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1

AT-SEA DISTRIBUTION AND ABUNDANCE OF SEABIRDS OFF 
SOUTHERN CALIFORNIA: A 20-YEAR COMPARISON

JOHN W. MASON, GERARD J. MCCHESNEY, WILLIAM R. MCIVER, HARRY R. CARTER, 
JOHN Y. TAKEKAWA, RICHARD T. GOLIGHTLY, JOSHUA T. ACKERMAN, DENNIS L. ORTHMEYER, 
WILLIAM M. PERRY, JULIE L. YEE, MARK O. PIERSON, AND MICHAEL D. MCCRARY

Abstract. We conducted aerial at-sea and coastal surveys to examine the distribution and abundance 
of seabirds off southern California, from Cambria, California, to the Mexican border. From May 
1999–January 2002, we fl ew 102 d, covered >54,640 km of transect lines, and conducted nine complete 
surveys of southern California in January, May, and September. We identifi ed 54 species comprising 
12 families and counted >135,000 individuals. Seabird densities were greater along island and main-
land coastlines than at sea and were usually greatest in January surveys. Densities were greatest at sea 
near the northern Channel Islands in January and north of Point Conception in May, and lowest in the 
southwestern portion of the Southern California Bight in all survey months. On coastal transects, sea-
bird densities were greatest along central and southern portions of the mainland coastline from Point 
Arguello to Mexico. We estimated that 981,000 ± 144,000 (  ± SE) seabirds occurred in the study area 
in January, 862,000 ± 95,000 in May, and 762,000 ± 72,000 in September. California Gulls (Larus cali-
fornicus), Western Grebes (Aechmophorus occidentalis), and Cassin’s Auklets (Ptychoramphus aleuticus) 
were most abundant in January surveys at sea, whereas Sooty and Short-tailed shearwaters (Puffi nus 
griseus and P. tenuirostris), phalaropes (Phalaropus spp.), and Western Gulls (Larus. occidentalis) were 
most abundant in May and September surveys. On coastal transects, California Gulls, Western Grebes, 
Western Gulls, and Surf Scoters (Melanitta perspicillata) were most abundant in January; Western 
Grebes, Western Gulls, Surf Scoters, and Brown Pelicans (Pelecanus occidentalis) were most abundant 
in May; and Sooty Shearwaters, Short-tailed Shearwaters, Western Gulls, Western Grebes, Brown 
Pelicans, and Heermann’s Gulls (Larus heermanni) were most abundant in September. Compared to 
historical seabird densities collected in the same area two decades ago (1975–1978 and 1980–1983), 
abundance was lower by 14% in January, 57% in May, and 42% in September. Common Murres (Uria 
aalge, ≥75% in each season), Sooty Shearwaters (55% in May, 27% in September), and Bonaparte’s 
Gulls (L. philadelphia, ≥95% in each season) had lower densities. Conversely, Brown Pelicans (167% 
overall), Xantus’s Murrelets (Synthliboramphus hypoleucus; 125% overall), Cassin’s Auklets (100% 
overall), Ashy Storm-Petrels (Oceanodroma homochroa, 450% overall) and Western Gulls (55% in May), 
and Brandt’s Cormorants (Phalacrocorax penicillatus, 450% in September) had greater densities. Our 
results indicate that seabird abundance has declined off the southern California coast in the past two 
decades, and these declines may be warning signs of environmental degradation in the region or 
effects of larger forces such as climate change.

Key Words: abundance, aerial surveys, density, distribution, seabirds, Southern California Bight.

DISTRIBUCIÓN Y ABUNDANCIA DE AVES MARINAS FUERA DEL MAR DE 
CALIFORNIA SUR: UNA COMPARACIÓN DE 20 AÑOS
Resumen. Condujimos muestreos aéreos en el mar y en la costa, con el fi n de examinar la distribución 
y abundancia de aves marinas fuera del mar del sur de California, desde Cambria, California, hasta 
la frontera Mexicana. De mayo de 1999 a enero del 2002, volamos 102 d, cubriendo >54,640 km 
de líneas de transecto, y condujimos nueve muestreos completos del sur de California en enero, 
mayo, y septiembre. Identifi camos 54 especies que comprenden 12 familias y contamos >135,000 
individuos. Las densidades de aves marinas fueron mayores a lo largo de las líneas costeras de islas 
y del continente a aquellas del mar, y generalmente fueron mayores en los muestreos de enero. Las 
densidades fueron más grandes en el mar cerca del norte de las Islas Canal en enero y en el norte de 
Punto de Concepción en mayo, y las más bajas en la porción suroeste de Ensenada California Sur en 
todos los meses del muestreo. En los transectos de costa, las densidades de aves marinas fueron las 
más grandes a lo largo de las porciones central y sureña de la costa continental desde Punto Arguello 
hasta México. Estimamos que 981,000 ± 144,000 (  ± SE) aves marinas aparecieron en el área de estudio 
en enero, 862,000 ± 95,000 en mayo, y 762,000 ± 172,000 en septiembre. Las Gaviotas de California 
(Larus californicus), el Achichincle Pico-amarillo (Aechmophorus occidentalis), y la Alcuela Oscura 
(Ptychoramphus aleuticus) fueron más abundantes en los muestreos de enero en el mar, mientras que 
la Pardela Gris y la Pardela Colacorta (Puffi nus griseus and P. tenuirostris), el falaropus (Phalaropus 
spp.), y la Gaviota Occidental (Larus. occidentalis) fueron más abundantes en los muestreos de mayo 
y septiembre. En los transectos de costa, las Gaviotas de California, Achichcincles Pico-amarillo, 
Gaviotas Occidentales, y la Negreta Nuca-blanca (Melanitta perspicillata) fueron más abundantes en 
enero; Achichincles Pico-amarillo, Gaviotas Occidentales, Negretas Cola-blanca, y Pelícanos Pardo 
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Ocean waters off southern California, and 
the Southern California Bight (SCB) in particu-
lar, comprise important habitat for numerous 
seabird species (Hunt et al. 1980, Briggs et al. 
1987; Veit et al. 1996, 1997; Pierson et al. 2000; K. 
Briggs, unpubl. data; H. Carter, unpubl. data). 
More than 20 species of seabirds breed in south-
ern California, almost entirely on the California 
Channel Islands (hereafter Channel Islands), 
including four threatened or endangered sea-
bird species (USDI Fish and Wildlife Service 
2002). The SCB is the only region in the U.S. 
supporting breeding Brown Pelicans (Pelecanus 
occidentalis), Black Storm-Petrels (Oceanodroma 
melania), Elegant Terns (Thalasseus elegans), and 
Xantus’s Murrelets (Synthliboramphus hypoleu-
cus; H. Carter, unpubl. data; Burness et al. 1999). 
The region also contains about half of the world 
population of Xantus’s Murrelets and Ashy 
Storm-Petrels (Oceanodroma homochroa; Carter et 
al., in press; Karnovsky et al., in press; H. Carter, 
unpubl. data; E. Burkett, unpubl. data). In addi-
tion, numerous seabirds migrate through or 
winter in southern California (Briggs et al. 1987, 
Mason, unpubl. data).

The SCB is bordered by major metropoli-
tan areas (Los Angeles, Santa Barbara, and 
San Diego). Approximately $9,000,000,000 are 
contributed annually to local economies via 
offshore oil production, oil transportation by 
tankers, commercial shipping, commercial fi sh-
ing, military activities (weapons testing and 
exercises), and public recreation (Anderson et 
al. 1993, Carter et al. 2000, Carter et al. 2003, 
McCrary et al. 2003, USDI Fish and Wildlife 
Service 2005). From 1970–2000, human popu-
lations increased by 64% with concomitant 
increases in coastal development, sewage 
discharge, recreational use, and commercial 
activities (U.S. Census Bureau 2003). More than 
16,000,000 people currently live in counties rim-
ming the SCB (U.S. Census Bureau 2003). As 
a consequence, great concern exists regarding 
potential effects of human activities on seabird 
and marine mammal populations, and federal 

and state agencies have established the Channel 
Islands National Park, Channel Islands National 
Marine Sanctuary, and several smaller marine 
reserves to protect wildlife in this region.

In the past 20 yr, southern California also 
has undergone changes in physical and biologi-
cal oceanography. An increase in sea-surface 
temperature (SST) coincident with the Pacifi c 
Decadal Oscillation (PDO) began in 1977 and 
extended to 1999. This period was characterized 
by reduced phytoplankton and zooplankton 
abundances and altered prey-fi sh distributions 
(Mantua et al. 1997, Minobe 1997, Peterson and 
Schwing 2003). The period from 1999–2002 was 
characterized by La Niña conditions very differ-
ent from the preceding years with record-high 
upwelling values (1999), high primary produc-
tivity, and high seabird productivity (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 1,000 km from southern 
British Columbia, Canada, to northwestern 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 upper 500 m of the CCS 
occurred between 1950 and 1992, with most of 
the increase occurring since 1975 (Roemmich 
1992). Reproductive success of seabirds gener-
ally declined as ocean temperatures increased 
off central California (Ainley and Boekelheide 
1990; Ainley et al. 1994, 1996; Sydeman 2001). 

In contrast, the effects of DDE (dichlorodi-
phenyldichloroethylene) contamination have 
abated in the SCB, leading to increased repro-
ductive success of several seabird species 
including Brown Pelicans and cormorants 
(Phalacrocorax spp.; F. Gress, unpubl. data), 
although other species (e.g., storm-petrels) may 
still be affected (Carter et al., in press). Based 
on seabird surveys conducted in 1991, H. Carter 

(Pelecanus occidentalis) fueron más abundantes en mayo; la Pardela Gris, la Pardela Cola-corta, 
Gaviotas Occidentales, Pelícanos Pardo, y Gaviotas Ploma (Larus heermanni) fueron más abundantes 
en septiembre. Comparada a las densidades históricas de aves marítimas colectadas hace dos décadas 
(1975–1978 y 1980–1983), la abundancia fue más baja en un 14% en enero, 57% en mayo, y 42% en 
septiembre. El Arao Común (Uria aalge, ≥75% en cada estación), Pardelas Gris (55% en mayo, 27% en 
septiembre), y La Gaviota de Bonaparte (L. philadelphia, ≥95% en cada estación) tuvieron densidades 
más bajas. En cambio, los Pelicanos Pardo (167% total), el Mergulo de Xantos (Synthliboramphus 
hypoleucus; 125% total), la Arcuela Oscura (100% total), el Paiño Cenizo (Oceanodroma homochroa, 450% 
total) y las Gaviotas Occidentales (55% en mayo), y el Cormoran de Brandt (Phalacrocorax penicillatus, 
450% en septiembre) tuvieron densidades mayores. Nuestros resultados indican que la abundancia 
de aves marinas ha declinado fuera de la costa de California Sur en las ultimas dos décadas, y dichas 
declinaciones quizás sean signos de alerta de degradación ambiental en la región o efectos de fuerzas 
mayores, tales como el cambio climático.
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(unpubl. data) reported increased populations 
of several species, including Brown Pelicans, 
cormorants, and Western Gulls (Larus occiden-
talis), but decreased populations of Cassin’s 
Auklets (Ptychoramphus aleuticus) and Xantus’s 
Murrelets compared with surveys conducted in 
the 1970s.

Collectively, these changes in oceanogra-
phy and human activities prompted a need for 
updated information regarding at-sea popula-
tions of seabirds in southern California using 
techniques that would allow comparison with 
previous seabird surveys conducted by Briggs 
et al. (1987). In 1975–1978 and 1980–1983 (here-
after 1975–1983), Briggs et al. (1987) conducted 
the fi rst replicated, quantitative assessment 
of the distribution, abundance, and diversity 
of seabirds off California using aerial-survey 
techniques. Surveys in the SCB were conducted 
from 1975–1978 and off central and northern 
California from 1980–1983. More than two 
decades later (1999–2002), we used similar 
aerial-survey techniques to provide updated 
information and examine trends in the at-sea 

distribution and abundance of seabirds in 
southern California.

STUDY AREA

The study area encompassed continental-
shelf and slope waters from 35° 35′ N (off the 
city of Cambria, San Luis Obispo County, 
California) south to 32° 32′ N (the Mexican bor-
der), and from the mainland shoreline west to 
122° W at the northern boundary, and to 119° 
30′ W at the southern boundary (Fig. 1). In this 
area, most of the coastline and seafl oor are 
oriented north to south. Like most parts of the 
California coast, the continental shelf gradually 
slopes westward before dropping precipitously 
to depths >3,000 m. At Point Conception, the 
coastline and bottom topography abruptly turn 
eastward to southeastward and transition to a 
southward orientation between Los Angeles 
and San Diego.

For this study, we considered that the SCB 
extended from Point Conception to just south of 
the Mexican border. Off Point Conception and 

FIGURE 1. Map of central and southern California showing locations of county boundaries, major cities, coastal 
points, and islands.



STUDIES IN AVIAN BIOLOGY4 NO. 33

to the north, shelf currents and water proper-
ties respond to strong, persistent upwelling-
favorable winds, whereas in the SCB and off-
shore, fl ows 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 nutri-
ent-rich waters to the north (Hunt et al. 1980). 
As a result, the SCB and adjacent waters host 
a diverse avifauna that includes species typical 
of both temperate and tropical climates. Several 
seabird species have their northern or southern 
distribution limit in this region.

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 SCB (Dailey et 
al. 1993, Hickey 1993). These features strongly 
affect local circulation patterns of the California 

current, which turns from its more typical fl ow 
toward the equator to a fl ow toward the pole 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 south-
ern portion of the SCB, resulting in warmer and 
less productive waters.

