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performed using the STATA statistics program
(Computing Resource Center 1992). Significance
was assumed at the P < 0.05 level. “Marginally-
significant” linear trends are indicated when
0.05 < P <0.10.

To assess trends relative to seasonal status of
waterbirds at SEFI, we classified species as
wintering if more than 10% of total arrivals were
winter visitants or residents as defined by Pyle
and Henderson (1991). The remainder of the
species were considered non-wintering. For this
analysis, we classified species as increasing or
decreasing if they showed either a significant
linear trend or a significant curvilinear trend in
the absence of a linear trend. We also analyzed
data from the entire series of Christmas Bird
Counts (CBCs) conducted at Point Reyes
Peninsula (1970-1993) and Marin County
(southern) (1975-1993). Totals from these counts
were log-transformed and trends were
calculated after statistical adjustment for the
total number of party-hours recorded during
each count. See Bock and Root (1981) and
Drennan (1981) for more information on
Christmas Bird Counts and their use in
detecting population trends.

RESULTS

Significant linear trends at SEFI were detected in
19 of 56 species (Table 1; Figure 1). Seven species
declined and 12 species increased. Positive,
marginally-significant trends were also detected
for three species. Significant curvilinear trends

were recorded for eight species, all of which
were negative. Accelerating declines were
recorded for two species, Red-necked Grebe and
Willet (see Figure 1).

Significant differences were found between
wintering and non-wintering species in the
proportions that increased, remained
unchanged, and decreased (see Table 1; x* =
13.87, P = 0.001 when unchanging species were
included; X* =8.93, P = 0.003 when unchanging
species were excluded). Significantly more
decreasing species were found among wintering
than non-wintering species while more
increasing species were found for non-wintering
than for wintering species. We re-analyzed
these data excluding the six species of large
Larus gulls and found greater significant
differences (x* = 15.23, P < 0.001 including
unchanging species; x* = 11.45, P = 0.001
excluding unchanging species).

Other than Thayer’s Gull—whose numbers
may have been affected by increased observer
awareness of this species’ identification—no
waterbird species that wintered at SEFI showed
an overall increasing trend. Nine species,
however, showed decreasing trends: four
inshore neritic species (Red-necked and Eared
grebes, White-winged Scoter, and Red-breasted
Merganser) and five shorebird species (Black-
bellied Plover, Willet, Ruddy and Black
turnstones, and Surfbird). Ten wintering species
showed no trends. By contrast, seven non-
wintering species increased and only two non-
wintering species, Sooty Shearwater and Brown

TABLE 1. Linear and curvilinear trends (1974-1993) of 56 species at SEFI using regression of log-transformed
values. Symbols are as follows: -ns, -ms, -, ==, ---(or with “+") = insignificant (P > 0.1), marginally significant
(0.05 < P < 0.1), and significant (at 0,010 < P < (.050, 0.001 < P < 0.010, and P < 0.001) declines (or increases),
respectively. See Figure 1 for illustrations of different linear and curvilinear patterns. The superscript * indicates

a wintering waterbird species at SEFI (see text).

Trends
Species Sample Linear Curvilinear
A. WATERBIRDS
Pacific Loon (Gavia pacifica) 37157 ot -
Common Loon (G. immer) 1104 +ms -ns
Red-necked Grebe (Podiceps grisgena)” 112 - -
Eared Grebe (P. nigricollis)~ 9956 -—- +ns
Western Grebes (Aechmophorus occidentalis/clarkii) 521 -ns -ns
Black-footed Albatross (Diomedea nigripes) 242 + -ns
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TABLE 1. Continued.

