56) than did coastal transects (1.95). At-sea, S5 had the greatest species
diversity (2.30) and S4 had the lowest (1.79). With island transects removed from at-sea
subareas, species diversity decreased in S3 (1.92) but increased in S4 (2.4) and S5 (2.35; Table
1.9). Among coastal subareas, the northern Channel Islands had the greatest species diversity
(1.75), whereas the southern Channel Islands had the lowest species diversity (1.17). The
number of species was greater in January (46) than in May (40) or September (40; Table 1.9).
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Species Accounts
Brown Pelican Pelecanus occidentalis

The Brown Pelican subspecies, P. o. californicus, breeds from California to the Pacific
coast of southern Mexico and the Gulf of California (Carter et al. 1992). Greatest pelican
abundance in the SCB occurs in late summer and early fall coincident with dispersal of birds
from breeding colonies in Mexico; abundance is lowest after breeding Brown Pelicans return to
breeding colonies in Mexico in early winter (Anderson and Anderson 1976, Briggs et al. 1981b,
1983b; Jaques 1994, Jaques et al. 1996). During the late 1960s and early 1970s, Brown Pelicans
experienced extremely poor breeding success due to eggshell thinning caused by DDE
contamination (Keith et al. 1971, Risebrough 1972, Jehl 1973, Anderson et al. 1975, Anderson
and Gress 1983, Gress and Anderson 1983). Reproductive success did not rebound until the late
1970s (Gress et al. 1995). From 1969 to 1978, <800 nests were estimated on West Anacapa
Island (Carter et al. 1992). In 1991, 10,680 breeding Brown Pelicans were estimated on West
Anacapa Island and 1,236 were estimated on Santa Barbara Island (Gress 1992, T. Ingram,
unpublished data as cited in Carter et al. 1992).

Briggs et al. (1987) reported reduced densities of Brown Pelicans in California from
December through March and increased densities during September and October with most <20
km from shore. Similarly, from 1999-2002, we observed greatest densities during September
and 83% of Brown Pelicans were <10 km from shore (at-sea transects only).

From 1999-2002, Brown Pelicans were distributed along coastlines throughout the study
area and occurred in all at-sea subareas except S2 (Figure 1.7). Pelicans generally were more
abundant along mainland than island coastlines (Tables 1.4-1.6). Densities were greatest along
the CMC during May and NMC and SMC during September (Table 1.5). Brown Pelicans
occurred consistently near Point Loma, Palos Verdes, Point Sal, and along the mainland coast of
the Santa Barbara Channel and the southern coast of Santa Rosa Island (Figure 1.7).

At-sea densities of Brown Pelicans differed among seasons (F2 4940 = 9.4, P < 0.001) and
subareas (F44940= 6.2, P <0.001). Densities were greatest during September corresponding with
the return of breeding birds to the SCB from Mexico. During each month, Brown Pelican
densities were greatest in S3, probably due to numerous available roost sites on the northern
Channel Islands and on the central mainland coast (Point Conception to Point Dume). We
observed only 12 Brown Pelicans in S2. Along coastlines, Brown Pelican densities also differed
among seasons (F» 1731 = 12.3, P <0.001) with greatest densities, again, during September but did
not differ among subareas (F4,1731=2.01, P <0.091).

At-sea densities of Brown Pelicans were greater from 1999-2002 than from 1975-1983
throughout the entire study area (x*; = 19.5, P = 0.01) but lower in S4 (x*, = 4.3, P < 0.039) and
S5 (% = 169.5, P < 0.001). Densities did not differ in SI (x*; = 1.0, P < 0.330) and S3 (x* =
3.6, P < 0.059). We estimated an average maximum abundance of 63,900 + 47,700 Brown
Pelicans from 1999-2002 using at-sea transect data and 1,325 = 100 using coastal data (Tables
1.7 and 1.10).

Phalacrocoracidae

Because Brandt’s and Double-crested Cormorants (Phalacrocorax penicillatus and P.
auritus) were difficult to distinguish from the air, 45% of cormorants were unidentified (Figure
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1.9). Pelagic Cormorants (P. pelagicus) also were difficult to distinguish, except during May
surveys, when their white flank patch was conspicuous. Therefore, proportionately more Pelagic
Cormorants were identified during May than in other months. At-sea densities of cormorants did
not differ among seasons (F3 4431 = 0.9, P < 0.409) but did differ among subareas (F3 431 = 7.0, P
< 0.001) with greatest densities occurring in S3 (Table 1.3). Cormorants occurred in every
season and subarea but only two cormorants (Brandt’s Cormorants) occurred in S2 (Figure 1.8).
Coastal densities of cormorants did not differ among seasons (F, 731 = 0.6, P < 0.549) but did
differ among subareas (F4 ;731 = 10.1, P < 0.001) with greatest densities along the NMC in all
months (Tables 1.4-1.6). At-sea densities were greater in 1999-2002 than 1975-1983
throughout the entire study area (y*, = 17.1, P < 0.001), S1 (x* = 12.5, P <0.001), and S5 (3* =
16.5, P < 0.001) and lower in S3 (x* = 121.3, P < 0.001) and S4 (x*; = 22.4, P < 0.001). We
estimated an average maximum abundance of 14,625 £ 3,900 cormorants during January from
1999-2002 using at-sea transect data (Table 1.7).

Double-crested Cormorant Phalacrocorax auritus

Double-crested Cormorants are the most numerous and widely distributed of the six
North American cormorants and are rarely observed far from land (Hatch and Weseloh 1999).
Along the Pacific coast, the subspecies P. a. albociliatus breeds from southern British Columbia,
Canada to Sinaloa, Mexico (west coast of central Mexico mainland) in marine and estuarine
habitats (Harrison 1983, Carter et al. 1995). Double-crested Cormorants experienced reduced
breeding success in the mid-twentieth century due to DDE (Gress et al. 1973, Gress and Lewis
1988). In 1969, severe eggshell thinning from DDE contamination was discovered in Double-
crested Cormorants breeding on West Anacapa Island and South Los Coronados Island, Mexico
(Gress et al. 1973, Jehl 1973). Reduced breeding success continued until the early 1970s at the
West Anacapa Island colony, but thereafter, breeding success improved (Anderson and Gress
1983, Gress et al. 1995). In 1991, the estimated 10,040 birds in the SCB represented greater than
a fourfold increase in numbers compared with 1975-1978 estimates (Carter et al. 1992). In the
SCB, breeding colonies were located on Prince (<1 km north of San Miguel Island), West
Anacapa, Santa Barbara, and Sutil Islands (<1 km east of Santa Barbara Island; Carter et al.
1992). Briggs et al. (1987) rarely observed Double-crested Cormorants during at-sea surveys,
and did not conduct surveys along coastlines. Only a few Double-crested Cormorants were
observed at sea from 1975-1983 and these were <3 km from breeding colonies (Briggs et al.
1987). We consistently observed Double-crested Cormorants near Point Loma and Palos
Verdes, south of Point Buchon, north of Morro Bay, along the mainland coast of the Santa
Barbara Channel, and near the four northern Channel Islands and San Nicolas Island (Figure
1.11). We observed 86% of Double-crested Cormorants <1 km from shore, however, during
May and September, individuals were occasionally observed 20-30 km northwest of Santa
Barbara Island.

From 1999-2002, at-sea densities of Double-crested Cormorants differed among seasons
(F2.4487 = 4.5, P < 0.012) and subareas (F34s7 = 7.3, P < 0.001). Double-crested Cormorants
were present in all at-sea subareas except S2 and at-sea densities were generally greatest during
January and in S1 (Table 1.3). During May and September, densities were greatest in S3 near
breeding colonies (Table 1.3). Densities on coastal transects did not differ among seasons
(F2,1781 < 0.1, P < 0.953) but did differ among subareas (F4 1731 = 25.3, P < 0.001) and greatest
densities occurred along the central portion of the mainland coast during each survey month
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(Tables 1.5 and 1.6). Double-crested Cormorants occurred in all coastal subareas and coastal
densities were up to fortyfold greater than at-sea densities.

Statistical comparisons between 1975-1983 and 1999-2002 were possible only for all
subareas combined, S3, and S4 because of limited observations from 1975-1983 throughout the
other subareas. At-sea densities of Double-crested Cormorants were greater from 1999-2002
than 1975-1978 for all subareas combined (3, = 267.7, P < 0.001) and S3 (x*; = 35.3, P <
0.001) but lower in S4 (le = 9.8, P <0.002). We estimated an average maximum abundance of
3,850 + 3,080 Double-crested Cormorants during January from 1999-2002 using at-sea transect
data and 430 £ 50 in January using coastal data (Tables 1.7 and 1.10). The high variability of the
at-sea estimate is due to one observation of 40 Double-crested Cormorants 1 km from shore
north of Point Conception.

Brandt’s Cormorant Phalacrocorax penicillatus

Brandt’s Cormorants nest along the Pacific coast from southern Vancouver Island, British
Columbia, Canada to southern Baja California, Mexico, including the Gulf of California
(Wallace and Wallace 1998). They are one of the most widely distributed and abundant breeding
seabirds in the SCB and breed in dense colonies on all eight of the Channel Islands except Santa
Catalina Island (Carter et al. 1992). The population size of Brandt’s Cormorants decreased in the
1950s and 1960s due to breeding failures caused by DDE contamination (Jehl 1973, Anderson
and Gress 1983, Gress and Anderson 1983, Hunt et al. 1979). At Santa Barbara and San Nicolas
Islands, abundance of cormorants decreased by 50-90% from the 1950s to 1977 (Hunt et al.
1979). In 1991, however, 29,400 breeding birds were estimated at 31 active breeding colonies in
the SCB (13 of the colonies were newly discovered). This represents an almost four-fold
increase in the numbers of Brandt’s Cormorants since 1975-1978 (7,600 birds; Carter et al.
1992). From 1975-1983, Brandt’s Cormorants occurred primarily in shallow waters <10 km
from shore and <25 km from island or mainland roosts or colonies (Briggs et al. 1987). Along
mainland coasts, birds consistently occurred in large roosts near Point Loma, Palos Verdes, Point
Sal, and Point Buchon (Fig 1.11). Brandt’s Cormorants were present at Santa Catalina Island
during January and San Clemente Island during January and September. During May, however,
reduced densities occurred in the southeastern SCB and increased densities occurred in the
northern SCB where breeding colonies were located.

In 1999-2002, at-sea densities of Brandt’s Cormorants did not differ among seasons
(F2.4481 = 0.3, P < 0.734) but did differ among subareas (Fs4s; = 5.5, P < 0.001). We observed
greatest densities in S3 and S5 (Table 1.3). In all seasons, Brandt’s Cormorants were
concentrated near the northern Channel Islands (S3) and near San Nicolas Island (S5; Figure
1.10). This distribution corresponds with the presence of large breeding colonies and roost sites
on these Channel Islands. Coastal densities of Brandt’s Cormorants did not differ among
seasons (Fy 1781 = 2.2, P < 0.107) but did differ among subareas (F4 1731 = 23.7, P < 0.001) with
greatest densities occurring along Channel Island coastlines, especially along the NIC (Table
1.6).

We observed greater densities of Brandt’s Cormorants at sea from 1999-2002 than from
1975-1983 throughout the entire study area (x*; = 169.8, P < 0.001), S1 (3% = 19.6, P < 0.001),
S3 (x* = 36.7, P < 0.001), S4 (x> = 17.13.95, P < 0.047), and S5 (x*; = 35.6, P < 0.001).
During May 1999-2002, we estimated 8,500 + 1,500 Brandt’s Cormorants in the study area (at-
sea transects; Table 1.7). This represents more than a fourfold increase in numbers compared
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with 1975-1983 during the breeding season (Table 1.8). Similarly, pre-breeding (January)
populations have increased more than twofold compared with 1975-1983 (Table 1.8). We
estimated 1,530 + 100 Brandt’s Cormorants during May using coastal transect data (Table 1.10).

Pelagic Cormorant Phalacrocorax pelagicus

Pelagic Cormorants are the least pelagic of the cormorants occurring in the SCB and are
rarely observed more than a few kilometers from shore (Sowls et al. 1980, Ainley et al. 1990).
Pelagic Cormorants breed along the Pacific coast from northern Alaska to Los Coronados Islands
in northern Baja California, Mexico (Wilbur 1987, Howell and Webb 1995) and occur south to
central Baja California, Mexico (Hobson 1997). They breed on all Channel Islands except San
Nicolas, San Clemente, and Santa Catalina Islands. In 1991, Carter et al. (1992) estimated 2,700
birds in the SCB, a threefold increase compared with estimates during 1975-1978. Briggs et al.
(1987) observed few Pelagic Cormorants; most were observed north of Point Conception <10 km
from shore. Similarly, we observed most birds <10 km from shore, but unlike the previous study
>80% of the birds occurred south of Point Conception near San Miguel, Santa Rosa, and Santa
Cruz Islands. Along the mainland coastline during May and September, we consistently
observed birds near Point Buchon and Morro Bay during May and September (Figure 1.12).
Although Pelagic Cormorants bred on Santa Barbara Island in 1991 (Carter et al. 1992), we did
not observe birds near the island during May from 1999-2002. The few birds we observed
during September surveys however, occurred <10 km from Santa Barbara Island.

We observed only nine Pelagic Cormorants on at-sea transects and did not compare at-
sea densities among season, subarea, or to previous data. Most Pelagic Cormorants occurred in
the Santa Barbara Channel, but two birds occurred near Morro Bay. Along coastlines, densities
of Pelagic Cormorants differed among seasons (F» 1739 = 14.6, P < 0.001) and subareas (F4 739 =
14.9, P <0.001). Greatest densities of birds occurred along the CMC and along the NIC (Tables
1.5 and 1.6). Densities were similar during January and May, and few birds were observed
during September surveys (Tables 1.5 and 1.6). Briggs et al. (1987) recorded few Pelagic
Cormorants and did not estimate total numbers at sea. From 1999-2002, we estimated an
average maximum of 130 =+ 15 birds during January using coastal data (Table 1.10).

Pelagic Cormorants were more easily identified to species during May, due to the
presence of their conspicuous white flank patches. During January and September surveys,
without the aid of the white flank patch, we probably included some Pelagic Cormorants as
unidentified cormorants and therefore our population estimates and distribution maps may be an
underestimate in these months.

Alcidae

Five alcid species commonly occur in the SCB (Table 1.2). As a group, alcids were
recorded throughout the study area in all seasons (Figure 1.13). At-sea densities differed among
seasons (F4941 = 25.3, P <0.001) and subareas (Fs 4941 = 11.1, P < 0.001) with greatest densities
during January in S1 and during May in S3 (Table 1.3). On coastal transects, densities differed
among seasons (Fy 1436 = 12.3, P < 0.001) and subareas (F3 1436 = 10.0, P < 0.001) with greatest
densities along the NIC, except in May when greatest densities occurred along the NMC (Tables
1.5 and 1.6). At-sea densities of alcids were greater during 1975-1983 than during 1999-2002
throughout the entire study area (y*; = 125.7, P <0.001), S1 (x* = 3.9, P <0.001), S2 (x* =9.7,
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P <0.002), S4 (X21 =17.1, P < 0.001), and S5 (x*; = 26.3, P < 0.001). At-sea densities did not
differ in S3 (x*; = 1.8, P < 0.187). We estimated an average at-sea abundance of 183,000 +
16,900 alcids during January (Table 1.7).

Cassin’s Auklet Ptychoramphus aleuticus

Cassin’s Auklets are one of the most widely distributed alcids of the Pacific Ocean and
breed from the western tip of the Aleutian Archipelago, Alaska to central Baja California,
Mexico (Manuwal and Thoresen 1993). Cassin’s Auklets are the third most abundant species
breeding in the SCB (Carter et al. 1992). From 1975-1983, Briggs et al. (1987) observed
Cassin’s Auklets year-round throughout California waters from the mid-continental shelf out to
150 km from shore, but in late spring and summer, auklets were concentrated near breeding
colonies. From August through October, birds were distributed throughout the SCB west of San
Clemente Island, and over the continental shelf and slope from San Miguel Island to Point
Buchon (Briggs et al. 1987). In contrast, from 1999-2002, Cassin’s Auklet distribution varied
markedly with survey month, but birds generally were observed >10 km from shore in all survey
months (Figure 1.14). During May, birds were concentrated in the northwest portion of the
Santa Barbara Channel and at sea north of Point Conception. During September, most auklets
were observed north of Point Conception and were widely distributed across the SCB during
January primarily west of San Nicolas Island. Similarly to Briggs et al. (1987), during
September we observed Cassin’s Auklets primarily in deeper water seaward of the continental
slope.

In 1991, the population in the SCB was estimated at 12,500 birds (Carter et al. 1992). In
the SCB, >90% of breeding birds occurred off San Miguel Island, especially Prince Island (1 km
north of San Miguel Island) and Castle Rock (I km northwest San Miguel Island); fewer
breeding birds occur off Santa Cruz, Anacapa, and Santa Barbara Islands (Carter et al. 1992,
McChesney et al. 2000). Numbers at Prince Island, the largest Cassin’s Auklet colony in the
SCB, possibly declined between 1975-1978 and 1991, but differences in survey protocols and
effort between the two periods prevented assessment of population trends (Carter et al. 1992).

From 1999-2002, at-sea densities differed among seasons (F4940 = 13.3, P < 0.001) and
subareas (F44940 = 10.7, P < 0.001). Whereas greatest densities occurred during January, few
birds were observed during September (Table 1.3). Densities were greatest during May in S3
near northern Channel Island breeding colonies. During January, densities were greatest in S2
(west of San Miguel Island) in an average water depth of 1450 m (Table 1.3). On coastline
surveys, Cassin’s Auklets only occurred near the northern Channel Islands and in January and
May. Densities were greatest during January (F; 310 =4.9, P <0.027; Table 1.6).

At-sea densities of Cassin’s Auklets during 1975-1983 were greater than during 1999—
2002 throughout the entire study area (x*; = 24.9, P < 0.001) and S1 (x*; = 8.9, P < 0.003) but
lower in S3 (%% = 9.1, P < 0.003), S4 (x* = 8.9, P < 0.003), and S5 (x* = 64.6, P < 0.001)
possibly indicating a shift in distribution. At-sea densities did not differ in S2 (3, = 3.5, P <
0.062). Maximum estimates from 1975-1978 off southern California ranged from 50,000 to
100,000 individuals during January (Briggs et al. 1987). In 1999-2002, we estimated an annual
average maximum of 115,000 + 15,000 Cassin’s Auklets during January (Table 1.7).
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Rhinoceros Auklet Cerorhinca monocerata

Rhinoceros Auklets breed from the Aleutian Islands, Alaska and the Gulf of Alaska to
San Miguel Island off southern California. Birds winter from southeast Alaska to southern Baja
California, Mexico (Gaston and Dechesne 1996). From 1975-1978, densities in the SCB were
lowest in the summer and greatest during January, February, and March (Briggs et al. 1987).
During the spring, birds occurred along the western margin of the SCB, in the passages between
the northern Channel Islands, and along the shelfbreak from Point Arguello to Oregon (Briggs et
al. 1987). From 1999-2002 during January, we observed birds throughout the SCB from 0.3-95
km from shore (Figure 1.15). Of the few birds observed during May and September, most
occurred near the northern Channel Islands or north of Point Conception (Figure 1.15). In the
SCB, Rhinoceros Auklets have only been observed to breed at three locations around San Miguel
Island (19 birds; Carter et al. 1992). North of the SCB within the study area in 1991, six small
breeding colonies were observed (41 birds; Carter et al. 1992). The California breeding
population was estimated to be 1,769 individuals representing almost a fivefold increase over
estimates from 1979—1980 (Carter et al. 1992).

At-sea densities differed among seasons (F2 4940 = 73.6, P < 0.001) and subareas (F4 4940 =
22.7, P <0.001). Rhinoceros Auklets densities were greatest during January and much lower
during May and September (Table 1.3). In all months, at-sea densities were greatest in S1 and
lowest in S2 with lower but similar densities in S3, S4, and S5 (Table 1.3). We observed only
five Rhinoceros Auklets on coastal transects from 1999-2002, all near the northern Channel
Islands.

At-sea densities of Rhinoceros Auklets from 1975-1983 were greater than densities from
1999-2002 in all subareas combined (3, = 9.8, P < 0.002), S2 (x*; = 43.6, P < 0.001), and S3
(le =114.8, P <0.001) but lower in S1 (X21 =7.9,P=0.006). At-sea densities did not differ in
S4 (x*1 = 0.2, P =0.653) or S5 (le = 1.1, P = 0.290). Briggs et al. (1987) estimated 100,000 to
300,000 birds during March in the SCB. During January 1999-2002, we estimated an average
maximum of 46,200 £ 4,620 birds (Table 1.7).

Common Murre Uria aalge

Common Murres are the most abundant breeding seabird in California (Carter et al.
1992). Along the eastern Pacific coast, murres breed on islands from western Alaska to
Hurricane Point, Monterey County in central California (Ainley et al. 2002). Common Murres
generally winter from the southern limit of sea ice in the Bering Sea to southern California but
have been observed as far south as San Quintin, Baja California, Mexico, in times of cooler sea
surface temperatures (Ainley et al. 2002). Historically, Common Murres bred in the SCB on
Prince Island, (<1 km north of San Miguel Island), but as a result of egg gathering for private
collections, the colony was extirpated in 1912 (Wright and Snyder 1913, Howell 1917, Ainley et
al. 2002).

In central California (Point Conception to 38° 50°N latitude), Common Murre breeding
populations declined by 53% from 1980 to 1986 (Takekawa et al. 1990) and continued to decline
through 1989 (Carter et al. 1992). The central California breeding population was estimated to
be 194,000-224,000 Common Murres in 1980-1982 and 90,200 breeding birds by 1989 (Carter
et al. 2001). Declines in the breeding population were attributed to several factors including
reduced reproductive success associated with the severe 1982—-1983 El Nifio, mortality from oil
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spills and gill net fisheries, and human disturbance at breeding colonies (Stenzel et al. 1988,
Ainley and Boekelheide 1990, Takekawa et al. 1990, Carter et al. 2001).

During the nesting season (April through July), Briggs et al. (1987) observed Common
Murres in waters <150 m deep, and 75% occurred <40 km of breeding colonies. From 1980—
1983, Common Murres occurred south of Point Sur only outside the nesting season. Even in the
winter, murres still were most abundant <50 km of breeding colonies (Briggs et al. 1987). From
1975-1983, large numbers (20,000-30,000) occurred within the Santa Barbara Channel and from
Morro Bay to Point Arguello (30,000) during the fall and winter, but not during the spring and
summer (Briggs et al. 1987). From 1999-2002, we observed only 232 Common Murres (Table
1.2) and >85% were north of Point Conception (Figure 1.16). More than 90% of murres
occurred <20 km from shore in waters <150 m deep.

Densities on at-sea transects from 1999-2002 differed among seasons (F23270 = 8.0, P <
0.001) and subareas (F23270 = 27.8, P < 0.001). At-sea densities were greatest during January
and lowest during May (Table 1.3). At-sea densities were greatest in S1 (Table 1.3). We
observed only eight murres in S2 and nine murres in S5 and did not make comparisons in these
subareas. We observed birds along coastal transects only during January (Tables 1.5 and 1.6).
Most coastal sightings occurred near Morro Bay and Point Conception, but we observed one bird
near Santa Barbara Island (Figure 1.16).

At-sea densities of Common Murres were much lower during 1999-2002 than from
19751983 for the entire study area (y*; = 308.3, P < 0.001), S1 (x* = 5.2, P <0.023), S3 (3% =
214.3, P <0.001), and S4 (le =111.0, P <0.001). For both studies, population densities were
greatest during January. We estimated 10,700 + 3,900 Common Murres in January in the study
area, representing an 87% decrease in abundance compared with 1975-1983 (Tables 1.7 and
1.8).

Xantus’s Murrelet (Synthliboramphus hypoleucus)

Xantus’s Murrelets are one of the most southerly distributed alcids with a limited
breeding range extending from the SCB to central Baja California, Mexico (Drost and Lewis
1995). There are two subspecies of Xantus’s Murrelets: S. h. scrippsi nests primarily in
California and S. &. hypoleuca nests primarily in Baja California, Mexico (Jehl and Bond 1975,
Hunt et al. 1979). Both subspecies were recently listed as threatened by the California
Department of Fish and Game and have been petitioned for Federal listing under the Endangered
Species Act. Xantus’s Murrelets breed on all Channel Islands except Santa Rosa and San
Nicolas Islands (Drost and Lewis 1995). In 1991, Carter et al. (1992) estimated 1,400 breeding
birds (81% of the California population) on Santa Barbara Island and considered this colony to
be stable or declining slightly. Xantus’s Murrelets typically occur near breeding colonies in
December and January (Murray et al. 1983, Gaston and Jones 1998). Briggs et al. (1987) noted
birds concentrated around Santa Barbara Island during the breeding months (March to May) and
distributed north of Point Conception from August through October 20-100 km from shore
(Briggs et al. 1987). During May in 1999-2001, greatest densities were near Santa Barbara and
Anacapa Islands and north of Point Conception along the coast; 88% of murrelets occurred <40
km from shore and correspondingly 87% occurred in depths <1,400 m (Figure 1.17).

At-sea densities of Xantus’s Murrelets did not differ among subareas (F44940 = 0.6, P <
0.699) but did differ among seasons (Fz4940 = 15.4, P < 0.001). We only observed 10 Xantus’s
Murrelets in S2. Greatest densities occurred during May with few birds observed during January
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or September (Table 1.3). Xantus’s Murrelets were not observed on coastal transects in any
month.

During 1999-2002, at-sea densities were greater than during 1975-1983 throughout the
entire study area (y; = 6.18, P =0.01) and S1 (x* = 174.7, P < 0.001) and S5 (3% = 19.84, P <
0.001). Densities did not differ in S3 (x* = 0.0, P < 0.993) or S4 (3, = 1.0, P < 0.316). Briggs
et al. (1987) estimated 3,000 birds from Point Afio Nuevo to San Miguel Island, and few birds
southeast of this area. From 1999-2002, we estimated 13,800 + 3,000 individuals during May in
the study area (Table 1.7). Our estimate may be elevated given that the world population of
Xantus’s Murrelets is estimated at between 5,000 and 11,500 breeding birds with between 2,500
and 2,800 birds nesting in California (Drost and Lewis 1995, Carter et al. 2000). However,
estimates between studies are difficult to compare due to differing survey and estimation
techniques.