Human activities in southern California have 
affected seabirds. The southern California coast 
is one of the most densely populated coastal 
areas in the U.S. and this has led to highly 
modifi ed coastal habitats. Various pollutants, 
including oil, sewage, agricultural runoff, pesti-
cides, and other chemicals have affected coastal 
waters (Schiff 2000). Several offshore oil leases 
for commercial oil development are located off 
Point Conception and the Santa Barbara and San 
Pedro channels; several other lease sales remain 
undeveloped (Fig. 2). In southern California, 
four active offshore oil platforms exist off 

FIGURE 2. Map of central and southern California showing oil lease and platform locations and survey lines 
flown by Briggs et al. (1987). Oil leases are represented by squares. Platforms are represented by solid circles 
within lease areas. Lines surveyed in 1975–1978 are represented by solid lines. Lines surveyed in 1980–1983 are 
represented by dotted lines. 
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Point Conception and Point Arguello, 15 in the 
Santa Barbara Channel, and fi ve in San Pedro 
Channel. Oil and gas operations are scheduled 
to continue on some of these platforms for more 
than a decade. Commercial ships, including oil 
tankers, pass through the area en route to and 
from SCB ports. Three major oil tanker and 
commercial ship transport lanes pass through 
the SCB to enter Los Angeles and Long Beach 
harbors, and signifi cant tanker traffi c and oil 
volume pass through the San Diego and Estero 
Bay-Avila Beach areas. Oil spills along the 
California, Oregon, and Washington coasts 
have resulted in signifi cant losses to local sea-
bird populations (Burger and Fry 1993, Carter 
2003, USDI Fish and Wildlife Service 2005). The 
1969 Santa Barbara oil spill in the northern SCB 
was the largest oil spill in the region and led 
to recognition of oil spill effects on seabirds 
(Carter 2003). Seabird mortality also has been 
documented for spills from offshore platforms, 
pipelines, onshore oil facilities, tankers, and 
military and commercial shipping (Anderson et 
al. 1993, Carter 2003). The region is used exten-
sively by the military; in particular, the sea-test 
range of the Naval Air Systems Command cov-
ers a large portion of the southern California 
offshore zone. Additionally, several military 
bases are located along the mainland coast of 
southern California and on San Nicolas and 
San Clemente islands. Although little seabird 
mortality has been documented from military 
operations in southern California (i.e., missile 
and target-drone testing, low-level aircraft 
fl ights, and naval fl eet maneuvers), seabirds 
may be disturbed during such activities (Carter 
et al. 2000).

METHODS

AERIAL SURVEY METHODOLOGY

Surveys were conducted from a high-winged, 
twin-engine Partenavia PN 68 Observer aircraft 
following methods developed for seabird obser-
vation by Briggs et al. (1985a, b; 1987). We fl ew 
surveys at 60 m above sea level at 160 km/hr 
ground speed and fl ew coastline (mainland and 
island) transects 300 m from shore. In ecologi-
cally sensitive areas (e.g., larger seabird nesting 
and roosting sites, and marine mammal rookery 
and haul-out sites), we fl ew 400 m from shore. 
Observers sat on each side of the aircraft and 
scanned the sea surface through bubble win-
dows. Each observer counted and identifi ed 
seabirds occurring within a 50-m strip on one 
side of the aircraft for a total strip width of 100 
m when both observers were surveying simul-
taneously. At least one observer surveyed at all 

times, but individual effort was discontinued 
when glare obscured >25% of an observer’s fi eld 
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 cli-
nometer several times during each survey.

Seabird observations were recorded on 
audiotape with hand-held tape recorders (VSC–
2002, Model No. 14-1158, Tandy Corporation, 
Fort Worth, Texas). We used tape recorders 
instead of recording directly to computers (see 
dLog program below) because they recorded 
more quickly, especially for mixed-bird fl ocks, 
and provided a backup to the data. For each 
observation we recorded: species or nearest 
taxon, number of individuals (i.e., exact counts 
for small groups and estimated numbers for 
groups >10 birds), time to the nearest second, 
behavior (e.g., fl ying or sitting on water), and 
fl ight direction.

Each observer transcribed data from audio-
tapes onto standardized data forms and entered 
data into the computer program SIGHT (Micro 
Computer Solutions, Portland, OR) which 
had preset data entry protocols that helped 
to ensure accuracy. Two people checked data 
entry accuracy by comparing printed SIGHT 
data with hand-transcribed forms.

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

Following each survey, trackline log fi les 
were plotted in the geographical information 
system program ArcView (Version 3.3, ESRI, 
Redlands, CA) 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 created transect lines based on 
known waypoints and constant airspeed with 
interpolation programs written in the SAS sta-
tistics program (SAS Institute 1999). After cor-
recting trackline fi les, we calculated the position 
of each sighting based on observation time with 
the program INTERPD (R. G. Ford Consulting, 
Portland, OR).
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TRANSECT LOCATION DESIGN

Previous studies indicated greatest densities 
of seabirds in southern California occurred near 
the northern Channel Islands which include San 
Miguel, Santa Rosa, Santa Cruz, and Anacapa 
islands (hereafter the core area; Hunt et al. 1980; 
H. Carter, unpubl. data). Briggs et al. (1987) fl ew 
similar survey lines in this core area, and this 
also was the area of greatest offshore oil devel-
opment in the study area (Fig. 2). Therefore, we 
designed transect lines to concentrate survey 
effort in the core area to account for spatial 
variation and obtain data on local breeders dur-
ing the breeding season (Fig. 3). At-sea transects 
in the core area were oriented predominantly 
north-to-south (perpendicular to bathymetric 
contours) and were spaced at intervals of 10′ 
of longitude (~15 km). Outside the core area, 
transect lines were designed to survey the 
wide range of habitats and bathymetry changes 
throughout southern California. In order to cover 
a larger sampling area, at-sea transects outside 

the core area were oriented east-to-west and 
spaced at intervals of 15′ of latitude (~27 km). 
Whereas all at-sea and coastal transect lines 
within the core area were replicated each sur-
vey month, transects outside the core area were 
surveyed only once per survey month. We con-
ducted the replicate survey of the core area 5–10 
days after the initial survey.

SURVEY TIMING DESIGN

A total of nine aerial surveys were conducted 
in January, May, and September, beginning in 
May 1999 and ending in January 2002. Fixed 
transect lines were located both at sea and 
along all mainland and island coastlines in 
southern California (Fig. 3). Coastal transects 
included the mainland shoreline from Cambria, 
California (35º 35′ N, 121º 07′ W) to the Mexican 
border (32º 32′ N, 117º 07′ W) and the shorelines 
of the eight major Channel Islands. January, 
May, and September were selected for survey 
months because these months usually coincide 

FIGURE 3. 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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with over-wintering, breeding, and post-breed-
ing dispersal, respectively, for many species 
of seabirds in southern California (K. Briggs, 
unpubl. data; Briggs et al. 1987; H. Carter, 
unpubl. data).

AT-SEA SUB-AREAS

We divided the at-sea study area into fi ve 
sub-areas to facilitate comparison of our 1999–
2002 and 1975–1983 data sets (Fig. 4). In general, 
these fi ve sub-areas refl ect major geographic 
regions in southern California, with differing 
oceanography and proximity to islands and the 
mainland. We also tried to make these similar 
in size and large enough for accurate density 
measurement for comparison of mean densities 
to each other. We positioned sub-area boundar-
ies to bisect the distance between contiguous 
parallel transect lines (i.e., sub-area boundaries 
were equidistant from adjacent parallel transect 
lines). Briggs et al. (1987) surveyed farther off-
shore than we did; thus, we restricted statistical 

comparisons to data collected only within our 
study area during both studies.

Sub-area 1 (S1) extended from Point Piedras 
Blancas to north of Point Conception and sea-
ward 108 km. The southern boundary was along 
the edge of the transition zone between colder, 
up-welled waters of central California and the 
warmer waters of southern California (Chelton 
1984, Lynn and Simpson 1987). This area rep-
resented the southern portion of the area sur-
veyed by Briggs et al. (1987) in 1980–1983.

Sub-area 2 (S2) extended south from 34º 30′ 
N to 33º 40′ N and from 120º 30′ W seaward to 
the western edge of the study area 117 km west 
of San Miguel Island. This area represented the 
offshore zone west of the northern Channel 
Islands. It was downstream and slightly off-
shore from the central California upwelling 
zone and was largely outside the foraging areas 
for most Channel Islands seabirds during the 
breeding season.

Sub-area 3 (S3) comprised the area sur-
rounding the northern Channel Islands from 

FIGURE 4. Map of central and southern California showing locations of at-sea and coastal subareas. At-sea sub-
areas are numbered 1–5. Coastal sub-area boundaries are denoted by bars. NMC = northern mainland coast. 
CMC = central mainland coast. SMC = southern mainland coast.
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Point Conception east to Point Mugu. Main 
ecological features of this area included the 
Santa Barbara Channel and the northern 
Channel Islands seabird-breeding habitat. 
Signifi cant upwelling (Point Conception 
upwelling plume) from S1 becomes entrained 
in the western half of S3 (Denner et al. 1988, 
Harms and Winant 1998).

Sub-area 4 (S4) comprised the eastern SCB 
and was less infl uenced by coastal upwell-
ing and had fewer breeding seabirds relative 
to S3 (H. Carter, unpubl. data). Sub-area four 
contained breeding and roosting habitat pro-
vided by Santa Barbara, Santa Catalina, and San 
Clemente islands and complex bathymetry with 
several deep basins and the Santa Rosa Ridge.

Sub-area 5 (S5) represented the offshore por-
tion of the southwestern SCB and contained 
large expanses of open, deep ocean as well as 
ocean ridges and banks. The northern section 
of S5 was infl uenced by the Point Conception 
upwelling plume, but compared with S1, S2, 
and S3, waters were generally warmer, more 
saline, and less nutrient enriched (Harms and 
Winant 1998). San Nicolas Island provided 
breeding and roosting habitat in S5.

COASTAL SUB-AREAS 

Coastal at-sea areas along the mainland and 
Channel Islands also were divided into fi ve 
sub-areas—three mainland sub-areas and two 
island coastline sub-areas (Fig. 4). We created 
coastline sub-areas to represent biologically 
distinct regions and attempted to equalize 
transect length within each sub-area. Coastal 
sub-areas were not intended to match at-sea 
sub-areas because factors affecting abundance 
and distribution of avifauna on coastal and 
at-sea transects are known to differ for many 
reasons including different prey types, water 
masses, and use of roosting habitats (Briggs et 
al. 1987, Baird 1993).

Northern mainland coast (NMC) included 
the northern portion of the mainland coastline 
extending from Cambria to Point Arguello. 
The NMC was oceanographically similar to the 
central California coast and characterized by 
strong, upwelling-favorable winds. Coastlines 
are highly exposed and a mixture of rock and 
beach, with deep water close to shore.

Central mainland coast (CMC) included the 
central portion of the mainland coastline from 
Point Arguello to just east of Point Dume and 
included Point Conception, the northern Santa 
Barbara Channel coastline, and Mugu Lagoon. 
Coastlines are rocky until Santa Barbara then 
undergo transition to sandy beach, with a large, 
relatively shallow shelf off Ventura.

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. Coastlines are mainly 
sandy beaches with moderate shelf.

Northern island coast (NIC) included the 
northern Channel Islands with mainly rocky 
coastlines, deep water close to shore, and large 
and small seabird colonies.

Southern island coast (SIC) included the 
southern Channel Islands (Santa Barbara, San 
Nicolas, Santa Catalina, and San Clemente 
islands). Coastlines are mainly rocky and 
include mainly small seabird colonies with 
deep water close to shore.

SPATIAL ANALYSIS METHODS

Trackline data fi les were used to generate 
point and line coverages in ArcInfo (ESRI, 
Redlands, CA). In order to estimate the areas 
surveyed for calculating seabird densities, we 
buffered the tracklines based upon the number 
of observers (50 m for one, 100 m for two). These 
buffered transects were then overlayed on the 
entire study area and divided into 1′ × 1′ and 
5′ × 5′ latitude and longitude grid cells. Each 
transect section was labeled with a unique grid 
identifi er. We separated strip transect data into 
coastal versus at-sea areas.

Observation points were then divided into 
these transect sections. Databases included 
seabird observations and the area surveyed 
within each grid cell at both 1′ and 5′ scales. 
These data were then analyzed with SAS pro-
grams to calculate species densities per cell. 
We originally collected data in geographic 
coordinates (NAD 27) and later re-projected 
data into the California Teale Albers projection 
to ensure accuracy of distance and area calcula-
tions. Track log GPS data collected during aerial 
surveys were reformatted with SAS programs 
to create formatted text fi les. We processed text 
fi les with an ArcInfo macro language program 
to create point and line coverages.

Seabird observations were linked to track 
log data, output as a dBASE fi le (dBASE Inc., 
Vestal, NY), imported into ArcView, and con-
verted to shape fi les. We intersected shape fi les 
with buffered strips to transfer grid identifi ers 
to points. These data were exported as dBASE 
fi les and analyzed with SAS programs to calcu-
late densities.

STATISTICAL ANALYSES

Seabird distribution was examined hierarchi-
cally at three taxonomic levels: species, families, 
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and all seabirds grouped together. Occasionally 
seabirds could be identifi ed only to family or, 
very infrequently, only as unidentifi ed species. 
The latter were excluded from species-specifi c 
analyses, but were used in the broader taxon 
groupings.

We analyzed at-sea and coastal-transect data 
separately and included both fl ying and non-fl y-
ing birds in analyses. Unlike shipboard surveys, 
densities of fl ying birds were not corrected for 
the effect of fl ight direction (Spear and Ainley 
1997). Because of the greater relative speed of 
the survey aircraft compared with fl ying sea-
birds, we assumed error in density calculations 
of fl ying birds to be negligible. We assessed 
differences among seasons (January, May, and 
September) and sub-areas. We compared our 
at-sea transect data with similar aerial-survey 
data collected in 1975–1978 throughout the SCB 
and in 1980–1983 off central California (Briggs 
et al. 1987). We were unable to compare coastal 
transect data because Briggs et al. (1987) did not 
conduct aerial coastal transects.