FARALLON WATERBIRD AND RAPTOR TRENDS

Trends
Species Sample Linear Curvilinear
Northern Fulmar (Fultmarus glacialis)~ 7645 +ns -ns
Pink-footed Shearwater (Puffinus creatopus) 10387 +ns -ns
Buller’s Shearwater (P. bulleri) 25061 +ns -ns
Sooty Shearwater (. griseus) 4406159 - +ns
Brown Pelican (Pelecanus occidentalis) 269198 = -ns
Great Blue Heron (Ardea herodias) 123 +ns +ns
Brant (Branta bernicla) 12650 +ns -ns
Canada Goose (B. canadensis) 739 +ns +ns
Green-winged Teal (Anas crecca) 259 + -ns
Northern Pintail (A, acuta) 2183 -ns +ns
Surf Scoter (Melanitta perspicillata)® 4094 -ns +ns
White-winged Scoter (M. fusca)* 293 -ns -
Red-breasted Merganser (Mergus serrator)~ 282 - -ns
Black-bellied Plover (Pluvialis squatarola)~ 959 +ns -
Lesser Golden-Plovers (P. dominica/fulva) 17 +ns -ns
Semipalmated Plover (Charadrius alexandrinus) 212 +ms +0S
Killdeer (C. vociferus)* 419 -ns -ns
Willet (Catoptrophorus semipalmatus)” 717 - -
Wandering Tattler (Heferoscelus incanus)~ 1058 -ns +ns
Spotted Sandpiper (Actitis macularia) 107 +ns +ns
Whimbrel (Numenius phacopus)” 1130 +ms -ns
Marbled Godwit (Limosa fedoa) 449 +ns +ns
Ruddy Turnstone (Arenaria interpres)* 367 -ns --
Black Turnstone (A. melanocephala)* 2227 - -ns
Surfbird (Aphriza virgata)* 166 +ns -
Sanderling (Calidris alba) 131 -ns +ns
Western Sandpiper (C. mauri) BOB % +ms
Least Sandpiper (C. minutilla) 398 o +ns
Baird’s Sandpiper (C. bairdii) 213 ns +ns
Pectoral Sandpiper (C. melanotos) 281 -ns -ns
Dunlin (C. alpina) 142 +Ns -ns
Short-billed Dowitcher (Limnodromus griseus) 879 + -
Long-billed Dowitcher (L. scolopaceus) 282 +ms -ns
Red-necked Phalarope (Phalaropus lobatus) 100147 -ns +ns
Red Phalarope (P. fulicaria) 131589 +ns -ns
Pomarine Jaeger (Stercorarius pomarinus) 283 + -ns
Bonaparte’s Gull (Larus philadelphia) 7757 +ns -ns
Heermann’s Gull (L. heermanni) 8771 +ns -ns
Mew Gull (L. canus)* 540 +ns -ns
California Gull (L. californicus) 29438 +ns +ns
Herring Gull (L. argentatus) 6956 +1is +ns
Thayer’s Gull (L. thayeri) 361 + -ns
Glaucous-winged Gull (L. glaucescens)” 9922 -ns +ns
Black-legged Kittiwake (Rissa tridactyla)” 23897 -ns +ns
Ancient Murrelet (Synthliboramphus antiguus) 341 -ns +ns
B. RAPTORS
Northern Harrier (Circus cyaneus) 132 ++ -
Sharp-shinned Hawk (Accipiter striatus) 240 ++ -ns
American Kestrel (Falco sparverius) 288 +ns +ns
Merlin (F. columbarius) 139 +++ -ns
Peregrine Falcon (F. peregrinus) 356 +4++ -ns
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FIGURE 1. Ten examples of trends of species, including the most notable population changes detected on SEFI.
Significant linear and/or curvilinear lines based on regressions of log-transformed values are presented. See
Table 1 for linear and curvilinear significance levels. i FIGURE 1. Continued
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Pelican, decreased. Twenty-two non-wintering
species showed no trends (see Table 1).

Among the five wintering species that
showed significant linear declines, two (Red-
breasted Merganser and Willet) showed
significant declines in the number of wintering
individuals but no trend in the number of
migrant individuals, while a third species, Eared
Grebe, showed greater significant decreases in
winterers than in migrants (Table 2). The
remaining two species showed no trends in
either seasonal group. A sixth species, Surf
Scoter, that did not show a significant linear
decline overall, decreased significantly as a
winterer. Of the four wintering species with no
linear trend but a significant negative curvi-
linear effect (Table 1), two, White-winged Scoter
and Black-bellied Plover, also showed the same
curvilinear patterns for wintering individuals
but non-significant trends for migrants. The
remaining two species showed no trends for
either seasonal group. Numbers of wintering
Whimbrels increased. Only Eared Grebe
showed a significant linear trend (negative) in
numbers of migrant individuals (Table 2).

