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POPULATION OF WESTERN GULLS

LARRY B. SPEAR, TERESA M. PENNIMAN, JAY F. PENNIMAN,
HARRY R. CARTER AND DAVID G. AINLEY!

ABSTRACT.—During 1978-1986, we studied survival and mortality in a large, stable (or slowly increasing)
colony of Western Gulls (Larus occidentalis) breeding on Southeast Farallon Island, California. We monitored
breeding adults returning to the colony, and examined 2073 dead birds of all ages at the colony and on the
California coast from Monterey to the Oregon border. During the eight years, annual survival rates of adults
four to 19 years of age averaged 84% for males and 81% for females. Estimated survival rates of first-, second-,
and third-year gulls were 55%, 79%, and 85%, respectively. The sex ratio of young at dispersal was 0.92 M/F,
however the sex ratio of fourth-year gulls was 0.68 M/F due to higher starvation rates of first-year males, and
higher accident rates (amplified by factors related to food shortage) of second— and third-year males. A tendency
for higher mortality rates among breeding females was probably related to competition with the larger males

during periods of food shortage.

Knowledge of age- and sex-related survival
rates is fundamental to understanding the dy-
namics of avian populations. Many estimates of
survival rates in long-lived species are suspect,
however, because of problems associated with
band loss and use of samples provided by the
public (reviewed by Botkin and Miller 1974,
Coulson and Wooller 1976, Anderson etal. 1985).
To our knowledge, only four studies provide re-
liable information on survival rates of adult gulls
(Parsons 1971, Coulson and Wooller 1976, Cha-
bryzk and Coulson 1976, Coulson and Butter-
field 1986). We know of no estimates of survival
rates of gulls in their first year that were not
extrapolated from band recoveries, where it was
necessary to assume survival rates of subadults
(second- and third-year birds) as equal to that of
adults (Chabryzk and Coulson 1976, and refer-
ences therein). Finally, we have found no quan-
titative estimates of the different mortality fac-
tors that affect age or sex composition of gull
populations.

The age and sex composition of Western Gull
(Larus occidentalis) populations are of particular
interest because of the apparent excess of adult
females in breeding populations (Hunt et al. 1980,
Pierotti 1981), and implications that this is a
major factor leading to the phenomenon of fe-
male-female pairing in this and other larid species
(reviewed by Conover and Hunt 1984, Hunt et
al. 1984; see also Coulson and Thomas 1985).
Sayce and Hunt (1987) hypothesized that the
skewed sex ratio was primarily a result of higher
mortality rates of males which, because of their
larger size, may have more difficulty than females
in obtaining enough food, particularly during the
first months of independence. We report here the
results of a study designed to examine a popu-
lation of Western Gulls breeding on Southeast
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Farallon Island (SEFI), 42 km west of San Fran-
cisco, California, where female-female pairing has
not been found (Pierotti 1981). Our objectives
were to determine the sex-ratio at hatching, age-
and sex-related survival rates, and mortality fac-
tors acting on age/sex groups.

STUDY AREA AND METHODS
COLONY STATUS

The number of Western Gulls breeding on SEFI was
much reduced during the early 1900s, increased to an
estimated 23,000 by 1959 (Ainley and Lewis 1974),
and then to about 26,000 birds by 1986 (Point Reyes
Bird Observatory—PRBO, unpubl.). The present pop-
ulation may be the largest ever, as the gulls nest densely
over most of the 44 ha island (Coulter 1973, Pierotti
1981), including extensive areas formerly occupied by
pinnipeds (Ainley and Lewis 1974). The colony rep-
resents approximatey 40% of the world’s population
of this species (reviewed in Spear et al. 1986).

Over 25,000 Western Gull chicks (approximately
2000 each year) have been banded on SEFI since DGA
initiated a gull-banding program in 1971 (several thou-
sand others were banded during the 1960s). It has be-
come apparent that the SEFI population is essentially
closed. Although 300-400 Western Gull young were
banded at several other northern California colonies
from 1975 to 1984, none are known to have immi-
grated to SEFI. Moreover, all Western Gull colonies
within 600 km of SEFI have less than 150 pairs (Sowls
et al. 1980), and only four banded Farallon gulls are
known to have emigrated to these colonies since 1975
(K. Briggs, R. Lowe, and R. Pierotti, pers. comm.;
Spear, pers. obs.).