Pigeon Guillemot Cepphus columba

Pigeon Guillemots breed on rocky shorelines near shallow water foraging areas from
north of the Bering Strait to Santa Barbara Island in the SCB and range from northern Alaska to
northern Mexico (Ewins 1993). In 1991, Carter et al. (1992) estimated 3,218 breeding birds at
34 active colonies (12 new breeding colonies compared with surveys in 1975-1978) in the SCB,
97% more birds than estimates from 1975-1978 (Carter et al. 1992). Briggs et al. (1987)
observed guillemots in June and July <2 km from shore and distributed from Santa Barbara
Island to the Oregon border. We observed birds near Santa Barbara Island, between Santa Rosa
and Santa Cruz Island, and along the mainland coast near Point Sal and Point Buchon. More
than 92% occurred <2 km from shore (Figure 1.18).

From 1999-2002, we recorded only seven Pigeon Guillemots on at-sea transects, all
observed during May. Densities on coastal transects differed among seasons (F2.9,7 = 20.5, P <
0.001) and subareas (F,927 = 6.1, P < 0.002). More than 89% of observed Pigeon Guillemots
occurred during May. We observed most birds along the NMC and the NIC (Tables 1.5 and
1.6).

With so few at-sea observations from 1999-2002, we were unable to compare at-sea
transect data with data from 1975-1983. We estimated 280 + 55 Pigeon Guillemots during May
using coastal transect data (Table 1.10).

Tufted Puffin Fratercula cirrhata

Tufted Puffins breed from California to Japan and as far north as Wrangel Island, Russia
(Gaston and Jones 1998). Tufted Puffins have not bred in the SCB for more than a century. At
the Farallon Islands off San Francisco, California, puffins have experienced population declines
from 1000s of birds in the late 1800s to an estimated 100 breeders in 1982 (Gaston and Jones
1998). Although their winter distribution is not well known, Tufted Puffins generally spend the
winter well offshore and Briggs et al. (1987) stated that puffins were most abundant during
January, April, and May. During periods of annual maximum abundance in the winter and
spring from 1975-1978, an estimated 1,000 to 5,000 birds were in the SCB (Briggs et al. 1987).

We did not observe Tufted Puffins during our study. In the winter, we may have
misidentified Tufted Puffins as Rhinoceros Auklets, but we only observed 366 Rhinoceros
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Auklets. Even if we misidentified a great proportion of Tufted Puffins as Rhinoceros Auklets,
our population estimates still would be much lower than estimates from Briggs et al. (1987).

Gaviidae

Common and Pacific Loons (Gavia immer and G. pacificus) commonly occurred in the
SCB and both were observed primarily along mainland and island coastlines (Figure 1.19).
Because it was difficult to distinguish between Common and Pacific Loons, 52% of loons
counted were recorded as unidentified (Figure 1.20). At-sea densities differed among seasons
(F24487 = 6.2, P < 0.002) and subareas (F34437 = 4.5, P < 0.004). Greatest densities occurred in
S3 during January and in S1 during May (Table 1.3). Coastal densities differed among seasons
(F2.1780 = 57.6, P < 0.001) and subareas (F4 1739 = 8.5, P < 0.001). Greatest densities occurred
during January along mainland coasts (Tables 1.5 and 1.6). At-sea densities of loons were
greater during 1975-1983 than during 1999-2002 throughout the entire study area (y*; = 25.0, P
< 0.001), S2 (y* = 113.3, P < 0.001), S4 (x* = 138.3, P < 0.001), and S5 (3% = 193.1, P <
0.001). At sea densities did not differ in S1 (x* = 0.2, P < 0.690).

Pacific Loon Gavia pacifica

Pacific Loons probably are the most abundant loons in North America and are strictly
marine except when breeding in the arctic and sub-arctic (Russell 2002). In North America,
Pacific Loons winter along the Pacific Coast from Alaska to Mazatlan, Mexico (Russell 2002).
Briggs et al. (1987) recorded greatest abundances off southern California in mid-December,
especially within the eastern Santa Barbara Channel, northeast of Anacapa Island. Pacific Loons
were most common <40 km from the mainland off southern California (Briggs et al. 1987).
From 1999-2002, we observed loons during January and May near the northern Channel Islands
(except near Anacapa), from Point Conception to Point Buchon, between Santa Barbara and
Point Dume, and on the west side of Santa Catalina Island (Figure 1.21). On at-sea transects,
87% of observed Pacific Loons were <5 km from shore.

From 1999-2002, at-sea densities of Pacific Loons did not differ among seasons (F; 3033 =
3.7, P < 0.055) or subareas (F33033 = 1.7, P < 0.160). At-sea densities were greatest during
January with only one Pacific Loon observed in the study area during September (Table 1.3).
Greatest at-sea densities occurred in S3 during January and in S1 during May (Table 1.3). On
coastal transects, densities differed among seasons (Fj 1208 = 10.0, P < 0.002) and subareas
(Fa,1208 = 7.3, P < 0.001). Coastal densities were greatest in January and along the northern
mainland coast and along the northern Channel Island coastlines (Tables 1.4—1.6).

At-sea densities of Pacific Loons were greater during 1975-1983 than during 1999-2002
throughout the entire study area (3, = 76.7, P < 0.001), S3 (x*; = 76.7, P < 0.001), S4 (x* = 8.2,
P <0.005), and S5 (le =205.6, P <0.001). At sea densities did not differ in S1 (le =2.6,P<
0.110). From 1975-1978, Briggs et al. (1987) estimated 40,000 to 60,000 birds in April and
5,000 birds in the winter off southern California. During January from 1999-2002, we estimated
an average maximum abundance of 24,600 + 8,500 Pacific Loons using at-sea transect data and
1,700 £ 300 using coastal data (Tables 1.7 and 1.10).
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Common Loon Gavia immer

Common Loons winter inshore along the Pacific coast from the western Aleutian Islands,
Alaska to southern Baja California, Mexico, throughout the Gulf of California, and along the
west coast of Mexico to Colima (Mclntyre and Barr 1997). From 1975-1983, Common Loons
occurred in California waters from late March to late May and from late October to December
(Briggs et al. 1987). During January and May from 1999-2002, we observed loons along the
coast near Morro Bay, from Point Arguello to Point Dume, near San Diego, and near San Miguel
and Santa Rosa Islands (Figure 1.22).

At-sea densities of Common Loons did not differ among seasons (F; 1335 = 3.1, P <0.077)
or subareas (Fj 1335 = 0.0, P < 0.950). Densities were greatest during January and in S1 and S3
(Table 1.3). Most (82%) Common Loons were observed on coastal transects. Coastal densities
differed among seasons (Fz,1739 = 9.9, P < 0.001) and among subareas (F4 1739 = 3.8, P < 0.005)
and were greatest during January and along the northern portion of the mainland coast (Tables
1.5 and 1.6).

There only were enough at-sea data to compare densities for the entire study area and S3.
At-sea densities of Common Loons from 1975-1983 were greater than from 1999-2002
throughout the entire study area (y3*, = 131.6, P < 0.001) and S3 (3, = 81.0, P < 0.001). Briggs
et al. (1987) estimated between 5,000 and 10,000 birds at sea during April off California with
1,000 occurring <0.5 km from shore. Most of the large loon concentrations from 1975 + 1983
were recorded north of our study area (Briggs et al. 1987). During January, we estimated an
average maximum abundance of 1,540 = 770 Common Loons using at-sea transect data and 130
+ 40 using coastal data (Tables 1.7 and 1.10). Many of the Common Loons observed on coastal
transects occurred during the second survey of just the core area and were not included in the
coastal estimate.

Laridae

We observed 22 species of larids (Table 1.2) throughout the study area (Figure 1.23). At-
sea densities differed among seasons (F24932 = 5.9, P < 0.003) and subareas (F44932 = 13.9, P <
0.001). Greatest densities occurred during January and in S3 (Table 1.3). Coastal densities of
larids did not differ among subareas (F4;751 = 1.3, P < 0.281) but did differ among seasons
(F21781 = 23.2, P < 0.001) with greatest densities during January primarily due to California
Gulls (Tables 1.5 and 1.6). At-sea densities of larids were greater during 1975-1983 than during
1999-2002 throughout the entire study area (y* = 111.9, P < 0.001), SI (x*; = 16.6, P < 0.001),
S2 (x* = 4.1, P < 0.044), S3 (x* = 12.0, P < 0.001), S4 (x*, = 23.0, P < 0.001), and S5 (x* =
225.7, P < 0.001). We estimated an average abundance during January of 404,000 + 60,000
larids (Table 1.7).

Western Gull Larus occidentalis

Western Gulls breed on offshore islands and rocks from central Baja California, Mexico,
to Washington (Speich and Wahl 1989, Penniman et al. 1990) and winter in nearshore waters
from the southern tip of Baja California, Mexico to Vancouver Island, Canada (Campbell et al.
1990, Howell and Webb 1995). The North American population was estimated at 40,000 pairs
(Pierotti and Annett 1995). Western Gulls are the most widely distributed and the second most
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abundant breeding seabird in the SCB. Large breeding colonies occur at San Miguel, Santa
Barbara, Anacapa, and San Nicolas Islands (Carter et al. 1992). In 1991, 28,000 breeding birds
were estimated to be in the SCB, a 144% increase in numbers compared with surveys conducted
in the late 1970s (Carter et al. 1992). Briggs et al. (1987) observed Western Gulls along
California coastlines during all months and seldom observed birds farther than 25 km seaward of
the shelf break. Western Gulls were more restricted to areas near breeding colonies from April
to August, and from November through February, were distributed more evenly throughout the
SCB (Briggs et al. 1987). In contrast, we observed Western Gulls throughout the SCB during
1999-2002 in all seasons, on all at-sea and coastal transect lines, and along all mainland and
island coastlines (Figure 1.24). More than 96% of observed Western Gulls occurred <20 km
from shore.

From 1999-2002, at-sea densities of Western Gulls did not differ among seasons (F 493, =
0.3, P <0.968) but did differ among subareas (F4 493, = 21.9, P < 0.001). We observed greatest
densities in S3 during each month (Table 1.3). Along coastlines, densities did not differ among
subareas (F41731 = 1.6, P < 0.163) but did differ among seasons (F21731 = 4.1, P < 0.017).
Mainland coastal densities were greatest in September and island coastal densities were greatest
in January (Tables 1.5 and 1.6).

At-sea densities from 1999-2002 were greater than from 1975-1983 throughout the
entire study area (x*; = 11.6, P < 0.001) and S3 (x* = 4.1, P < 0.043) but lower in S2 (3% = 7.9,
P < 0.005), S4 (x* = 6.0, P < 0.015), and S5 (x*; = 9.3, P < 0.024). At-sea densities did not
differ in S1 (% = 0.5, P < 0.486). In 1976, Briggs et al. (1987) estimated 25,000—50,000
Western Gulls in the SCB during January—February. From 1999-2002 during January, we
estimated an average annual maximum of 163,000 £ 56,200 Western Gulls using at-sea transect
data and 17,000 + 3,000 using coastal data (Tables 1.7 and 1.10).

California Gull Larus californicus

California Gulls are one of the most common larids in California’s offshore waters
(Stallcup 1990). They breed at numerous sites on inland lakes from Mono Lake to San Francisco
Bay, California, and from southern Colorado to Manitoba, Canada (Winkler 1996). Beginning in
late summer, California Gulls winter on the eastern Pacific coast from southern British
Columbia, Canada, to southern Baja California, Mexico, and the Gulf of California (Winkler
1996). They undergo a northward migration during early fall to southern British Columbia
coastal waters and move south during late fall reaching maximum abundances off central and
southern California during January and February (Winkler 1996). Breeding adults begin
returning to inland colonies in February (Winkler 1996). Briggs et al. (1987) found that they
were the most abundant gulls in nearshore waters in the fall and winter. From 1975-1978,
California Gulls arrived in the SCB during late September or October. Surveys conducted from
mainland and island coasts indicated maximum abundances in the SCB were from January
through March (Briggs et al. 1987). From 1999-2002, we observed California Gulls near
mainland and island coastlines in all survey months and throughout the SCB during January
(Figure 1.25). California Gulls were observed on 86% of transects and 84% occurred <1 km
from shore.

From 1999-2002, densities of California Gulls on at-sea transects differed among seasons
(F2.4040 = 22.1, P < 0.001) and subareas (F449490 = 6.2, P <0.001). Densities were greatest during
January and lowest during September (Table 1.3). At-sea densities were greatest in S3 during
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January and September, and in S1 and S4 during May (Table 1.3). On coastal transects, densities
did not differ among subareas (F4 1731 = 0.4, P < 0.840) but did differ among seasons (F2,1731 =
12.2, P <0.001) and were greatest during January (Tables 1.5 and 1.6).

At-sea densities were greater from 1975-1983 than from 1999-2002 throughout the
entire study area (y*; = 65.9, P = 0.015), S2 (x* = 35.9, P < 0.001), and S5 (y* = 18.9, P <
0.001). At-sea densities did not differ in S1 (x* = 1.8, P < 0.182), S3 (x* = 3.6, P < 0.057), and
S4 (x* = 0.4, P < 0.546). Briggs et al. (1987) estimated 150,000 California Gulls during
December and January off southern California. From 1999-2002 during January, we estimated
an average abundance of 231,000 + 58,000 California Gulls in the study area using at sea
transect data and 39,900 + 5,500 using coastal data (Tables 1.7 and 1.10).

Heermann’s Gull Larus heermanni

Heermann’s Gulls nest in dense colonies in desert habitats on only a few islands adjacent
to productive ocean areas (Velarde 1999). In 1981, the world breeding population was estimated
at 260,000 individuals, 95% of which bred on Isla Rasa in the Gulf of California, Mexico
(Velarde 1999). Small numbers also have bred on two islands on the Pacific coast of Baja
California, Mexico (Everett and Anderson 1991). Briggs et al. (1987) reported post-breeding
arrival of Heermann’s Gulls off southern California from late April to June and departure to
breeding areas in Mexico in early fall. From 1975-1978, they occurred consistently from Morro
Bay to the Santa Barbara Channel and near San Diego (Briggs et al. 1987). In all survey months
from 1999-2002, we observed Heermann’s Gulls near Palos Verdes. During January and
September, we consistently observed birds along the mainland coast from Point Sal to Gaviota
and near Huntington Beach, San Diego, and Santa Rosa, Santa Cruz, Anacapa, and San
Clemente Islands (Figure 1.26). More than 86% of observed Heermann’s Gulls occurred <1 km
from shore.

From 1999-2002, densities on at-sea transects did not differ among seasons (Fj 2950 =
0.13, P <0.721) but did differ among subareas (F3 2950 = 6.5, P < 0.001). At-sea densities were
greatest in S3 and Heermann’s Gulls were not observed in S2 (Table 1.3). Coastal densities also
did not differ among seasons (F4 1731 = 0.2, P < 0.922) but did differ among subareas (F,,1731 =
16.0, P < 0.001). Coastal densities were greatest along the NMC during September and along
the SCI during January (Tables 1.5 and 1.6).

At-sea densities from 1975-1983 were greater than densities from 1999-2002 throughout
the entire study area (y*; = 5016.5, P < 0.001), S1 (y* = 43.0, P < 0.001), S4 (3*, = 107.3, P <
0.001), and S5 (yx% = 73.8, P < 0.001) but lower in S3 (x*; = 14.3, P < 0.001). Based on beach
surveys, Briggs et al. (1987) estimated approximately 9,000 Heermann’s Gulls in July in the
SCB. During September from 1999-2001, we estimated an average maximum abundance of
19,250 £+ 6,200 Heermann’s Gulls using at-sea transect data and 5,100 £ 960 Heermann’s Gulls
using coastal data (Tables 1.7 and 1.10).

Sabine’s Gull Xema sabini

Sabine’s Gulls winter at sea along coastal upwelling zones from northern Mexico to Peru
(Day et al. 2001). During migrations between their Alaskan nesting grounds and wintering areas
off northern South America, Briggs et al. (1987) recorded Sabine’s Gulls statewide from the
shoreline to at least 200 km offshore. Off southern California, gulls occurred seaward of the
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Santa Rosa-Cortes Ridge (Briggs et al. 1987). From 1999-2002 during September, we observed
gulls near Tanner and Cortez Banks (Figure 1.27). During May and September, gulls were
observed north of Point Conception and west of San Miguel Island (Figure 1.27).

At-sea densities did not differ among seasons (Fj 36 = 1.3, P < 0.259) but did differ
among subareas (F432620 = 17.3, P < 0.001). We observed greatest at-sea densities in S1 and
lowest densities in S4 (Table 1.3). We did not observe Sabine’s Gulls on coastal transects.

At-sea densities were greater from 1999-2002 than from 1975-1978 throughout the
entire study area (x*; = 219.3, P < 0.001), SI (x*; = 276.9, P < 0.001), S2 (x*; = 14.55, P <
0.001), S4 (x*, = 10.1, P < 0.002), and S5 (x*; = 27.0, P < 0.001). We did not compare at-sea
densities in S3 because of a lack of data. Briggs et al. (1987) estimated 5,000 to 10,000 Sabine’s
Gulls off southern California during fall compared with our estimate of 9,200 + 1,500 gulls from
1999-2002 during May and 8,460 + 2,300 gulls during September (Table 1.7).

Bonaparte’s Gull Larus philadelphia

Bonaparte’s Gulls winter on the Pacific Coast, from southern British Columbia, Canada
to southern Baja California and Nayarit, Mexico (Burger and Gochfeld 2002). Off California,
gulls arrived during September to October, reaching maximum numbers in late October to
November (Briggs et al. 1987). Numbers declined through the winter and increased again during
March to May. Although dispersed widely throughout shelf and slope waters, greatest numbers
of birds occurred <40 km from shore (Briggs et al. 1987). From 1999-2002, birds occurred only
during January and May with >99% of observed Bonaparte Gulls south of Point Conception and
>90% of birds <40 km from shore (Figure 1.28).

At-sea densities differed among seasons (F; 3362 = 7.8, P < 0.006) and subareas (F4 3362 =
3.6, P < 0.007). Greatest densities occurred during January and in S4 and S5 (Table 1.3).
Coastal densities did not differ among seasons (F; sg9 = 0.2, P < 0.664) or among subareas (F sg9
=2.0, P <0.161). We counted 166 Bonaparte’s Gulls on coastal transects and all but two birds
were observed along the CMC.

At-sea densities from 1975-1983 were greater than from 1999-2002 throughout the
entire study area (x*; = 409.2, P < 0.001), S1 (x*1 = 58.1, P < 0.001), S2 (3% = 23.3, P < 0.001),
S3 (x* = 11.8, P < 0.001), S4 (x>, = 714.4, P < 0.001), and S5 (x*; = 256.7, P < 0.001). Briggs
et al. (1987) reported that the spring migration of Bonaparte’s Gulls occurred during a short
period beginning in March and ending in May and estimated maximum instantaneous
populations in April and May to be 300,000 gulls. During January from 1999-2002, we
estimated an average maximum number of 7,700 = 3,100 Bonaparte’s Gulls (Table 1.7)
suggesting that we probably did not survey during periods of peak abundance.

Black-legged Kittiwake Rissa tridactyla

In the eastern Pacific, Black-legged Kittiwakes winter offshore from the ice edge in
Alaska to central Baja California, Mexico (Baird 1994). Kittiwakes migrate south from their
breeding colonies in the arctic during September and return in March (Baird and Gould 1983).
Kittiwakes arrived in California waters in November with greatest densities occurring from
January through March and departed California waters in April and May (Briggs et al. 1987).
Kittiwakes occurred from the coastline to 200 km from shore and density did not decrease
significantly with increasing distance from shore (Briggs et al. 1987). During January from
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2000-2002, kittiwakes occurred throughout the study area, except in the southeastern portion
(S4). Birds were concentrated primarily <15 km from the northern Channel Islands and near San
Nicolas Island (Figure 1.29).

From 1999-2002, densities on at-sea transects did not differ among subareas (F43363 =
2.1, P <0.082) but did differ among seasons (F; 3363 = 29.8, P < 0.001). Densities were greatest
during January (Table 1.3); we observed only four birds during May 2000 and none during
September. At-sea densities were greatest in S5, S2, and S3 (Table 1.3). We observed only 15
Black-legged Kittiwakes on coastal transects, all during January and all but two occurred near
the northern Channel Islands.

At-sea densities of Black-Legged Kittiwakes were greater from 1975-1983 than from
1999-2002 throughout the entire study area (x*; = 63.7, P < 0.001), S1 (x* =4.3, P <0.036), S3
(x*1 = 56.8, P < 0.001), and S4 (x* = 31.9, P < 0.001) but lower in S2 (y* = 15.5, P < 0.001).
At-sea densities did not differ in S5 (x% = 3.8, P < 0.052). Briggs et al. (1987) estimated 50,000
to 300,000 occurred in the SCB in the winter. During January from 2000-2002, we estimated
34,600 £ 3,900 in the study area.

Caspian Tern Sterna caspia

Caspian Terns are the largest terns and occur on every continent except Antarctica
(Cuthbert and Wires 1999). Caspian Terns breed in widely dispersed locations on the shores of
rivers, lakes, and marshes throughout North America and along the Pacific, Atlantic, and Gulf
coasts. Terns winter along the Pacific coast from southern California to Guatemala (Cuthbert
and Wires 1999). In southern California, terns breed on salt pond levees in San Diego Bay (Gill
and Mewaldt 1983). From 1960 to 1980, the Pacific coast population increased 70% (Gill and
Mewaldt 1983). From 1979-1981, 2,684 were estimated in California, whereas 4,350 were
estimated in 1997 representing a 62% increase (Cuthbert and Wires 1999). In South San Diego
Bay National Wildlife Refuge, an estimated 379 pairs of Caspian Terns bred in 2002 (USFWS
2004). Briggs et al. (1987) reported Caspian Terns rarely occurred >1 km from shore and
recorded few terns on surveys because they did not conduct aerial surveys of coastlines. From
1999-2002, we consistently observed Caspian Terns on coastal transects near Point Loma,
northern Santa Monica Bay, Santa Cruz Island, and south of Gaviota (Figure 1.30).

We observed only 16 Caspian Terns on at-sea transects. Coastal densities differed among
seasons (Fa1739 = 32.9, P < 0.001) and subareas (F4 1730 = 24.0, P < 0.001). Whereas greatest
densities occurred during September, few birds were observed during January (Tables 1.5 and
1.6). Greatest densities occurred along SMC (Tables 1.5 and 1.6).

Because we observed only 16 Caspian Terns on at-sea transects, we did not statistically
compare surveys. Briggs et al. (1987) made no estimate of Caspian Terns for the SCB. We
estimated 640 = 240 Caspian Terns in the SCB based on coastal transect data (Table 1.10).

Procellariidae

We observed ten species of procellariids in the study area (Table 1.2; Figure 1.31). At-
sea densities differed among seasons (F24932 = 5.9, P < 0.003) and subareas (F44932 = 3.7, P <
0.005) with greatest densities occurring during January in S1 and during May in S3 (Table 1.3).
Coastal densities of procellariids did not differ among seasons (F3143¢ = 1.0, P < 0.380) or
subareas (F3 1436 = 1.2, P < 0.306). At-sea densities were greater during 1975-1983 than during
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1999-2002 throughout the entire study area (x*; = 10.7, P < 0.002), S2 (x*1 = 29.0, P < 0.001),
S4 (x*1 = 5.9, P < 0.015), and S5 (x*; = 8.3, P < 0.004) but lower in S3 (3, = 8.2, P < 0.005).
At-sea densities did not differ in S1 (% < 0.1, P < 0.886). We estimated average maximum
abundance during May to be 380,000 + 66,000 procellariids during 1999-2002 (Table 1.7).

Sooty Shearwater Puffinus griseus and Short-tailed Shearwater P. tenuirostris

Sooty and Short-tailed Shearwaters are difficult to distinguish from the air and so we
consider them together here. Sooty Shearwaters are one of the most abundant seabirds of the
Pacific Ocean (Spear and Ainley 1999). Shearwaters breed on islands near New Zealand, Chile,
and Australia from October to May and migrate to the northern Pacific Ocean from May to
September (Everett and Pitman 1993, Warham 1996). In the 1970s, an estimated four million
Sooty Shearwaters occurred off California (Briggs and Chu 1986). From 1987 to 1994, Sooty
Shearwater numbers decreased by 80-90% coincident with increased sea surface temperatures
throughout the CCS (Veit et al. 1997). Maximum numbers off southern California occurred
during May in the shelf waters off Point Conception (Briggs et al. 1987). From 1999-2002,
Sooty Shearwaters were distributed throughout the study area during May and concentrated near
the northern Channel Islands (Figure 1.32).

At-sea densities of Sooty Shearwaters differed among seasons (F2 4940 = 14.3, P < 0.001)
and subareas (F44940 = 16.5, P < 0.001). Densities on at-sea transects were greatest during May
when shearwaters occurred on all at-sea transect lines (Figure 1.32). Greatest densities occurred
in S3 during May and in S1 during September (Table 1.3). Densities on coastal transects did not
differ among seasons (F» 1436 = 1.5, P < 0.222) or subareas (Fs 1436 = 1.5, P < 0.219; Tables 1.5
and 1.6). A single flock of 6,000 Sooty Shearwaters near Point Sal accounted for >40% of all
Sooty Shearwaters observed for the entire study period (at-sea and coastal transects).

At-sea densities of Sooty Shearwaters were greater from 1975-1983 than from 1999—
2002 in S2 (%% = 55.4, P < 0.001), S4 (x*; = 192.8, P < 0.001), and S5 (* = 24.3, P < 0.001)
but lower in S3 (% = 32.9, P < 0.001). At-sea densities did not differ for the entire study area
(x*1 = 0.1, P < 0.741) and SI (x*, = .34, P < 0.560). Briggs and Chu (1986) estimated
>2,000,000 Sooty Shearwaters off central and southern California in May. We estimated an
average maximum abundance of 366,500 £ 66,000 Sooty Shearwaters during May from 1999—
2001 (Table 1.7).

Pink-footed Shearwater Puffinus creatopus

Pink-footed Shearwaters breed off the coast of Chile from November to May (Guicking
et al. 2001) and are listed as a threatened species due to a restricted breeding range and a
population presumed to be decreasing. Their main breeding island, Isla Mocha, hosts 20,000 to
25,000 nesting burrows (Guicking et al. 2001). Briggs et al. (1987) observed Pink-footed
Shearwaters in the SCB in almost every month. Greatest densities occurred during May or June
and decreased until a second maximum in August to September. In the SCB, shearwaters were
common in the Santa Barbara Channel near the Santa Rosa-Cortes Ridge, and near the southern
coasts of the northern Channel Islands (Briggs et al. 1987). From 1999-2002, we observed Pink-
footed Shearwaters throughout the study area during September, primarily south of Point
Conception during May, and near Point Conception during January (Figure 1.33).
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At-sea densities of Pink-footed Shearwaters differed among seasons (F2 4940 = 24.6, P <
0.001) and subareas (Fs4940 = 5.0, P < 0.001). Densities were greatest during September and
lowest during January and in S3 (Table 1.3). Coastal densities did not differ among subareas
(F1433 = 0.6, P <0.451) but did differ among seasons (F; 433 = 6.2, P < 0.014) and were greatest
during September (Tables 1.5 and 1.6). Pink-footed Shearwaters occurred only on the northern
portion of the mainland and northern Channel Island coastlines.