For the analysis of at-sea-transect data, 
mean densities and standard errors were cal-
culated for each species separately for sub-area 
and season. Mean densities across grids were 
weighted by survey area within each grid. 
We estimated standard errors by the Taylor 
expansion method used in the SURVEYMEANS 
procedure in SAS. We used generalized linear 
mixed models (GLMM) to model species counts 
within grids (Poisson distribution) with means 
proportional to the area of buffered transect 
(offset variable; McCullagh and Nelder 1989) 
that varied according to sub-area, season, year, 
and replicate. Replicate variation was measured 
by comparing the two replicates of the survey 
route fl own within the same month and year. 
We assessed effects of sub-area 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 dif-
ferences in densities only for those sub-areas 
and seasons in which species were observed. 
For sub-areas or seasons in which a species 
was not observed, density and standard error 
were zero. In this case, one of two possibili-
ties occurred: (1) the entire season or sub-area 
contained no individuals of a particular species 
causing season or sub-area to be signifi cantly 
different from any other season or sub-area in 
which the species was observed at least once, 
or (2) the species was present but too rare to be 
observed with our survey techniques and effort. 
Because we had insuffi cient data for the GLMM 
to distinguish between these two alternatives, 
we simply identifi ed sub-areas and seasons that 

did not have observations and excluded these 
categories from statistical analysis.

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 suitably 
large densities, suffi cient data were available to 
test for presence of sub-area and season interac-
tions. All tests for sub-area, season, and interac-
tion effects were conducted with F-statistics and 
considered to be statistically signifi cant at the 
0.05 alpha error level.

COMPARISONS TO PAST DENSITY ESTIMATES

We obtained data for Briggs et al. (1987) from 
(M. Bonnell, unpubl. data). Aerial survey data 
were collected in the SCB from 1975–1978 that 
corresponded to our areas S2–S5. Aerial survey 
data were also collected off central and northern 
California in 1980–1983 that corresponded to our 
area S1. We assigned observations from Briggs 
et al. (1987) to sub-areas based on latitude and 
longitude associated with each observation. 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., 
observations from the December, January, and 
February 1975–1983 surveys were compared to 
our January observations; April, May, and June 
1975–1983 were compared to May; and August, 
September, and October 1975–1983 were com-
pared to September). We did this to account 
for variation in the timing of seasonal species 
density peaks in 1975–1983 and to ensure that, 
if Briggs et al. (1987) did not survey in January, 
May, or September in a particular year, that we 
could obtain data from a similar time of year. 
Unlike Briggs et al. (1987), we chose not to 
extrapolate at-sea densities to generate at-sea 
population estimates. Meaningful comparison of 
such estimates between surveys would be diffi -
cult because of the variation around estimates.

We excluded any random effects that were 
found to be insignifi cant sources of variation in 
the analysis of the 1999–2002 survey. If all ran-
dom effects are removed from a GLMM, then the 
model simplifi es into a generalized linear model 
(GLM). We used either the GLMM or GLM, 
depending on whether any random effects were 
present, to test differences in density between 
the 1975–1983 and 1999–2002 survey periods. We 
created a classifi cation variable for both survey 
periods, which was included in the GLMM or 
GLM to test effects of period on density.

We compared survey periods separately for 
the fi ve at-sea sub-areas. This allowed us to esti-
mate period effects that might vary geographi-
cally without requiring sub-area to be a factor in 



STUDIES IN AVIAN BIOLOGY10 NO. 33

the model. This also allowed us to avoid poten-
tial model convergence diffi culties that might 
result from complex interaction terms, such as 
a three-way season by sub-area by period inter-
action. We retained season as a factor in the 
model and allowed a season and period inter-
action term whenever suffi cient data existed to 
test it. We estimated the period effect across the 
entire sub-area by repeating the analysis using 
data pooled across all at-sea sub-areas. We used 
contrasts to express the difference in densities 
between survey periods averaged across sea-
sons and Wald’s Z-test to test the signifi cance 
of this contrast.

DISTRIBUTION MAPS

We averaged seabird densities for 5′ 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 fi ve categories were: (1) 0 (none observed), 
(2) >0–50% of densities, (3) >50–75% of densi-
ties, (4) >75–90% of densities, and (5) >90% of 
densities. Standardized density legends high-
lighted areas of greatest importance to indi-
vidual species or families.

RESULTS

Between May 1999 and January 2002, we 
completed nine surveys of the entire area (102 
fl ight days). For all surveys combined, we fl ew 
>54,600 km of transects with >20,100 km in the 
core area and >14,400 km along coastlines. We 
identifi ed 54 species of seabirds representing 12 
families and counted a total of 135,545 seabirds 
on transect.

Seabirds occurred in all sub-areas and in 
all seasons (Fig. 5). Densities (all species) aver-
aged 33.7 birds/km2 (for at-sea and coastal 
transects combined) and ranged from 0–12,244 
birds/km2. Densities for both at-sea and coastal 
transects were generally greatest in January 
(Tables 1–4), 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. In 
May, Western Grebes, Sooty Shearwaters 
(Puffi nus griseus), phalaropes, and Western 
Gulls were the most abundant species in south-
ern California. Sooty Shearwaters were the 

most abundant seabird in September, followed 
by Western Grebes, Western Gulls, and Brown 
Pelicans. Maximum seabird densities for a 
single 5′ grid occurred in September, involving 
large fl ocks of Sooty Shearwaters.

In 1999-2002, mean monthly abundance 
of seabirds was 981,000 ± 144,000 in January, 
862,000 ± 95,000 in May, and 762,000 ± 172,000 in 
September. Among fi ve at-sea sub-areas, greatest 
seabird densities occurred in S3 in January and 
in S1 in May and September. Western Grebes, 
California and Western gulls, and Cassin’s 
Auklets were the most abundant species in S3 
in January. Sooty and Short-tailed shearwaters, 
phalaropes, and Cassin’s Auklets were most 
abundant in S1 in May, and Sooty and Short-
tailed shearwaters, phalaropes, Common or 
Arctic terns, and Pink-footed Shearwaters were 
the most abundant species in September.

Among fi ve coastal sub-areas, densities were 
greater along mainland rather than island coasts 
because of large numbers of Western Grebes, 
Sooty and Short-tailed shearwaters, and Surf 
Scoters, and to a lesser extent, terns. Greatest 
coastal seabird densities were found in CMC 
in January and May and in NMC in September 
(Table 5). Western Grebes, California and 
Western gulls, and Surf Scoters were the most 
abundant species in CMC in January. Western 
Grebes, cormorants, Western Gulls, and Brown 
Pelicans were the most abundant species in 
CMC in May. Sooty Shearwaters, Heermann’s 
and Western gulls, Brown Pelicans, and cor-
morants were the most abundant species in the 
NMC in September. 

All estimates of mean at-sea densities are 
presented separately by species, season, and 
geographic sub-area (Tables 1a–e). Mean den-
sities that were greatest along mainland coast-
lines, island coastlines, and both coastline types 
are presented separately by species and season 
(Tables 2a–c). Mean densities for each coastline 
sub-area are presented for mainland coastlines 
(Tables 3a–c) and island coastlines (Tables 4a, 
4b), and statistical tests of variation are sum-
marized for seasonal (Table 5) and geographic 
(Table 6) differences. Random effects for year 
and replicate were not found to be signifi cant 
(P > 0.15 for all species), so we compared at-sea 
densities between 1975–1983 and 1999–2002 
surveys using GLM (Tables 7a, 7b).

Densities for all seabirds combined differed 
among at-sea and coastal sub-areas. Greatest 
densities of seabirds occurred in S3 (Table 1c) 
and in NMC (Tables 2–4), whereas lowest densi-
ties occurred in S5 (Table 1e) and in SIC (Tables 
2–4). Densities along at-sea transects did not 
differ consistently among seasons, but greatest 
seasonal densities for at-sea transects occurred 
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FIGURE 5. All seabird densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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in S3 in January and in S1 in May (Tables 1, 5). 
Densities along coastal transects differed among 
seasons with greatest densities in January and 
lowest densities in May (Tables 2–4, 6). At-sea 
densities for all seabirds combined were greater 
in 1975–1983 than in 1999–2002 for the entire 
study area, S2, S4, and S5, but did not differ 
signifi cantly in S1 and S3 (Tables 7a, 7b).

SPECIES ACCOUNTS

GAVIIDAE

Loons occurred commonly in southern 
California and were observed primarily along 
mainland and island coastlines (Fig. 6). Because 
it was diffi cult to distinguish between Common 
and Pacifi c loons (Gavia immer and G. pacifi ca), 
and also some Red-throated Loons (G. stellata) 
when in winter plumage, 52% of loons counted 
were recorded as unidentifi ed (Fig. 7). At-sea 
densities differed among seasons and the four 
sub-areas in which loons occurred (S1, S3, S4, and 
S5; Table 5). Greatest densities occurred in S3 in 
January and in S1 in May (Tables 1a, 1c). Coastal 
densities differed among seasons and sub-areas 
(Table 6). Greatest coastal densities occurred in 
January along mainland coasts (Tables 2–4). At-
sea densities of loons were greater in 1975–1983 
than in 1999–2002 for the entire study area, S2, 
S3, S4, and S5 (Tables 7a, 7b).

Common Loon

Common Loons winter inshore from the 
western Aleutian Islands, Alaska, to the south-
west coast of Mexico (McIntyre and Barr 1997). 
In 1975–1983, Common Loons occurred in 
California waters from late March to late May 
and from late October to December (Briggs et 
al. 1987). Briggs et al. (1987) estimated several 
thousand Common Loons off California in 
April with hundreds occurring <0.5 km from 
shore. Most large loon concentrations in 1975–
1983 were north of our study area (Briggs et al. 
1987). In 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 in January and 
May (Fig. 8).

At-sea densities of Common Loons did not 
differ among the two seasons (January and 
May) or two sub-areas (S1 and S3) in which 
they were observed (Table 5). Most (82%) 
Common Loons were observed on coastal tran-
sects. Coastal densities differed among seasons 
and sub-areas and were greatest in January and 
along the northern portion of the mainland 
coast (Tables 2–4, 6).

At-sea densities of Common Loons in 
1975–1983 were greater than in 1999–2002 for the 
entire study area and S3 (Tables 7a, 7b); but since 
Common Loons occurred mainly in coastal tran-
sect areas that were not surveyed by Briggs et al. 
(1987), we cannot determine if reduced densities 
truly refl ect lower population sizes. In other 
sub-areas, we lacked the data to make statistical 
comparisons to Briggs et al. (1987).

Pacifi c Loon

Pacifi c Loons, the most abundant loons in 
North America, are strictly marine except when 
breeding in the Arctic and sub-Arctic (Russell 
2002). Pacifi c Loons winter from Alaska to 
Mazatlan, Mexico (Russell 2002). Briggs et al. 
(1987) recorded greatest abundances off south-
ern California in mid-December, especially 
within the eastern Santa Barbara Channel north-
east of Anacapa Island. In our surveys, Pacifi c 
Loons were most common within 40 km of the 
southern California mainland in all seasons. 
In 1999–2002, we observed loons in January 
and May near the northern Channel Islands 
(except Anacapa) from Point Conception to 
Point Buchon, between Santa Barbara and Point 
Dume, and on the west side of Santa Catalina 
Island (Fig. 9). On at-sea transects, 87% of 
observed Pacifi c Loons were <5 km from shore.

In 1999–2002, at-sea densities of Pacifi c Loons 
did not differ among the two seasons (January 
and May) or the four sub-areas (S1, S3, S4, and 
S5) in which they were observed (Table 5). On 
coastal transects, densities differed among sea-
sons and sub-areas (Table 6). Coastal densities 
were greatest in January and along the northern 
mainland and northern Channel Island coast-
lines (Tables 2–4).

At-sea densities of Pacifi c Loons were greater 
in 1975–1983 than in 1999–2002 for the entire 
study area, S3, S4, and S5 but did not differ sig-
nifi cantly in S1 (Tables 7a, 7b). D. Nysewander 
(unpubl. data) found a 79% decline for loons in 
Puget Sound over a 20-yr period, indicating that 
the reduction in loon abundance may extend 
along the entire Pacifi c coast.

WESTERN GREBE (AECHMOPHORUS OCCIDENTALIS) AND 
CLARK’S GREBE (A. CLARKIA)

We were unable to distinguish between 
Western and Clark’s grebes from the air, but 
because most observations indicate that the 
overwhelming majority are Western Grebes, 
we combined both species for analyses and 
hereafter refer to them as Western Grebes. 
Western Grebes breed on lakes from northwest-
ern Canada to northern Baja California, Mexico, 
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FIGURE 6. Loon densities (birds/km2) and distribution off southern California from 1999–2002 during January, 
May, and September.
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FIGURE 7. Unidentified loon densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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and east to Minnesota (Storer and Nuechterlein 
1992). Along the Pacifi c Coast, they winter from 
southern British Columbia, Canada to southern 
Baja California, and Sinaloa, Mexico (Storer and 
Nuechterlein 1992). In the SCB from 1975–1978, 
Western Grebes were abundant from October 
through May in the eastern Santa Barbara 
Channel but rare near the Channel Islands 
and offshore (Briggs et al. 1987). In 1999–2002, 
Western Grebes were distributed along mainland 
and island coasts throughout the study area and 
we consistently observed aggregations of grebes 
in all survey months near Morro Bay, Point Sal, 
and Palos Verdes, and from 75 km north of San 
Diego to the Mexican border (Fig. 10).

More than 90% of Western Grebes occurred 
on coastal transects along mainland coasts. 
At-sea density comparisons were not statisti-
cally signifi cant for season or among the three 
sub-areas where they occurred (S1, S3, and S4; 
Table 5). In 1999–2002, densities of Western 
Grebes on coastal transects did not differ 
among seasons but did differ among sub-
areas (Table 6). Greatest densities occurred in 
NMC in January, SMC in May, and CMC in 
September (Tables 2–4).

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. Therefore, we did 

FIGURE 8. Common Loon densities (birds/km2) and distribution off southern California from 1999–2002 
during January and September. No Common Loons were observed during May.
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not compare densities statistically with Briggs 
et al. (1987) who did not conduct aerial coastal 
transects in the SCB.

PROCELLARIIDAE

We observed ten species of procellariids in 
the study area (Fig. 11). At-sea densities dif-
fered among seasons and sub-areas with great-
est densities occurring in January in S1 and in 
May in S3 (Tables 1, 5). Coastal densities of 
procellariids did not differ among seasons or 
four sub-areas in which they occurred but few 
occurred in coastal habitats (NMC, CMC, NIC, 
and SIC; Table 6). At-sea densities were greater 

in 1975–1983 than in 1999–2002 for the entire 
study area, S2, S4, and S5; lower in S3; and did 
not differ signifi cantly in S1 (Tables 7a, 7b).