SEx RATIO AT HATCHING

In 1984, we collected 99 young (one from each nest)
immediately after hatching. These included 33 young
each from eggs laid first, second, and third in the clutch.
All were sexed by gonadal inspection.

SuURVIVAL RATES OF FIRST-, SECOND-, AND
THIRD-YEAR BIRDS (PREBREEDERS)

Between July 1978 and February 1986, LBS made
41 censuses during which 919 dead Western Gulls were
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found along the Pacific coast from Monterey, Califor-
nia to the Oregon border. Censuses for dead birds were
made during January (6), February (5), March (3), April
(1), May (1), July (4), August (4), September (4), Oc-
tober (3), November (6), and December (4). No census
was made in June. We define the seasons as: summer
(Jun—Aug), fall (Sep-Nov), winter (Dec-Feb), and spring
(Mar-May). Search effort was standardized by location;
each census included all coastal dumps and fishing ports,
and about 300 km of beach traversed by foot or au-
tomobile. All 919 gulls were fresh enough to be ex-
amined as described below (see Methods: Mortality
Factors on the California Coast). For dead gulls found
on the coast, we considered age classes including adult,
third-, second-, and first-year birds. We distinguished
age classes by plumage differences (see McCaskie 1983)
and arbitrarily set hatching dates at 1 July (see Coulter
1973 for breeding chronology).

Mathematical relationships for estimating survival
rates of prebreeders have not been derived for use with
data such as ours (see above). Therefore, to estimate
the annual survival rates (SR) of first-year gulls (SR%!)
we derived the relationship
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where M, is the annual mortality rate of adults breeding
on SEFI, N, is the number of first-year gulls in the
coastal sample, N, is the estimated number of adults
of breeding status in the coastal sample, and P is the
annual productivity rate (no. of young dispersed) of a
breeding Farallon adult. Because some adults did not
breed, the total coastal sample of adults included both
breeding and nonbreeding birds. Therefore, to deter-
mine N, it was necessary to exclude from the coastal
sample the percentage of adults that were nonbreeders
(see Methods: Number and Sex Ratio of Nonbreeding
Adults, and Results: Population Status). We used val-
ues of N, and M, from adult males only because the
population of nonbreeding adult males was more easily
estimated than was that of nonbreeding adult females.
The relationship above is similar to that derived by
Coulson and White (1959), but eliminates possible bias
resulting from the assumption that mortality rates of
subadults and adults are the same. Survival rates of
second-year (SR!2) and third-year (SR??) birds were
estimated from the relationships
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where N, and N are the respective numbers of second-
and third-year birds in the coastal samples, R, is the
estimated number of gulls surviving their first year and
therefore at risk during the second, and R; is the es-
timated number of gulls surviving their second year
and therefore at risk during the third. R values were
calculated as follows: R, = N,/1 — SR, R, = R, —
N,,and R, =R, — N,.

Because movement patterns of Western Gulls orig-
inating from Oregon and Washington populations vary
between different age classes (Coulter 1975), we ad-
justed the coastal sample of dead gulls to exclude these

birds. The number of “out-of-state” birds in the study
area was estimated from population censuses (Pitman
et al. in press, Speich and Wahl in press) together with
an analysis of these gulls’ movements (Coulter 1975).
Assuming that their survival rates were similar to those
of resident Western Gulls, this information indicates
that Oregon and Washington birds constituted <1.0%,
6.0%, 6.0%, and 18.0%, respectively, of adult, third-,
second-, and first-year gulls in our coastal sample. We
also assumed that sedentary Western Gulls from south-
ern California colonies (Coulter 1975) constituted an
insignificant part of the sample. Finally, we assumed
that movement patterns, survival rates and productiv-
ity of Western Gulls from other (non-SEFI) northern
California colonies, which constituted 15% of the
northern California population (Sowls et al. 1980), were
not significantly different from that of Farallon gulls
(see Coulter 1973, Briggs 1977, Bellrose 1983).