At-sea densities of Pink-footed Shearwaters were greater from 1975-1983 than from
1999-2002 in S2 (x* = 66.6, P < 0.001) and S5 (x*; = 262.6, P < 0.001) but lower in S4 (y* =
10.2, P <0.002). At-sea densities did not differ for the entire study area (X21 =0.15, P =0.703),
S1 (x* = 1.8, P = 0.186), and S3 (y* = 1.15, P = 0.284). From 1975-1978, maximum
abundances of 60,000 to 400,000 Pink-footed Shearwaters were estimated in the SCB during the
summer (Briggs et al. 1987). We estimated an average abundance of 62,400 + 16,200 birds
during September from 1999-2002 (Table 1.7).

Black-vented Shearwater Puffinus opisthomelas

Black-vented Shearwaters are the only shearwaters that breed in the California Current,
nesting on remote desert islands near productive upwelling zones off the west coast of Baja
California, Mexico; greater than 95% of the breeding population occurs on Natividad Island,
Baja California Sur, Mexico (Keitt et al. 2000). Black-vented Shearwaters are listed as a Species
of Special Concern by the International Union for the Conservation of Nature (Birdlife
International 2003). Post-breeding birds disperse northward in July or August and are most
abundant off southern California during November, December, and January usually <25 km from
shore (Everett 1988, Keitt et al. 2000). Briggs et al. (1987) recorded Black-vented Shearwaters
in all months except April with maximum numbers from September to December. Ainley (1976)
noted that Black-vented Shearwaters occurred farther northward during years of warm water
associated with El Niflo events. During September 1977 (El Nifio year), Black-vented
Shearwaters occurred throughout the SCB east of the Santa Rosa-Cortes Ridge, in the eastern
Santa Barbara Channel, and near Oceanside (Briggs et al. 1987). From 1975-1978, shearwaters
were recorded in nearshore waters from south of Dana Point to San Diego (Briggs et al. 1987).
From 1999-2002, we observed Black-vented Shearwaters in the eastern Santa Barbara Channel.
Birds generally were found <10 km from shore (Figure 1.34).

At-sea densities differed among seasons (F 4437 = 3.0, P < 0.047) and subareas (F3 4437 =
2.9, P <0.032). From 1999-2002, densities were three times greater during January than during
September (Table 1.3). We counted only one bird in the SCB in early May 1999. Seventy-seven
percent of Black-vented Shearwaters recorded at sea occurred in S3. On coastal transects, we
observed only two birds and these occurred in the passage between Anacapa and Santa Cruz
Islands during September 2001.

We were not able to obtain Black-vented Shearwater data for the period 1975-1983 and
therefore could not compare studies statistically. Briggs et al. (1987) estimated 20,000 to 30,000
individuals occurred in the fall 1977 in the SCB. We estimated an average maximum abundance
of 13,900 + 9,200 during January in the study area (Table 1.7).

Northern Fulmar Fulmarus glacialis

Northern Fulmars breed at several colonies in Alaska, British Columbia, the Arctic, and



Mason et al. — At-sea aerial surveys of seabirds off Southern California 37

eastern Canada and are distributed widely across the Pacific Ocean south to Baja California and
Sonora, Mexico, during the winter (Hatch and Nettleship 1998). Briggs et al. (1987) observed
Northern Fulmars off California in all seasons with maximum abundances occurring off southern
California during December to January and then again in March, indicating that birds were
passing through on their way to Mexican waters in the winter and then returning through the
SCB to northern waters in the spring. Northern Fulmars occurred in greatest densities 5—40 km
from shore but also were observed from the mainland shore to the maximum distance surveyed
(460 km; Briggs et al. 1987). From 1999-2002, we observed Northern Fulmars in all survey
months and throughout the study area during January (Figure 1.35).

From 1999-2002, at-sea densities of Northern Fulmars differed among seasons (F2 4940 =
49.1, P <0.001) and subareas (F44940 = 5.0, P <0.001) with greatest densities during January and
in S2 (Table 1.3). Only four Northern Fulmars were observed on coastal transects; one near
Point Mugu (CMC) and the others near San Miguel Island.

At sea densities from 1975-1983 were greater than densities from 1999-2002 throughout
the entire study area (y; = 37.8, P < 0.001), S3 (x* = 7.9, P < 0.005), and S4 (y*; = 73.9, P <
0.001) but lower in S5 (3% = 17.6, P < 0.001). At-sea densities did not differ in S1 (x*; = 0.0, P
<0.976) and S2 (y* = 0.5, P < 0.489). Briggs et al. (1987) estimated 35,000 to 95,000 birds in
the winter off of all of California. From 2000-2002, we estimated an average maximum
abundance of 16,900 + 2,300 Northern Fulmars in the study area during January (Table 1.7).

Ashy Storm-Petrel (Oceanodroma homochroa)

There are an estimated 10,000 Ashy Storm-Petrels off of California and Baja California,
Mexico (Ainley 1995). Ashy Storm-Petrels occur year-round in waters of the continental slope
and slightly farther to sea and do not migrate or disperse far from breeding locations (Ainley
1995). In the SCB, birds breed on Los Coronados Islands, Baja California, Mexico, and all
California Channel Islands except Santa Rosa, San Nicolas, and Santa Catalina (Ainley 1995).
The state of California designated Ashy Storm-Petrels a species of special concern (Remsen
1978) and the U.S. Fish and Wildlife Service designated the species as a bird of conservation
concern (USFWS 2002). In 1991, Carter et al. (1992) estimated 3,135 birds in the SCB but
differences in survey protocols and efforts from past studies made trends in population size
difficult to assess. Off southern California, Briggs et al. (1987) observed Ashy Storm-Petrels in
greatest abundance near San Miguel Island from April to June. After October, birds occurred
near San Clemente and Santa Catalina Islands, over the Santa Rosa-Cortes Ridge, and in the
western Santa Barbara Channel to Point Buchon (Briggs et al. 1987). From 1999-2002, we
observed Ashy Storm-Petrels throughout the SCB with aggregations between Santa Cruz and
San Nicolas Islands, in the western Santa Barbara Channel, and 10-70 km offshore from San
Miguel Island to Point Buchon (Figure 1.36).

From 1999-2002, at sea densities differed among seasons (Fz4940 = 4.3, P < 0.014) and
subareas (Fs4940 = 5.2, P < 0.001). Densities were greater during May and September and we
observed birds in all subareas in all months except during January in S2 and S3 (Table 1.3). We
did not observe Ashy Storm-Petrels on coastal transects.

At-sea densities of Ashy Storm-Petrels from 1999-2002 were greater than densities from
19751983 throughout the entire study area (y*; = 270.5, P < 0.001), SI (x* = 57.5, P < 0.001),
S2 (x*1 = 17.7, P < 0.001), S3 (x* = 32.1, P < 0.001), and S5 (x*; = 41.3, P < 0.001). At-sea
densities did not differ in S4 (le = 32.1, P < 0.001). From 1975-1983, Briggs et al. (1987)
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estimated 1,400 birds occurred south of Point Buchon. From 1999-2002, we estimated average
maximum abundances during September of 8,470 + 1,540 (Table 1.7).

Black Storm-Petrel (Oceanodroma melania)

Black Storm-Petrels breed primarily on the Channel Islands, off the west coast of Baja
California, Mexico, and on islands in the Gulf of California, Mexico (Pitman and Speich 1976,
Sowls et al. 1980, Everett and Anderson 1991). In the SCB, storm-petrels breed on Santa
Barbara, Sutil, and Los Coronados Islands, and possibly on Prince (<1 km north of San Miguel
Island) and San Clemente Islands (Carter et al. 1992). Breeding numbers are difficult to estimate
because Black Storm-Petrels nest in inaccessible burrows or crevices and are active at breeding
colonies only at night. In 1991, 274 breeding birds were estimated at Santa Barbara and Sutil
Islands representing >54% increase from 1975-1978 (Carter et al.1992). Briggs et al. (1987)
observed Black Storm-Petrels in all months with maximum abundances in August and
September. From 1975-1978, birds occurred primarily off California south of Point Conception
and <50 km from the mainland, although aggregations of birds also were observed at Forty Mile
Bank (30 km southeast of San Clemente Island), near Santa Barbara Island, and along the Santa
Rosa-Cortes Ridge (Briggs et al. 1987). From 1999 to 2001 during September and May, Black
Storm-Petrels occurred between Cortez Bank and San Diego, <40 km from the northern Channel
Islands, and 50—100 km from Point Buchon during September (Figure 1.37).

At-sea densities of Black Storm-Petrels differed among seasons (F2.4940 = 5.5, P < 0.004)
and subareas (F44940 = 2.5, P < 0.041). Birds were observed in nearly equal abundance during
May and September, but were virtually absent during January (Table 1.3). Densities were
greatest in S4 and S5 (Table 1.3). Black Storm-Petrels were not observed on any coastal
transect.

At-sea densities from 1999-2002 were greater than from 1975-1983 throughout the
entire study area (x*, = 82.8, P < 0.001), S3 (3% = 20.0, P < 0.001), S4 (x*, = 44.9, P < 0.001),
and S5 (%1 = 20.3, P < 0.001) but lower in S1 (x*; = 21.3, P < 0.001) and S2 (x*; = 39.1, P <
0.001). Briggs et al. (1987) estimated <5,000 Black Storm-Petrels off southern California in
most months. From 1999-2002, we estimated an average maximum abundance of 3,080 = 770
birds during May in the study area (Table 1.7).

Leach’s Storm-Petrel (Oceanodroma leucorhoa)

Leach’s Storm-Petrels are the most widespread procellariiform breeding in the Northern
Hemisphere and, in the eastern Pacific, breed from the Aleutian Islands, Alaska to Guadalupe
Island, Baja California, Mexico (Huntington et al. 1996). In the SCB, Leach’s Storm-Petrels
breed on Prince, Sutil, Santa Barbara, and Los Coronados Islands (Carter et al. 1992). Although
difficult to census, an estimate of 314 breeding birds was made in 1991 for the SCB, but the
estimate was not comparable to previous estimates due to different sampling protocols and lack
of earlier reliable estimates (Carter et al. 1992). Briggs et al. (1987) observed Leach’s Storm-
Petrels in all months of the year with greatest densities off southern California from June through
October and lower densities from December through May. During the spring from 1975-1978,
Leach’s Storm-Petrels occurred from San Miguel Island to Cortez Bank and eastward to just
south of San Clemente Island (Briggs et al. 1987). During late summer, distribution shifted
northwestward, seaward of the outermost islands (Briggs et al. 1987). From 1999-2002, we



Mason et al. — At-sea aerial surveys of seabirds off Southern California 39

observed similar distributions to Briggs et al. (1987) except we did not observe birds as far east
during May and noted a more northward distribution of birds during September (Figure 1.38).
For all surveys combined, we observed 64% of birds in the southwest portion of the SCB
between 33° and 34° latitude and 120° and 121° longitude and, during January, they occurred
only within this area.

At-sea densities of Leach’s Storm-Petrels differed among seasons (Fz4940 = 17.0, P <
0.001) and subareas (F44940 = 25.4, P < 0.001). Greatest densities occurred during May and
September and very few birds occurred during January (Table 1.3). Greatest densities were in
S5 and lowest densities in S4. Leach’s Storm-Petrels were observed in all subareas in all months
except for January when they were observed only in S5. We did not observe Leach’s Storm-
Petrels on coastal transects.

At-sea densities of Leach’s Storm-Petrels from 1975-1983 were greater than densities
from 1999-2002 throughout the entire study area (x*; = 100.8, P < 0.001), S1 (3>, =274, P <
0.001), S2 (3% = 98.3, P < 0.001), S3 (x*, = 116.5, P < 0.001), and S4 (x* = 127.3, P < 0.001)
but lower in S5 (3% = 20.3, P < 0.001). In late August 1977, Briggs et al. (1987) estimated a
maximum of 150,000 Leach’s Storm-Petrels in the SCB. From 1999-2002, we estimated an
average maximum abundance during September of 5,400 + 700 birds in the study area (Table
1.7). Given the large difference in estimates, we may not have surveyed during periods of peak
abundance.

Laysan Albatross Phoebastria immutabilis

Laysan Albatrosses are the most abundant albatross species in the Northern Hemisphere
with a population estimated to be 2.5 million individuals in the early 1990s (Whittow 1993a).
They breed almost entirely on the Hawaiian Archipelago from Kure Atoll to Kauai, Hawaii. In
the 1980s, a small breeding colony was discovered on Guadalupe Island off central Baja
California, Mexico, and other incipient colonies on San Benedicto Island and Clarion Island in
the Revillagigedos (west of central Mexico) and at Alijos Rocks (west of southern Baja
California, Mexico; Whittow 1993a). Laysan Albatrosses occur off California primarily in
deeper water and well offshore (Stallcup 1990). From 1975-1978, Briggs et al. (1987) observed
only seven birds, most of which were recorded over deep water and seaward of the continental
shelf. From 1999-2002, we observed only six birds, four individuals and one pair (Figure 1.39).
Sightings occurred during January of all years and May of 2001. Two albatross were recorded
together during January 2001 and, during May 2001, a third individual was observed on the same
transect line <2 km from the pair’s location. Sightings occurred in an average of 1,855 meters of
water and 72 km from shore.

Black-footed Albatross Phoebastria nigripes

Black-footed Albatrosses are the most abundant albatross off the Pacific coast and occur
off California in all months of the year (Briggs et al. 1987). They breed on remote beaches in the
Hawaiian Archipelago; population numbers were estimated to be 200,000 individuals in the early
1990s (Whittow 1993b). After breeding concludes in June, adults disperse into the North Pacific
Ocean and are most abundant off California from June through August (Stallcup 1990, Whittow
1993b). Briggs et al. (1987) observed maximum numbers of birds off southern California during
May or June and <25 km from the axis of the Santa Rosa-Cortes Ridge, especially near San
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Miguel Island and Tanner and Cortez Banks. From 1999-2002, we observed only eight Black-
footed Albatrosses with most occurring in May of 2000 northwest of the SCB (Figure 1.40). On
average, sightings occurred <45 km from land (four sightings <20 km from land) and in 1,260 m
of water (Figure 1.40).

Western Grebe Aechmophorus occidentalis and Clark’s Grebe A. clarkii

We were unable to distinguish between Western and Clark’s Grebes from the air and so
combine both species here and refer to them as Western Grebes. Western Grebes breed on lakes
from northwestern Canada to northern Baja California, Mexico and east to Minnesota (Storer and
Nuechterlein 1992). Along the Pacific coast, Western Grebes winter from southern British
Columbia, Canada to southern Baja California and Sinaloa, Mexico (Storer and Nuechterlein
1992). From 1975-1978 in the SCB, Western Grebes were abundant from October through May
in the eastern Santa Barbara Channel and rare near the Channel Islands and offshore (Briggs et
al. 1987). From 1999-2002, Western Grebes were distributed along mainland and island coasts
throughout the entire study area and we consistently observed aggregations of grebes during all
survey months near Morro Bay, Point Sal, and Palos Verdes, and from 75 km north of San Diego
to the Mexican border (Figure 1.42).

More than 90% of Western Grebes occurred along mainland coasts on coastal transects
and at-sea density comparisons were not statistically significant for season (F23266 = 0.8, P <
0.431) or subarea (Fy3266 = 1.1, P < 0.322). From 1999-2002, densities of Western Grebes on
coastal transects did not differ among seasons (F21731 = 0.1, P < 0.897) but did differ among
subareas (F4,1731 = 6.1, P < 0.001). Greatest densities occurred along the NMC during January,
the SMC during May, and the CMC during September (Tables 1.5 and 1.6).

Excluding one aggregation of 1,000 Western Grebes observed 4 km offshore, >70% of
Western Grebes observed on at-sea transects occurred <2 km from shore and, therefore, we did
not compare statistically with data from Briggs et al. (1987). Using “along-coast counts” (i.e., by
foot), Briggs et al. (1987) estimated 27,000 Western Grebes in the SCB in winter. We estimated
an average maximum abundance of 42,000 + 3,100 Western Grebes in January (Table 1.10).
Although comparing different survey techniques has its limitations, our greater estimate is in
contrast to various reports of population declines for Western Grebes along the U.S. west coast
(Ivey 2004).

Surf Scoter (Melanitta perspicillata) and White-winged Scoter (M. fusca)

Surf Scoters breed on the west coast of North America from the western Aleutian Islands,
Alaska to British Columbia, Canada and at several inland sites to eastern Canada (Savard et al.
1998). Scoters primarily winter from the eastern Aleutian Islands and southeast Alaska to
central Baja California, Mexico and in the northern Gulf of California to central Sonora, Mexico
(Savard et al. 1998). From 1975-1978, Surf Scoters arrived in the SCB during November and
December with maximum abundances from December through March (Briggs et al. 1987). In
the winter from 1975-1978, they most often occurred in nearshore waters in the eastern Santa
Barbara Channel, along northern shores of the northern Channel Islands, in Santa Monica Bay,
and from south of Dana Point to San Diego (Briggs et al. 1987). From 1999-2002, Surf Scoters
were recorded in all survey months and consistently observed near San Diego and Morro Bay
and in the eastern Santa Barbara Channel (Figure 1.41).
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We only observed Surf Scoters (n = 126) on at sea transects in S1 and S3 during January
and found no difference in densities between S1 and S3 (F; 1335 = 2.1, P < 0.145). On coastal
transects, densities differed among seasons (F 1730 = 36.9, P < 0.001) and subareas (F4 730 =
10.5, P < 0.001). Surf Scoters were most abundant in the SCB during January, least abundant
during September, and were equally abundant on the NMC and SMC (Tables 1.5 and 1.6).

Because we observed few Surf Scoters on at-sea transects, we did not compare
statistically with data from Briggs et al. (1987). In midwinter, Briggs et al. (1987) estimated
9,900 Surf Scoters distributed along the mainland coast of the SCB and 2,000 birds near the
Channel Islands. Using coastal transect data, we estimated 13,250 + 2,650 Surf Scoters from
1999-2002 in the study area during January (Table 1.10).

We identified only three White-winged Scoters during our surveys. Briggs et al. (1987)
noted that White-winged Scoters accounted for 5-10% of the total scoters observed south of the
northern Channel Islands. It was difficult to distinguish among Surf and White-winged Scoters
from the air and so it was impossible to assess changes in abundance or distribution of White-
winged Scoters between studies.

Scolopacidae

We observed two species of phalaropes throughout the study area (Figure 1.43). Red
(Phalaropus fulicarius) and Red-necked Phalaropes (P. lobatus) were difficult to distinguish
from the air. Consequently, 64% of all phalarope sightings were classified as unidentified
phalaropes (Figure 1.44). At-sea densities of phalaropes differed among seasons (Fy493, = 6.3, P
< 0.002) and subareas (Fs4932 = 8.1, P < 0.001). Greatest densities generally occurred during
May and in S1 and S2 (Table 1.3). Few phalaropes occurred on coastal transects (Tables 1.5 and
1.6). At-sea densities were greater during 1975-1983 than during 1999-2002 throughout the
entire study area (x*; = 104.1, P < 0.001), S3 (x*; = 17.0, P < 0.001), S4 (x*; = 4.3, P < 0.040),
and S5 (X21 =17.8, P <0.001). At-sea densities did not differ in S1 (le =0.8, P <0.385) and S2
(x*1 = 0.0, P < 0.957). Briggs et al. (1987) noted both species distributed throughout California
from the shoreline to hundreds of kilometers from shore and that only Red Phalaropes were
likely to be observed >50 km from shore. We also observed phalaropes throughout the SCB and
that Red Phalaropes were distributed farther from shore than Red-necked Phalaropes. An
estimated 900,000 phalaropes occurred in the SCB in October (Briggs et al. 1987). We
estimated an average maximum abundance of 219,000 + 37,000 birds occur in the SCB during
May (Table 1.7). Given the migration patterns and numbers of observed phalaropes, we may not
have surveyed during periods of peak abundance.

Red-necked Phalarope (Phalaropus lobatus)

Red-necked Phalaropes winter at sea and migrate south to areas in tropical oceans
primarily off the coast of Peru and Chile (Rubega et al. 2000). Departure times for the
southward migration are protracted and Red-necked Phalaropes appear in the SCB from mid-
June to late October and again when returning north from mid April to early June (Lehman
1994).

From 1999-2002, at-sea densities of Red-necked Phalaropes differed among seasons
(F2.4040 = 23.9, P < 0.001) and subareas (F44940 = 12.4, P < 0.001) with greatest densities during
May and in S1 (Table 1.3). We only observed four Red-necked Phalaropes on coastal transects
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and all occurred on the north side of the northern Channel Islands. Red-necked Phalaropes were
distributed throughout the study area during January, aggregated near point Conception during
May, and distributed throughout the western portion of the study area during September (Figure
1.45).

At-sea densities of Red-necked Phalaropes were greater from 1999-2002 than from
1975-1983 throughout the entire study area (y*; = 310.3, P < 0.001), S1 (3% = 367.3, P < 0.001)
and S3 (X21 =18.5, P <0.001). We did not compare densities in S2, S4, and S5 because of a lack
of data. We estimated an average maximum abundance of 67,750 + 13.900 Red—necked
Phalaropes in the study area during May (Table 1.7).

Red Phalarope (Phalaropus fulicarius)

Red Phalaropes are almost entirely pelagic outside the breeding season, but may occur on
bays and coastal estuaries (Johnsgard 1981). Briggs et al. (1987) noted that Red Phalaropes
migrated into the SCB between April and May and migrated out between August and November.
From 1999-2002, Red-necked Phalaropes were rare during January, scattered throughout the
study area during May, and distributed north of the northern Channel Islands and Point
Conception during September (Figure 1.46).

At-sea densities of Red Phalaropes differed among seasons (F2 4932 = 10.5, P < 0.001) and
subareas (Fs4940 = 8.5, P < 0.001) and were greatest during May and in S1 (Table 1.3). We
observed only two Red Phalaropes on coastal transects.

At-sea densities of Red Phalaropes were greater from 1999-2002 than from 1975-1983
throughout the entire study area (% = 25.6, P < 0.001), S1 (x*; = 133.4, P < 0.001), S2 (x| =
26.8, P < 0.001), and S5 (x*; = 59.5, P < 0.001) but lower in S3 (x* = 67.0, P < 0.001) and S4
(le = 8.0, P < 0.005). We estimated an average maximum abundance of 33,850 + 3,850 Red
Phalaropes in the study area during January (Table 1.7).

DISCUSSION

We observed average densities of 11.3 seabirds’/km® on at-sea transects and 70.9
seabirds/km® on coastal transects. Off California, Briggs et al. (1987) observed densities of 6
seabirds/km” in water deeper than 2000 m and 110 seabirds/km® over the continental shelf.

For all seabirds combined, greatest at-sea densities occurred in S3 during January and in
S1 during May and September. Abundant species in S3 included Western Grebes, California and
Western Gulls, and Cassin’s Auklets. Abundant species in S1 during May included Sooty
Shearwaters, phalaropes, and Cassin’s Auklets. During September in S1, Sooty Shearwaters,
phalaropes, Common/Arctic Terns, and Pink-footed Shearwaters were the most abundant
species.

Coastal densities were greater along mainland coasts than island coasts primarily due to
Western Grebes, Sooty Shearwaters, and Surf Scoters and, to a lesser extent, Caspian and
Elegant/Royal Terns. Maximum coastal densities occurred when large rafts of Sooty
Shearwaters and, to a lesser extent, Western Grebes were encountered.

For all seabirds, greatest coastal densities occurred along the CMC during January and
May and the NMC during September (Table 1.5). Along the CMC, Western Grebes, California
and Western Gulls, and Surf Scoters were the most abundant species during January and Western
Grebes, cormorants, Western Gulls and Brown Pelicans during May. Along the NMC during
September, Sooty Shearwaters, Heermann’s and Western Gulls, Brown Pelicans, and cormorants
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were the most abundant species.

SWDI for at-sea and coastal subareas combined was greatest during May (2.10) and
lowest during January (1.80) and September (1.86; Table 1.9). At-sea transects had a greater
species diversity (2.56) than did coastal transects (1.95). At-sea, S5 had the greatest species
diversity (2.30) and S4 had the lowest (1.79). With island transects removed from at-sea
subareas, species diversity decreased in S3 (1.92) but increased in S4 (2.4) and S5 (2.35; Table
1.9). Among coastal subareas, the northern Channel Islands had the greatest species diversity
(1.75), whereas the southern Channel Islands had the lowest species diversity (1.17). The
number of species was greater in January (46) than in May (40) or September (40; Table 1.9).

Although every effort was made to reduce variability between our study and Briggs et al.
(1987), some variability could not be avoided. We sampled three months out of the year,
whereas Briggs et al. (1987) sampled throughout the year and thus, would have been more likely
to sample maximums of abundance. We did not fly exactly the same transect lines as Briggs et
al. (1987) and differences may have occurred due to coverage of different areas.

Species that increased from 1975-1983 to 1999-2002 include Ashy Storm-Petrels, Black
Storm-Petrels, Brandt’s Cormorants, Brown Pelicans, Double-crested Cormorants, Pelagic
Cormorants, Red Phalaropes, Red-necked Phalaropes, Sabine’s Gulls, Western Gulls, and
Xantus’s Murrelets. Many of these species breed in the SCB and probably responded positively
to reduced DDE concentrations in the SCB since the mid-1970s. Species that decreased from
1975-1983 to 1999-2002 include Black-legged Kittiwakes, Bonaparte’s Gulls, Common Loons,
Common Murres, Leach’s Storm-Petrels, Northern Fulmars, Pacific Loons, Rhinoceros Auklets,
and Sooty Shearwaters. Species that showed no clear increase or decrease were Cassin’s Auklet,
Heermann’s Gulls, Pigeon Guillemots, Pink-footed Shearwaters, Surf Scoters, and Western
Grebes.

We found Western Grebes to be increasing in number from 1999-2002 compared with
1975-1983 during January, when they were most abundant. Pierson et al. (2000) estimated
21,600 grebes in the northern half of our study area. Their estimate is half of our estimate for the
entire study area but they did not survey the southern mainland coast of the SCB where we
observed numerous grebes (Table 1.10). In contrast, data for Puget Sound, Washington have
indicated declines in Western Grebe numbers (Nysewander et al. 2001).

Our estimate of Surf Scoter numbers was similar to Briggs et al. (1987) and also to
Pierson et al. (2000) indicating little change in population numbers recently. This is contrary to
observations for Puget Sound, Washington where scoter numbers have declined by 57% from the
late 1970s to the 1990s (Nysewander et al. 2001).

