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the model. This also allowed us to avoid poten-
tial model convergence difficulties 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 sufficient 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 significance
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 five 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
flight days). For all surveys combined, we flew
>54,600 km of transects with >20,100 km in the
core area and >14,400 km along coastlines. We
identified 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/km? (for at-sea and coastal
transects combined) and ranged from 0-12,244
birds/km?. Densities for both at-sea and coastal
transects were 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
(Puffinus griseus), phalaropes, and Western
Gulls were the most abundant species in south-
ern California. Sooty Shearwaters were the
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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 flocks 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 five 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 five 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 la-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 significant
(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/km?) 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
significantly 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 difficult to distinguish between Common
and Pacific loons (Gavia immer and G. pacifica),
and also some Red-throated Loons (G. stellata)
when in winter plumage, 52% of loons counted
were recorded as unidentified (Fig. 7). At-sea
densities differed among seasons and the four
sub-areas in which loons occurred (S1, S3, 54, 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, 54, 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).

NO. 33

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 reflect lower population sizes. In other
sub-areas, we lacked the data to make statistical
comparisons to Briggs et al. (1987).

Pacific Loon

Pacific Loons, the most abundant loons in
North America, are strictly marine except when
breeding in the Arctic and sub-Arctic (Russell
2002). Pacific 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, Pacific
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 Pacific Loons were <5 km from shore.

In1999-2002, at-sea densities of Pacific Loons
did not differ among the two seasons (January
and May) or the four sub-areas (S1, S3, 54, 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 Pacific Loons were greater
in 1975-1983 than in 1999-2002 for the entire
study area, S3, 54, and S5 but did not differ sig-
nificantly 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 Pacific 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,