Black-footed Albatross (Phoebastria nigripes)

The Black-footed Albatross is the most abun-
dant albatross along the eastern Pacifi c Coast 
and occurs off California in all months of the 
year (Briggs et al. 1987). This albatross also 
breeds in the Hawaiian Archipelago; popula-
tion numbers were estimated to be 200,000 
individuals in the early 1990s (Whittow 1993a) 
although that number may be decreasing 
(Brooke 2004). After breeding in June, adults 

FIGURE 9. Pacific Loon densities (birds/km2) and distribution off southern California from 1999–2002 during 
January and May. No Pacific Loons were observed during September.
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FIGURE 10. Western Grebe densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 11. Procellariid densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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disperse into the north Pacifi c Ocean and are 
most abundant off California from June through 
August (Stallcup 1990, Whittow 1993a). Briggs 
et al. (1987) observed maximum numbers of 
birds off southern California in May or June and 
within 25 km of the Santa Rosa-Cortes Ridge, 
especially near San Miguel Island and Tanner 
and Cortez banks. In 1999–2002, we observed 
only eight Black-footed Albatrosses with most 
in May 2000 northwest of the SCB (Fig. 12). On 
average, sightings occurred <45 km from land 
(four sightings <20 km from land) and over 
deep waters (1,260 m; Fig. 12). Low numbers 
of sightings in both 1975–1978 and 1999–2002 
prevented trend analysis.

Laysan Albatross (Phoebastria immutabilis)

Laysan Albatrosses are the most abundant 
albatrosses in the Northern Hemisphere with 
an estimated global population of 2,500,000 
individuals in the early 1990s (Whittow 1993b). 
They breed almost entirely in the Hawaiian 
Archipelago from Kure Atoll to Kauai. In the 
1980s, a small breeding colony was discovered 
on Guadalupe Island off central Baja California, 
Mexico, and other incipient colonies have 
developed in the Revillagigedos Islands and 
Alijos Rock, Mexico (Whittow 1993b). In south-
ern California, Laysan Albatrosses occurred 
primarily in deeper water and far offshore 
(Stallcup 1990). In 1975–1978, Briggs et al. (1987) 
observed only seven birds, most of which were 
recorded over deep water and seaward of the 
continental shelf. In 1999–2002, we observed 
only six birds (Fig. 13); these sightings occurred 
in January in all years and in May 2001 over 
waters with an average depth of 1,855 m and 
72 km from shore. Two Laysan Albatrosses 
were recorded together in January 2001 and, 
in May 2001, a third individual was observed 
on the same transect line (<2 km away). The 
few sightings in both 1975–1978 and 1999–2002 
prevented examining differences among survey 
periods.

 
Northern Fulmar (Fulmarus glacialis)

Northern Fulmars breed at several Alaskan 
colonies and in the winter are distributed 
widely across the Pacifi c Ocean south to Baja 
California, and Sonora, Mexico (Hatch and 
Nettleship 1998). Briggs et al. (1987) observed 
Northern Fulmars off California in all seasons 
with maximum abundances occurring off 
southern California in December–January and 
then again in March, indicating passage south 
to Mexican waters in winter and return north 
through the SCB in spring. Northern Fulmars 

occurred in greatest densities 5–40 km from 
shore but also were observed 460 km offshore 
(maximum offshore distance surveyed; Briggs 
et al. 1987). We observed Northern Fulmars in 
all survey months and distributed throughout 
the study area in January (Fig. 14).

In 1999–2002, at-sea densities of Northern 
Fulmars differed among seasons and sub-areas 
with greatest densities in January and in S2 
(Table 1b). Only four Northern Fulmars were 
observed on coastal transects, one near Point 
Mugu (CMC) and three near San Miguel Island. 
At sea densities in 1975–1983 were greater than 
densities in 1999–2002 for the entire study area, 
S3, and S4; were lower in S5; and did not differ 
signifi cantly in S1 and S2 (Tables 7a, 7b).

Sooty Shearwater and Short-tailed Shearwater

Sooty and Short-tailed shearwaters were 
diffi cult to distinguish from the air, so we 
consider them together here although the 
vast majority of these birds are assumed to 
be Sooty Shearwaters. Both shearwaters breed 
in New Zealand, Chile, and Australia from 
October–May and migrate to the northern 
Pacifi c Ocean from May–September (Everett 
and Pitman 1993, Warham 1996). Short-tailed 
Shearwaters are uncommon off California in 
fall and winter, whereas Sooty Shearwaters 
are often very abundant. In the 1970s, mil-
lions of Sooty Shearwaters were estimated off 
California (Briggs and Chu 1986). From 1987–
1994, Sooty Shearwater numbers decreased by 
80–90% coincident with increased sea-surface 
temperatures throughout the CCS (Veit et al. 
1997). Spear and Ainley (1999) suggested that 
changes in migratory movements may partly 
explain reduced southern California num-
bers. From 1975–1983, maximum numbers off 
southern California occurred in May in the 
shelf waters off Point Conception (Briggs et 
al. 1987). In 1999–2002, Sooty and Short-tailed 
shearwaters were distributed throughout the 
study area in May with largest concentrations 
near the northern Channel Islands (Fig. 15).

At-sea densities of Sooty and Short-tailed 
shearwaters differed among seasons and sub-
areas (Table 5). Densities at sea were greatest 
in May when shearwaters occurred on all at-sea 
transect lines (Tables 1a–e; Fig. 15). Greatest 
densities occurred in S3 in May and in S1 in 
September (Tables 1a, 1c). Densities on coastal 
transects did not differ among seasons or the 
four sub-areas in which they occurred (CMC, 
SMC, NIC, and SIC; Table 6). A single fl ock of 
6,000 Sooty and Short-tailed shearwaters near 
Point Sal accounted for 40% of shearwaters 
observed.
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At-sea densities of Sooty and Short-tailed 
shearwaters were greater in 1975–1983 than in 
1999–2002 in S2, S4, and S5; were lower in S3; 
and did not differ signifi cantly for the entire 
study area or S1 (Tables 7a, 7b). These results 
agree with declining populations reported 
throughout the range of the Sooty Shearwater, 
supporting the contention that declines may 
be an indication of global changes (Veit et al. 
1997, Lyver et al. 1999). In addition, our greater 
sampling effort may have resulted in better 
estimates of these patchily distributed shear-
waters compared with previous surveys; thus, 
the population decline that we estimated may 
be conservative.

Pink-footed Shearwater

Pink-footed Shearwaters breed off Chile 
from November–May and are listed as a threat-
ened species due to a restricted breeding range 
and population declines (Guicking et al. 2001). 
About 20,000 breeding pairs nest at their main 

breeding colony at Mocha Island (Guicking et 
al. 2001). Briggs et al. (1987) observed Pink-
footed Shearwaters in the SCB in almost every 
month. Greatest densities occurred in May or 
June and decreased until a second maximum 
in August to September. In 1975–1978 in the 
SCB, shearwaters were common near the Santa 
Rosa-Cortes Ridge in the Santa Barbara Channel 
and the southern coasts of the northern Channel 
Islands (Briggs et al. 1987). In 1999–2002, we 
observed Pink-footed Shearwaters throughout 
the study area in September, primarily south 
of Point Conception in May, and near Point 
Conception in January (Fig. 16).

At-sea densities of Pink-footed Shearwaters 
differed among seasons but did not differ sig-
nifi cantly among sub-areas (Table 5). Densities 
were greatest in September and lowest in 
January (Tables 1a–e). Coastal densities did not 
differ between NMC and NIC but greater densi-
ties occurred in September than in May (Table 
6). At-sea densities of Pink-footed Shearwaters 
were greater in 1975–1983 than in 1999–2002 in 

FIGURE 12. Black-footed Albatross sightings off southern California during January and May of 2000 and 
January and September of 2001.
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S2 and S5; lower in S4; but did not differ sig-
nifi cantly for the entire study area, S1, and S3 
(Tables 7a, 7b).

Black-vented Shearwater (Puffi nus opisthomelas) 

Black-vented Shearwaters breed off the 
west coast of Baja California, Mexico, with 
>95% on Natividad Island (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 dis-
perse northward in July or August and are most 
abundant off southern California in 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–December. Ainley 
(1976) noted that Black-vented Shearwaters 
occurred farther northward during years of 
warm water associated with El Niño events. 
In September 1977 (an El Niño 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). In 1975–1978, 
shearwaters were recorded in near-shore 
waters from south of Dana Point to San Diego 
(Briggs et al. 1987). In 1999–2002, we primar-
ily observed Black-vented Shearwaters in the 
eastern Santa Barbara Channel generally <10 
km from shore (Fig. 17).

At-sea densities differed among seasons and 
the four sub-areas where they were observed 
(S1, S3, S4, and S5; Table 5). In 1999–2002, 
densities were three times greater in January 
than in September (Tables 1a–e). Seventy-
seven percent of Black-vented Shearwaters 
recorded at sea occurred in S3. We observed 
one Black-vented Shearwater in May and one 
in September 1999. On coastal transects, we 
observed only two birds between Anacapa and 
Santa Cruz islands in September 2001. We were 
not able to obtain Black-vented Shearwater 
data for the period 1975–1983 and could not 
compare studies statistically.

FIGURE 13. Laysan Albatross sightings off southern California during January of 2000 and 2001.
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FIGURE 14. Northern Fulmar densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 15. Sooty Shearwater densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 16. Pink-footed Shearwater densities (birds/km2) and distribution off southern California from 1999–
2002 during January, May, and September.
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FIGURE 17. Black-vented Shearwater densities (birds/km2) and distribution off southern California from 
1999–2002 during January, May, and September.



STUDIES IN AVIAN BIOLOGY56 NO. 33

Leach’s Storm-Petrel (Oceanodroma leucorhoa)

Leach’s Storm-Petrels are the most wide-
spread procellariiform breeding in the Northern 
Hemisphere and, in the eastern Pacifi c, 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 
Coronado islands (H. Carter, unpubl. data). 
Although diffi cult to census, 314 breeding birds 
were estimated for the SCB in 1991 (H. Carter, 
unpubl. data). 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 densi-
ties from December through May. In spring 
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). In late summer, distribution shifted 
northwestward, seaward of San Nicolas and San 
Miguel islands (Briggs et al. 1987). In 1999–2002, 
we found a similar distribution as in 1975–1978 
but did not fi nd birds as close to shore in May 
and found a more northward distribution in 
September (Fig. 18). For all surveys combined, 
we observed 64% of birds in the southwest por-
tion of the SCB between 33° and 34° latitude and 
120° and 121° longitude and, in January, they 
occurred only within this area.

At-sea densities of Leach’s Storm-Petrels 
differed among seasons and sub-areas (Table 
5). Greatest densities occurred in May and 
September and very few birds occurred in 
January (Tables 1a–e). Greatest densities were 
in S5 and lowest densities in S4. Leach’s Storm-
Petrels were observed in all sub-areas in all 
months except for January when they were 
observed only in S5 (Tables 1a–e). We did not 
observe Leach’s Storm-Petrels on coastal tran-
sects. At-sea densities of Leach’s Storm-Petrels 
in 1975–1983 were greater than densities in 
1999–2002 for the entire study area, S1, S2, S3, 
and S4; but lower in S5 (Tables 7a, 7b).

Black Storm-Petrel (Oceanodroma melania)

Black Storm-Petrels breed primarily in the 
Gulf of California, Mexico, although smaller 
numbers also breed along the west coast of Baja 
California, Mexico, and southern California 
(Pitman and Speich 1976, Sowls et al. 1980, 
Everett and Anderson 1991). In the SCB, 
storm-petrels breed on Santa Barbara, Sutil, 
and Coronado islands, and possibly on Prince 
(<1 km north of San Miguel Island) and San 
Clemente islands (H. Carter, unpubl. data). 
Breeding numbers are diffi cult 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 (H. Carter, unpubl. data). 

Briggs et al. (1987) observed Black Storm-
Petrels in all months with maximum abun-
dances in August and September. In 1975–1978, 
birds occurred primarily 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). In 1999–2001 in 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 in September (Fig. 19).

At-sea densities of Black Storm-Petrels dif-
fered among seasons and sub-areas (Table 5). 
Birds were observed in nearly equal abundance 
in May and September, but were virtually absent 
in January (Tables 1a–e). Densities were greatest 
in S4 and S5 (Tables 1d, 1e). Black Storm-Petrels 
were not observed on any coastal transect. At-
sea densities in 1999–2002 were greater than in 
1975–1983 for the entire study area, S3, S4, and 
S5; but lower in S1 and S2 (Tables 7a, 7b).

Ashy Storm-Petrel (Oceanodroma homochroa)

An estimated 10,000 Ashy Storm-Petrels 
occur mainly off California, with small num-
bers off Baja California, Mexico (Ainley 1995; 
Carter et al., in press). Ashy Storm-Petrels occur 
year-round in waters of the continental slope 
and slightly farther to sea and do not disperse 
far from breeding locations (Ainley 1995). In 
the SCB, breeding occurs on the Coronado and 
Todos Santos islands, Baja California, Mexico, 
and six California Channel Islands (i.e., not 
Santa Rosa and San Nicolas), and small num-
bers may breed at Vandenberg Air Force Base 
(Carter et al., in press). The state of California 
designated the Ashy Storm-Petrel as a Species 
of Special Concern (J. Remsen, unpubl. data) 
and the USDI Fish and Wildlife Service desig-
nated it as a bird of conservation concern (USDI 
Fish and Wildlife Service 2002). In 1991, H. 
Carter (unpubl. data) estimated 3,135 birds in 
the SCB but differences in survey protocols and 
efforts from past studies made trends in popula-
tion size impossible to assess. However, decline 
has been noted at the South Farallon Islands in 
central California (W. Sydeman, unpubl. data). 
Surveys in 1994–1996 found more widespread 
breeding in the Channel Islands and higher 
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FIGURE 18. Leach’s Storm-Petrel densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 19. Black Storm-Petrel densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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breeding population estimates (Carter et al., 
in press). From 1995–2003, numbers breeding 
at study areas on Santa Cruz Island did not 
change to a great degree (McIver 2002; Carter 
et al., in press). Off southern California, Briggs 
et al. (1987) observed Ashy Storm-Petrels in 
greatest abundance near San Miguel Island 
from April–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). In 1999–2002, we observed 
Ashy Storm-Petrels throughout the study area 
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 (Fig. 20).