Changes in the marine environment, both biological and anthropogenic, probably have
affected seabird abundance and distribution in the SCB. The SCB has been referred to as a
complex transition zone between cold and warm temperate biotas with colder, upwelled waters
north of Point Conception meeting warmer waters of sub-tropical origin south of Point
Conception (Horn and Allen 1978, Murray and Littler 1981). Recent studies have indicated a
blurring of this line and a recent northward expansion across Point Conception of some marine
species from warmer-water masses (Stepien and Rosenblatt 1991, Sagarin et al. 1999) and it is
probable that these same factors have affected seabirds. Briggs et al. (1987) began surveys in the
SCB at the end of a cold-water period in the California Current. They surveyed north of Point
Conception from 19801983 after a transition to warmer water had occurred in the California
Current, but north of Point Conception, effects of warmer water may not have been great enough
to negatively affect seabird abundances. Ainley et al. (1994, 1996) demonstrated an inverse
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relationship between seabird reproductive success and ocean temperature at the Farallon Islands.
Hyrenbach and Veit (2003) indicate that sea surface temperatures continued to increase from
1987-1998 in the SCB and off Point Conception with concomitant shifts in seabird and
phytoplankton distribution. El Nifios have occurred throughout history but two of the most
severe El Nifo events (1982-1983 and 1997-1998) have occurred in the last quarter century and
have affected seabird reproductive success in the CCS (Ainley and Hunt 1991, Carter et al.
1992). Gill netting, particularly in central California from 1982—-1987, reduced abundances of
many seabird species, especially Common Murres, but also cormorants, Pigeon Guillemots, and
non-nesting species such as loons, grebes, and Sooty Shearwaters (Takekawa et al. 1990, Ainley
and Hunt 1991).
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Table 1.1. Dates of aerial survey flights in southern California
from 1999-2002.

1999 2000 2001 2002
7-Jan-2000 6-Jan-2001 7-Jan-2002
8-Jan-2000 7-Jan-2001 8-Jan-2002
9-Jan-2000 10-Jan-2001 9-Jan-2002
13-Jan-2000 12-Jan-2001 10-Jan-2002
14-Jan-2000 13-Jan-2001 11-Jan-2002
18-Jan-2000 14-Jan-2001 12-Jan-2002
19-Jan-2000 15-Jan-2001 17-Jan-2002
21-Jan-2000 22-Jan-2001 18-Jan-2002
22-Jan-2000 23-Jan-2001 19-Jan-2002
23-Jan-2000 24-Jan-2001 20-Jan-2002
20-Apr-2000 25-Jan-2001

8-May-1999 6-May-2000 6-May-2001

9-May-1999 7-May-2000 7-May-2001

10-May-1999 8-May-2000 8-May-2001

11-May-1999 9-May-2000 9-May-2001
13-May-1999 10-May-2000 10-May-2001
14-May-1999 12-May-2000 11-May-2001
15-May-1999 13-May-2000 12-May-2001
23-May-1999  14-May-2000 13-May-2001
24-May-1999  15-May-2000 15-May-2001
25-May-1999  16-May-2000 16-May-2001
17-May-2000 17-May-2001
18-May-2001

10-Sep-1999 6-Sep-2000 5-Sep-2001
11-Sep-1999 7-Sep-2000 6-Sep-2001
12-Sep-1999 8-Sep-2000 7-Sep-2001
20-Sep-1999 9-Sep-2000 8-Sep-2001
21-Sep-1999  10-Sep-2000  17-Sep-2001
22-Sep-1999  14-Sep-2000  18-Sep-2001
23-Sep-1999  15-Sep-2000 22-Sep-2001
28-Sep-1999  20-Sep-2000  23-Sep-2001
29-Sep-1999  21-Sep-2000  24-Sep-2001
30-Sep-1999  22-Sep-2000  25-Sep-2001

28-Sep-2000




Table 1.2. Total counts of seabirds on at-sea and coastal transects during January, May, and September from
1999-2002.

Species At-sea and Coastal At-sea Coastal
January May September January May September January May September

All Seabirds 64,427 28,456 34,695 12,426 10,953 10,142 52,001 17,503 24,553
Loons 2,852 383 14 501 74 2 2,351 309 12
Common 88 35 1 21 1 0 67 34 1
Pacific 1,070 309 1 315 62 0 755 247 1
Red-throated 61 1 0 2 0 0 59 1 0
Grebes 18,619 9,094 2,690 2,592 120 32 16,027 8,974 2,658
Horned 2 0 0 0 0 0 2 0
Pied-billed 0 1 0 0 0 0 0 1
Western 18,478 9,090 2,684 2,592 120 32 15,886 8,970 2,652
Albatrosses 6 4 1 6 4 1 0 0 0
Black-footed 3 4 1 3 4 1 0 0 0
Laysan 3 0 0 3 0 0 0 0 0
Shearwaters & Fulmars 509 4,894 12,203 501 4,835 3,968 8 59 8,235
Buller's Shearwater 1 0 74 1 0 74 0 0 0
Black-vented Shearwater 171 1 66 171 1 64 0 0 2
Northern Fulmar 216 53 11 214 51 1" 2 0
Pink-footed Shearwater 22 84 839 22 83 833 0 6
Sooty Shearwater 41 4,691 10,606 35 4,651 2,429 6 40 8,177
Storm-Petrels 74 216 237 74 216 236 0 0 1
Ashy 37 99 116 37 99 116 0 0 0
Black 2 42 29 2 42 28 0 0 1
Leach's 8 50 67 8 50 67 0 0 0
Tropicbirds 0 0 7 0 0 7 0 0 0
Red-billed 0 0 3 0 0 3 0 0 0
Pelicans 728 858 2,434 153 77 847 575 781 1,587
Brown 728 858 2,434 153 7 847 575 781 1,587
Cormorants 1,855 1,860 1,776 189 142 161 1,666 1,718 1,615
Brandt's 810 812 654 73 105 107 737 707 547
Double-crested 260 150 187 51 12 14 209 138 173
Pelagic 76 51 3 2 6 1 74 45 2
Sea Ducks 5,248 1,041 41 125 2 0 5123 1,039 41
Brant 10 23 0 0 1 0 10 22 0
Red-breasted Merganser 21 0 0 0 0 0 21 0 0
Surf Scoter 5,177 1,018 41 125 1 0 5052 1,017 41
White-winged Scoter 5 0 0 0 0 0 5 0 0
Larids 31,101 6,002 13,441 5,119 1,554 3,130 25,982 4,448 10,311
Gulls 30,664 5,343 11,579 5,064 1,385 2,545 25,600 3,958 9,034
Black-legged Kittiwake 451 4 0 436 4 0 15 0 0
Bonaparte's 197 107 0 102 36 0 95 7 0
California 19,977 285 354 2,926 153 14 17,061 132 340
Glaucous 1 0 0 1 0 0 0 0 0
Glaucous-winged 29 3 6 6 1 1 23 2 5
Heermann's 1,037 20 1,574 240 0 73 797 20 1,501
Herring 10 0 2 2 0 0 8 0 2
Mew 16 0 0 0 0 0 16 0 0
Ring-billed 7 0 1 4 0 0 67 0 1
Sabine's 0 121 112 0 121 112 0 0 0
Western 7,658 4,555 8,966 1,086 1,016 2,172 6,572 3,539 6,794
Terns 401 636 1,718 19 147 447 382 489 1,271
Caspian 21 92 201 6 8 2 15 84 199
Comon/Arctic 3 60 361 3 59 361 0 1 0
Elegant 3 107 239 0 7 15 3 100 224
Elegant/Royal 283 143 825 6 27 40 277 116 785
Forster's 44 85 33 0 10 8 44 75 25
Least 0 90 2 0 19 0 0 71 2
Royal 34 0 22 2 0 32 0 17
Jaegers & Skuas 35 21 141 35 20 135 0 1 6
Long-tailed Jaeger 0 1 0 0 0 0 1 0
Parasitic Jaegar 2 0 10 2 0 6 0 0 4
Pomarine Jaeger 20 12 57 20 12 56 0 0 1
South Polar Skua 1 2 3 1 2 3 0 0 0
Alcids 2,379 1,236 221 2,315 1,115 210 64 121 1"
Cassin's Auklet 1,500 885 63 1,465 880 63 35 5 0
Common Murre 145 20 67 134 20 67 1" 0
Pigeon Guillemots 2 122 8 0 7 0 2 115 8
Rhinoceros Auklet 591 20 8 583 19 8 8 1 0
Xantus' Murrelet 8 177 5 8 177 5 0 0 0
Phalaropes 800 2,807 1,553 792 2,789 1,528 8 18 25
Red 433 236 155 432 236 154 1 1
Red-necked 19 860 149 19 859 146 0 1 3




Table 1.3. Densities (birds/km? + SE) of seabirds within at-sea subareas in the study area during January, May, and September from 1999-2002.
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Species At-Sea Subareas within the study area
S1 (North) S2 (West-Central) S3 (Central) S4 (South-East) S5 (South)

January May September January May _ September January May September January May _ September January May _ September
All Seabirds 9.5741.09 22.75£5.76 19.37£3.71  9.5242.14 4.37+0.81 7.21£2.04 23.69%5.97 20.78£3.56 17.87£7.91  9.81+1.74 5.9241.20 4.57+0.69  5.12+0.38 5.2611.47 2.53+0.29
Loons 0.24£0.07 0.38+£0.22 0.01+0.01  0.00+0.00 0.00+0.00 0.0010.00 1.45%0.52 0.1410.06 0.00£0.00 0.18%0.09 0.00+0.00 0.00£0.00  0.01+0.01 0.000.00 0.00+0.00
Common 0.05£0.02 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.05+0.02 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Pacific 0.14£0.06 0.38+0.22 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.88+0.37 0.09+0.04 0.00+0.00  0.17+0.09 0.00+0.00 0.00+0.00  0.01+0.01 0.00+0.00 0.00+0.00
Red-throated 0.01£0.01 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Grebes 0.11£0.06 0.03+0.02 0.08+0.05  0.00+0.00 0.00+0.00 0.00%0.00 8.70£4.91 0.30%0.12 0.06%0.05 0.13%0.08 0.16%0.12 0.02+0.02  0.00%0.00 0.00+0.00 0.00%0.00
Horned 0.00£0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Pied-billed 0.00£0.00 0.00£0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00%0.00 0.00+0.00 0.00+0.00
Western 0.11£0.06 0.03+0.02 0.08+0.05  0.00+0.00 0.00+0.00 0.00+0.00 8.70+4.91 0.30+0.12 0.06+0.05 0.13+0.08 0.16+0.12 0.02+0.02  0.00+0.00 0.00+0.00 0.00+0.00
Albatrosses 0.02£0.01 0.03£0.02 0.00£0.00  0.04+0.03 0.01£0.01 0.00£0.00  0.00£0.00 0.00£0.00 0.00+0.00  0.00£0.00 0.000.00 0.00+0.00  0.00:0.00 0.000.00 0.00+0.00
Black-footed 0.02£0.01 0.03+0.02 0.00+0.00  0.00+0.00 0.01+0.01 0.00+£0.00 0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00+£0.00 0.00+0.00 0.00+0.00
Laysan 0.00£0.00 0.00+£0.00 0.00+0.00  0.04+0.03 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Shearwaters & Fulmars 0.26:0.06 8.56+4.26 11.06£3.49  0.35%0.08 0.560.13 0.27+0.11 0.59£0.19 9.99+2.38 6.65%3.00  0.8110.51 2.29+0.33 1.7910.48  0.3310.05 2.9611.45 0.3610.10
Buller's Shearwater 0.00£0.00 0.00+£0.00 0.04+0.02  0.00+0.00 0.00+0.00 0.09+0.05 0.00£0.00 0.00+0.00 0.05+0.01  0.00+0.00 0.00+0.00 0.07+0.06  0.00+0.00 0.00+0.00 0.11+0.06
Black-vented Shearwater 0.02+0.01 0.00+0.00 0.14+£0.14  0.00+0.00 0.00+0.00 0.00+0.00 0.08+0.04 0.00+0.00 0.14+0.07  0.63+0.51 0.00+0.00 0.02+0.01  0.00+0.00 0.00+0.00 0.01+0.01
Northern Fulmar 0.18+0.05 0.13+0.04 0.01+0.01  0.31+0.08 0.10+0.05 0.00+0.00 0.25+0.07 0.05+0.01 0.02+0.01  0.09+0.02 0.00+0.00 0.01+0.01  0.29+0.05 0.05+0.02 0.01+0.01
Pink-footed Shearwater  0.03+0.01 0.07+0.03 1.06+0.42  0.040.02 0.09+0.03 0.10+0.07 0.03£0.02 0.11£0.03 1.11x0.61  0.01x0.01 0.12+0.03 1.34+0.44  0.01x0.01 0.04+0.01 0.10+0.03
Sooty Shearwater 0.03+0.01 8.35%4.26 9.78+3.37  0.00%0.00 0.37+0.12 0.08+0.04 0.05£0.02 9.81+2.37 3.34+1.84  0.05%0.02 2.02+0.32 0.36+0.12  0.02+0.01 2.85+1.45 0.130.07
Storm-Petrels 0.05£0.03 0.06+0.02 0.28+0.13  0.000.00 0.32+0.09 0.24%0.07 0.00£0.00 0.04+0.01 0.19%0.05 0.02+0.01 0.08+0.03 0.18+0.08  0.26%0.06 0.55+0.08 0.2910.04
Ashy 0.03£0.02 0.05+0.02 0.20+0.13  0.00£0.00 0.22+0.08 0.12#0.05  0.00£0.00 0.02+0.01 0.09+0.03  0.00£0.00 0.01+0.01 0.10£0.05  0.14+0.04 0.24+0.06 0.09+0.02
Black 0.00£0.00 0.00£0.00 0.01+0.01  0.00£0.00 0.00+0.00 0.02+0.02  0.00£0.00 0.02+0.01 0.03+0.02  0.00£0.00 0.07+0.02 0.04+0.02  0.01+0.01 0.08+0.02 0.02+0.01
Leach's 0.00£0.00 0.00£0.00 0.06+0.02  0.00+0.00 0.10+0.03 0.07#0.03  0.00+0.00 0.00+0.00 0.03+0.02  0.00£0.00 0.00+0.00 0.02+0.01  0.03+0.01 0.15+0.03 0.16+0.03
Tropicbirds 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00:0.00 0.000.00 0.03+0.01  0.00%0.00 0.000.00 0.00+0.00
Red-billed 0.00£0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.01x0.01  0.00+£0.00 0.00+0.00 0.00+0.00
Pelicans 0.33£0.13 0.03£0.03 0.01£0.01  0.01%0.01 0.00£0.00 0.00£0.00  0.24+0.05 0.180.04 2.96+2.28  0.16£0.06 0.110.03 0.08+0.03  0.00£0.00 0.00%0.00 0.010.01
Brown 0.334#0.13 0.03+0.03 0.01+0.01  0.01+0.01 0.00£0.00 0.00+0.00 0.24+0.05 0.18+0.04 2.96+2.28 0.16+0.06 0.11+0.03 0.08+0.03  0.00£0.00 0.00+0.00 0.01+0.01
Cormorants 0.57£0.37 0.04£0.02 0.09+0.04  0.00+0.00 0.00+0.00 0.0010.00 0.29£0.06 0.30+0.07 0.32+0.11  0.050.03 0.02+0.01 0.02+0.01  0.08%0.03 0.21+0.07 0.2010.10
Brandt's 0.08+£0.05 0.01+0.01 0.01+0.01  0.00+0.00 0.00+0.00 0.00+0.00 0.14+0.03 0.21+0.05 0.21+0.10  0.03+0.02 0.01+0.01 0.01x0.01  0.05+0.02 0.19+0.07 0.16+0.10
Double-crested 0.32+0.30 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.02+0.01 0.03+0.02 0.04+0.01  0.00+0.00 0.01+0.01 0.00+0.00  0.01+0.01 0.01+0.01 0.01+0.01
Pelagic 0.00£0.00 0.01£0.01 0.01£0.01  0.00£0.00 0.00+0.00 0.00£0.00  0.01£0.00 0.02+0.01 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Sea Ducks 0.10£0.06 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00%0.00 0.38+0.14 0.00+0.00 0.00+0.00  0.00%0.00 0.00+0.00 0.00+0.00  0.00%0.00 0.00+0.00 0.00%0.00
Brant 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Red-breasted Merganser 0.00+0.00 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Surf Scoter 0.10£0.06 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.38+0.14 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.000.00 0.00+0.00 0.00+0.00
White-winged Scoter 0.00£0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.000.00 0.00+0.00 0.00+0.00
Larids 2.70£0.37 2.29%0.59 2.82+0.65 1.00%0.15 0.73%0.22 1.01%0.20 9.0242.26 2.56%0.54 6.83+2.93  6.94%1.59 1.61+0.51 1.78%0.35 1.87%0.23 0.680.14 1.130.19
Gulls 2.67£0.37 2.10£0.58 1.2410.23  0.98%0.15 0.52+0.15 0.24%0.07  8.9612.26 2.42+0.54 6.48+2.92 6.87+1.59 1.35:0.51 1.38+0.33  1.80%0.22 0.58+0.13 0.76%0.18
Black-legged Kittiwake ~ 0.48+0.13 0.04+0.04 0.00£0.00  0.58+0.12 0.00+0.00 0.00+0.00 0.36+£0.08 0.00+0.00 0.00+0.00  0.35x0.15 0.00+£0.00 0.00£0.00  0.59+0.08 0.00+0.00 0.00+0.00
Bonaparte's 0.01£0.01 0.02+#0.01 0.00+0.00  0.00+0.00 0.01+0.01 0.00+£0.00 0.01£0.00 0.00+0.00 0.00+0.00  0.23+0.07 0.10£0.06 0.00£0.00  0.19+0.15 0.03+0.01 0.00+0.00
California 1.30£0.26 0.38+0.22 0.01+0.01  0.16+0.07 0.00+0.00 0.00+0.00 5.47+2.17 0.09+0.03 0.03%0.01  4.66+1.53 0.36+0.35 0.01x0.01  0.30+£0.06 0.00+0.00 0.01+0.01
Glaucous 0.01£0.01 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Glaucous-winged 0.02+0.01 0.00+0.00 0.00+0.00  0.01+0.01 0.00+0.00 0.00+0.00 0.01+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Heermann's 0.11£0.05 0.00+0.00 0.09+0.04  0.00+0.00 0.00+0.00 0.00+0.00 0.72+0.27 0.00+0.00 0.13+0.04  0.06+0.03 0.00+0.00 0.06+0.02  0.01+0.01 0.00+0.00 0.04+0.04
Herring 0.02£0.01 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Mew 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Ring-billed 0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.01£0.01 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Sabine's 0.00£0.00 0.53+0.13 0.54+0.17  0.00£0.00 0.30+0.13 0.15£0.06  0.00+0.00 0.05+0.02 0.03+0.02  0.00£0.00 0.04+0.03 0.01+0.01  0.000.00 0.05+0.02 0.05+0.02
Western 0.53£0.13 0.96+0.51 0.54+0.12  0.14£0.06 0.20+0.06 0.06+0.03  2.11+0.27 2.20+0.54 5.83+2.68 1.08+0.15 0.82+0.19 1.20+0.32  0.57+0.10 0.48+0.13 0.64+0.17
Terns 0.00£0.00 0.12£0.05 1.44+0.60  0.00£0.00 0.21+0.12 0.50£0.13  0.03£0.01 0.12+0.05 0.23+0.07  0.03£0.01 0.25%0.05 0.23+0.05  0.010.01 0.070.03 0.29+0.06
Caspian 0.00£0.00 0.01#0.01 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.02+0.01 0.00+0.00 0.01x0.01  0.00£0.00 0.02+0.01 0.00£0.00  0.00+£0.00 0.00+0.00 0.000.00
Comon/Arctic 0.00£0.00 0.08+0.04 1.34+0.60  0.00+0.00 0.21+0.12 0.50%0.13 0.00£0.00 0.02+0.01 0.09+0.03  0.00£0.00 0.02+0.01 0.11x0.03  0.01£0.01 0.07+0.03 0.29+0.06
Elegant 0.00£0.00 0.00£0.00 0.07+0.07  0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.01+0.01  0.00£0.00 0.02+0.01 0.01x0.01  0.00+£0.00 0.00+0.00 0.00+0.00
Elegant/Royal 0.00£0.00 0.00+£0.00 0.02+0.02  0.00+0.00 0.00+0.00 0.00+0.00 0.01£0.01 0.05+0.04 0.06+0.04  0.01£0.01 0.05+0.02 0.07+0.03  0.00+0.00 0.00+0.00 0.00+0.00
Forster's 0.00£0.00 0.01£0.01 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.02+0.01 0.03+0.02  0.00+0.00 0.02+0.01 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Least 0.00£0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+£0.00 0.02+0.01 0.00+0.00  0.00+0.00 0.06+0.02 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00
Royal 0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.02+0.02  0.00+0.00 0.00+0.00 0.00+0.00
Jaegers & Skuas 0.03£0.02 0.07£0.03 0.14+0.03  0.01+0.01 0.00+0.00 0.27%0.10 0.03£0.01 0.02+0.01 0.11+0.02  0.04£0.01 0.02+0.01 0.16£0.03  0.050.02 0.02+0.01 0.08+0.02
Long-tailed Jaeger 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.00+£0.00 0.00+0.00 0.00+0.00  0.000.00 0.00+0.00 0.00+0.00
Parasitic Jaegar 0.00£0.00 0.00£0.00 0.01+0.01  0.00£0.00 0.00+0.00 0.02+0.02  0.00£0.00 0.00+0.00 0.00+0.00  0.01£0.01 0.00+0.00 0.01+0.01  0.00£0.00 0.00+0.00 0.00+0.00
Pomarine Jaeger 0.03£0.02 0.02+0.01 0.03+0.01  0.01£0.01 0.00+0.00 0.07+0.03  0.02+0.01 0.00+0.00 0.04+0.01  0.02+0.01 0.02+0.01 0.08+0.03  0.02+0.01 0.02+0.01 0.05+0.02
South Polar Skua 0.00£0.00 0.00£0.00 0.01+0.01  0.00+0.00 0.00+0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.00£0.00 0.00+0.00 0.00+0.00  0.000.00 0.00+0.00 0.00+0.00
Alcids 3.9740.62 1.7010.76 0.94%0.20  6.99+2.15 0.13+£0.05 0.11£0.07 2.31£0.31 3.13%1.63 0.20%0.07  1.02%0.15 0.27%0.15 0.02%0.01 1.42+0.16 0.23+0.05 0.03+0.01
Cassin's Auklet 1.62£0.30 1.46+0.69 0.23+0.09 6.59+2.14 0.10£0.04 0.03%0.03 1.66+0.29 2.75%1.62 0.09£0.04  0.24+0.07 0.05%0.03 0.01£0.01  0.84£0.13 0.02+0.01 0.00£0.00
Common Murre 0.75£0.35 0.01#0.01 0.48+0.16  0.00£0.00 0.00+0.00 0.00+0.00 0.08+0.03 0.07+0.04 0.00+0.00  0.05+0.02 0.00+0.00 0.00£0.00  0.00+£0.00 0.00+0.00 0.00+0.00
Pigeon Guillemots 0.00£0.00 0.01#0.01 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.02+0.01 0.00£0.00  0.00+0.00 0.00+0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Rhinoceros Auklet 1.474£0.29 0.06+0.04 0.04+0.03  0.16+0.05 0.01+0.01 0.00+0.00 0.46+0.07 0.04+0.02 0.01x0.01  0.60+0.13 0.00+£0.00 0.00+0.00  0.43+0.08 0.01+0.01 0.00+0.00
Xantus' Murrelet 0.00£0.00 0.16+0.07 0.04+0.04  0.07+0.03 0.03+0.02 0.00+0.00 0.01£0.01 0.22+0.05 0.00+0.00  0.00+0.00 0.22+0.13 0.00+0.00  0.00+0.00 0.18+0.05 0.00+0.00
Phalaropes 1.20£0.25 9.60+2.80 4.03%0.99  1.10%0.22 2.61%0.73 5.57+1.94 0.57£0.16 4.10%1.05 0.65%0.16  0.45%0.10 1.33+1.00 0.65%0.29  1.1310.22 0.61+0.11 0.47%0.08
Red 0.46+0.11 1.85+1.60 0.41+0.21  0.72+0.19 0.13+0.07 0.17+0.05 0.27+0.10 0.11+0.07 0.03+0.02  0.33+0.09 0.01+0.01 0.02+0.01  0.66+0.14 0.02+0.01 0.26+0.06
Red-necked 0.01£0.01 3.10+1.19 0.56+0.18  0.01+0.01 0.91+0.28 0.12+0.07 0.03£0.02 1.45+0.50 0.08+0.02  0.02+0.01 0.14+0.06 0.12+0.08  0.02+0.01 0.17+0.04 0.02+0.01




Table 1.4. Densities (birt:ls/km2 + SE) of seabirds along all coastlines, mainland coastlines only, and island coastlines only within the study

area during January, May, and September from 1999-2002.