Qur results on many wintering species
compared favorably with those derived from
CBC data. Of six wintering waterbird species
showing linear declines at SEFI, overall and/or
among winterers, three (Eared Grebe, Surf
Scoter, and Willet) also declined significantly on
at least one of the two CBCs (Table 3). The other
three species showed no trend or, in the case of
Black Turnstone, showed a significant linear
increase on one count and a marginally
significant decrease on the other. The only
increasing wintering species on SEF], Thayer’s
Gull, also showed significant linear increases on
both CBCs. Two of four wintering waterbirds
showing no linear decline but a significant
curvilinear decline at SEFI, White-winged Scoter
and Ruddy Turnstone, showed significant linear
or curvilinear declines on at least one CBC,
while the other two showed no CBC trends. Of
eleven wintering waterbirds showing significant
linear trends on at least one CBC, eight declined
while only three, including two large Larus
species, increased (Table 3); moreover, all three
significant curvilinear trends shown by winter-
ing waterbirds on'these CBCs were negative.

TABLE 2. Linear and curvilinear trends (1974-1993) for migrant and wintering individuals of the twenty
wintering waterbird species at SEFI. See Table 1 for significance level codes.

Migrants Winterers

Species Linear Curvilinear Linear Curviliner
Red-necked Grebe +Ns -ns +ns -ns
Eared Grebe - 1S - +t
Northern Fulmar +ns +Ns -ns -
Surf Scoter +ns +ns - -ns
White-winged Scoter -ns -ns +ns -
Red-breasted Merganser -ns -ns - ++
Black-bellied Plover +ns -ns +ns -
Killdeer -ms -ns +Ns -ns
Willet -15 -ns - -ns
Wandering Tattler -ns +ns -ns -ns
Whimbrel N5 4ns + =
Ruddy Turnstone -ns - +ns -ns
Black Turnstone -ns NS -ns -ms
Surfbird +Ns -ns +ns +ns
Mew Gull +ns +ns +ns -ns
Herring Gull 4+ns +ns -ns +ns
Thayer’s Gull +ms +ns -ns +n$
Glaucous-winged Gull +ns +18 -ns tns
Black-legged Kittiwake +ns +Ns -ns -ns
Ancient Murrelet +ns +ns -ns +Ns
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FARALLON WATERBIRD AND RAPTOR TRENDS

TABLE 3. Linear and curvilinear trends based on log-transformed totals from the Point Reyes Peninsula (1970-
1993) and Marin County (southern)(1975-1993) Christmas Bird Counts, adjusting for total party-hours of
coverage. Results for 13 of 20 waterbirds and four of five raptors are shown; the remaining six waterbird and
one raptor species showed no significant linear or curvilinear trends for either count. See Table 1 for

significance level codes.

Point Reyes Southern Marin

Species Linear Curvilinear Linear Curviliner
A. WATERBIRDS

Eared Grebe -ns -ns — -ns
Surf Scoter +ns +ns -- +NS
White-winged Scoter -ns -ns - -ms
Killdeer -- +ns -ns -ns
Willet - 4ns +ns +ms
Wandering Tattler - +ns - -ns
Whimbrel -ms - +Ns -ns
Ruddy Turnstone -ns - +ns -ns
Black Turnstone -ms -ns + +ns
Mew Gull - +ns -ns -ns
Herring Gull -ns -ns - +ns
Thayer’s Gull o+t - + +ns
Glaucous-winged Gull o -ms -ms +ns
B. RAPTORS

Northern Harrier +ns +ns 4+ -ns
American Kestrel - -ns -mis -ns
Merlin ++ +ns +++ +ns
Peregrine Falcon ++4 +ns ++ +ms

Four of the five raptor species showed
increasing trends on SEFI (Northern Harrier,
Sharp-shinned Hawk, Merlin, and Peregrine
Falcon); the remaining species, American
Kestrel, showed no significant trend (Table 1).
These trends also compared favorably with CBC
data, with three of the four increasing species at
SEFI (Northern Harrier, Merlin and Peregrine
Falcon) also increasing on one or both CBCs,
while American Kestrel showed a significant
linear decline on one of the two CBCs (Table 3).