In 1999–2002, at-sea densities differed 
among seasons and sub-areas (Table 5). 
Densities were greatest in May and September, 
and we observed birds in all sub-areas and in 
all months except during January in S2 and S3 
(Tables 1a–e). We did not observe Ashy Storm-
Petrels on coastal transects. At-sea densities of 
Ashy Storm-Petrels in 1999–2002 were greater 
than densities in 1975–1983 for the entire study 
area, S1, S2, S3, and S5 (Table 7). We did not test 
statistical differences in S5 because Briggs et al. 
(1987) did not observe birds in S5. However, 
lower densities in 1999–2002 may refl ect undoc-
umented declines at some SCB colonies, decline 
at the South Farallon Islands, or variation in for-
aging and wintering areas between years.

Brown Pelican (Pelecanus occidentalis)

The Brown Pelican subspecies, P. o. cali-
fornicus, currently breeds from the California 
Channel islands south along the Pacifi c coast 
of Baja, California, Mexico, throughout the 
Gulf of California, and south along the Pacifi c 
coast of Mexico to Isla Tres Marias and ranges 
from southern British Columbia, Canada, to 
Colimas, Mexico (Shields 2002). Greatest peli-
can abundance in southern California occurs 
in late summer and early fall coincident with 
dispersal of birds from breeding colonies in 
Mexico; abundance is lowest after breeding 
adults return to breeding colonies in Mexico 
in early winter (Anderson and Anderson 1976; 
Briggs et al. 1981, 1983; Jaques 1994; Jaques et al. 
1996). In the 1960s and 1970s, Brown Pelicans 
experienced extremely poor breeding success 
in southern California due to eggshell thin-
ning 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 (F. Gress, unpubl. 

data). In 1969–1978, <800 nests were estimated 
to be on West Anacapa Island. In 1991, about 
5,300 pairs were estimated on West Anacapa 
Island and about 600 breeding pairs were 
estimated on Santa Barbara Island (H. Carter, 
unpubl. data).

Briggs et al. (1987) reported lowest den-
sities of Brown Pelicans in California from 
December through March and greatest densi-
ties in September and October with most birds 
<20 km from shore. Similarly, in 1999–2002 we 
observed greatest densities in September with 
83% observed on at-sea transects <10 km from 
shore. Brown Pelicans typically roost on land 
when not feeding at all times of year, leading 
to relatively low densities at sea, compared to 
some other seabirds.

In 1999–2002, Brown Pelicans were distrib-
uted along coastlines and near roosting sites 
throughout the study area and occurred in all 
at-sea sub-areas (Fig. 21). They generally were 
more abundant along mainland than island 
coastlines and densities were greatest along 
the CMC in May (possibly due to breeding 
activities on Anacapa Island) and NMC and 
SMC in September (Tables 2–4). In all survey 
months, Brown Pelicans were most abundant 
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 (Fig. 21).

At-sea densities of Brown Pelicans differed 
signifi cantly among seasons and sub-areas 
(Table 5) and were greatest in September when 
breeding birds from Mexico arrived in the SCB. 
Densities were generally greatest in S3, prob-
ably due to the proximity of numerous available 
roost sites on the northern Channel Islands and 
on the central mainland coast (Point Conception 
to Point Dume; Table 1c). We observed only 12 
Brown Pelicans in S2. Along coastlines, their 
densities were greatest in September (Tables 
2–4, 6). Densities did not differ signifi cantly 
among coastal sub-areas (Table 6).

For the entire study area, at-sea densities 
of Brown Pelicans were greater in 1999–2002 
than in 1975–1983 (Tables 7a, 7b), refl ecting 
increased breeding populations in the Gulf of 
California and in southern California. Pelican 
densities were lower in S4 and S5; higher in S2 
where no pelicans were observed in 1975–1983; 
and did not differ signifi cantly in S1 and S3 
(Tables 7a, 7b).

CORMORANTS 

Densities of all cormorants, including those 
not identifi ed to species, were combined (Fig. 
22) because the three species, Brandt’s, Pelagic, 
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FIGURE 20. Ashy Storm-Petrel densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.



SEABIRD DISTRIBUTION AND ABUNDANCE—Mason et al. 61

FIGURE 21. Brown Pelican densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 22. Cormorant densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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and Double-crested cormorants (Phalacrocorax 
penicillatus, P. pelagicus, and P. auritus) were 
diffi cult to distinguish from the air and 45% of 
observed cormorants were unidentifi ed (Fig. 
23). Cormorants occurred in every at-sea sub-
area except S2 and in every season (Fig. 22).  At 
all times of year, cormorants typically roost on 
land when they are not feeding, and thus have 
relatively low densities at sea compared with 
other seabird families. At-sea densities of cor-
morants did not differ among seasons, but did 
differ among sub-areas, with greatest densities 
occurring in S3 (Tables 1, 5). Coastal densities 
of cormorants did not differ among seasons, but 
did differ among sub-areas with greatest densi-
ties along the NMC in all months (Tables 2–4, 6). 
At-sea densities were greater in 1999–2002 than 
in 1975–1983 for the entire study area, S1, and 
S5; and were lower in S3 and S4 (Tables 7a, 7b).

Double-crested Cormorant

Double-crested Cormorants are the most 
numerous and widely distributed of the six 
North American cormorants but are rarely 
observed far from land (Hatch and Weseloh 
1999). Along the Pacifi c Coast, the subspecies 
P. a. albociliatus breeds from southern British 
Columbia, Canada, to the Gulf of California in 
marine and estuarine habitats (Harrison 1983, 
Carter et al. 1995). In the SCB Double-crested 
Cormorants experienced reduced breeding 
success in the mid-twentieth century due to 
DDE contamination (Gress et al. 1973; F. Gress, 
unpubl. data). In 1969, severe eggshell thin-
ning from DDE contamination was discovered 
in colonies on West Anacapa Island and South 
Coronado Island, Mexico (Gress et al. 1973, 
Jehl 1973). Reduced breeding success contin-
ued until the early 1970s at the West Anacapa 
Island colony, but thereafter, breeding success 
gradually improved (Anderson and Gress 
1983; F. Gress, unpubl. data). In 1991, the 
estimated 5,000 breeding pairs in southern 
California represented greater than a four-fold 
increase over 1975–1978 estimates (H. Carter, 
unpubl. data). 

In the SCB, breeding colonies are located 
on Prince, West Anacapa, and Santa Barbara 
islands (H. Carter, unpubl. data). Only a few 
Double-crested Cormorants were observed 
at sea in 1975–1983 and these were <3 km 
from breeding colonies (Briggs et al. 1987). In 
1999–2002, Double-crested Cormorants were 
observed consistently 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 (Fig. 24). We observed 86% of Double-
crested Cormorants <1 km from shore. In May 
and September, individuals were occasionally 
observed 20–30 km northwest of Santa Barbara 
Island.

We found that at-sea densities of Double-
crested Cormorants differed among seasons 
and the four at-sea sub-areas in which they 
occurred (S1, S3, S4, and S5; Table 5). At-sea 
densities were generally greatest in January and 
in S1 (Table 1a). In May and September, densi-
ties were greatest in S3 near breeding colonies 
(Table 1c). Densities differed among coastal 
sub-areas, but greatest densities occurred in 
the CMC in each survey month (Tables 2–4, 
6). Double-crested Cormorants occurred in all 
coastal sub-areas, and coastal densities were up 
to 40-fold greater than at-sea densities.

Statistical comparisons between 1975–1983 
and 1999–2002 surveys were limited to the 
entire study area, S3, and S4 because of lim-
ited observations in other sub-areas during 
1975–1983. At-sea densities of Double-crested 
Cormorants were greater in 1999–2002 than in 
1975–1978 for the entire study area and in S3, 
but were lower in S4 (Tables 7a, 7b). Greater 
densities were consistent with increased SCB 
breeding populations. Although continent-wide 
increases also may have led to increased winter-
ing birds coming from other areas, we could not 
determine if other breeding populations were 
represented in the winter.

Brandt’s Cormorant 

Brandt’s Cormorants nest along the Pacifi c 
Coast from southwest Vancouver Island, 
British Columbia, Canada, to southern Baja 
California, Mexico, including portions of the 
Gulf of California (Wallace and Wallace 1998). 
They are one of the most widely distributed 
and abundant breeding seabirds in southern 
California and currently breed on all Channel 
Islands except Santa Catalina Island (H. Carter, 
unpubl. data). The population size of Brandt’s 
Cormorants decreased in the 1950s and 1960s 
likely because of breeding failures caused by 
DDE contamination and human disturbance 
(McChesney et al. 1997; G. Hunt, unpubl. data). 
At Santa Barbara and San Nicolas islands, cor-
morant abundance decreased by 50–90% from 
the 1950s–1977 (McChesney et al. 1997; G. Hunt, 
unpubl. data). In 1991, however, about 14,700 
breeding pairs were estimated in southern 
California, a four-fold increase since 1975–1978 
(7,600 birds; H. Carter, unpubl. data). In 1975–
1983, Brandt’s Cormorants occurred primarily 
in shallow waters <10 km from shore and <25 
km from island or mainland roosts or colonies 
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FIGURE 23. Unidentified cormorant densities (birds/km2) and distribution off southern California from 1999–
2002 during January, May, and September.
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FIGURE 24. Double-crested Cormorant densities (birds/km2) and distribution off southern California from 
1999–2002 during January, May, and September.
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(Briggs et al. 1987). Along mainland coasts, birds 
consistently occurred near large roosts and near 
Point Loma, Palos Verdes, Point Sal, and Point 
Buchon (Fig. 11). Brandt’s Cormorants were 
present at Santa Catalina Island in January and 
San Clemente Island in January and September. 
In May, however, reduced densities occurred 
in the southeastern SCB and increased densi-
ties occurred in the northern SCB where most 
breeding colonies were located.

In 1999–2002, at-sea densities of Brandt’s 
Cormorants did not differ signifi cantly among 
seasons but did differ among the four sub-areas 
in which they occurred (S1, S3, S4, and S5; 
Table 5). We observed greatest densities in S3 
and S5 (Tables 1c, 1e). In all seasons, Brandt’s 
Cormorants were concentrated near the north-
ern Channel Islands and near San Nicolas 
Island (Fig. 25). This distribution corresponds 
to the presence of large breeding colonies and 
roost sites on these islands. Coastal densities of 
Brandt’s Cormorants did not differ signifi cantly 
among seasons, but did differ among sub-areas 
with greatest densities occurring along Channel 
Island coastlines, especially along the NIC 
(Tables 2–4, 6). We observed greater densities of 
Brandt’s Cormorants at sea in 1999–2002 than in 
1975–1983 for the entire study area and in each 
of the four sub-areas in which they occurred 
(S1, S3, S4, and S5; Tables 7a, 7b), refl ecting 
increased SCB breeding populations between 
survey periods.

Pelagic Cormorant (Phalacrocorax pelagicus)

Pelagic Cormorants are the most coastal of 
the southern California cormorants and are 
rarely observed more than a few kilometers 
from shore (Sowls et al. 1980, Ainley et al. 
1990). Pelagic Cormorants breed from Alaska 
to the Coronado 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 fi ve Channel Islands. In 1991, H. Carter 
(unpubl. data) estimated about 1,400 breeding 
pairs in the SCB, a three-fold increase over 
1975–1978 estimates.

Briggs et al. (1987) observed few Pelagic 
Cormorants, most north of Point Conception 
and <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 breeding 
colonies at San Miguel, Santa Rosa, and Santa 
Cruz islands. Along the mainland coastline, we 
consistently observed birds near Point Buchon 
and Morro Bay in May and September (Fig. 26). 
Although Pelagic Cormorants breed at Santa 

Barbara Island (H. Carter, unpubl. data), we did 
not observe birds near that island in May 1999–
2001. The few birds observed in September sur-
veys, however, occurred within 10 km of Santa 
Barbara Island.

We observed only nine Pelagic Cormorants 
on at-sea transects and did not have suffi cient 
data to compare at-sea densities among season, 
sub-area, or to 1975–1983. Most of our sightings 
occurred in the Santa Barbara Channel, but two 
birds were seen near Morro Bay.

Along coastlines, densities of Pelagic 
Cormorants differed among seasons and sub-
areas (Table 6). Greatest densities of birds 
occurred along the CMC and along the NIC 
(Tables 2–4). Coastal densities were similar in 
January and May, and few birds were observed 
in September surveys (Tables 2–4), suggest-
ing little movement of wintering birds from 
more northern areas into southern California. 
Pelagic Cormorants were more easily identifi ed 
to species in May, due to the presence of their 
conspicuous white fl ank patches. In January 
and September surveys, we probably included 
more Pelagic Cormorants as unidentifi ed cor-
morants; therefore, our population estimates 
and distribution maps are probably incomplete 
in these months.

Surf Scoter and White-winged Scoter 

Surf and White-winged scoters can be dif-
fi cult to distinguish from the air. We identi-
fi ed only three White-winged Scoters in our 
surveys. Briggs et al. (1987) noted that White-
winged Scoters accounted for 5–10% of all 
scoters observed south of the northern Channel 
Islands. Therefore, we combined both spe-
cies for analyses and hereafter refer to them 
as Surf Scoters. Surf Scoters breed 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 the Gulf of California, 
Mexico (Savard et al. 1998). In 1975–1978, Surf 
Scoters arrived in the SCB in November and 
December with maximum abundances from 
December through March (Briggs et al. 1987). In 
winter 1975–1978, they most often occurred in 
near-shore waters in the eastern Santa Barbara 
Channel, along northern coasts of the northern 
Channel Islands, in Santa Monica Bay, and from 
south of Dana Point to San Diego (Briggs et al. 
1987). In 1999–2002, Surf Scoters were recorded 
in all survey months and consistently observed 
near San Diego and Morro Bay and in the east-
ern Santa Barbara Channel (Fig. 27).
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FIGURE 25. Brandt’s Cormorant densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 26. Pelagic Cormorant densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 27. Surf Scoter densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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We observed 126 Surf Scoters on at-sea 
transects in S1 and S3 in January and May and 
found no difference in densities between S1 and 
S3 or between January and May (Tables 1, 5). 
On coastal transects, densities differed among 
seasons and sub-areas (Table 6). Surf Scoters 
were most abundant in the SCB in January, least 
abundant in September, and were equally abun-
dant in NMC and SMC (Tables 2–4).