Species All Coastlines Mainland Coastline Island Coastlines

January May September January May September January May September
All Seabirds 114.2+8.58 39.77+3.51 58.73+15.63 141.6£13.99 56.23+6.08 95.41£31.71  83.3248.69 20.18£1.90 23.58+3.26
Loons 5.16£0.71 0.70+0.14  0.03+0.01 7.27£1.26 0.84+0.23  0.06£0.02 2.79£0.45 0.53+0.15 0.000.00
Common 0.15£0.03 0.08+0.01  0.00£0.00 0.16£0.04 0.10£0.02  0.00+0.00 0.14£0.04 0.04£0.02 0.000.00
Pacific 1.66+0.17 0.56x0.14  0.00£0.00 1.58+0.22 0.67+0.23  0.00+0.00 1.74£0.27 0.43£0.14 0.00+£0.00
Red-throated 0.13£0.03 0.00£0.00  0.00+0.00 0.23£0.05 0.00£0.00 0.00£0.00  0.01+0.01 0.00+0.00 0.00+0.00
Grebes 35.20£4.48 20.39+3.02  6.36%1.65  65.9417.96 37.4215.34 12.97%3.33 0.56+0.36 0.12+0.06 0.02+0.02
Horned 0.00£0.00 0.00+£0.00  0.00+0.00 0.01£0.01 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Pied-billed 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00£0.00  0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Western 34.89+4.48 20.38+3.02  6.3441.65  65.70+7.96 37.40+5.34 12.94+3.33 0.1740.08 0.12+0.06 0.02+0.02
Albatrosses 0.00£0.00 0.00£0.00  0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.000.00 0.00+0.00 0.00+0.00
Black-footed 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.000.00
Laysan 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Shearwaters & Fulmars  0.02+0.01 0.13%0.07 19.70£14.86 0.00£0.00 0.00+0.00 39.87+30.40 0.03£0.03 0.29+0.16 0.370.32
Buller's Shearwater 0.00£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Black-vented Shearwater 0.00+0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.01+0.01
Northern Fulmar 0.00+0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.01+0.01 0.00+0.00
Pink-footed Shearwater ~ 0.00£0.00 0.00+0.00  0.010.01 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.020.01
Sooty Shearwater 0.01£0.01 0.09+0.07 19.56+14.86 0.00£0.00 0.00+0.00 39.86+30.40  0.03+0.03 0.19+0.14 0.10£0.07
Storm-Petrels 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00+0.00
Ashy 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Black 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 ~ 0.00+0.00 0.00+0.00 0.00+0.00
Leach's 0.00£0.00 0.00£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Tropicbirds 0.00£0.00 0.00£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.000.00 0.00+0.00 0.00+0.00
Red-billed 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.000.00
Pelicans 1.26:0.12 1.77£0.47 3.80£0.78 1.49£0.20 2.58+0.86 4.51%0.85  1.00£0.14 0.81£0.11 3.12+1.30
Brown 1.26£0.12 1.77+0.47 3.80£0.78 1.49+0.20 2.58+0.86 4.51+0.85 1.00£0.14 0.81£0.11 3.12+1.30
Cormorants 3.66£0.48 3.90+0.63 3.86%0.73 2.54+0.27 3.68+0.97 2.60£0.45 4.9240.97 4.17£0.77 5.08%1.36
Brandt's 1.62£0.17 1.61+£0.16  1.31+0.20 1.04+0.17 0.89+0.18 0.61+0.09 2.28+0.31 2.46+0.26 1.98+0.38
Double-crested 0.46+0.07 0.31+0.04 0.41+0.05 0.73+0.12 0.39+0.06  0.70+0.10 0.15+£0.03 0.22+0.05 0.140.03
Pelagic 0.16£0.02 0.10£0.02  0.00+0.00 0.074¢0.02 0.05£0.02  0.00£0.00  0.27+0.05 0.16+0.03 0.00+0.00
Sea Ducks 11.25%1.92 2.3620.74  0.10+0.05 12.48+3.30 3.85%1.32 0.20%0.10 9.87+1.68 0.59+0.33 0.00%0.00
Brant 0.02£0.02 0.05+0.04  0.00+0.00 0.04£0.04 0.09£0.07  0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Red-breasted Merganser 0.05+0.02 0.00+0.00  0.00+0.00 0.09£0.03 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Surf Scoter 11.09£1.91 2.31£0.74 0.10£0.05 12.18+3.28 3.75+1.32 0.20+0.10  9.87+1.68 0.59+0.33 0.00+0.00
White-winged Scoter 0.01£0.01 0.00£0.00  0.00+0.00 0.02+0.02 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Larids 57.06+6.86 10.11£0.86 24.67+3.78 51.40%10.47 7.56+0.83 34.98%+7.51 63.45%8.61 13.13+1.58 14.78+1.48
Gulls 56.2246.85 8.9910.85 21.6113.69 50.84110.46 5.53:0.76 29.8517.34 62.308.59 13.11+1.58 13.72%1.44
Black-legged Kittiwake 0.03+£0.01 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.07£0.03 0.00+0.00 0.000.00
Bonaparte's 0.21£0.12 0.16£0.15  0.00+0.00 0.39£0.23 0.30+0.28  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
California 37.45+5.92 0.30+0.06 0.81+0.23 31.4548.62 0.36+0.10 1.52+0.46 44.21+8.03 0.23+0.07 0.13+0.03
Glaucous 0.00£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Glaucous-winged 0.05+0.01 0.00+0.00  0.01+0.01 0.07+£0.02 0.00+0.00  0.02+0.02 0.03+0.02 0.00+0.00 0.00+0.00
Heermann's 1.75£0.39 0.05+0.01 3.59+0.64 1.09+0.17 0.07£0.02 5.65+1.25 2.49+0.81 0.01+0.01 1.61+0.30
Herring 0.024£0.01 0.00£0.00  0.00+0.00 0.02£0.01 0.00£0.00  0.01+0.01 0.02+£0.01 0.00+£0.00 0.00+0.00
Mew 0.04£0.02 0.00£0.00  0.00+0.00 0.06£0.04 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Ring-billed 0.15£0.05 0.00£0.00  0.00+0.00 0.2740.09 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Sabine's 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Western 14.43£312 8.04+0.80 16.25+3.46  14.41+543 4.15:0.57 20.98+6.91 14.46+2.57 12.67+1.54 11.73+1.38
Terns 0.84£0.35 1.11%0.16  3.04+0.54 0.56£0.09 2.03%0.28 5.11%1.00 1.15%0.73 0.01£0.01 1.05%0.43
Caspian 0.03£0.01 0.19+0.03  0.48+0.09 0.05£0.02 0.34+0.06  0.90+0.17 0.01£0.01 0.01x0.01 0.070.03
Comon/Arctic 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.000.00
Elegant 0.01£0.01 0.23+0.05 0.54+0.12 0.01£0.01 0.42+0.09  1.09+0.23 0.00£0.00 0.00+0.00 0.00+0.00
Elegant/Royal 0.61£0.34 0.26+0.06  1.88+0.46 0.27+0.06 0.48+0.10  2.90+0.82 0.99+0.73 0.00+0.00 0.900.43
Forster's 0.10£0.03 0.17+0.04  0.06+0.02 0.18+0.06 0.31+0.07  0.12+0.04 0.00£0.00 0.00+0.00 0.00+0.00
Least 0.00£0.00 0.16+0.07  0.00+0.00 0.00+£0.00 0.30+0.12  0.01+0.01 0.00+£0.00 0.00+0.00 0.00+0.00
Royal 0.07+0.02 0.00+0.00  0.04+0.02 0.02+0.01 0.00+0.00  0.00+0.00 0.13+0.03 0.00+0.00 0.08+0.03
Jaegers & Skuas 0.00£0.00 0.00+0.00 0.01+0.01 0.00£0.00 0.00+0.00 0.02+0.01 0.00£0.00 0.00+0.00 0.010.01
Long-tailed Jaeger 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Parasitic Jaegar 0.00£0.00 0.00£0.00  0.01+0.00 0.00£0.00 0.00£0.00  0.02+0.01 0.00£0.00 0.00+0.00 0.00£0.00
Pomarine Jaeger 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
South Polar Skua 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00
Alcids 0.14£0.05 0.2710.06 0.03+0.01 0.05£0.02 0.15%0.09 0.000.00 0.24£0.10 0.42%0.07 0.05%0.02
Cassin's Auklet 0.08+£0.04 0.01+0.01  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.16£0.09 0.02+0.02 0.00£0.00
Common Murre 0.02+£0.01 0.00£0.00  0.00+0.00 0.04£0.02 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.000.00
Pigeon Guillemots 0.00£0.00 0.26+0.06  0.02+0.01 0.00£0.00 0.15+0.09  0.00+0.00 0.01£0.01 0.39+0.07 0.040.02
Rhinoceros Auklet 0.02+0.01 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.04+0.03 0.00+0.00 0.00+0.00
Xantus' Murrelet 0.00£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Phalaropes 0.02£0.01 0.04+0.03  0.06+0.02 0.03+£0.02 0.00£0.00 0.05+0.04 0.00£0.00 0.08+0.07 0.07+0.03
Red 0.00£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Red-necked 0.0040.00 0.00+0.00  0.01+0.01 0.00£0.00 0.00£0.00  0.00+0.00 _ 0.00+0.00 0.00+0.00 0.010.01
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Table 1.5. Densities (birds/km? + SE) of seabirds within mainland coastal subareas of the study area during January, May, and September from

1999-2002.
Species Mainland Coastal Subareas
Northern Mainland Coastline Central Mainland Coastline Southern Mainland Coastline

January May September January May September January May September
All Seabirds 72.12411.15 43.74£12.48 253.8£156.7 158.7+22.24 59.6249.56 66.26£16.79  155.0+25.55 58.2219.81 43.26+6.90
Loons 7.05:1.40 1.98%1.14  0.05%0.03 5.31%1.40 0.71%£0.16 0.08+0.04 10.33£3.13 0.42+0.19 0.04£0.02
Common 0.34£0.14  0.11£0.05  0.00£0.00 0.14£0.04 0.12£0.03  0.01£0.01 0.08+0.05 0.07+0.03 0.000.00
Pacific 2.83+0.58 1.69+1.14  0.00+£0.00 1.65£0.33 0.55%0.14  0.00+0.00 0.78+0.34 0.30+0.19 0.01x0.01
Red-throated 0.16+0.08  0.00£0.00  0.00+0.00 0.28+0.07 0.00+£0.00 0.00+0.00 0.20£0.09 0.01+0.01 0.00+0.00
Grebes 17.95£4.82 18.88+10.18 12.8415.06 69.12+10.84 39.40£7.93 18.75%6.75 88.10117.47 44.55£9.50 5.42+2.18
Horned 0.00+0.00  0.00£0.00  0.00+0.00 0.02+0.01 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Pied-billed 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.01+0.01  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Western 17.47+4.82 18.88£10.18 12.72+5.07 68.82+10.84 39.37+7.93 18.7416.75 88.07117.47 44.55£9.50 5.42+2.18
Albatrosses 0.00£0.00  0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00%0.00
Black-footed 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Laysan 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00
Shearwaters & Fulmars ~ 0.00£0.00  0.00+0.00 201.5+155.4 0.01£0.01 0.01%0.01  0.000.00 0.00£0.00 0.00+0.00 0.00%0.00
Buller's Shearwater 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Black-vented Shearwater ~ 0.00£0.00  0.00+0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00
Northern Fulmar 0.00+0.00  0.00£0.00  0.00+0.00 0.01£0.01 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Pink-footed Shearwater 0.00+0.00  0.00£0.00  0.02+0.02 0.00£0.00 0.00+£0.00 0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00
Sooty Shearwater 0.00+0.00  0.00+0.00 201.4+155.4 0.00£0.00 0.01+0.01  0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00
Storm-Petrels 0.00£0.00  0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.000.00 0.00£0.00 0.00+0.00 0.00+0.00
Ashy 0.00£0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00
Black 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00%0.00
Leach's 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Tropicbirds 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Red-billed 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Pelicans 1.3620.38 1.2320.45 5.09+2.62 1.40£0.24 4.04+1.80 3.73%0.66 1.71£0.43 1.32+0.24 5.19+1.77
Brown 1.36x0.38 1.2320.45 5.09+2.62 1.40+0.24 4.04£1.80 3.73+0.66 1.7120.43 1.32+0.24 5.19£1.77
Cormorants 2.20+0.51 3.31%0.69 4.15%0.51 3.7840.47 4.96%1.91 1.97%0.32 0.87£0.18 2.1410.98 2.54+1.20
Brandt's 1.36£0.41 1.55+0.46 1.68+0.34 1.41£0.29 1.01x0.30  0.35:0.09 0.29£0.07 0.38+0.18 0.34%0.12
Double-crested 0.27+0.09 0.43x0.16  0.57+0.18 1.24£0.23 0.49x0.10  1.08+0.18 0.23£0.07 0.24+0.08 0.27+0.09
Pelagic 0.18+0.07  0.25%0.08  0.02+0.02 0.06+0.02 0.01+0.01  0.00+0.00 0.01£0.01 0.00+0.00 0.00+0.00
Sea Ducks 20.4917.43 12.9846.87 0.67+0.45 5.33%0.89 2.03£0.54 0.01£0.01 18.76£9.09 1.48%0.73 0.18%0.15
Brant 0.00£0.00 0.27£0.27  0.00£0.00 0.00£0.00 0.09+0.09  0.00+0.00 0.13£0.13 0.00£0.00 0.00%0.00
Red-breasted Merganser ~ 0.02+0.02  0.00£0.00  0.00+0.00 0.17£0.07 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Surf Scoter 19.614£7.14 12.70+6.87 0.67+0.45 5.1520.89 1.94£0.52 0.01+0.01 18.62+9.09 1.48+0.73 0.18+0.15
White-winged Scoter 0.09+0.09  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00  0.00+0.00 0.01£0.01 0.00+0.00 0.00+0.00
Larids 22.4214.88 4.29%0.76 29.14£10.09 73.03%19.78 8.35%1.55 41.51£15.54  35.05:11.01 8.23%1.04 29.72+4.37
Gulls 22.17+4.89 4.20£0.75 28.06%£9.95 72.39%19.77 7.05%1.49 36.22%15.23  34.42+11.01 4.16%0.69 22.48+3.99
Black-legged Kittiwake 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Bonaparte's 0.00+0.00  0.00£0.00  0.00+0.00 0.80£0.46 0.62+0.58  0.00+0.00 0.00£0.00 0.01+0.01 0.00%0.00
California 13.60+£4.77 0.39+0.20 3.51x1.44 4555+1593 0.46+0.19 1.62+0.78 20.22+10.50 0.21+0.07 0.27%0.11
Glaucous 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00
Glaucous-winged 0.11+0.05 0.00+0.00  0.00+0.00 0.08+0.03 0.01+0.01  0.03+0.03 0.03£0.02 0.00+0.00 0.01+0.01
Heermann's 0.50£0.29  0.02+0.02 11.3415.44 1.44+0.31 0.04£0.02 4.61+1.18 0.89£0.19 0.13+0.05 3.78%0.83
Herring 0.05+0.03  0.00£0.00  0.02+0.02 0.01£0.01 0.00£0.00 0.01+0.01 0.01£0.01 0.00+£0.00 0.00%0.00
Mew 0.05+0.03  0.00£0.00  0.00+0.00 0.03£0.02 0.00£0.00 0.00+0.00 0.13£0.13 0.00+£0.00 0.00%0.00
Ring-billed 0.23+0.15  0.00£0.00  0.00+0.00 0.13+0.06 0.00£0.00 0.01+0.01 0.51£0.24 0.00+0.00 0.00+0.00
Sabine's 0.00+0.00  0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Western 5.80+0.89 3.49+0.68 11.39+3.21 21.24+10.86 4.93+1.08 28.92+14.85 8.93+2.87 3.4410.64 16.00+3.52
Terns 0.25%0.13  0.09%0.06 1.09+0.34 0.64+0.15 1.30%0.34 5.27+1.96 0.62+0.12 4.07%0.62 7.21+1.21
Caspian 0.00+0.00  0.00£0.00  0.22+0.09 0.06£0.02 0.24+0.06 0.79+0.24 0.06£0.03 0.67+0.16 1.440.39
Comon/Arctic 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.01+0.01  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Elegant 0.00+0.00 0.05%0.05 0.10+0.05 0.00£0.00 0.19+£0.07  0.72+0.30 0.04£0.04 0.93+0.23 2.16%0.51
Elegant/Royal 0.07+0.04  0.00+0.00  0.62+0.25 0.28+0.11 0.11+0.04  3.62+1.70 0.37£0.09 1.25+0.28 3.25+0.75
Forster's 0.14£0.10  0.00£0.00  0.02+0.02 0.25£0.10 0.31x0.10  0.10£0.04 0.10£0.06 0.48+0.14 0.21x0.11
Least 0.00+0.00 0.05x0.05 0.05+0.05 0.00£0.00 0.29+0.25 0.00+0.00 0.00£0.00 0.44+0.12 0.00%0.00
Royal 0.00+0.00  0.00£0.00  0.00+0.00 0.04£0.02 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Jaegers & Skuas 0.00£0.00  0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.02+0.02 0.00£0.00 0.00+0.00 0.03%0.02
Long-tailed Jaeger 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Parasitic Jaegar 0.00+0.00  0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.02+0.02 0.00£0.00 0.00+0.00 0.03+0.02
Pomarine Jaeger 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
South Polar Skua 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Alcids 0.16£0.08  0.841£0.46  0.00£0.00 0.0410.03 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00%0.00
Cassin's Auklet 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00
Common Murre 0.11+0.07  0.00£0.00  0.00+0.00 0.04+0.03 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Pigeon Guillemots 0.00£0.00  0.84+0.46  0.00+0.00 0.00£0.00 0.00+0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Rhinoceros Auklet 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00%0.00
Xantus' Murrelet 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00
Phalaropes 0.11£0.11  0.02£0.02  0.00+0.00 0.02+0.02 0.00£0.00 0.12+0.08 0.00£0.00 0.00+0.00 0.00%0.00
Red 0.00+0.00  0.00£0.00  0.00+0.00 0.00£0.00 0.00+£0.00 0.01+0.01 0.004£0.00 0.00+0.00 0.00+0.00
Red-necked 0.00+0.00  0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
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Table 1.6. Densities (birds/km2 + SE) of seabirds from coastal transects around the Channel Islands
in the Southern California Bight during January, May, and September from 1999-2002. Northern
Islands = San Miguel, Santa Rosa, Santa Cruz, and Anacapa Islands. Southern Islands = Santa
Barbara, San Nicolas, Santa Catalina, and San Clemente Islands.

Species Island Coastal Subareas
Northern Channel Islands' Coastline _Southern Channel Islands’ Coastline
January May September January May September
All Seabirds 82.01£10.58 22.32+2.41 26.77+4.88 86.05%15.29 15.52+2.90 17.67+1.98
Loons 3.96+0.64 0.74£0.21  0.00+0.00 0.35+0.08 0.08%0.08 0.00%0.00
Common 0.17£0.05 0.07+0.03  0.00+0.00 0.06+0.04 0.00+0.00 0.00+0.00
Pacific 2.46+0.38 0.59+0.20 0.00+0.00 0.25+0.07 0.08+0.08 0.00+0.00
Red-throated 0.02+£0.02 0.004£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Grebes 0.81+0.53 0.17+0.08 0.03+0.02 0.03£0.02 0.02+0.02 0.010.01
Horned 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00
Pied-billed 0.00+£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Western 0.24+0.12 0.17+0.08  0.03£0.02 0.01x0.01 0.02+0.02 0.01x0.01
Albatrosses 0.00£0.00 0.00+£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00%0.00
Black-footed 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Laysan 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Shearwaters & Fulmars  0.05:£0.04 0.4210.23 0.55+0.49 0.00+£0.00 0.00£0.00 0.03+0.03
Buller's Shearwater 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Black-vented Shearwater  0.00£0.00 0.00+0.00  0.01+0.01 0.00+£0.00 0.00+0.00 0.00+0.00
Northern Fulmar 0.01x0.01 0.01x0.01  0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Pink-footed Shearwater 0.00£0.00 0.01£0.01  0.04+0.02 0.00+£0.00 0.00+0.00 0.00+0.00
Sooty Shearwater 0.04£0.04 0.28+0.21  0.14%0.11 0.00+£0.00 0.00+0.00 0.03+0.03
Storm-Petrels 0.00£0.00 0.00%£0.00 0.010.01 0.00+0.00 0.00£0.00 0.00%0.00
Ashy 0.00£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Black 0.00£0.00 0.00£0.00 0.01£0.01 0.00£0.00 0.00£0.00 0.00+0.00
Leach's 0.00£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Tropicbirds 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Red-billed 0.00£0.00 0.004£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Pelicans 0.94+0.15 0.91+0.14 3.75:1.98 1.14£0.29 0.5910.17 1.94+0.49
Brown 0.94+0.15 0.91£0.14 3.75+1.98 1.14£0.29 0.59+0.17 1.94+0.49
Cormorants 6.08+1.41 5.15%1.11 7.02+2.08 2.48+0.30 2.02+0.41 1.46%0.23
Brandt's 2.52+0.45 2.83£0.34 2.55x0.58 1.75£0.24 1.65£0.39 0.91x0.16
Double-crested 0.14£0.03 0.22+0.06 0.18+0.05 0.16+0.06 0.22+0.07 0.07+0.03
Pelagic 0.39+0.06 0.24+0.04 0.00£0.00 0.03+0.02 0.00£0.00 0.01x0.01
Sea Ducks 14.28+2.39 0.86£0.49 0.00%0.00 0.62+0.21 0.00£0.00 0.00%0.00
Brant 0.00+£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Red-breasted Merganser ~ 0.00+0.00 0.00+0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Surf Scoter 14.28+2.39 0.86x0.49  0.00+0.00 0.62+£0.21 0.00+£0.00 0.00+0.00
White-winged Scoter 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Larids 54.90+10.33 13.34+1.92 15.09£2.08 81.4015.25 12.69+2.77 14.20£1.73
Gulls 54.64+10.34 13.33+1.92 13.60+2.02 78.39+15.18 12.654+2.78 13.9441.72
Black-legged Kittiwake 0.09+£0.04 0.00+£0.00  0.00+0.00 0.03+0.02 0.00+0.00 0.00+0.00
Bonaparte's 0.00+£0.00 0.00£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
California 36.92+9.58 0.31x0.11 0.12+0.04 59.51+14.43 0.05£0.04 0.15x0.06
Glaucous 0.00+£0.00 0.00£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Glaucous-winged 0.04+0.03 0.00£0.00 0.01£0.01 0.00£0.00 0.02+0.02 0.00+0.00
Heermann's 1.30£0.28 0.01+0.01  1.230.27 5.01+2.43 0.03+£0.02 2.33%0.68
Herring 0.00+£0.00 0.00+0.00  0.00+0.00 0.06+0.03 0.00+0.00 0.00+0.00
Mew 0.01+0.01 0.00£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Ring-billed 0.00+£0.00 0.00+0.00  0.00+0.00 0.01+0.01 0.00£0.00 0.00+0.00
Sabine's 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00
Western 15.3243.37 12.75+1.86 12.08+1.96 12.6743.64 12.50+2.77 11.07+1.48
Terns 0.26+0.07 0.01£0.01  1.480.66 3.01£2.26 0.02£0.02 0.270.11
Caspian 0.024£0.02 0.01£0.01  0.08+0.04 0.00+£0.00 0.00+0.00 0.04%0.03
Comon/Arctic 0.00+£0.00 0.00+0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Elegant 0.00£0.00 0.00£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Elegant/Royal 0.07£0.04 0.00£0.00  1.29+0.66 2.93+2.26 0.02+0.02 0.17£0.10
Forster's 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Least 0.00£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Royal 0.15+0.05 0.00+0.00 0.10£0.04 0.07+0.04 0.00£0.00 0.04+0.03
Jaegers & Skuas 0.00£0.00 0.00%£0.00 0.010.01 0.00+0.00 0.02£0.02 0.00%0.00
Long-tailed Jaeger 0.00+£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.02+0.02 0.00+0.00
Parasitic Jaegar 0.00£0.00 0.00+£0.00  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Pomarine Jaeger 0.00+£0.00 0.00£0.00 0.01+0.01 0.00+£0.00 0.00+0.00 0.00+0.00
South Polar Skua 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Alcids 0.35£0.15 0.57£0.10 0.06+0.03 0.01£0.01 0.08+0.05 0.030.03
Cassin's Auklet 0.24+0.13 0.04+0.02 0.00£0.00 0.00£0.00 0.00£0.00 0.00+0.00
Common Murre 0.00£0.00 0.00+£0.00  0.00+0.00 0.01+0.01 0.00+£0.00 0.00+0.00
Pigeon Guillemots 0.01£0.01 0.53+0.10  0.04+0.02 0.00+£0.00 0.08+0.05 0.03+0.03
Rhinoceros Auklet 0.06+£0.04 0.01£0.01  0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Xantus' Murrelet 0.00£0.00 0.00+£0.00  0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00
Phalaropes 0.00£0.00 0.12£0.11  0.10£0.04 0.01£0.01 0.02£0.02 0.00%0.00
Red 0.00£0.00 0.00+£0.00  0.00+0.00 0.01+0.01 0.00+0.00 0.00+0.00

Red-necked 0.00+£0.00 0.01+0.01  0.02+0.02 0.00+0.00 0.00+0.00 0.00+0.00
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Table 1.7. Population size estimates (+SE) of seabirds within the study area during January,
May, and September from 1999-2002. Estimates are based on at-sea transect data and
may not be accurate for coastal species. Bolded families include unidentified birds of that family.