DISCUSSION

The fact that most decreasing waterbirds were of
species and individuals that winter commonly
at SEFI (or, in the cases of Sooty Shearwater and
Brown Pelican, that summer commonly at or
near SEFI) suggests that changes in local
environmental conditions may have been
responsible for the decreases. Similar results
based on Christmas Bird Count data from the
adjacent Marin County coast further support
this hypothesis and suggest that both Farallon

and CBC censuses may be accurately detecting
population changes in wintering birds. Ainley
et al. (1994) documented decreasing population
trends for most species of breeding seabirds in
the Gulf of the Farallones during these same two
decades and suggested that a decrease in prey
was primarily responsible. Changes in the
marine prey base or local ocean productivity
could also explain the declines in several inshore
neritic and rocky intertidal waterbird species
documented in this study, Red-necked and
Eared grebes, Surf and White-winged scoters,
Red-breasted Merganser, Black-bellied Plover,
Willet, Wandering Tattler, Ruddy and Black
turnstones, and Surfbird. The decline in Sooty
Shearwaters is consistent with an overall decline
of this species in the California Current, also
likely due to decreased availability of prey
(Ainley et al. in press, Veit et al. in review). Of
the wintering shorebirds, only the Whimbrel
shows a preference for the grassy terraces rather
than the rocky intertidal at SEFI (Pyle, pers.
observ.); this may explain why it was the only
species showing an increase in wintering
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individuals. If a general depletion of the marine
ecosystem is occurring at SEFI and along the
adjacent California coast, it would be interesting
to investigate how localized it is; that is, whether
it is restricted to the Gulf of the Farallones, the
California Current, or a larger area.

Alternatively, populations in the area may just
be shifting their primary foraging ranges in
response to long-term changes or shorter-term
cycles in the marine system, such as the gradual
warming of California Current waters during
the past 40 years (Roemmich 1992). In this
regard, the decline in Brown Pelicans at SEFI is
interesting in view of their well-documented
increase along the California coast in the past
two decades (summarized by Ainley and Hunt
1991); thus, the change at SEFI may represent a
shift towards the coast in response to shifting
distributions of prey resources such as Northern
Anchovy (Engraulis mordax). Shifts in migration
routes may possibly help explain increases in
several migrant shorebird species. It is unlikely
that predation by increased numbers of
Peregrine Falcons at SEFI (Figure 1f) has caused
observed declines, because most prey taken by
Peregrines at SEFI consists of locally breeding
species, and of hundreds of observations of
successful predation at SEFI by Peregrines in fall
and winter, no individual of any of the declining
species discussed here has been observed being
killed or eaten (Pyle, pers. observ.).

The causes of the declines in wintering
waterbirds at SEFI and along the adjacent coast
may also be linked to factors on their breeding
grounds or migration routes. Page and Gill
(1994) suggested that the western subspecies of
Willet (C. s. inornatus) may be declining due to
the conversion of its wetland and short-grass
upland breeding habitat to small grain and row
crops. Changes at the major hypersaline lakes in
western North America (Jehl 1994) may have
affected populations or migratory distributions
of some waterbirds, particularly Eared Grebe.
Most species of declining wintering waterbirds
at SEFI, however, breed in Alaska or northern
Canada, where potential changes to their
breeding habitats are generally unknown or
undocumented.

It is also of interest that populations of large
Larus gulls generally either showed increases
(Thayer’s Gull) or non-significant increasing
trends at SEFI and along the coast, although two

[42]

species, Mew and Herring gulls, showed
declines according to data from one of two
Christmas Bird Counts. Ainley et al. (1994) also
noted stable or increasing populations of large
Larus gulls along the west coast of North
America. Changes in the local environment may
be benefitting gulls, which tend to be scavengers
as opposed to specialized feeders (Spear 1988).

The increases in certain raptors at SEFI and in
Marin County likely reflect general increases in
populations of these species. Populations of
Peregrine Falcon, Merlin and perhaps Sharp-
shinned Hawk in California (and elsewhere)
have increased due to the banning of certain
persistent pesticides, re-introduction efforts, and
positive responses to habitat alteration (White
1994).

Although we suggest possible explanations
for changes observed in waterbird and raptor
populations at SEFI, many questions still
remain. Observed changes on SEFI could, for
example, just reflect natural cycles that would
require a much longer time series of
observations than 20 years to detect. We urge
the continued monitoring of waterbirds and
raptors at SEFI and elsewhere in western North
America.
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