Because we observed few Surf Scoters on at-
sea transects, we did not compare them statisti-
cally with Briggs et al. (1987). Reduced numbers 
of White-winged Scoters has been reported 
along the Pacifi c Coast (D. Nysewander, 
unpubl. data), but we were unable to readily 
distinguish between Surf and White-winged 
scoters from the air, and thus could not assess 
differences in trends between species.

PHALAROPODINAE

We observed two species of phalaropes 
within the study area (Fig. 28). Red Phalaropes 
(Phalaropus fulicaria) and Red-necked Phalaropes 
(P. lobatus) were diffi cult to distinguish from the 
air. Consequently, 64% of all phalarope sight-
ings were classifi ed as unidentifi ed phalaropes 
(Fig. 29). Briggs et al. (1987) found both phala-
rope species distributed throughout California 
waters from the shoreline to hundreds of kilo-
meters offshore, but that only Red Phalaropes 
were likely to be observed >50 km from the 
coast. We also observed phalaropes through-
out the SCB and that, when identifi able, Red 
Phalaropes were distributed farther from shore 
than Red-necked Phalaropes. Briggs et al. (1987) 
found spring migration (April–May) to be much 
more rapid than fall migration (July–October). 

In 1992–2002, at-sea densities of phalaropes 
differed among seasons and sub-areas (Table 5). 
Greatest at-sea densities generally occurred in 
May and in S1 and S2 (Tables 1a, 1b). Few phala-
ropes occurred on coastal transects (Tables 2–4). 
At-sea densities were greater in 1975–1983 than 
in 1999–2002 for the entire study area, S3, S4, and 
S5, but did not differ signifi cantly in S1 and S2 
(Tables 7a, 7b). Given the rapid spring migration 
patterns and the timing of our surveys, we may 
not have captured periods of peak abundance.

Red-necked Phalarope 

Red-necked Phalaropes winter at sea primar-
ily off the coast of Peru and Chile (Rubega et al. 
2000). Departure times for southward migration 
are protracted as 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).

In 1999–2002, at-sea densities of Red-necked 
Phalaropes differed among seasons but did 
not differ signifi cantly among sub-areas 
(Table 5). Greatest densities occurred in May 
(Tables 1a–e). We only observed four Red-
necked Phalaropes on coastal transects and 
all occurred on the north side of the northern 
Channel Islands. Red-necked Phalaropes 
were distributed throughout the study area in 
January, aggregated near Point Conception in 
May, and distributed throughout the western 
portion of the study area in September (Fig. 
30). At-sea densities of Red-necked Phalaropes 
were greater in 1999–2002 than in 1975–1983 for 
the entire study area, S1 and S3 (Tables 7a, 7b). 
We did not compare densities in S2, S4, and S5 
across decades because Briggs et al. (1987) did 
not observe phalaropes in these sub-areas.

Red Phalarope 

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 northbound Red 
Phalaropes migrated through the SCB in April 
and May and southbound birds were present 
from August through November. In 1999–2002, 
Red Phalaropes were rare in January, scattered 
throughout the study area in May, and distrib-
uted north of the northern Channel Islands and 
Point Conception in September (Fig. 31).

At-sea densities of Red Phalaropes differed 
among seasons and sub-areas and were great-
est in May and in S1 (Tables 1, 5). We did not 
observe Red Phalaropes on coastal transects. 
At-sea densities of Red Phalaropes were greater 
in 1999–2002 than in 1975–1983 for the entire 
study area, S1, S2, and S5; but were lower in S3 
and S4 (Tables 7a, 7b).

LARIDAE

We observed 22 species of larids within 
the study area (Fig. 32). At-sea densities dif-
fered among seasons and sub-areas (Table 5). 
Greatest densities occurred in January and in 
S3 (Table 1c). Coastal densities were greatest 
in January primarily due to large numbers of 
wintering California Gulls (Tables 2–4, 6). At-
sea  densities of larids were greater in 1975–1983 
than in 1999–2002 for the entire study area and 
in each sub-area except S2 where the difference 
was not signifi cant (Tables 7a, 7b).

Heermann’s Gull (Larus heermanni)

Heermann’s Gulls nest almost entirely 
(>95% of the world breeding population of 
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FIGURE 28. Phalarope densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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FIGURE 29. Unidentified phalarope densities (birds/km2) and distribution off southern California from 1999–
2002 during January, May, and September.
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FIGURE 30. Red-necked Phalarope densities (birds/km2) and distribution off southern California from 1999–
2002 during January, May, and September.
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FIGURE 31. Red Phalarope densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 32. Larid densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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130,000 breeding pairs) at Raza Island in the 
Gulf of California, Mexico (Velarde 1999). 
Small numbers also have bred on the west 
coast of Baja California, Mexico and along the 
U.S. mainland (Sowls et al. 1980, Everett and 
Anderson 1991). They disperse north to south-
ern British Columbia in late summer and early 
fall (Campbell et al. 1990).

Briggs et al. (1987) reported post-breed-
ing arrival of Heermann’s Gulls off southern 
California from late April–June and departure 
to breeding areas in Mexico in early fall. In 
1975–1978, they occurred consistently from 
Morro Bay to the Santa Barbara Channel and 
near San Diego (Briggs et al. 1987). In 1999–2002 
during January and September, we consis-
tently observed birds along the mainland coast 
from Point Sal to Gaviota, near Palos Verdes, 
Huntington Beach, and San Diego and along the 
coastlines of Santa Rosa, Santa Cruz, Anacapa, 
and San Clemente islands (Fig. 33). In May, we 
consistently observed Heermann’s Gulls only 
near Palos Verdes. More than 86% of observed 
Heermann’s Gulls occurred <1 km from shore.

In 1999–2002, at-sea densities of Heermann’s 
Gulls did not differ signifi cantly between the 
two seasons in which they were observed 
(January and September) but did differ among 
the four sub-areas in which they occurred 
(Table 5). At-sea densities were greatest in S3 
and Heermann’s Gulls were not observed in S2 
(Tables 1b, 1c). Coastal densities differed among 
seasons, with greatest densities along the NMC 
in September and along the SCI in January 
(Tables 2–4, 6). At-sea densities in 1975–1983 
were greater than densities in 1999–2002 for the 
entire study area, S1, S4, and S5; but were lower 
in S3 (Tables 7a, 7b). However we cannot con-
fi rm that this represents a decrease in popula-
tion densities, since Heermann’s Gulls occur in 
coastal areas and roost extensively on shore.

Bonaparte’s Gull

Bonaparte’s Gulls winter on the Pacifi c 
Coast, from southern British Columbia, Canada, 
to southern Baja California and Nayarit, Mexico 
(Burger and Gochfeld 2002). Off California, these 
gulls arrived in September–October and reached 
maximum numbers in late October–November 
(Briggs et al. 1987). Numbers declined through 
the winter and increased again in March–May. 
Although dispersed widely throughout shelf 
and slope waters, greatest numbers of birds 
occurred <40 km from shore (Briggs et al. 1987). 
In 1999–2002, Bonaparte’s Gulls were observed 
only in January and May; >99% were seen south 
of Point Conception and >90% of birds occurred 
<40 km from shore (Fig. 34).

At-sea densities differed between the two 
seasons in which Bonaparte’s Gulls were 
observed (January and May) and among sub-
areas (Table 5). Greatest densities occurred in 
January and in S4 and S5 (Tables 1d, 1e). Coastal 
densities of Bonaparte’s Gulls did not differ sig-
nifi cantly between the two seasons (January 
and May) or the two sub-areas in which they 
were observed (CMC and SMCS: Table 6). At-
sea densities in 1975–1983 were greater than in 
1999–2002 for the entire study area and each of 
the fi ve sub-areas (Tables 7a, 7b). Since coastal 
areas were not surveyed by Briggs et al. (1987), 
comparisons are limited. However, Bonaparte’s 
Gulls do not roost on land as much as many 
other gulls, and we suspect that lower densities 
in 1999–2002 refl ect a decrease in population 
numbers.

California Gull (Larus californicus)

California Gulls are one of the most com-
mon larids in California 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 Pacifi c Coast from southern British 
Columbia, Canada, to southern Baja California, 
Mexico, and the Gulf of California (Winkler 
1996). They undergo a northward migration in 
early fall to southern British Columbia coastal 
waters and move south by late fall reaching 
maximum abundances off central and south-
ern California and Baja California, in January 
and February (Porter and Sealy 1981, Chilton 
and Sealy 1987, Winkler 1996). Breeding adults 
begin returning to inland colonies in February 
(Winkler 1996).

Briggs et al. (1987) found that California 
Gulls were the most abundant gulls in 
California near-shore waters in the fall and 
winter with California Gulls arriving in the 
SCB in late September or October. Shore-based 
surveys conducted from mainland and island 
coasts indicated maximum abundances in the 
SCB from January through March (Briggs et 
al. 1987). In 1999–2002, we observed California 
Gulls near mainland and island coastlines in 
all survey months and throughout southern 
California in January (Fig. 35). California Gulls 
were observed on all but two transect lines and 
84% occurred <1 km from shore.

In 1999–2002, densities of California Gulls 
on at-sea transects differed among seasons and 
sub-areas (Table 5). Densities were greatest 
in January and lowest in September, indicat-
ing that most birds arrived after September 



SEABIRD DISTRIBUTION AND ABUNDANCE—Mason et al. 77

FIGURE 33. Heermann’s Gull densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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(Tables 1a–e). At-sea densities were greatest in 
S3 in January and September and in S1 and S4 
in May (Tables 1a, 1c, 1d). On coastal transects, 
densities of California Gulls were greatest in 
January in all sub-areas (Tables 2–4, 6).

At-sea densities of California Gulls were 
greater in 1975–1983 than in 1999–2002 for the 
entire study area, S2, and S5; but did not differ 
signifi cantly in S1, S3, and S4 (Tables 7a, 7b). 
However, since California Gulls mainly occur 
in coastal waters and roost extensively along 
shores, we could not compare densities in their 
most abundant areas so cannot confi rm if this 
indicates a true decline in abundance or distri-
bution shift. 

Western Gull (Larus occidentalis)

Western Gulls breed from central Baja 
California, Mexico, to southwestern Washington 
(Speich and Wahl 1989, Penniman et al. 1990), 
and winter 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, making it a relatively rare Larus 
gull (Pierotti and Annett 1995). Western Gulls 
are the most widely distributed and the second 
most abundant breeding seabird in southern 
California; large breeding colonies occur at 
San Miguel, Santa Barbara, Anacapa, and San 

FIGURE 34. Bonaparte’s Gull densities (birds/km2) 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 35. California Gull densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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Nicolas islands (H. Carter, unpubl. data). In 
1991, 14,000 breeding pairs were estimated to be 
in the SCB, a more than two-fold increase over 
the late 1970s (H. Carter, unpubl. data).

Briggs et al. (1987) observed Western Gulls 
along California coastlines in all months and 
seldom observed birds farther than 25 km sea-
ward of the shelf break. In the SCB, Western 
Gulls were mostly restricted to areas near 
breeding colonies from April–August, but from 
September–February, they were distributed 
more evenly throughout the region (Briggs et 
al. 1987). In contrast, in 1999–2002 we observed 
Western Gulls throughout southern California 
in all seasons, on both at-sea and coastal surveys 
(Fig. 36). More than 96% of observed Western 
Gulls occurred <20 km from shore.

In 1999–2002, at-sea densities of Western 
Gulls did not differ among seasons but did 
differ among sub-areas (Table 5). We observed 
greatest densities in S3 in all months (Table 1c). 
Along coastlines, densities did not differ among 
sub-areas but did differ among seasons (Table 
6). Mainland coastal densities were greatest in 
September and island coastal densities were 
greatest in January (Tables 2–4).

At-sea densities in 1999–2002 were greater 
than in 1975–1983 for the entire study area and 
S3, lower in S2, S4, and S5, and did not differ 
signifi cantly in S1 (Tables 7a, 7b). Increased 
numbers apparently refl ected increased breed-
ing populations in the SCB, although some 
Western Gulls from central and northern 
California also winter in southern California 
and these populations have also increased 
(Penniman et al. 1990). Western Gulls also visit 
coastal lakes in the SCB and forage in garbage 
dumps, especially in winter, so many birds are 
not at sea. Western Gulls also roost when not 
foraging so we only measured actively feeding 
birds. In the breeding season, a large proportion 
of the population is at breeding colonies and not 
at sea. Many birds are seen near shore because 
they are commuting to colonies and roosting 
areas or rafting offshore of these areas.

Black-legged Kittiwake (Rissa tridactyla)

In the eastern Pacifi c, Black-legged 
Kittiwakes winter offshore from southern 
Alaska to central Baja California, Mexico (Baird 
1994). Kittiwakes migrate south from their 
Alaskan breeding colonies in September and 
return north in March (Baird and Gould 1983). 
In 1975–1983, kittiwakes arrived in California 
waters in November, reached greatest densities 
from January through March, and departed in 
April and May (Briggs et al. 1987). Kittiwakes 
occurred from the coastline to 200 km from 

shore and density did not decrease signifi cantly 
with increasing distance from shore (Briggs 
et al. 1987). In January 2000–2002, kittiwakes 
occurred throughout the study area, except in 
the southeastern portion (S4). Birds were con-
centrated primarily <15 km from the northern 
Channel Islands and near San Nicolas Island 
(Fig. 37).