Species At-Sea Population Size Estimate
January May September

All Seabirds 981,412 £ 143,940 862,103 + 94,677 762,038 + 171,651
Loons 39,256 + 12,316 6,158 + 2,309 00
Common 1,539 £ 770 00 00
Pacific 24,632 + 8,467 4,618 + 1,539 00
Red-throated 00 0+0 0+0
Grebes 204,749 £ 113,921 9,237 £ 3,079 2,309 1,539
Horned 00 0+0 0£0
Pied-billed 00 00 00
Western 204,749 + 113,921 9,237 + 3,079 2,309 + 1,539
Albatrosses 7700 00 00
Black-footed 00 00 0+0
Laysan 0+0 0+0 0+0
Shearwaters & Fulmars 39,256 + 10,007 380,249 * 66,197 297,887 + 73,895
Buller's Shearwater 00 00 5,388 + 1,539
Black-vented Shearwater 13,855 £ 9,237 0+0 4,618 £2,309
Northern Fulmar 16,934 + 2,309 3,849 £ 770 7700
Pink-footed Shearwater 1,539 £770 6,158 £ 770 62,349 + 16,164
Sooty Shearwater 3,079 £ 770 366,394 + 66,197 182,427 £ 53,112
Storm-Petrels 6,158 £ 770 16,934 + 1,539 17,704 + 2,309
Ashy 3,079 £ 770 7,697 + 1539 8,467 + 1,539
Black 00 3,079 £ 770 2,309 £ 770
Leach's 7700 3,849 £ 770 5,388 £ 770
Tropicbirds 0%0 0%0 77020
Red-billed 00 0+0 0+0
Pelicans 12,316 £ 2,309 6,158 + 1,539 63,888 + 47,724
Brown 12,316 £ 2,309 6,158 + 1,539 63,888 + 47,724
Cormorants 14,625 £ 3,849 11,546 + 2,309 12,316 + 3,079
Brandt's 5,388 £ 770 8,467 + 1,539 7,697 + 3,079
Double-crested 3,849 + 3,079 770+ 0 770+ 0
Pelagic 0+0 7700 0+0
Sea Ducks 10,007 £ 3,079 00 00
Brant 00 00 00
Red-breasted Merganser 0+0 0+0 0+0
Surf Scoter 10,007 + 3,079 00 0+0
White-winged Scoter 0+0 0+0 0+0

Larids

Gulls
Black-legged Kittiwake
Bonaparte's
California
Glaucous
Glaucous-winged
Heermann's
Herring

Mew

Ring-billed
Sabine's

Western

Terns

Caspian
Comon/Arctic
Elegant
Elegant/Royal
Forster's

Least

Royal

Jaegers & Skuas
Long-tailed Jaeger
Parasitic Jaegar
Pomarine Jaeger
South Polar Skua
Alcids

Cassin's Auklet
Common Murre
Pigeon Guillemots
Rhinoceros Auklet
Xantus' Murrelet
Phalaropes

Red

Red-necked

404,111 + 60,039
400,262 * 60,039
34,638 + 3,849
7,697 £ 3,079
230,920 + 57,730
00

770 £0

19,243 £ 6,158
00

00

00

00

85,441+ 7,697
1,539 £ 770

770 £0

00

00

770 £0

00

00

00

3,079 £770
00

00

1,539 £ 0

00

183,197 £ 16,934
115,460 + 15,395
10,776 + 3,849
00

46,184 £4,618
770 £0

62,349 6,928
33,868 + 3,849
1,539 £ 770

122,388 + 16,164
109,302 + 16,164
0+0

3,079 £ 1,539
12,316 £ 6,928
00

0£0

00

0+0

00

0+0

9,237 £1,539
80,052 + 12,316
11,546 1,539
770£0

4,618 £ 1,539
770£0

2,309 £ 770
7700

1,539 £ 770
00

1,5390

0+0

0£0

7700

0+0

87,750 + 33,868
69,276 + 33,099
1,539+ 770
7700

1,639+ 770
13,855 £ 3,079
219,374 £ 37,717
18,474 + 13,085
67,737 + 13,855

235,539 * 62,349
190,894 £ 61,579
0+0

0+0

7700

0+0

0£0

5,388 + 1,539
0+0

0+0

0+0

8,467 + 2,309
163,184 + 56,191
33,868 * 6,928
0+0

26,941 £6,158
770 £770

3,079 £770

770 £ 770

0+0

0+0

10,007 £ 770
0£0

7700

3,849 £ 770
0+0
15,395 £ 2,309
4,618 £ 1,539
5,388 + 1,539
0£0

7700

0+0

114,691 £ 18,474
11,546 £ 2,309
10,776 + 2,309
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Table 1.8. Change in at-sea densities (birds/km? + SE) of seabirds in Southern California from 1975-1983 during
December-February, April-June, and August-October (Briggs et al. 1987) and from 1999-2002 during January, May, and

September.
Species 1975-1983 1999-2002 % Change in Density
Dec.—Feb. April-June Aug.—Oct. January May September  January May September
All Seabirds 14.7844.02 25.93%6.52 17.11+2.12  12.75%1.87 11.20%1.23 9.90%+2.23 -14%  -57% -42%
Loons 0.99£0.45 0.50:0.15 0.02%0.01 0.51£0.16 0.08+0.03 0.00£0.00 -48%  -84% -100%
Common 0.05£0.01 0.02+0.01 0.00+0.00 0.02£0.01 0.00£0.00 0.00%0.00 -60% -100% na
Pacific 0.2740.19 0.41x0.15 0.01x0.01 0.3240.11 0.06+0.02 0.00+0.00 19% -85% -100%
Red-throated 0.01£0.00 0.00£0.00 0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00 -100% na na
Grebes 0.35£0.18 0.04£0.01 0.320.16 2.66+1.48 0.1210.04 0.03+0.02 660% 200% -91%
Horned 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Pied-billed 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 na na na
Western 0.33£0.18 0.03x0.01 0.31x0.16 2.66+1.48 0.12£0.04 0.03+0.02 706% 300% -90%
Albatrosses 0.00£0.00 0.01+0.00 0.00+0.00 0.01£0.00 0.00£0.00 0.00%0.00 na -100% na
Black-footed 0.00£0.00 0.01+0.00 0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00 na -100% na
Laysan 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Shearwaters & Fulmars 0.42+0.09 13.90£5.82 4.50%1.39 0.51£0.13 4.94+0.86 3.87+0.96 21% -64% -14%
Buller's Shearwater 0.00£0.00 0.00£0.00 0.08+0.06 0.00£0.00 0.00+£0.00 0.07+0.02 na na -13%
Black-vented Shearwater 0.00+0.00 0.00+0.00 0.00+0.00 0.18+0.12 0.00£0.00 0.06%0.03 na na na
Northern Fulmar 0.38£0.08 0.02+0.01 0.08+0.02 0.2240.03 0.05+0.01 0.01+0.00 -42% 150% -88%
Pink-footed Shearwater 0.01+0.00 0.38+0.10 0.66+0.15 0.02£0.01 0.08+0.01 0.81+0.21 100% -79% 23%
Sooty Shearwater 0.01x0.00 10.55+4.87 3.26+1.38 0.04+0.01 4.76x0.86 2.37+0.69 300% -55% 27%
Storm-Petrels 0.10£0.02 0.76%0.42 0.200.02 0.08£0.01 0.22+0.02 0.23%0.03 -20% -711% 15%
Ashy 0.01£0.01 0.10£0.09 0.02+0.01 0.04£0.01 0.10£0.02 0.11£0.02 300% 0% 450%
Black 0.00£0.00 0.02+0.01 0.02+0.00 0.00£0.00 0.04+0.01 0.03%0.01 na 100% 50%
Leach's 0.03£0.01 0.13x0.03 0.070.01 0.01£0.00 0.05+0.01 0.07+0.01 -67% -62% 0%
Tropicbirds 0.00£0.00 0.01+0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.010.00 na -100% na
Red-billed 0.00£0.00 0.01%0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 na -100% na
Pelicans 0.20£0.07 0.03+0.01 0.43%0.13 0.16£0.03 0.08+0.02 0.83%0.62 -20% 167% 93%
Brown 0.17£0.07 0.03x0.01 0.40%0.13 0.16£0.03 0.08+0.02 0.83%0.62 -6% 167% 108%
Cormorants 0.5740.37 0.06£0.02 0.04%0.01 0.19£0.05 0.15£0.03 0.1610.04 -67% 150% 300%
Brandt's 0.02+0.01 0.02+0.01 0.00+0.00 0.0740.01 0.11+0.02 0.10+0.04 250% 450% na
Double-crested 0.00£0.00 0.00+0.00 0.00+0.00 0.05£0.04 0.01+0.00 0.01+0.00 na na na
Pelagic 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.01+0.00 0.00+0.00 na na na
Sea Ducks 0.14£0.03 0.1410.10 0.0210.01 0.13£0.04 0.00£0.00 0.00%0.00 7% -100% -100%
Brant 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Red-breasted Merganser 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 na na na
Surf Scoter 0.0740.02 0.10+0.10 0.01+0.01 0.13£0.04 0.00+0.00 0.00+0.00 86% -100% -100%
White-winged Scoter 0.01£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 -100% na na
Larids 7.8413.03 2.4010.47 6.331.41 5.25%0.78 1.59%0.21 3.060.81 -33% -34% -52%
Gulls 7.7243.03 2.34%0.47 5.84+1.41 5.20£0.78 1.42£0.21 2.48%0.80 -33% -39% -58%
Black-legged Kittiwake ~ 0.40+0.11 0.18+0.08 0.01+0.00 0.45£0.05 0.00+0.00 0.00+0.00 13% -100% -100%
Bonaparte's 2.99+2.80 0.82+0.37 0.13+0.05 0.10£0.04 0.04+0.02 0.00+0.00 -97% -95% -100%
California 1.90+0.57 0.05+0.01 0.34+0.14 3.00£0.75 0.16+0.09 0.01+0.00 58% 220% -97%
Glaucous 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 na na na
Glaucous-winged 0.01£0.00 0.00£0.00 0.01x0.01 0.01£0.00 0.00+0.00 0.00+0.00 0% na -100%
Heermann's 0.03£0.01 0.01x0.01 0.470.25 0.25£0.08 0.00£0.00 0.07+0.02 733% -100% -85%
Herring 0.14£0.03 0.03x0.01 0.01x0.01 0.00£0.00 0.00+0.00 0.00+0.00 -100% -100% -100%
Mew 0.02+0.01 0.00£0.00 0.00+0.00 0.004£0.00 0.00+0.00 0.00+0.00 -100% na na
Ring-billed 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Sabine's 0.00+0.00 0.03+0.01 0.01+0.00 0.00+0.00 0.12+0.02 0.11+0.03 na 300% 1000%
Western 0.79£0.15 0.67+0.08 2.35+0.48 1.11£0.10 1.04£0.16 2.12:0.73 41%  55% -10%
Terns 0.01£0.00 0.03+0.01 0.230.05 0.02£0.01 0.15£0.02 0.4410.09 100% 400% 91%
Caspian 0.00£0.00 0.00£0.00 0.00+0.00 0.01£0.00 0.01+0.00 0.00+0.00 na na na
Comon/Arctic 0.004£0.00 0.00+0.00 0.00+0.00 0.004£0.00 0.06+0.02 0.35+0.08 na na na
Elegant 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.01+0.00 0.01+0.01 na na na
Elegant/Royal 0.00£0.00 0.00£0.00 0.00+0.00 0.01£0.00 0.03+0.01 0.04%0.01 na na na
Forster's 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.01+0.00 0.010.01 na na na
Least 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.02+0.01 0.00+£0.00 na na na
Royal 0.01£0.00 0.00£0.00 0.01+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 -100% na -100%
Jaegers & Skuas 0.11£0.02 0.03%0.01 0.25%0.04 0.04£0.01 0.02£0.00 0.130.01 -64% -33% -48%
Long-tailed Jaeger 0.00£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Parasitic Jaegar 0.00£0.00 0.00£0.00 0.01+0.00 0.00£0.00 0.00+0.00 0.01+0.00 na na 0%
Pomarine Jaeger 0.08+0.02 0.02+0.01 0.16+0.02 0.02£0.00 0.01+0.00 0.05%0.01 -75% -50% -69%
South Polar Skua 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 na na na
Alcids 3.21£0.98 1.08%0.22 1.550.63 2.38+0.22 1.1410.44 0.20+0.03 -26% 6% -87%
Cassin's Auklet 0.68+0.11 0.45+0.09 0.90+0.61 1.50+£0.20 0.90+0.43 0.06+0.02 121% 100% -93%
Common Murre 0.55+0.20 0.11£0.04 0.52+0.18 0.14+0.05 0.02+0.01 0.07+0.02 -75% -82% -87%
Pigeon Guillemots 0.00£0.00 0.02+0.01 0.00+0.00 0.00£0.00 0.01+0.00 0.00+0.00 na -50% na
Rhinoceros Auklet 0.66+0.11 0.03x0.01 0.02+0.01 0.60£0.06 0.02+0.01 0.01£0.00 9% -33% -50%
Xantus' Murrelet 0.01£0.00 0.08+0.03 0.00+0.00 0.01£0.00 0.18+0.04 0.00+0.00 0% 125% na
Phalaropes 0.95£0.20 7.00+2.30 3.70%0.49 0.81£0.09 2.85:0.49 1.4910.24 -15% -59% -60%
Red 0.09£0.03 0.26+0.08 0.24x0.11 0.44£0.05 0.24+0.17 0.15+0.03 389% -8% -38%
Red-necked 0.00£0.00 0.00+0.00 0.03+0.01 0.02+0.01 0.88+0.18 0.14+0.03 na na 367%
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Table 1.9. Shannon-Weiner Diversity Index (H') values and number of species
calculated for subareas, transect types, and survey months from 1999-2002.

Number of
H' Species
At-sea 2.56 48
Coastal 1.95 38
Subarea One 1.90 46
Subarea Two 2.26 18
Subarea Three 2.07 40
Subarea Three Minus Islands 1.92 40
Subarea Four 1.79 41
Subarea Four Minus Islands 2.40 36
Subarea Five 2.30 33
Subarea Five Minus Islands 2.35 27
Northern Channel Islands 1.75 25
Southern Channel Islands 1.17 21
Northern Mainland 1.56 26
Central Mainland 1.49 27
Southern Mainland 1.52 24
January 1.80 46
May 2.10 40

September 1.86 40
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FIGURE 1.1. Map of central and southern California showing locations of county boundaries, major cities,
coastal points, and islands.



122 00 121 00 120 00 119 00 118 00
3 00
3% 00
34 00
3 00
122 00 121 00 120 00 119 00 118 00

FIGURE 1.2. Map of central and southern California showing oil lease and platform locations. Oil leases are
represented by squares. Platforms are represented by solid circles within lease areas.
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FIGURE 1.3. Map of central and southern California showing boundaries of military sea test ranges.

66




3600

300

A-00

300

12200 121-00 120-00' 119-00 118-00
e !
12200 121-00 120-00 119-00 118-00

67

3600

13600

e a00)

FIGURE 1.4. Map of central and southern California showing locations of core area and non-core area
transect lines. Core area transect lines are represented by thicker lines. Non-core area transect lines
are represented by thinner lines. The core area was surveyed twice each survey month from 1999-2002.
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subareas are numbered 1-5. Coastal subarea boundaries are denoted by bars. NMC = northern mainland coast.
CMC = central mainland coast. SMC = southern mainland coast.
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FIGURE 1.6. All seabird densities (birds/km?2) and distribution off southern
California from 1999-2002 during January, May, and September.

69



70

122°00' '121°00' ''120°00' 119°00' ''118°00'
Il iy
35°00'] 35°00'
igai:
CITTTTTTTITITT | f -
34°00" [ITITTTTTT T - t,z 34°00"
ITT T T T T T T T T T T T T T T T T T T T T T I T T T T RAAT AL [ B
|43
N A A % A A e o I I I I I I B
|7
33°00" [T T T T T T T T T T T T I T T T T T I T T T T TTITTIT T T T T T T TITTT1] % 133°00"
I A s e A 0 O I I 2™
January HJHHHHHHHVAEHHH%,
35°00' 35°00'
ITTTTTTTTTITITIT
o ' [TITTTTTI T I 1= [T N ,
34°00 ] 34°00
[TITTTTTTTT
I A A I I
[TT T T T T T T T T I T TITITT % [TVAA T T T T T I T YA T T T T 117
33°00" [T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T 1] 33°00"
May [ITITTTTT T T T T T T T T I T T T T T I T TT1T %,
[ Iy
35°00' 35°00'
10.84
iz
[TTTTTTTTITTT17T O = f
34°00" [TITTTITTIT M}_ . 34°00'
oo R T e
I TT TP T T T T T T T T T T T T TITITT \QjJ I I | \
[ITITTTTTTTTITTITITITITIT VA% [TTTTTTT Z Z é [TTTTT17] i
33000, I A I A A A % EA [TTTTTTTTT V;E 33900,
September T T T T T T T I T T I T T T T T T T TITITITT %
122°00' 121°00' 120°00' 119°00' 118°00'
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FIGURE 1.11. Double-crested Cormorant densities (birds/km2) and
distribution off southern California from 1999—2002 during January, May,
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FIGURE 1.12. Pelagic Cormorant densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.13. Alcid densities (birds/km?2) and distribution off southern
California from 1999-2002 during January, May, and September.
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FIGURE 1.14. Cassin’s Auklet densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.15. Rhinoceros Auklet densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.16. Common Murre densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.17. Xantus’s Murrelet densities (birds/lkm?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.18. Pigeon Guillemot densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.19. Loon densities (birds/km?2) and distribution off southern
California from 1999-2002 during January, May, and September.
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FIGURE 1.20. Unidentified loon densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.21. Pacific Loon densities (birds/km?2) and distribution off
southern California from 1999-2002 during January and May. No Pacific
Loons were observed during September.



85

122°00" '121°00" ' 120°00" 119°00' 118°00"
: %
[_]0
¢ 0-0.3
I I B 0.3-0.5
35°00' 35°00'
0.5-1
I I B -1—3.6
N I A B H’:’:
34°00" I I O L. | % 134°00°
[ITTTTTT T T
HHHHHHHH\H\HHHHHJHHHHN
HHHHHHHH\\@HHHHH\T\“\HHHHT\
33°00"' HHHHHHHH\HHHHHHH‘HHHHHHH% L33°00"
N D s e N I A ™
January I Y Y A B A O A=
122700’ 121°00' 120°00' 119°00' 118°00'
122700’ 121°00' 120°00' 119°00" 118°00'
[ Iy
35°00" HHHHH\HHI L35°00"
[ITITTTTTTTTTTIT {
I I
\H\\\\H\H:Aﬁ*ﬁquﬁ\
34°00" ‘:ﬁ’”fﬁ = j% [34°00"
I I I A [
[T T T T I T T T T T T T T T T T T T T T T T P T T T T T T TS
]
I P
1T | i
33°00" HHHHHHHH\HHHHHHH«HHHHHHHP’% 133°00"
T T T T T T T T T T Y T T T T T T T T T T T T [ e
September I TT T T T T T T T T I T T T T I I T T I T T T T 15
122700’ 121°00' 120°00' 119°00' 118°00'

FIGURE 1.22. Common Loon densities (birds/km?2) and distribution off
southern California from 1999-2002 during January and September. No

Common Loons were observed during May.
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FIGURE 1.23. Larid densities (birds/km?) and distribution off southern
California from 1999-2002 during January, May, and September.

86



87

122°00' ''121°00' '120°00' i 119°00' 118°00'
T T
35°00"] 35°00'
10 - 475.74
PATTA I 2Nz
v 7
34°00" 34°00'
33°00" 33°00'
January
T T Jf
[0
B
35°00' I 4'_ 10 [35°00'
B 0-475.74
7 I
%
Z
Z e
34°00' g '34°00"
O I T T I VA AT I
O T T T
I
33°00" O I I T AT T T T AT I L33200"
ZEEEEEEE [T T TI]

May H\WM/AHHHHH\kuwwﬁ,
35°00"] 35°00'
34°00"] 34°00'
33°00"] 33°00'

September T O I T AT I I I I I I T %A

122°00' 121°00' 120°00' 119°00' 118°00'

FIGURE 1.24. Western Gull densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.25. California Gull densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.26. Heermann’s Gull densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.27. Sabine’s Gull densities (birds/km?2) and distribution off
southern California from 1999-2002 during May and September. No
Sabine’s Gulls were observed during January.
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FIGURE 1.28. Bonaparte’s Gull densities (birds/km?) and distribution off

southern California from 1999-2002 during January and May. No
Bonaparte’s Gulls were observed during September.
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FIGURE 1.29. Black-legged Kittiwake densities (birds’km2) and
distribution off southern California from 1999-2002 during January and
May. No Black-legged Kittiwakes were observed during September.
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FIGURE 1.30. Caspian Tern densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.31. Procellariid densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.32. Sooty Shearwater densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.33. Pink-footed Shearwater densities (birds/km?) and
distribution off southern California from 1999-2002 during January, May,
and September.
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FIGURE 1.34. Black-vented Shearwater densities (birds/km2) and
distribution off southern California from 1999-2002 during January, May,
and September.
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FIGURE 1.35. Northern Fulmar densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.36. Ashy Storm-petrel densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.37. Black Storm-petrel densities (birds/km?2) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.38. Leach’s Storm-petrel densities (birds/km?) and distribution
off southern California from 1999-2002 during January, May, and
September.
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FIGURE 1.39. Laysan Albatross sightings off southern California during January of 2000 and 2001.
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FIGURE 1.40. Black-footed Albatross sightings off southern California during January and May of 2000

and January and September of 2001.
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FIGURE 1.41. Surf Scoter densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.42. Western Grebe densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.43. Phalarope densities (birds/km?) and distribution off
southern California from 1999-2002 during January, May, and September.
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FIGURE 1.44. Unidentified phalarope densities (birds/km?) and
distribution off southern California from 1999-2002 during January, May,
and September.
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CHAPTER 2:

AT-SEA AERIAL SURVEYS OF MARINE MAMMALS IN THE
SOUTHERN CALIFORNIA BIGHT: 1999-2002

Mark O. Pierson’, John W. Mason®, Michael D. McCrary™®, Gerard J. McChesney*’, William
R. Mclver®®, Harry R. Carter*®, Richard T. Golightly®, Dennis L. Orthmeyer>®, John Y.
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Abstract: From May 1999 through January 2002, we conducted aerial at-sea and coastline
surveys to examine the distribution, diversity, and abundance of marine mammals off southern
California, from Cambria to the U.S./Mexican border. We conducted surveys on 102 days,
flew more than 54,640 km of transect lines, and completed nine surveys of the entire Southern
California Bight during January, May, and September. We identified 20 species of marine
mammals—including 4 pinnipeds, 1 carnivore (southern sea otter, Enhydra lutris nereis), and
15 cetaceans—and recorded an estimated 68,309 individuals.

We also calculated at-sea densities for five of the most abundant species—common
dolphin (Delphinus delphis/capensis), Risso’s dolphin (Grampus griseus), bottlenose dolphin
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(Tursiops truncatus), California sea lion (Zalophus californianus), and harbor seal (Phoca
vitulina). The overall mean density for these species was 1.66 animals km?, with seasonal
densities ranging from 1.13 to 2.02 animals km? These densities primarily reflect the
abundance of common dolphins and California sea lions—the two most common marine
mammal species in the study area. Collectively, these two species account for 85.5% of all
marine mammals recorded. Mean densities were highest in September when common dolphins
were most abundant in the study area, intermediate in January when California sea lions
reached peak abundance at sea, and lowest in May.

Mean populations of common dolphins in the study area were estimated at 28,480 +
8,467 in January, 8,467 + 5,388 in May, and 93,138 £ 36,947 in September. Estimated mean
populations of California sea lions during these months were 88,520 = 16,934, 54,651 + 5,388,
and 46,954 + 4,618, respectively.

Overall, observed marine mammal abundance was greatest in the Santa Barbara
Channel, near the northern Channel Islands, and from the Santa Rosa—Cortes Ridge to the
vicinity of San Nicolas Island. Marine mammal sightings were widespread throughout the
study area in January and most restricted in distribution in September, when they centered in
the Santa Barbara Channel.

We present detailed accounts for the 20 species of marine mammals identified during
the current study and compare calculated densities of the most abundant species to densities
recorded by Bonnell et al. (1981, 1983) and Dohl et al. (1981, 1983) during the baseline studies
conducted between 1975 and 1983.

INTRODUCTION

The marine mammal population off California includes 8 baleen whale species; more
than 20 species of porpoises, dolphins, and other toothed whales; 6 species of pinnipeds; and
the sea otter—at least 39 species have been identified from sightings or strandings. Some
species are purely migrants that pass through central and southern California waters on their
way to calving or feeding grounds elsewhere, some are seasonal visitors that remain for a few
weeks or months, and others are resident for much or all of the year. At certain times of the
year, hundreds of thousands of marine mammals may be present.

The narrow continental shelf along the Pacific coast, which results in the proximity of
both deep-water and shelf habitats, and the presence of the cold California Current sweeping
down from Alaska allow many northern forms to reach nearshore waters as far south as Baja
California. As a result, the waters of the Santa Maria Basin and Southern California Bight
encompass a region of overlap of warm- and cool-water species (Bonnell and Dailey 1993).

Most of the marine mammal species in central and southern California were heavily
exploited during the last two centuries for oil, pelts, and other products, and some species are
still recovering. Much of the historical information on marine mammal populations is based on
accounts by whalers and sealers, and the original sizes of most populations are not well known
(Bonnell and Dailey 1993). However, it is known that the populations of many marine
mammals were much larger in the past. Recognition of this has led to the passage of several
laws regulating human activities where marine mammals might be adversely affected. In the
U.S., these include the Marine Mammal Protection Act of 1972, which prohibits the intentional
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take, import, or export of any marine mammal without a permit, and the Endangered Species
Act of 1973, which extends similar protection to species listed as threatened or endangered.
The threatened or endangered marine mammal species found in southern California waters
include six whales (blue, humpback, fin, sei, right, and sperm whales), two pinnipeds
(Guadalupe fur seal and Steller sea lion), and the California sea otter.

In comparison with other areas, California marine mammals have been relatively well
studied. Much of the information gathered during recent decades resulted from systematic
aerial and vessel surveys sponsored by the Minerals Management Service’s (MMS)
Environmental Studies Program. From 1975 to 1983, researchers at the University of
California at Santa Cruz (Bonnell et al. 1981, 1983; Dohl et al. 1981, 1983; Bonnell and Dailey
1993) conducted the first replicated and quantitative assessments of marine mammals off the
California coast using aerial surveys. Their results included a comprehensive large-scale
assessment of the distribution, abundance, and diversity of marine mammals in the Santa Maria
Basin and the Bight. They documented 27 marine mammal species off California. Pelagic
data from these and more recent MMS studies in the area have been computerized,
standardized, and compiled in the Marine Mammal and Seabird Computer Database Analysis
System (CDAS, Bonnell and Ford 2001).

More recently, pelagic surveys of marine mammals and studies of pinniped populations
on land in California have been conducted by the National Marine Fisheries Service and
associated institutions (e.g., Barlow 1995; Barlow et al. 1995, 1997; Barlow and Gerrodette
1996; DelLong and Melin 2000; Forney et al. 2000; Stewart and Yochem 2000). Koski et al.
(1998) provide a recent synthesis of much of the information generated by these studies for
central and southern California waters.

More than two decades have passed since the 1975-1983 baseline studies. In that time,
there have been documented changes in some California marine mammal populations, several
major El Nifio events have occurred, and urbanization of the southern California coast and use
of area waters have increased. However, existing and future oil and gas activities offshore
southern California involve potential impacts to marine mammals, and there is a continuing
need for baseline data.

Therefore, we conducted aerial surveys to examine the current diversity, distribution,
and abundance of marine mammals and seabirds off central and southern California.
Additionally, we used the aerial survey data collected from 1975-1983 by Bonnell et al. (1981,
1983) and Dohl et al. (1981, 1983) to examine whether current marine mammal distribution
and abundance in this area has changed during the past two decades. Specifically, we
conducted aerial surveys both at-sea and along mainland and island coastlines during
September, January, and May from 1999 to 2002. We then spatially linked our current data set
using the Geographical Information System program Arc View to calculate area-specific
marine mammal densities for temporal analysis. We also examined the influence of season and
subarea within the study area on the diversity and abundance of marine mammals and
compared this to historical data. We present detailed accounts for all 20 marine mammal
species that we recorded.
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STUDY AREA

The study area encompasses continental shelf and slope waters along the central and
southern California coast, from 35°35'N (off the city of Cambria, San Luis Obispo County)
south to the U.S./Mexico border, and from the mainland shoreline west to 122°W at the
northern edge and to 119°30'W at the southern edge of the study area (Figure 2.1). North of
Point Conception, the coastline and seafloor are oriented generally north to south. Like most
parts of the California coast, the continental shelf gradually slopes westward before dropping
precipitously to depths in excess of 3,000 m. At Point Conception, the coastline and bottom
topography abruptly turn east and southeastward before resuming a more southerly course
between Los Angeles and San Diego. This area is known as the Southern California Bight.

The Bight is characterized by a variety of bathymetric and land features that combine to
form what is oceanographically a highly complex region. Circulation patterns in the Bight are
unique to the West Coast and result in a transition zone between warmer sub-tropical waters
from the south and colder nutrient rich waters from the north (Hunt et al. 1980). Eight major
islands, 11 deep-water basins, three major banks and seamounts, and at least 13 major
submarine canyons bisect the U.S. portion of the Bight (Dailey et al. 1993, Hickey 1993).
These features strongly affect the circulation pattern of the California Current, which turns
from its more typical equatorward flow to poleward flow in the Bight, with a predominant eddy
that circulates counterclockwise in the Bight (Hickey 1993). The strong coastal upwelling of
the northern and central California coasts is much reduced in the southern and inner waters of
the Bight, resulting in waters that are considerably warmer and lower in nutrients and primary
productivity.