In 1999–2002, at-sea densities of kittiwakes 
did not differ signifi cantly among sub-areas 
(Table 5). Densities were great only in January; 
we observed only four kittiwakes in May 
(2000) and none in September (Tables 1a–e). 
At-sea densities were greatest in S5, S2, and 
S1 (Tables 1a, 1b, 1e). We observed only 15 
Black-legged Kittiwakes on coastal transects, 
all in January and all but two near the northern 
Channel Islands.

At-sea densities of Black-legged Kittiwakes 
were greater in 1975–1983 than in 1999–2002 for 
the entire study area, S1, S3, and S4, lower in 
S2, and did not differ signifi cantly in S5 (Tables 
7a, 7b). Population trends are diffi cult to assess 
because decline has been noted at some Alaskan 
colonies (Baird 1994) consistent with lower den-
sities in 1999–2002.

Sabine’s Gull (Xema sabini) 

In the Pacifi c Ocean, Sabine’s Gulls are seen 
off California during migrations between arctic 
nesting grounds and wintering areas off north-
ern South America (Day et al. 2001). Briggs et 
al. (1987) recorded the species statewide from 
the shoreline to at least 200 km offshore; off 
southern California, they occurred seaward 
of the Santa Rosa-Cortes Ridge. In September 
1999–2001, we observed Sabine’s Gulls near 
Tanner and Cortez Banks (Fig. 38). In May and 
September, these gulls were observed north of 
Point Conception and west of San Miguel Island 
(Fig. 38).

At-sea densities did not differ signifi cantly 
between May and September but did differ 
among sub-areas (Table 5). We observed great-
est at-sea densities in S1 and lowest densities in 
S4 (Tables 1a, 1d). We did not observe Sabine’s 
Gulls on coastal transects. 

At-sea densities were greater in 1999–2002 
than in 1975–1978 for the entire study area, S1, 
S2, S4, and S5 (Tables 7a, 7b).

Caspian Tern (Hydroprogne caspia)

Caspian Terns breed in widely dispersed 
locations on the shores of rivers, lakes, and 
marshes along the Pacifi c, Atlantic, and Gulf 
coasts. On the Pacifi c Coast, they winter from 
southern California to Guatemala (Cuthbert 
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FIGURE 36. Western Gull densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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and Wires 1999). In southern California, terns 
breed on salt pond levees in San Diego Bay 
(Gill and Mewaldt 1983). Pacifi c Coast popula-
tions have increased by >50% from 1984–1993 
(Cuthbert and Wires 1999). In South San Diego 
Bay National Wildlife Refuge, an estimated 379 
pairs of Caspian Terns bred in 2002 (USDI Fish 
and Wildlife Service 2005).

Briggs et al. (1987) recorded few terns 
because they did not conduct aerial surveys of 
coastlines, but they reported that Caspian Terns 
rarely occurred >1 km from shore. In 1999–2002, 
we consistently observed Caspian Terns on 
coastal transects near Point Loma, northern 
Santa Monica Bay, Santa Cruz Island, and 
south of Gaviota (Fig. 39). We observed only 

16 Caspian Terns on at-sea transects and made 
no statistical comparisons. Coastal densities 
of Caspian Terns differed among seasons and 
sub-areas (Table 6). Greatest densities occurred 
in September and lowest densities in January 
(Tables 2–4).

ALCIDAE

Five alcid species commonly occur in south-
ern California and were recorded throughout 
the study area except in coastal sub-area SMC 
(Fig. 40). At-sea densities differed among sea-
sons and sub-areas with greatest densities in 
January in S1 and in May in S3 (Tables 1, 5). 
On coastal transects, densities differed among 

FIGURE 37. Black-legged Kittiwake densities (birds/km2) and distribution off southern California from 
1999–2002 during January and May.
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seasons and four sub-areas where they occurred 
(NMC, CMC, NIC, and SIC) with greatest densi-
ties along the NIC, except in May when great-
est densities occurred along the NMC (Tables 
2–4, 6). At-sea densities of alcids were greater 
in 1975–1983 than in 1999–2002 for the entire 
study area and in each of the fi ve sub-areas, but 
were not statistically signifi cant for S3 (Tables 
7a, 7b).

Common Murre (Uria aalge)

Along the eastern Pacifi c, Common Murres 
breed from the Bering Sea, Alaska, to Monterey 

County in central California (Ainley et al. 2002). 
Common Murres are the most abundant breed-
ing seabird in California and Oregon (H. Carter, 
unpubl. data; Carter et al. 2001). Historically, 
Common Murres bred in the SCB on Prince 
Island, but as a result of egg gathering for 
private collections and possibly oil  pollution, 
the colony was extirpated in 1912 (Carter et 
al. 2001). Common Murres generally winter 
from southern Alaska to southern California 
but have been observed as far south as central 
Baja California, Mexico. Birds occurring in 
southern California in winter likely originate 
from breeding populations in central California 

FIGURE 38. Sabine’s Gull densities (birds/km2) 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 39. Caspian Tern densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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FIGURE 40. Alcid densities (birds/km2) and distribution off southern California from 1999–2002 during 
January, May, and September.
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(Manuwal and Carter 2001). Central California 
breeding populations were increasing rapidly 
in the late 1970s but declined dramatically from 
1982–1986 and continued to decline through 
1989 (Takekawa et al. 1990, Carter et al. 2001). 
Declines in the breeding population were attrib-
uted mainly to mortality from gill-net fi shing 
and oil spills, plus lesser impacts from reduced 
reproductive success associated with the severe 
1982–1983 El Niño and human disturbance 
at breeding colonies (Takekawa et al. 1990; 
Carter et al. 2001, 2003). Since 1990, population 
recovery has been underway, reaching levels 
similar to 1980–1982 in the 1999–2002 period (G. 
McChesney, unpubl. data)

During the nesting season (April through 
July), Briggs et al. (1987) observed Common 
Murres in waters <150 m deep and 75% 
occurred <40 km from breeding colonies in 
central and northern California. In 1980–1983, 
they occurred south of Point Sur only outside 
of the nesting season, but even in the win-
ter they were most abundant within 50 km 
of breeding colonies (Briggs et al. 1987). In 
1975–1983, tens of thousands were estimated 
within Santa Barbara Channel and from Morro 
Bay to Point Arguello in the fall and winter 
(Briggs et al. 1987). In 1999–2002, we observed 
only 232 birds, and >85% were north of Point 
Conception (Fig. 41, Tables 1a–e). More than 
90% of birds occurred <20 km from shore in 
waters <150 m deep.

Densities on at-sea transects in 1999–2002 
differed among seasons and three sub-areas 
where Common Murres occurred (S1, S3, and 
S4; Table 5). At-sea densities were greatest 
in January and lowest in May (Tables 1a–e). 
We observed birds along coastal transects 
only in January (Tables 2–4). Most coastal 
sightings occurred near Morro Bay and Point 
Conception; one bird was observed near Santa 
Barbara Island (Fig. 41).

Despite substantial population recovery in 
central California, at-sea densities of Common 
Murres were statistically much lower in 1999–
2002 than in 1975–1983 for the entire study 
area, S1, S3, and S4 (Tables 7a, 7b). Continued 
gill-net mortality of several thousand murres 
per year between Monterey and Morro bays 
in the late 1990s (Forney et al. 2001) may have 
reduced populations wintering in our study 
area, or central California populations may 
not have yet restored movements to southern 
California. Birds were observed in S2 and S5 
in 1975–1983 but not in 1999–2002. For both 
studies, Common Murre densities were great-
est in January, when partial colony attendance 
occurs in central California (Manuwal and 
Carter 2001).

Pigeon Guillemot (Cepphus columba)

Pigeon Guillemots breed on rocky shore-
lines and forage in nearby near-shore waters 
from the Bering Sea to Santa Barbara Island 
and range from northern Alaska to northwest-
ern Mexico (Ewins 1993). In 1991, H. Carter 
(unpubl. data) estimated 1,600 breeding pairs 
to be in southern California, doubling the esti-
mates for 1975–1978.

Briggs et al. (1987) observed Pigeon 
Guillemots mainly 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 islands, and along the mainland 
coast near Point Sal and Point Buchon; >92% 
occurred <2 km from shore (Fig. 42).

In 1999–2002, we recorded only seven Pigeon 
Guillemots on at-sea transects, all in May. 
Densities on coastal transects differed among 
seasons and the three sub-areas in which guil-
lemots occurred (NMC, NIC, and SIC; Table 6). 
More than 89% of Pigeon Guillemot sightings 
occurred in May. We observed most birds along 
the NMC and NIC (Tables 3, 4). With so few at-
sea observations in 1999–2002, we were unable 
to compare at-sea transect data with data from 
1975–1983.

Xantus’s Murrelet (Synthliboramphus 
hypoleucus)

The Xantus’s Murrelet is 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). Of the two subspecies of Xantus’s 
Murrelets, S. h. scrippsi nests in southern 
California and Baja California and S. h. hypoleu-
cus nests primarily at Guadalupe Island, Mexico 
(Jehl and Bond 1975; Carter et al., in press). Both 
subspecies were recently listed by the state of 
California as threatened in 2004 and are listed as 
threatened in Mexico (E. Burkett, unpubl. data; 
Keitt, in press); they also have been petitioned 
for federal listing. Xantus’s Murrelets breed 
on all Channel Islands except Santa Rosa and 
San Nicolas islands (Drost and Lewis 1995). In 
1991, H. Carter (unpubl. data) estimated 700 
breeding pairs at the largest known colony in 
the U.S. at Santa Barbara Island and considered 
this colony to be stable or declining slightly. 
Additional evidence of decline at SBI has been 
noted in later studies (W. Sydeman, unpubl. 
data; D. Whitworth, unpubl. data). Surveys in 
1994–1996 found more widespread breeding 
in the SCB and higher breeding population 
estimates (E. Burkett, unpubl. data; H. Carter, 
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FIGURE 41. Common Murre densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 42. Pigeon Guillemot densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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unpubl. data). Karnovsky et al. (2005) estimated 
about 8,000–16,000 birds in SCB in spring, corre-
sponding to roughly 2,000–5,000 breeding pairs. 
Xantus’s Murrelets may start attending breed-
ing colonies in December or January (Murray et 
al. 1983, Gaston and Jones 1998).

Briggs et al. (1987) noted birds concentrated 
around Santa Barbara Island and off San 
Diego in the breeding months (March–May) 
with birds off San Diego presumably from 
the nearby Coronado Islands, Mexico. They 
were distributed north of Point Conception 
from August through October, 20–100 km 
from shore refl ecting northward post-breed-
ing dispersal (D. Whitworth, unpubl. data). 
In May in 1999–2001, greatest densities were 
near Santa Barbara and Anacapa islands and 
north of Point Conception along the coast; 
88% of Xantus’s Murrelets occurred <40 km 
from shore and correspondingly 87% occurred 
in depths <1,400 m (Fig. 43). Foraging near 
Anacapa Island was also noted during radio-
telemetry studies in 1995–1997 and 2002–2003 
(Whitworth et al. 2000, Hamilton 2005).

At-sea densities of Xantus’s Murrelets did 
not differ signifi cantly among sub-areas but 
did differ among seasons (Table 5). Their 
numbers were greatest in May with few birds 
observed in January or September (Tables 1a–
e), suggesting that few birds had returned to 
colony areas by January in 2000–2002. Xantus’s 
Murrelets were not observed on coastal tran-
sects in any month.

At-sea densities of Xantus’s Murrelets were 
greater in 1999–2002 than in 1975–1983 for the 
entire study area, S1, and S5 (Tables 7a, 7b). 
Densities did not differ signifi cantly in S3 or S4 
(Tables 7a, 7b). Densities in S2 were not com-
pared because birds were observed there only 
in 1999–2002. Karnovsky et al. (2005) found 
no trend between study periods from Point 
Conception to the Mexico border, although few 
birds were seen off San Diego. Given infrequent 
occurrence on surveys, higher densities may 
have refl ected greater sampling effort near 
Santa Barbara and Anacapa islands.

Cassin’s Auklet (Ptychoramphus aleuticus)

Cassin’s Auklets are widely distributed in 
the Pacifi c Ocean, breeding from the Aleutian 
Islands, Alaska, to central Baja California, 
Mexico (Manuwal and Thoresen 1993). 
Cassin’s Auklets are the third most abundant 
breeding species in southern California (H. 
Carter, unpubl. data). In 1991, the breeding 
population of Cassin’s Auklets in the SCB was 
about 6,300 pairs, with >90% at San Miguel 
Island (Prince Island and Castle Rock) and the 

remainder at Santa Cruz and Santa Barbara 
islands (H. Carter, unpubl. data; Whitworth 
et al., in press). Numbers at Prince Island, the 
largest colony in the SCB, possibly declined 
between 1975–1978 and 1991, but differences 
in colony-based survey protocols and effort 
prevented assessment of population trends (H. 
Carter, unpubl. data).

In 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 the species was  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 
1999–2002, Cassin’s Auklet distribution varied 
markedly with survey month, but birds gener-
ally were observed >10 km from shore (Fig. 44). 
In May, birds were concentrated in northwest 
Santa Barbara Channel and north of Point 
Conception, refl ecting northward dispersal of 
SCB breeders (Adams et al. 2004). In September, 
most Cassin’s Auklets were observed north of 
Point Conception. They were widely distributed 
across the SCB in January primarily west of San 
Nicolas Island. Limited colony attendance 
occurs in winter. Higher densities in January 
than May refl ected incubating adults in May, 
juveniles at sea after the breeding season, and 
possibly some birds from the Farallon Islands 
feeding further south before regular colony 
attendance occurs pre-breeding. Like Briggs et 
al. (1987), we observed Cassin’s Auklets primar-
ily in deeper water seaward of the continental 
slope in September.

In 1999–2002, at-sea densities differed among 
seasons and sub-areas (Table 5). Overall, densi-
ties were greatest in January, whereas few birds 
were observed in September (Tables 1a–e). In 
May, densities were greatest in S3 near northern 
Channel Island breeding colonies (Table 1c). In 
January, densities were greatest in S2 (west of 
San Miguel Island) in waters averaging 1,450 
m in depth (Table 1b). On coastline surveys, 
Cassin’s Auklets only occurred near the north-
ern Channel Islands where densities were great-
est in January (Tables 2–4).