The Bight also is extensively used by humans and is economically important,
contributing about $9 billion annually via offshore oil production, oil transportation by tankers,
commercial shipping, commercial fishing, military activities (e.g., weapons testing and
exercises), and public recreation. The human population bordering the Bight has increased
64% from 1970 to 2000, with concomitant increases in coastal development, sewage discharge,
recreational use, and commercial activities. The 2002 census estimated that more than 16
million people reside in the counties rimming the Bight. As a consequence, great concern
exists about the potential impacts of human activities on marine mammal and seabird
populations.

The islands and, to a much lesser extent, the mainland shores of the study area provide breeding
habitat for four species of pinnipeds (Bonnell and Dailey 1993). The California Channel
Islands, particularly San Miguel and San Nicolas Islands, host the largest pinniped breeding
colonies south of Alaska.

METHODS
Survey Transects

We conducted aerial surveys for marine mammals and seabirds three times a year in
January, May, and September from May 1999 to January 2002 (Table 2.1) along fixed strip-
transect lines located both at sea and along all mainland and island coastlines in the study area
(Figure 2.2). Coastal transects covered the mainland shoreline from Cambria, CA (35°35'N,
121°07'W) to the U.S./Mexican border (32°32'N, 117°07'W) and the shorelines of the eight
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Channel Islands. May, September, and January were chosen as survey months primarily
because they often coincided with peaks in breeding, post-breeding dispersal, and over-
wintering distributions, respectively, for many species of seabirds in the Southern California
Bight (Carter et al. 1992). These survey months also corresponded to breeding, migratory, and
foraging periods for many marine mammals, although marine mammal use of the study area
waters varies widely throughout the year depending on the species.

Previous studies indicated that the highest densities of marine mammals and seabirds in
the Bight occur near the northern Channel Islands (Bonnell et al. 1981; Briggs et al. 1981,
1987; Dohl et al. 1981) and, therefore, we concentrated our survey effort in this core area
(Figure 2.2). Transect lines were arranged systematically and were designed not only to
concentrate survey effort in areas near the northern Channel Islands, but also to include the
wide range of habitats and bathymetry throughout the Bight. Offshore transects near the
northern Channel Islands were predominantly oriented north to south and were spaced at
intervals of 10’ of longitude. In other areas of the study area, offshore transects oriented east to
west were spaced at intervals of 15' of latitude. We flew coastline (mainland and island)
transects about 300 m from shore, except in ecologically sensitive areas (e.g., marine mammal
haul-out sites and seabird nesting and roosting sites), where we flew up to 400 m from shore.
All at-sea and coastal transect lines were flown once per survey month except those located in
the core area, which were flown twice per survey month. We conducted the second survey 5-
10 days after the first survey. Weather conditions (e.g., fog or strong winds) and aircraft
availability determined whether the core area was surveyed during the first or second replicate
for each month.

At-Sea Subareas

We divided the at-sea study area into five subareas (Figure 2.3) to facilitate a more spatially
refined statistical comparison of our data with historic data (Bonnell et al. 1981, 1983; Dohl et
al. 1981, 1983). Subareas were selected to represent distinct oceanographic regions in the
study area, with four subareas created within the Bight and one to the north. Because our study
area was smaller than the areas surveyed during the 1975-1983 baseline studies, we placed a
13.5-km (7.5-NM) buffer around our study area and only made statistical comparisons between
our data and historical data using data within this buffered area.

At the northern end of the study area, subarea one extended from just south of Point Piedras
Blancas to just north of Point Conception and seaward 108 km (60 NM). The southern
boundary of the subarea was located along the edge of the transition zone between colder,
upwelled waters of central California and the more subtropical waters of the Bight (Chelton
1984, Lynn and Simpson 1987).

Subarea two encompassed the waters in the outer northern portion of the Bight, running
almost due south from Point Conception to south of the northern Channel Islands and out 117
km (65 NM) west of San Miguel Island. A major feature of this area was the Rodriguez
Seamount, approximately 55 km (30 NM) west of San Miguel Island.

Subarea three included the waters surrounding the northern Channel Islands and extending
eastward from Point Conception to Point Dume and south of the islands. Main features of this
area include the Santa Barbara Channel, major pinniped and seabird breeding habitat on the
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northern islands (particularly San Miguel Island), and significant upwelling (Harms and Winant
1998).

Subarea four encompassed the eastern Bight, which is little influenced by coastal
upwelling. This subarea contained pinniped breeding and haul-out areas on Santa Barbara,
Santa Catalina, and San Clemente Islands.

Subarea five included the offshore portion of the southern Bight, which contains large
expanses of open, deep ocean, as well as ocean ridges and banks. The northwestern section of
this subarea is influenced by the Point Conception upwelling plume. San Nicolas Island is an
important pinniped rookery and hauling ground.

Coastal Subareas

The coastlines of the mainland and the Channel Islands were divided into five subareas
(Figure 2.3): three subareas along the mainland coastline (northern, central, and southern) and
two subareas along the island coastlines (northern Channel Islands and southern Channel
Islands).

The northern mainland coastline subarea extended from Cambria to Point Arguello and
included Morro Bay, Point Buchon, and Point Sal.

The central mainland coastline subarea extended from Point Arguello to just east of
Point Dume and included Point Conception, the Santa Barbara Channel coastline, and Mugu
Lagoon.

The southern mainland coastline subarea extended from just south of Point Dume to the
U.S./Mexican border and included Santa Monica Bay, Palos Verdes, Dana Point, and Point
Loma.

The northern Channel Islands coastline subarea included San Miguel, Santa Rosa, Santa
Cruz, and Anacapa Islands.

The southern Channel Islands coastline subarea included Santa Barbara, San Nicolas,
Santa Catalina, and San Clemente Islands.

Aerial Surveys

We conducted aerial surveys from a high-winged, twin-engine Partenavia PN 68
Observer aircraft following the methods developed for surveying marine mammals by Bonnell
et al. (1981, 1983) and for surveying seabirds by Briggs et al. (1985, 1987). We flew surveys
at 61 m (200 ft) above sea level at 162 km hr'* (90 knots) ground speed. The primary observers
sat on either side of the aircraft and scanned the sea surface through bubble windows. Each of
two observers counted and identified marine mammals and seabirds sighted within a 50-m strip
on their side of the aircraft, for a total strip width of 100 m when both observers were
surveying. At least one observer surveyed, but observers discontinued surveying when glare
covered more than 25% of their field of view. To ensure that the strip width was 50 m, we
calculated sighting angles from the aircraft to the water (Appendix B). Observers rechecked
the sighting angles using a clinometer several times during each survey. Observers
concentrated survey effort within the 50-m strips, but also recorded animals sighted outside the
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strip. Animals outside the 50-m strip width were designated as off-transect and were not
included in density estimates or statistical analyses.

Observers recorded marine mammal and seabird observations on audiotape using hand-
held tape recorders (VSC-2002, Model No. 14-1158, Tandy Corporation, Fort Worth, TX,
USA). Data recorded included time (to the nearest second), species, number of animals,
behavior, age, sex, and plumage. Observers identified animals to species or nearest taxon and
made exact counts for solitary animals or small groups and estimated counts for large groups
(>10). They recorded marine mammal behaviors, including swimming, diving, and
rafting/floating on the water, and also determined swimming direction for animals sighted.

A third observer seated next to the pilot operated a laptop computer connected to an
onboard GPS unit (see below) and functioned as an additional marine mammal observer as
duties permitted. This observer entered marine mammal sightings into a sighting log by hand
and calculated sighting angles to observed animals using a clinometer.

Each observer transcribed their data from audiotape or sighting log to standardized data
forms and entered the data in the computer program SIGHT (Micro Computer Solutions,
Portland, OR, USA), which was used to help ensure more accurate data entry. Two people
checked the data entry for accuracy by printing the SIGHT data, comparing it with the
transcribed forms, and correcting any errors detected.

We determined the location of each observation using a Garmin® 12 Plus Global
Positioning System (GPS; Garmin Ltd., Olathe, KS, USA). We connected the GPS unit to a
laptop computer that was operated by the third observer in the aircraft. We synchronized
observer watches with the computer clock twice each day to ensure accuracy. The computer
program dLog (R.G. Ford Consulting, Inc., Portland, OR) recorded aircraft position (waypoint)
from the GPS unit every 5 seconds in a log file. We chose to record the aircraft’s position at
this frequency to allow adequate spatial coverage of the trackline (225 m is traversed every 5
seconds at our survey speed of 162 km hr*) and to limit the size of the resulting data files.

We then interpolated the location of each sighting using the program INTERPD (R.G.
Ford Consulting, Inc., Portland, OR, USA), which calculated sighting positions between
waypoints for each marine mammal observation based on the time the animal was observed
(we assumed the aircraft was traveling at a constant speed of 162 km hr). We checked for
errors in the waypoint log file by converting it to a text file and importing it into the
Geographical Information System (GIS) program ArcView (ESRI, Redlands, CA, USA) for
visual inspection. In ArcView, the waypoints appeared as a series of dots representing our
trackline on a map of the study area. If a waypoint appeared to be erroneous (i.e., it was not in
line with the rest of the waypoints or appeared to be over land on coastal transects), we deleted
it from the original log file. Occasionally, we lost GPS satellite reception or had computer
errors. To obtain locations for marine mammal observations that occurred during these errors,
we interpolated locations based on the assumption of constant aircraft speed and used the time
recorded for the observations to determine the sighting location.

Spatial Analysis

The track-log GPS data taken during the aerial survey were processed using SAS to
create text files in Earth Science Research Institute’s GIS program Arc Info (ESRI, Redlands,
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CA, USA) to generate a format for point and line coverages. Point and line coverages were
created, and attribute data were added. The data were reprojected using the California Teale
Albers projection for ease of distance and area calculations.

Track-line coverages were buffered (an area perpendicular to the transect line was
added) based on the number of observers in the aircraft (one observer, buffer = 25 m; two
observers, buffer = 50 m). After buffering the transect, data were split into coastal and offshore
types. This was necessary because there were instances where the two transect types passed
through the same grid cell. Next, both transect types were intersected with a master latitude
and longitude grid containing 1' of latitude by 1' of longitude and 5' of latitude by 5' of
longitude divisions. This grid system was used to calculate and display the species densities
and habitat values. After intersection, the buffered transects contained the unique latitude and
longitude grid-square identifier for both the 1'- and 5'- grids.

Species observations originally in dBase format were imported into Arc View as event
themes. Observation data points were filtered based on transect type (coastal or offshore) and
replicate number. Point and line coverages were first created in latitude and longitude formats
and reprojected to Albers format to match the buffered transects. Observation points were then
intersected with the buffered transects to assign grid number identifications to the points. The
databases were then processed in SAS software (SAS Institute, 1999) to calculate densities.

Statistical Analysis

We divided survey data into observations from offshore and coastal transects. We
analyzed offshore and coastal transect data separately to assess differences among seasons
(January, May, and September) and subareas. Data from offshore transects were used to make
statistical or qualitative comparisons with aerial survey data collected by Bonnell et al. (1981,
1983) and Dohl et al. (1981, 1983), who surveyed the Bight from 1975 to 1978 and surveyed
central and northern California (Point Conception to the California/Oregon border) from 1980
to 1983.

From the transect data, at-sea densities were calculated for five species of marine
mammals: California sea lion (Zalophus californianus), harbor seal (Phoca vitulina), long-
beaked/short-beaked common dolphins (Delphinus capensis/delphis), Risso’s dolphins
(Grampus griseus), and bottlenose dolphins (Tursiops truncatus). Since long-beaked and
short-beaked common dolphins could not be reliably distinguished from the air, they are treated
as a single species in this report. On-transect sighting sample sizes for the remaining species
were considered to be too small to support at-sea density calculations. Sightings were not
corrected for availability bias, the probability that an animal of a given species would be at the
surface (and thus available to be seen) when the survey aircraft passed over head.

We used generalized linear mixed models (GLMM) using SAS software (SAS Institute,
1999) to model species counts on grids as having a Poisson distribution with means that are
proportional to grid size (offset variable) (McCullagh and Nelder 1989) and that vary according
to subarea, season, year, and replicate. This Poisson model is equivalent to a model for species
density when dividing both sides of the model equation by grid size. We estimated and tested
the effects of subarea and season on densities. We controlled for variation between replicates
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and years by including them as random effect variables. We also estimated and tested these
effects to evaluate the significance of these effects on density.

For any species in which we observed no occurrences in any of the subareas or seasons,
we restricted the GLMM to estimate and test differences in densities on only those subareas
and seasons in which the species was observed. For those subareas or seasons where no
species was observed, the observed density and its standard error were zero. In this case, one
of two possibilities occurred. The first was that the entire season or subarea contained no
individuals of that species, which made that season or subarea significantly different from any
other season or subarea where the species was observed at least once. The second possibility
was that the species was present but too rare to be observed by the survey, in which case the
standard error of zero was useless. There were not enough data for the GLMM to distinguish
between these two possibilities or to compare them against the seasons and subareas that did
have observations. For this reason, we also evaluated differences in subareas and seasons
simply by identifying the subareas and seasons with observations from the ones with no
observations.

For similar reasons, we occasionally restricted the GLMM to exclude the replicate
random effect when no observations of the species occurred for one of the replicates.
Conversely, for those species having sufficiently high densities, we expanded the GLMM to
include a term for interaction between subarea and seasonal effects. Interaction effects were
estimated for a species whenever positive densities occurred in all combinations of subarea and
season.

Distribution maps for marine mammal species were created in ArcView. For the four
species discussed above, densities for 5 minute latitude and longitude grids were averaged
across years for each month creating three maps for each species representing January, May,
and September. To facilitate simpler visual comparison among the three maps, map legends
were numerically standardized for each species. The five legend categories were broken down
as follows: 1) zero representing locations where animals were not observed; 2) nonzero
densities to the 50" percentile; 3) densities between the 50" and 75" percentiles; 4) densities
between the 75" and 90" percentiles; and 5) densities between the 90" percentile and the
maximum density observed.

RESULTS AND DISCUSSION

From 1999 to 2002, we spent 102 days in the air and completed nine surveys. For all
surveys combined, we flew more than 54,641 km (30,356 NM) of trackline, with about 20,079
km (11,155 NM) in the core area and about 14,435 km (8,019 NM) along coastlines. We
recorded 4,795 total sightings, of which 3,118 (65%) were on transect. We estimated 68,309
marine mammals in the SCB, including 8,940 pinnipeds, 58,798 cetaceans, 409 sea otters, and
162 unidentified marine mammals. Of the total sightings, 3,118 (65%) were recorded on
transect. A total of 20 species of marine mammals was sighted, including 4 pinnipeds, 1
carnivore (southern sea otter, Enhydra lutris nereis), and 15 cetaceans (Table 2.2).

An additional 7 species known to occur in the study area (2 pinnipeds and 5 cetaceans)
were not sighted during the present study, but had been recorded in central and southern
California waters during the 1975-1983 studies (Bonnell et al. 1981, 1983; Dohl et al. 1981,
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1983) (Table 2.3). Of these species, the sei whale (Balaenoptera borealis), listed as threatened
under the U.S. Endangered Species Act (ESA) (35 FR 8495); pygmy and dwarf sperm whales
(Kogia breviceps/K. simus); and Mesoplodon spp. beaked whales are rare in southern California
waters. Short-finned pilot whales (Globicephala macrorhynchus) were common in the SCB in
the 1970s, particularly around Santa Catalina Island, but disappeared from area waters
following the major El Nifio event in 1982-1983 (Bonnell and Dailey 1993); they have been
sighted off California in low numbers in recent years (Carretta et al. 2003).

The lack of sightings of harbor porpoises (Phocoena phocoena) during the present study
is more difficult to understand. Although harbor porpoises have suffered mortality in
commercial fisheries in recent years, the stock found in nearshore waters along the coast
between Morro Bay and Point Conception is estimated to number nearly 1,000 animals
(Carretta et al. 2003). However, we searched these waters on every aerial survey and did not
detect harbor porpoises.

Although Steller sea lions (Eumetopias jubatus) were once abundant off southern
California, the state population has been declining for decades (Ainley and Lewis 1974;
Bonnell et al. 1981, 1983; Bonnell and Dailey 1993), and we did not observe them. Pups were
last born in the SCB on San Miguel Island in 1981 (DeLong and Melin 2000), and Stellers are
now quite rare in area waters. The species was listed as threatened under the ESA in 1990 (55
FR 50006).

Guadalupe fur seals (Arctocephalus townsendi) are also listed as threatened under the
ESA (50 FR 51252), and, although a few individuals are seen on the Channel Islands each year,
they are seldom sighted at sea in the SCB, and we did not detect them.

The overall mean density in the study area for the five most abundant species
(California sea lion, Zalophus californianus; harbor seal, Phoca vitulina; long-beaked/short-
beaked common dolphins, Delphinus capensis/delphis; Risso’s dolphin, Grampus griseus; and
bottlenose dolphins, Tursiops truncatus) was 1.66 animals km™, with seasonal densities ranging
from a low of 1.13 animals km™ in May to 2.02 km™ in September. These densities primarily
reflect the abundance of common dolphins and California sea lions—the two most common
marine mammal species in the study area. Mean densities were highest in September when
common dolphins were most abundant in the study area, intermediate in January when
California sea lions reached peak abundance at sea, and lowest in May.

The following species accounts discuss each of the 20 species recorded during the
present study.

PINNIPEDS
California Sea Lion (Zalophus californianus)

California sea lions range along the Pacific coast from British Columbia to Mexico.
They breed in the summer on islands from the Gulf of California in Mexico to the Channel
Islands in southern California (Bonnell and Dailey 1993). In southern California, California
sea lions breed on four islands: San Miguel, San Nicolas, Santa Barbara, and San Clemente.
San Miguel and San Nicolas are the major rookeries and together account for more than 90% of
all pups born (Bonnell and Dailey 1993).
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In the fall, non-lactating females, juveniles, and subadult and adult males disperse
northward from the Channel Islands rookeries to overwinter along the coasts of central and
northern California, Oregon, Washington, and British Columbia. Lactating females and pups,
however, remain in area waters year-round (Stewart and Yochem 2000). Simultaneously, other
animals, particularly adult males, move northward into the SCB from the Mexican rookery
islands (Bonnell et al. 1981, 1983). Males from the Baja California rookeries may spend most
of the year in U.S. waters (Carretta et al. 2003).

Although the historical data are insufficient to allow estimation of the pre-exploitation
population and distribution of the California sea lion, it is known that sea lions were very
abundant along the coasts of California and Baja California, Mexico, in the mid-19th century
(Scammon 1874). Beginning in the last century, extensive hunting sharply reduced sea lion
numbers until, by the late 1920s, less than 1,000 could be found on the southern California
rookeries (Bonnot 1928, Cass 1985). Since that time, the California sea lion population has
grown rapidly and recolonized much of its southern California range (Bartholomew and
Boolootian 1960, Le Boeuf and Bonnell 1980, Bonnell et al. 1983). Currently, the U.S. stock,
defined as that portion of the population breeding in U.S. waters, is estimated at 237,000-
244,000 animals and is believed to be growing at a rate of 5.4-6.1% per year (Carretta et al.
2003).

During the baseline study of Southern California Bight marine mammals conducted
from 1975 to 1978 (Bonnell et al. 1981), a minimum at-sea density for the study area of about
0.08 California sea lions km™ was recorded in the spring, from April through June (equaling
about 7,000 animals at sea). The maximum density of 0.53 sea lions km? was recorded in the
fall, from October through December (equaling about 48,000 animals at sea).

Based on analysis of the sighting data from the 1975-1978 study, Bonnell and Ford
(1987) found that California sea lions in the summer were most abundant in waters near their
rookery islands and in the north and central SCB. In the fall, when many California sea lions
were moving northward out of the area, a northward shift in distribution was also observed
within the SCB. Sea lion use of the waters of the SCB was highest in the winter. Through the
spring, as sea lions returned to the rookery islands, the areas of highest abundance shifted to the
central and eastern SCB, where spawning anchovy and squid are seasonally abundant (Bonnell
and Ford 1987, Bonnell and Dailey 1993).

In their 1980-1983 baseline study of central and northern California, Bonnell et al.
(1983) recorded peaks in at-sea abundance during the spring and fall. In the southern sector
(from about Point Conception to Point Sur, corresponding approximately to northern subarea 1
in the present study), densities of up to 1.34 animals km™ were observed over the shelf in the
fall. Numbers of sea lions hauled out on the central California coast peaked in mid-fall, as
animals moved northward. Bonnell et al. (1983) estimated the U.S. population of California
sea lions at 93,947 animals, based on counts made during the summer breeding season; this
figure included 62,547 sea lions counted on land and an estimated at-sea population of 31,400.

During the 3 years of the present study, we counted 8,047 California sea lions at sea,
both on and off transect, making them the most abundant pinnipeds in the study area. Sea lions
were generally seen alone or in pairs (with a mean of 1.7 animals per sighting), but
aggregations of up to 150 individuals were encountered.
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Sea lions were generally observed in relatively shallow water: 41.5% of the sightings
were recorded in waters over the continental shelf (0-200 m), and 72.7% were seen in waters
shallower than 600 m. The mean water depth for California sea lions sighted on-transect on
offshore surveys was 465.2 m.

California sea lions were sighted at distances of less than 0.2 to more than 117 km from
land. The mean distance from shore of California sea lions sighted on-transect on offshore
surveys was 17.1 km; 70.7% of the sightings were recorded less than 20 km from land.

Sighting Distribution. — California sea lions were sighted at sea throughout the study
area (Figure 2.4), with concentrations in waters west of Point Conception, in the Santa Barbara
Channel, over the Santa Rosa Ridge south to San Nicolas and Santa Barbara Islands, and in
waters extending south from San Nicolas Island to San Clemente Island and Tanner—Cortes
Banks. They were seen in greatest numbers around the Channel Islands, especially the northern
chain, San Nicolas Island, and Santa Barbara Island. Sea lions were also observed near shore
along the length of the mainland shoreline in the study area, particularly from Santa Monica
Bay northward. Based on the 1999-2002 sighting data, at-sea population estimates (£ SE)
were calculated for California sea lions within the study area (Table 2.4). The estimates ranged
from a low of 46,954 (+ 4,618) individuals in the area in September to a high of 84,671 (x
16,934) in January.

At-Sea Densities. — Densities of California sea lions (x SE) were calculated for the
entire study area using data from both the offshore and coastal surveys (Table 2.5). Although
the densities of sea lions recorded on offshore surveys did not differ significantly among
seasons or subareas, densities recorded on coastal surveys did differ significantly among
subareas (ANOVA: F41781 = 18.6, P < 0.0001), with greatest abundance observed along the
northern mainland coast and around the Channel Islands. Overall densities ranged from a low
of 0.61 sea lions km™ in September to a high of 1.10 in January. Highest densities (from 1.00
to 2.40) were observed in nearshore mainland and island waters on the coastal surveys.
Densities recorded on offshore surveys were lower and varied less, from 0.37 km? in May to
0.50 in January. Further detail on sea lions densities recorded in mainland and island nearshore
waters is presented in Tables 2.7 and 2.8.

Overall, at-sea densities were highest in the Santa Barbara Channel and the waters
surrounding the northern Channel Islands (subarea 3; Figure 2.3), ranging from 0.60 sea lions
km in May to 0.78 in January (Table 2.6). Although the highest seasonal density, 0.81 km,
was observed in the eastern SCB (subarea 4) in January, at-sea densities in this subarea during
the other survey months were low, 0.18 to 0.19. Densities in the waters west of San Miguel
Island and Point Conception (subarea 2) ranged from 0.05 km™ in January (the lowest subarea
density recorded during the study) to 0.52 in May. In the waters around and west of San
Nicolas Island (subarea 5), densities varied from 0.20 to 0.48 animals km™; north of Point
Conception, in the Santa Maria Basin and along the adjoining coastline, they ranged from 0.21
to 0.35.

Seasonal Patterns. — In January (Figure 2.5a), lactating females and their pups were
present on and near the rookery islands, and many animals from the Mexican rookeries were in
the SCB. Highest densities (1.5 or more km™) were recorded in nearshore waters at San
Miguel, Santa Rosa, San Nicolas, and San Clemente Islands; at Tanner Bank; over the San
Pedro Basin; and along the southern mainland shore off San Diego and Orange Counties.
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Lower densities were observed in the Santa Barbara Channel, around the northern Channel
Islands and Santa Barbara Island, nearshore in various areas along the mainland, offshore over
the slope in the Santa Maria Basin, over the Santa Rosa Ridge, and west of San Nicolas Island.

In May (Figure 2.5b), the pupping and breeding season was under way, and sea lions
were still returning to the rookery islands from waters to the north. Highest densities were
recorded in nearshore waters along the central coast; in upper slope waters northwest of San
Miguel Island; and in nearshore waters at San Miguel, Santa Rosa, and San Nicolas islands.
Lower densities were observed nearshore and offshore over the slope off the central coast, west
of San Miguel Island, in the Santa Barbara Channel and near the northern Channel Islands east
into Santa Monica Bay, nearshore at the southern Channel Islands, and near Tanner Bank.

In September (Figure 2.5c), many animals were moving northward out of the SCB,
while females and pups remain around the rookery islands. Highest densities were recorded in
nearshore waters along the central coast, around the northern Channel Islands and Santa
Barbara Island, and over the Santa Rosa Ridge. Lower densities were observed over the shelf
in the Santa Maria Basin, in the Santa Barbara Channel and near the northern Channel Islands
eastward toward Santa Monica Bay, and in the waters between San Nicolas and San Clemente
islands.

Summary. — California sea lions are present year-round in southern California waters
and are found throughout the study area. We found sea lions to be most abundant in waters
over the continental shelf and upper slope (less than 600 m deep) and nearshore (within about
20 km of land).

The U.S. population has more than doubled since the earlier baseline studies ended in
1983 and is still growing. Correspondingly, recorded at-sea densities of sea lions have risen by
a factor of two or more since the 1975-1983 baseline studies.

However, overall seasonal patterns of sea lion distribution in the study area have
remained relatively constant in the decades since the 1975-1983 studies. California sea lion
abundance at sea was consistently highest in the northern and central waters of the SCB, from
the Santa Barbara Channel and northern Channel Islands south through the other rookery
islands to Tanner-Cortes Banks. A seasonal shift in distribution toward the southern half of the
SCB was observed in winter, when thousands of animals from the Mexican rookeries enter the
area.

In shelf waters north of Point Conception, California sea lion abundance increased in
the fall as animals moved northward along the coast. A lower peak in abundance was observed
during the southward return in the spring.