At-sea densities of Cassin’s Auklets were 
greater in 1975–1983 than in 1999–2002 for the 
entire study area and S1, but lower in S3, S4, 
consistent with possible decline at the largest 
breeding colony at Prince Island (Tables 7a, 7b). 
Numbers of breeding birds at colonies at Santa 
Cruz and Santa Barbara islands declined since 
1991 (J. Adams, unpubl. data). At-sea densities 
did not differ signifi cantly in S2 (Tables 7a).
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FIGURE 43. Xantus’s Murrelet densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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FIGURE 44. Cassin’s Auklet densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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Rhinoceros Auklet (Cerorhinca monocerata) 

Rhinoceros Auklets breed from the Aleutian 
Islands, Alaska to San Miguel Island. Birds 
winter from southeast Alaska to southern Baja 
California, Mexico (Gaston and Dechesne 1996). 
In 1991, small numbers of Rhinoceros Auklets 
were found to breed at San Miguel Island and 
north of Point Conception, six small breeding 
colonies also were observed (H. Carter, unpubl. 
data; McChesney et al. 1995). The California 
breeding population was estimated to be 900 
breeding pairs representing a fi ve-fold increase 
over 1979–1980 (H. Carter, unpubl. data).

In 1975–1978, Rhinoceros Auklet densities in 
the SCB were lowest in the summer and greatest 
in January, February, and March (Briggs et al. 
1987). In spring, birds occurred along the west-
ern 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). In 1999–2002 in January, 
we observed Rhinoceros Auklets throughout 
southern California <100 km from shore (Fig. 
45). Small numbers observed in May and 
September occurred near breeding colonies in 
the northern Channel Islands or north of Point 
Conception.

At-sea densities differed among seasons and 
sub-areas (Table 5). Rhinoceros Auklet densities 
were greatest in January and much lower in May 
and September (Tables 1a–e). In all months, at-
sea densities were greatest in S1, lowest in S2, 
and intermediate in S3, S4, and S5 (Tables 1a–e). 
We observed only fi ve Rhinoceros Auklets 
on coastal transects in 1999–2002, all near the 
northern Channel Islands. At-sea densities of 
Rhinoceros Auklets in 1975–1983 were greater 
than densities in 1999–2002 in the entire study 
area, S2, and S3, but were lower in S1 (Tables 7a, 
7b). At-sea densities did not differ signifi cantly 
in S4 or S5 (Tables 7b). Not consistent with 
lower densities in 1999–2002, populations on 
the west coast of North America have increased 
in recent years (Ainley et al. 1994, Gaston and 
Dechesne 1996).

Tufted Puffi n (Fratercula cirrhata)

Tufted Puffi ns breed from California to the 
Bering and Chukchi seas, extending to Japan 
(Gaston and Jones 1998). Tufted Puffi ns did 
not breed in the SCB from 1912–1991, but small 
numbers were found breeding at Prince Island 
in 1991 and 1994 (H. Carter, unpubl. data; 
McChesney et al. 1995). At the Farallon Islands 
off San Francisco, California, puffi ns experi-
enced a population decline from 1,000s of birds 
in the late 1800s to an estimated 100 breeders in 

1982. Although their winter distribution is not 
well known, Tufted Puffi ns generally spend 
the winter well offshore and Briggs et al. (1987) 
found puffi ns most abundant off California 
in January, April, and May. During periods 
of annual maximum abundance in the winter 
and spring in 1975–1978, low thousands were 
estimated in the SCB (Briggs et al. 1987). Since 
few puffi ns breed south of British Columbia, 
these birds must have originated from British 
Columbia or Alaska.

We did not observe Tufted Puffi ns during 
our study. In the winter, we may have mis-
identifi ed small numbers of Tufted Puffi ns as 
Rhinoceros Auklets but our population esti-
mates still would be much lower than found 
by Briggs et al. (1987). We suggest that puffi ns 
were not migrating to southern California in 
1999–2002, consistent with major declines in 
populations from southeast Alaska to California 
(Piatt and Kitaysky 2002).

DISCUSSION

In 1999–2002, we examined distribution and 
abundance of seabirds off southern California 
from Cambria to the Mexican border with 
the fi rst comprehensive aerial surveys in two 
decades. Earlier surveys in 1975–1983 (Briggs 
et al. 1987) focused on describing temporal pat-
terns of seabird abundance in at-sea habitats, 
with monthly surveys limited to a relatively 
small area that excluded coastal habitats in the 
SCB. In 1999–2002, we focused on completing: 
(1) better assessment of seabird abundance in 
fi ve at-sea and fi ve coastal sub-areas during 
3 mo (May, September, and January); and (2) 
comparison of seabird abundance in these 3 
mo for at-sea sub-areas between 1999–2002 and 
1975–1983 to assess general trends. 

While our study design was directed at 
reducing variability between our study and 
Briggs et al. (1987), we fl ew similar, but not 
identical, transect lines. Our effort within the 
SCB was greater than Briggs et al. (1987), and 
we concentrated effort around the northern 
Channel Islands. Aircraft type and observ-
ers differed between the two studies, and we 
sampled intensively during 3 mo of the year, 
whereas Briggs et al. (1987) sampled year-
round. Thus, although they were more likely to 
record annual peaks in abundance, we averaged 
their survey data across months (April–June) to 
reduce variation in peak abundance between 
studies. However, we used the same analytical 
approach to estimate densities from both datas-
ets to derive comparable estimates.

While direct comparisons are complicated 
by these differences in survey coverage, our 



SEABIRD DISTRIBUTION AND ABUNDANCE—Mason et al. 93

FIGURE 45. Rhinoceros Auklet densities (birds/km2) and distribution off southern California from 1999–2002 
during January, May, and September.
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statistical comparisons indicate that for all sea-
birds combined, a defi nite decline in  abundance 
has occurred in the SCB from 1975–1983 to 
1999–2002. We estimated average densities of 
11.3 seabirds/km2 on at-sea transects and 70.9 
seabirds/km2 on coastal transects, while Briggs 
et al. (1987) estimated densities of 110 seabirds/
km2 over the continental shelf. In 1999–2002, 
total seabird abundance was 14% lower in 
January, 57% lower in May, and 42% lower in 
September than in the earlier study.

Species with dramatically decreased densi-
ties included the Common Murre (≥75% decline 
in each season), Sooty Shearwater (55% in May 
and 27% in September), and Bonaparte’s Gull 
(≥95% in each season). Compared with Briggs 
et al. (1987), we observed signifi cantly lower 
densities of Sooty Shearwaters in the SCB in 
May and September. Many researchers have 
noted recent declines in Sooty Shearwater 
abundance throughout the CCS (Veit et al. 1996, 
1997; Oedekoven et al. 2001, Hyrenbach and 
Veit 2003). Reasons for this apparent decline 
are unclear but Spear and Ainley (1999) hypoth-
esized that Sooty Shearwaters had changed 
their migration routes in response to a cooling 
trend in the central North Pacifi c resulting in 
a distribution shift and reduction in the CCS. 
However, declines at breeding colonies also 
have been noted in recent years, indicating a 
more general effect in decline possibly associ-
ated with larger forces such as global change. 

Common Murres, the most abundant breed-
ing seabird species in California, were season-
ally abundant in the SCB in 1975–1978 (Briggs 
et al. 1987), but we rarely observed them during 
this study. Murre densities were signifi cantly 
lower in all sub-areas compared with Briggs 
et al. (1987). Decline in Common Murre num-
bers in southern California may refl ect earlier 
decline in the central California breeding popu-
lation in the 1980s (Takekawa et al. 1990, Carter 
et al. 2001). Factors contributing to this decline 
included gill netting, oil spills, and effects from 
the 1982–1983 El Niño event (Takekawa et al. 
1990). Central California breeding popula-
tions recovered to a great extent prior to 1999, 
but they may not have redeveloped wintering 
movements to the SCB. Decline in Bonaparte 
Gull numbers is diffi cult to assess because of a 
lack of historical data due to their remote breed-
ing habits and poor enumeration of wintering 
populations (Burger and Gochfeld 2002).

Conversely, ten species were more abundant 
in 1999–2002 than in 1975–1983. Brown Pelicans 
(167% overall), Xantus’s Murrelets (125% over-
all), Cassin’s Auklets (100% overall), Ashy 
Storm-Petrels (450% overall) and Western Gulls 
(55% in May), and Brandt’s Cormorants (450% 

in September) were among the most notable 
species with increased densities. All six of these 
species also breed in the SCB. Brown Pelicans 
have responded positively with increased local 
breeding populations since the mid-1970s, pos-
sibly related to reduced DDE concentrations in 
the SCB. However, increasing populations in 
the Gulf of California, which migrate into SCB 
waters after breeding, are primarily responsible 
for the Brown Pelican increases that we found. 
Higher numbers of Xantus’s Murrelets may 
refl ect changes in at-sea distribution and sur-
vey differences, since a Pacifi c Coast analysis 
indicated no signifi cant change in at-sea popu-
lation size (Karnovsky et al. 2005). Even though 
a decline has been noted at Santa Barbara 
Island (H. Carter, unpubl. data; W. Sydeman, 
unpubl. data; D. Whitworth, unpubl. data), an 
increase is suspected at the Coronado Islands 
(D. Whitworth, unpubl. data) and trends at 
other colonies are poorly known. For Cassin’s 
Auklets, colony declines have been found in the 
SCB, the South Farallon Islands, and Triangle 
Island, British Columbia, which may suggest that 
increased numbers on our 1999–2002 surveys rep-
resent differences in survey coverage. Similarly, 
little change in Ashy Storm-Petrel numbers at 
SCB colonies may suggest that increases we 
recorded refl ect survey differences. However, 
increased numbers of Western Gulls and Brandt’s 
Cormorants likely represent increased breeding 
populations in southern California.

For seasonal visitors such as Western Grebes, 
Surf Scoters, and loons, abundance increased 
in the SCB but decreased north of Point 
Conception. A similar pattern was found dur-
ing limited aerial surveys conducted in 1996–
1997 (Pierson et al. 2000). Recent aerial and 
boat surveys in Puget Sound, Washington, have 
indicated a 95% decline in Western Grebes, 57% 
decline in Surf Scoters, and 79% decline in loons 
over a 20-yr period (D. Nysewander, unpubl. 
data). Thus, increased numbers in the SCB may 
indicate a southern shift in distribution of these 
over-wintering populations. The lack of SCB 
aerial coastal surveys in 1975–1978 likely led to 
under-representation of these coastal species in 
the past.

The SCB has been described as a complex 
transition zone for cold and warm temperate 
biotas, partly because this is where colder, up-
welled waters from north of Point Conception 
meet warmer waters of sub-tropical origin 
(Horn and Allen 1978, Murray and Littler 
1981). Recent studies have indicated a blur-
ring of this line as some marine species from 
warmer-water masses have recently expanded 
their ranges north of Point Conception (Stepien 
and Rosenblatt 1991, Sagarin et al. 1999). Similar 



SEABIRD DISTRIBUTION AND ABUNDANCE—Mason et al. 95

factors may be affecting the distributions of sea-
birds. Ainley et al. (1994, 1996) demonstrated 
an inverse relationship between seabird repro-
ductive success and ocean temperature at the 
Farallon Islands. However, locally breeding 
seabirds are tied to feeding in SCB waters due to 
their breeding colony locations on the Channel 
Islands, Coronado Islands, and along the main-
land coast from Cambria to Point Conception 
(Sowls et al. 1980, H. Carter, unpubl. data). 
Thus, it is not possible for these birds to shift 
their feeding areas to a great degree, unless 
they also change breeding colonies which does 
not occur frequently. Recent increases in local 
breeding populations, even during warm peri-
ods, indicate that the SCB may be able to buffer 
changes in ocean temperature and the associ-
ated effects.

Three severe El Niño events (1982–1983, 
1992–1993, and 1997–1998) occurred between 
the 1975–1978 and 1999–2002 survey periods. 
Severe El Niño events cause poor reproduction 
and high adult mortality of certain locally-breed-
ing seabirds (and greater mortality for some 
visiting species) while others are not affected. 
Our surveys began in May 1999, 2 yr after the 
1997–1998 El Niño event. The 1999–2002 period 
featured a series of cold water La Niña events 
which led some researchers to postulate that the 
CCS had undergone a fundamental climate shift, 
on the scale of those documented in the 1920s, 
mid 1940s, and mid 1970s (Schwing et al. 2002). 
While La Niñas often follow El Niños (Ainley 
and Boekelheide 1990), these La Niña events 
have corresponded with generally stronger than 
normal upwelling in the CCS and have gener-
ated the greatest 4-yr mean upwelling index 
value on record (Schwing et al. 2002). Briggs 
et al. (1987) conducted 1975–1978 surveys dur-
ing another climate shift leading to increased 
temperatures throughout the CCS (Mantua et al. 
1997). They surveyed north of Point Conception 
in 1980–1983 after a transition to warmer water 
had occurred in the California Current, when 
negative effects of the warmer water on seabird 
abundances might have occurred. Still, overall 
numbers were greater, indicating that ocean 
temperatures are not entirely responsible for 
trends in seabird abundances.

Recently, the health of coastal oceans has 
been highlighted as a major issue of concern 

(U.S. Commission on Ocean Policy 2004). In 
addition to continuing impacts from DDT and 
PCB contamination and oil pollution, increased 
urbanization in southern California may be 
threatening the health of the SCB through 
runoff and increased use of marine resources. 
Since the 1975–1983 aerial surveys, the human 
population has increased by >10 million in 
California and >25% in the Los Angeles region 
(Censusscope 2005). Seabirds are sensitive indi-
cators of change in the marine environment due 
to both natural and anthropogenic factors (Bost 
and Le Maho 1993, Ainley et al. 1996, Jones et al. 
2002). Changes in seabird populations may be 
warning signs for environmental degradation 
caused by coastal development, as well as for 
larger forces that alter marine systems such as 
climate change. Thus, periodic at-sea surveys of 
seabirds, with direct comparison to past stud-
ies, may provide an effective indication of how 
well, or how poorly, we are managing and con-
serving our coastal marine resources.
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