Harbor Seal (Phoca vitulina)

In the eastern North Pacific, the harbor seal ranges along the coastline from Baja
California to the Aleutian Islands (Green et al. 1989). Currently, the California population is
estimated at 27,863 animals (Carretta et al. 2003). The observed growth rate of the California
population has slowed in recent years on both the mainland and the Channel Islands, and the
stock may be near its environmental carrying capacity (Carretta et al. 2003).
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Harbor seals haul out on all the islands in the Southern California Bight, although
nearly 90% of total island counts are recorded on the northern island chain, and there is a
distinct seasonal pattern of abundance on land (Bonnell and Dailey 1993). The numbers of
harbor seals observed on land increase rapidly through the spring and summer, as animals haul
out to pup, breed, and molt. Pups are born in southern California from mid-February through
mid-April, with a peak in March (Bartholomew and Boolootian 1960, Stewart 1988, Green et
al. 1989). In mid-July, numbers hauled out begin declining to less than one-third of the
summer level as animals disperse following the breeding season and molt; the population
observed on land remains at this lower level through the fall and winter (Bonnell et al. 1981,
Stewart and Yochem 1984, Bonnell and Dailey 1993). Harbor seals may make week-long trips
to sea, or possibly move to and from other haul-out sites (Hanan 1996, Koski et al. 1998).

Based on their census data from the 1975-1978 baseline study, Bonnell et al. (1981)
concluded that the Southern California Bight harbor seal population was growing and estimated
that it numbered about 3,000 animals. On at-sea surveys, harbor seals were generally seen
close to shore: 71% were recorded within 10 km of land. They were sighted around all the
Channel Islands (over 50% of all sightings were within 10 km of the northern chain). Low
numbers of harbor seals were also recorded throughout the SCB, in waters over the Santa
Rosa—Cortes Ridge, in the San Pedro Basin, and off the Palos Verde Peninsula. Greatest
numbers were recorded during the summer, from July through September, but the numbers
were too low for seasonal patterns to be discerned (Bonnell et al. 1981, Bonnell and Dailey
1993).

During their 1980-1983 study of central and northern California waters, Bonnell et al.
(1983) sighted a few harbor seals as far as 50 km from shore, but most (91%) were recorded
within 20 km of the coastline. About 80% of the sightings were made in waters less than 200
m deep. Bonnell et al. (1983) recorded highest at-sea densities north of the current study area,
from about Point Sur northward. Greatest numbers of harbor seals were sighted during the
winter, from December through February.

During the 3 years of the present study, we counted 497 harbor seals at sea, both on and
off transect. Sightings of harbor seals were almost always of individual animals, although
groups of up to 6 were occasionally observed.

Harbor seals were found primarily in shallow, nearshore waters: more than 88% of the
sightings were recorded on coastal surveys within 0.5 km of shore. On offshore surveys,
79.4% of the sightings were recorded in waters over the continental shelf, and 91.2% were in
waters shallower than 400 m. The mean water depth for harbor seals sighted on-transect on
offshore surveys was 181.8 m.

Harbor seals were sighted on transect on offshore surveys at a mean distance of 6.9 km
from shore; 52.9% of the sightings were recorded less than 5 km from land, and 79.4% were
within 10 km. Only one harbor seal was seen more than 20 km from shore.

Sighting Distribution. — Unsurprisingly, relatively few harbor seals were observed on
offshore surveys (Figure 2.6). Most sightings were recorded in waters over the shelf north of
Point Conception and throughout the Santa Barbara Channel. Several were also seen in the
south-central SCB near the southern Channel Islands. On coastal surveys, harbor seals were
sighted along the length of the mainland shoreline, with highest concentrations observed on the
Santa Barbara and San Luis Obispo County coasts. At the islands, greatest numbers were
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recorded around the northern chain and at San Nicolas and San Clemente Islands. At-sea
population estimates (x SE) within the study area (Table 2.4) ranged from a low of 5,388 (+
770) harbor seals for both the May and September survey months to a high of 8,467 (x 1,539)
animals in January.

At-Sea Densities. — Densities of harbor seals (+ SE) were calculated for the entire study
area using data from both the offshore and coastal surveys (Table 2.5). As was the case for
California sea lions, the densities of harbor seals recorded on offshore surveys did not differ
significantly among seasons or subareas, but differed significantly among subareas on coastal
surveys, with greatest abundance observed along the central mainland coast (ANOVA: Fj 1781 =
12.1, P < 0.0001). Overall densities were low throughout the year, ranging from 0.07 animals
km? in May and September to 0.11 in January. Most of this reflected the very low densities
recorded on offshore surveys, 0 to 0.01 km™. Densities recorded in nearshore mainland and
island waters on coastal surveys ranged from 0.11 seals km? in May to 0.21 in September and
0.33in January.

At-sea densities within the study area subareas were very low (Table 2.6). The highest
monthly density, 0.04 km™, was recorded in September in central subarea 3 (Figure 2.3), which
encompassed the Santa Barbara Channel and waters surrounding the northern Channel Islands.

Densities recorded on coastal surveys were substantially higher. Harbor seal densities
for the entire mainland coast ranged from lows of 0.20 and 0.23 km? in May and September,
respectively, to a high of 0.41 in January (Table 2.7). Overall, densities along the island
coastlines ranged from a low of 0.16 km? in May to 0.20 in September and 0.23 in January
(Table 2.8).

Seasonal Patterns. — As shown in Figure 2.7, the seasonal patterns of harbor seal
distribution did not vary greatly. Highest densities were consistently recorded along the coast
north of Point Conception, along the northern shore of the Santa Barbara Channel, and around
the northern Channel Islands. Elevated densities were also observed near Santa Barbara and
San Clemente Islands in some months.

Summary. — Harbor seals are year-round residents in coastal California waters. We
found harbor seals to be most abundant in shallow waters (less than 200 m deep) and very close
to shore (generally less than 1 km from land).

The population in the study area has grown since the earlier baseline studies, but may
have stabilized in recent years. As Bonnell et al. (1983) also observed in central California
during the 1980-1983 baseline study, highest densities in the present study were recorded in
the winter (January), when harbor seals spend more time at sea.

No coastal surveys were conducted during the 1975-1978 study of the Southern
California Bight, and, subsequently, substantially fewer harbor seals were sighted than during
the present study. As a result, it is difficult to compare the sighting data from the two studies.
At present, harbor seals are most abundant in nearshore waters around the northern Channel
Islands and along the mainland from about Ventura County northward.
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Northern Elephant Seal (Mirounga angustirostris)

The breeding range of the northern elephant seal presently extends from Baja California
to Oregon, and elephant seals range at sea from Mexico to the Gulf of Alaska (Bonnell et al.
1983, Bonnell and Dailey 1993, Le Boeuf and Laws 1994, Le Boeuf et al. 2000). In southern
California, they breed in large numbers on San Miguel and San Nicolas Islands, in increasing
numbers on Santa Rosa Island, and in relatively small numbers on Santa Barbara and San
Clemente Islands (Stewart et al. 1994, Stewart and Yochem 2000).

Northern elephant seals typically haul out on land only to breed and molt (Le Boeuf
1981), alternating these stays with two extended foraging trips, or migrations, per year (Le
Boeuf and Laws 1994). The breeding season is in the winter, from approximately December to
March.

Stewart et al. (1994) estimated the 1991 U.S./Mexican population at 127,000 animals
and concluded that the population appeared to be growing in California, but was stable or
decreasing slowly in Mexico. Based on pup counts, the California breeding stock of northern
elephant seals was estimated at approximately 101,000 animals in 2001 (Carretta et al. 2002).

The 1975-1978 and 1980-1983 baseline studies found elephant seals at sea off southern
California to be widespread in inshore waters; sightings were only occasionally recorded
beyond the continental slope (Bonnell et al. 1981, 1983; Bonnell and Dailey 1993). In the
winter and spring, most sightings were recorded in the eastern SCB, from the Santa Monica
Basin and eastern rim of the Santa Cruz Basin south to the Catalina and Coronado
Escarpments. Sightings were more widely scattered in the summer and fall, with a few
occurring offshore over the Patton Escarpment (Bonnell et al. 1981, 1983; Bonnell and Dailey
1993). Bonnell et al. (1983) estimated the 1982 elephant seal breeding population in the SCB
at 27,500 animals.

North of Point Conception, Bonnell et al. (1983) sighted northern elephant seals at
distances of less than 1 to 140 km from shore; most of these sightings (80%) were recorded
over the slope and shelf. Seasonally, the greatest number of sightings (38%) was recorded in
winter, during the elephant seal breeding season.

Elephant seals tend to be undersampled by at-sea surveys, because they forage during
part of the year in North Pacific waters far from the study area and spend most of their time
under water. Thus, despite their large southern California breeding population, only 186
northern elephant seals were sighted at sea in the study area during the 3 years of the present
study. The mean water depth for elephant seals sighted on standard offshore surveys was 311.0
m; 65.5% of these were recorded in waters less than 400 m deep.

Northern elephant seals were sighted at distances ranging from about 200 m to about 58
km offshore. The mean distance from land of elephant seals sighted on standard offshore
surveys was 10.6 km; 63.7% of these were recorded less than 20 km from land.

Sighting Distribution. — Nearly all of the northern elephant seals sighted at sea during
the present study were in the western half of the SCB (Figure 2.8), spread between and around
the two major rookeries at San Miguel and San Nicolas Islands. Elephant seals were also seen
throughout the Santa Barbara Channel and in low numbers in waters north of Point Conception.

At-Sea Densities. — Because of the limited sighting sample size, at-sea densities were
not calculated for the northern elephant seal in the present study.
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Summary. — Northern elephant seals are present year-round in southern California
waters. We found elephant seals primarily in waters over the continental shelf and slope (less
than 400 m deep) and relatively nearshore (within 20 km of land).

The U.S. breeding population of northern elephant seals is growing and has increased
approximately fourfold since the end of the 1975-1983 baseline studies. The sparcity of at-sea
sighting data for this species makes comparisons between the present and earlier studies
difficult.

Northern Fur Seal (Callorhinus ursinus)

In the eastern North Pacific, northern fur seals range southward from the Bering Sea to
California. Two stocks of northern fur seals are present seasonally in California waters, the
eastern North Pacific stock and San Miguel Island stock (Bonnell and Dailey 1993, Koski et al.
1998). The eastern North Pacific stock is now estimated to number approximately 940,000
animals, of which about 99% are associated with the Pribilof Islands rookeries in the eastern
Bering Sea (Angliss and Lodge 2002). In the fall following the June-July breeding season,
females and many juveniles leave the Bering Sea and migrate southward along the west coast
as far as California.

Fur seals from the Bering Sea arrive offshore California in late November (Bonnell and
Dailey 1993). Some animals move southward into continental slope and shelf waters, with
maximum numbers offshore between 34-42°N from February through April. Nearly 270,000
have been estimated to be present at this time (Antonelis and Perez 1984). Most of these
animals are gone by early June (Bonnell and Dailey 1993, Koski et al. 1998).

Northern fur seals established a breeding colony on San Miguel Island in the late 1950s
or early 1960s (Peterson et al. 1968). Since that time, the colony has increased steadily, except
for steep declines in 1983 and 1998 associated with EI Nifio events in 1982-1983 and 1997-
1998 (DeLong and Antonelis 1991, Forney et al. 2000). The most recent estimate of the San
Miguel Island stock is approximately 7,800 fur seals (Forney et al. 2000), down sharply from
the (pre-El Nifio) 1997 estimate of 12,000 (DeLong and Melin 2000). Recovery from the 1998
decline has been slowed by adult female mortality that occurred along with high pup mortality
during the 1997-1998 event (Melin and DeLong 1994, Carretta et al. 2003).

The San Miguel Island stock probably remains within the general vicinity of the
rookery during most of the year. Lactating females appear to forage primarily in upwelling
areas west of Point Conception in summer (Antonelis et al. 1990, Stewart and Yochem 2000),
and most sightings in the fall and winter have been recorded in offshore waters west of San
Miguel Island (Bonnell et al. 1981, 1983; Koski et al. 1998).

About 80% of the fur seal sightings recorded in or near the Southern California Bight
by Bonnell et al. (1981) during the 1975-1978 baseline study were offshore over the
continental slope, particularly west of San Miguel Island. Most were observed in waters over
the Santa Rosa—Cortes Ridge, in the San Nicolas Basin, and near Tanner—Cortes Banks. About
97% of the sightings were recorded in the winter and spring; Bonnell et al. (1981) estimated
mean fur seal abundance in the SCB and offshore to 122°30'W during those seasons at about
5,000 animals.
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Most of the fur seal sightings made from June through November (presumably animals
from the San Miguel Island rookery) were recorded in areas west of San Miguel Island, over
the Rodriguez Seamount, and northward at distances of 25-70 km offshore to about the latitude
of Point Sal (Bonnell et al. 1981, 1983).

We sighted only 15 northern fur seals in the study area. The distributions of sighting
depths and distances from land were somewhat bimodal. Although the mean depth for all fur
seal sightings was 979.9 m, 60.1% were recorded in waters shallower than 800 m, and 33.3%
were in waters deeper than 2,000 m.

Northern fur seals were sighted at distances of less than 1 to more than 114 km from
land. The mean distance from land for all northern fur seal sightings was 44. 4 km; 46.7% of
these were 10-30 km from land and another 46.7% were greater than 50 km offshore.
Although the sample size is small, this pattern of sighting distribution may reflect the presence
in the study area of animals from the San Miguel Island rookery in relatively nearshore waters
and Bering Sea migrants farther offshore.

Sighting Distribution. — Although a single fur seal was seen in the eastern SCB (Figure
2.9), between Santa Barbara and Santa Catalina Islands, the remaining animals sighted during
the present study were in the western half of the SCB (west of about 120°00'W longitude) or
north of Point Conception. About half of the sightings were recorded offshore over the
continental slope.

At-Sea Densities. — Because of the limited sighting sample size, at-sea densities were
not calculated for the northern fur seal.

Summary. — Despite the severe mortality suffered during recent El Nifio events, the
northern fur seal colony on San Miguel Island has been growing since the 1975-1983 baseline
studies. In contrast, the large Pribilof Islands’ population in the Bering Sea has been declining
for decades. Female fur seals from the Bering rookeries migrate south into California waters
following the summer breeding season, becoming the most abundant pinnipeds offshore during
the winter months (January—March).

Bonnell et al. (1981, 1983) sighted many more northern fur seals in study area waters
during the 1975-1983 baseline studies than were seen during the present study. This difference
may have been due to several factors: 1) the continuing decline of the Bering Sea population,
indicating that fewer fur seals are wintering offshore California than in previous decades; 2) the
lack of surveys in the present study during the peak months of fur seal presence offshore
California (February—March); and 3) the survey methods employed in the present study, which
limited potential fur seal sightings to the narrow, 50-m corridors searched by the primary
observers.

CARNIVORES
Southern Sea Otter (Enhydra lutris nereis)

Southern sea otters currently range along the California coast in nearshore waters from
near Afio Nuevo Island south to approximately Point Conception (Riedman and Estes 1990,
FWS 2003). Since 1998, 100-150 sea otters have moved south and east of Point Conception
along the Channel in the early spring, with most returning to waters north of the point by mid-
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summer (FWS 2003). A small, translocated population of less than 30 otters is also present at
San Nicolas Island (FWS 2003).

The southern sea otter population is estimated to have numbered approximately 14,000
animals before the onset of commercial hunting (FWS 1995). The remnant California
population began recovering from a low of about 50 animals around 1914 (Bryant 1915,
Riedman 1987). The California sea otter population grew steadily at a rate of about 5% per
year until the mid-1970s, when it was estimated to contain nearly 1,800 animals (Riedman
1987, Riedman and Estes 1990). In 1977, the southern sea otter was listed as a federal
threatened species (42 FR 2968); the main reasons for listing were 1) its small population size
and limited distribution; and 2) the threat of oil spills, pollution, and competition with humans.

Although there have been serious declines in numbers since the late 1970s, which were
attributed to incidental mortality in commercial fisheries, disease, and possibly food resource
limitation, the southern sea otter population has increased overall since the end of the 1975-
1983 baseline studies (Wendell et al. 1985; FWS 2000, 2003). During the most recent spring
census in May 2003, 2,505 sea otters were counted; this is the highest total recorded since
surveys began (USGS 2003). Based on 3-year averages, the California sea otter population
appears to be roughly stable at present (USGS 2003).

No sea otters were sighted during the 1975-1978 baseline study of the Southern
California Bight (Bonnell et al. 1981).

During the 1980-1983 baseline study of central and northern California, Bonnell et al.
(1983) conducted 16 aerial surveys of the entire California sea otter range. During that period,
the southernmost large groups of sea otters were located in the vicinity of Point San Luis/Shell
Beach. Bonnell et al. (1983) also sighted a few otters south of that area, between the Santa
Maria River and Point Conception. In 1983, 1,277 southern sea otters were counted during the
spring census (FWS 2003).

During the 3 years of the present study, we counted 409 sea otters in the study area.
The mean water depth of all sightings was 28.2 m, and 96.6% of all sightings were recorded in
waters less than 200 m deep.

Although a few sea otters were seen as far as 38 km from shore, the mean distance from
land of all sightings was 1.2 km, and 96.3% of the animals sighted were less than 5 km from
land.

Sighting Distribution. — Sea otters were recorded in greatest numbers along the
mainland shoreline from Cambria south to Point Conception (Figure 2.10). Otters were also
seen along the mainland shore east of Point Conception during all three survey months. During
January and September surveys, otters were sighted as far east as Pitas Point in Ventura
County; on May surveys, they were observed as far east as Goleta Point in Santa Barbara
County.

Sea otters were sighted during all three survey months at San Nicolas Island, where the
translocated population resides, and at San Miguel Island, the closest island to Point
Conception. One sighting of a pair of sea otters was also recorded near the southeast end of
Santa Cruz Island in September 2001.

Sightings recorded at sea on offshore surveys included two groups of otters seen 6—33
km from shore off the San Luis Obispo County coast and several individual animals
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encountered in waters between San Nicolas Island and the northern chain during a
supplemental survey in July 2000.

At-Sea Densities. — Because of the relatively limited sighting sample size, no at-sea
densities were calculated for the southern sea otter.

Summary. — Despite setbacks due to fisheries-related mortality, disease, and possible
food resource limitation, the southern sea otter population has grown overall since the 1975-
1983 baseline studies.

Since the earlier baseline studies, the sea otter population has extended its range
southward. Otters are now found, at least seasonally, along the Santa Barbara Channel
shoreline as far east as Ventura County and are occasionally seen around the northern Channel
Islands. A small population of translocated sea otters, established in the late 1980s, is still
present at San Nicolas Island.

CETACEANS
Gray Whale (Eschrichtius robustus)

Gray whales migrate through southern California waters twice a year on their way
between Mexican breeding lagoons and feeding grounds in the Bering Sea. The southbound
migration of gray whales through the Southern California Bight begins in December and lasts
through February; the northbound migration is more prolonged, lasting from February through
May with a peak in March (Leatherwood 1974, Bonnell and Dailey 1993). Females and their
calves are the last component of the population to move northward (Herzing and Mate 1984,
Poole 1984). Gray whales are generally absent from southern California waters from August
through November.

The California, or eastern Pacific, stock of the gray whale was estimated to contain
approximately 30,000 animals in the 1850s (Scammon 1874), but was reduced to about 4,000
animals by commercial whaling by 1874 (Henderson 1984) and was hunted offshore the
Mexican breeding lagoons again in this century (Reeves 1984). Since receiving protection in
1946, however, the population has recovered significantly. The eastern North Pacific stock was
removed from the List of Endangered and Threatened Wildlife in 1994. Between 1967 and
1996, the eastern North Pacific gray whale population increased at a rate of 2.5% per year and
was estimated at 26,635 animals in 1997-1998 (Rugh et al. 1999, Angliss and Lodge 2003).

Migrating gray whales generally travel within 3 km of the shoreline over most of the
route (Braham 1984b, Herzing and Mate 1984, Brueggeman et al. 1987), except when crossing
mouths of rivers and straits (Pike 1962) or crossing between mainland Alaska and Kodiak
Island (Braham 1984b). However, Green et al. (1992) found evidence that the width of the
gray whale migration corridor changes in concert with varying widths of the 0-40-m depth
zone; off Washington, where the shelf is broad, they recorded a mean offshore sighting distance
of 18.5 km.

Off California north of Point Conception, gray whale migration patterns also appear to
be influenced by coastal physiography and bathymetry (MBC 1989). Data from aerial surveys
indicated that the gray whale migratory corridor off Point Sal was at least 33 km wide, but that



Pierson et al. — At-sea aerial surveys of marine mammals off Southern California 130

73% of the whales passed within 24 km of shore in water depths of less than 200 m (MBC
1989).

Based on sighting data from the 1975-1983 baseline studies (Dohl et al. 1981, 1983;
Bonnell and Dailey 1993), the gray whale migration pathway through the Southern California
Bight has been described as broad and diffuse, following three general routes and extending up
to 200 km offshore. More than 50% of the 300 sightings made by Dohl et al. (1981) in the
SCB occurred within 15 km from the mainland shore. Southbound and northbound migration
pathways in the SCB were not found to be notably different (Bonnell and Dailey 1993).

During the 3 years of the present study, we counted 265 gray whales at sea in the study
area. Groups of up to nine animals were observed.

The mean water depth for gray whales sighted on standard surveys was 161.8 m, and
61.9% of the animals were sighted in waters less than 200 m deep. Although gray whales were
sighted as far as 50.2 km from shore, the mean distance from land for gray whales sighted on
standard surveys was 4.4 km; 60.4% of these were within 5 km of land.

Sighting Distribution. — Figure 2.11 presents gray whale sightings recorded during the
January and May survey months. This information is summarized below.

The May surveys were flown near the end of the gray whale’s northbound migration
through the Southern California Bight. A few sightings were recorded along the shoreline
between Point Conception and Shell Beach and at the northern Channel Islands; one sighting
was made off the San Diego County coast.

Gray whales are generally absent from the SCB in September. Only one sighting—a
pair of gray whales (reported as a cow and calf) in the Anacapa Passage—was recorded in this
month during the 3 years of the present study.

January is near the peak of the gray whale’s southbound migration through the SCB.
Surveys in January recorded a stream of sightings that extended along the mainland shoreline
from about Cambria south to Point Conception, then across the western end of the Santa
Barbara Channel to the northern Channel Islands. Sightings occurred all along the north
shoreline of the northern island chain. South of the islands, sightings of gray whales were
dispersed in a broad band down the eastern slope of the Santa Rosa—Cortes Ridge and over the
Santa Cruz Basin between San Nicolas and Santa Catalina Islands. South of that area, sightings
were scattered through the San Diego Basin, as animals apparently moved back toward the
mainland shore.

At-Sea Densities. — Because of the limited sighting sample size, no densities were
calculated for the gray whale.

Summary. — Gray whales migrate through southern California nearshore waters every
winter on their way to and from the calving and breeding lagoons in Baja California. The
eastern North Pacific gray whale population has increased since the 1975-1983 studies and
may now be near its carrying capacity.

As far as can be ascertained from the surveys conducted during the present study, the
patterns of gray whale use of southern California waters has not changed substantially in recent
decades.



Pierson et al. — At-sea aerial surveys of marine mammals off Southern California 131

Fin Whale (Balaenoptera physalus)

The second largest cetaceans, fin whales are distributed worldwide. NOAA Fisheries
recognizes three stocks in U.S. Pacific waters: Alaska; California, Oregon, and Washington;
and Hawaii (Mizroch et al. 1984, Hill et al. 1997, Reeves et al. 1998b). Fin whale migratory
behavior in the eastern North Pacific appears to be complex, with either inshore—offshore or
north-south movements depending on an individual’s age, reproductive status, or “stock”
affinity (Reeves et al. 1998b).

The world population of fin whales before exploitation may have been as high as
500,000 animals (Gambrell 1985). Due to their strength and speed, fin whales were not
effectively harvested by early whalers, but came to be intensively hunted with the development
of modern whaling equipment and techniques in the late 1800s (Tennesson and Johnson 1982,
Webb 1988). By 1976, when fin whales were protected from commercial harvest, the world
population had been reduced to an estimated 103,000-122,000 animals (Gambrell 1985). In
response to this severe population decline, the fin whale was listed as a federal endangered
species in 1970 (35 FR 8495).

A recent population estimate for the entire North Pacific is approximately 14,600-
18,600 animals (Perry et al. 1999). Based on ship surveys conducted in 1996 and 2001, 3,279
fin whales are estimated to occur off California, Oregon, and Washington (Carretta et al. 2003).
There is some evidence that recent increases in fin whale abundance have occurred in
California waters, but these have not been significant (Barlow 1994, Barlow and Gerrodette
1996). In recent years, fin whales have occurred year-round off central and southern
California, with peak numbers in summer and fall (Dohl et al. 1981, 1983; Barlow 1995;
Forney et al. 1995). Since fin whale abundance decreases in the winter off California and
Oregon (Dohl et al. 1981, 1983; Green et al. 1992; Forney et al. 1995), it is believed that the
distribution of this stock probably extends outside these waters seasonally.

During the 1975-1978 baseline study of the Southern California Bight (Dohl et al.
1981), highest fin whale numbers were recorded in the spring, although individuals were
sighted in the SCB in all seasons. In the spring, from April through June, fin whales were seen
in the Santa Barbara Channel, in waters over the Santa Rosa—Cortes Ridge, and in the southern
part of the SCB east to about 118°W. They were sighted in waters north of San Nicolas Island
and over Tanner and Cortes Banks in the summer (from July through September) and in waters
west of San Nicolas Island, off San Clemente Island, and west of Tanner Bank in the winter
(from January through March).

North of Point Conception, fin whales were observed predominantly over the slope and
shelf during the 1980-1983 baseline study (Dohl et al. 1983). About 97% of the sightings were
recorded in the southern half of the study area, although mostly from about Point Buchon north
to the Gulf of the Farallones.

Based on the 1975-1983 data, Bonnell and Dailey (1993) estimated that about 70 fin
whales were present in the SCB in June, as migrants moved northward through the area, with a
summer population of about 30 animals.

During the 3 years of the present study, we counted 106 fin whales in the study area.
Fin whales were found in deeper waters than blue whales; none were sighted on the continental
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shelf (less than 200 m), and 81.1% were seen in waters with depths between 400 and 1,200 m.
The mean water depth for all fin whale sightings was 979.7 m.

Fin whales were also sighted farther offshore than blue whales, at distances between
about 7 and 82 km from land. The mean distance from land for all sightings was 41.5 km, and
92.3% were recorded more than 20 km from shore; 41.2% were more than 50 km offshore.

Sighting Distribution. — Figure 2.12 presents fin whale sightings recorded during the
May and September survey months. This information is summarized below.

Although several fin whales were seen in waters west of the Santa Barbara 