SURVIVAL RATES OF BREEDING ADULTS

Between 1978 and 1986, we monitored 231 indi-
vidually marked adults during 611 gull-years as they
returned to their breeding territories from year to year.
Sexes of breeding adults were determined by observing
copulations, courtship feeding of females, or size dif-
ferrences; males are larger than females, there being
little overlap in weight between the sexes (Pierotti 1981).
We have found no evidence for female-female pairing
at SEFI (see Results; Sex-ratios among Independent
Birds). Except for 28 birds monitored in 1978-1979
and 1979-1980, ages of each were known and included
three- to 19-year-old gulls. All known-age adults had
been banded as young with an individually numbered
USFWS aluminum, or Lambournes incoloy, band on
one leg and a polyvinyl chloride (Warner) color band
on the other. A different color or leg combination has
been used each year. Because of the high loss rate for
aluminum bands after the third year (Spear 1980), birds
that had received them were rebanded with highly du-
rable stainless steel or incoloy bands prior to moni-
toring for survival rates. Each gull also received a new
Warner band for which the loss rate is low (Spear 1980).
Bands were color-coded with strips of plastic 3M Scotch
tape to further facilitate recognition of individuals. In
1986, this tape was still present on nearly all bands.

Farallon gulls rarely skipped a year of breeding after
recruiting into the breeeding population; birds that re-
turned to the colony failed to breed in only eight of
the 505 gull-years monitored (for reasons given below,
106 birds that failed to return are excluded). Never-
theless, with the exception of one bird, these nonbreed-
ing gulls continued to maintain their territories or to
frequent former territory locations. Each year we made
band reading surveys throughout the colony in search
of birds that no longer occupied their known territories
to determine if they had established territories else-
where. In only four instances did gulls select new nest
sites that were more than 10 m from the original site.
From 1978 through 1984, LBS also read bands of 2287
different adults at SEFI clubs and along the California,
Oregon and Washington coasts. None of the adults that
no longer occupied breeding territories was among them.
During the course of the study, only one bird that was
not seen in the year following a breeding year was seen
subsequently in the colony. In view of the above, and



46 STUDIES IN AVIAN BIOLOGY

TABLE 1
ESTIMATED SURVIVAL RATES OF THE SEXES OF FIRST-, SECOND-, AND THIRD-YEAR WESTERN GULLS BASED ON
CoAsTAL CENSUSES OF DEAD BIRDS, 1978-19862

No. of birds found
dead on coast (N;)

No. of birds at risk (R} Survival rates

Age class Male Female Male Female Male Female
First-year 213 179 426 459 0.50 0.61
Second-year 54 44 213 280 0.75 0.84
Third-year 29 25 159 236 0.82 0.89

= For method of calculating survival rates, see Methods: Survival Rates of First-, Second-, and Third-year Birds. For these calculations, N,, the
number of adults of breeding status found dead on the coast was 108 males, i.e., 16% less than the total number found (see Table 8) due to adjustment
to exclude nonbreeding adults (see Results: Population Status). The mean annual mortality rate of breeding males (M,) was 16% (see Table 3). The
mean productivity rate (P) for the period 1978-1986 was 0.66 young per breeding adult (PRBO, unpubl.). Because of evidence indicating a female
excess among fledglings (see Results: Sex Ratios of Young at Dispersal), the productivity figures used here were 0.630 for males, and 0.685 for females,

i.e., 0.92 M/F produced.

the lack of emigration to other colonies, we assumed
that all adults disappearing from the colony had died.

Life expectancy after the onset of breeding was es-
timated from the relationship
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where (i) is the number of years that a gull has bred,
and (N) is the number of gulls surviving in the re-
spective year of breeding (i). Our formula differs from
that used by Lack (1954) because we consider age-
related variation in survival rates, whereas Lack as-
sumed a constant rate (see also Coulson and Wooller
1976).

NUMBER AND SEX RATIO AND NONBREEDING
ADULTS

Breeding adults rarely attended clubs during the
breeding season. During 1978 through 1984, LBS iden-
tified 980 breeding adults by reading their bands while
they occupied breeding territories on SEFI. During the
same period, he read bands of 623 adults at SEFI clubs;
these included only 9 (1.4%) of the 980 identified
breeders. Therefore, we considered the number of
breeding adults at island clubs to be insignificant com-
pared to the number of nonbreeders.

During the breeding season in all years from 1978
through 1986, counts of Western Gulls attending SEFI
clubs were made during evening when numbers were
highest. We estimated age-ratios of nonbreeding adults
by censusing known-age (color-banded) birds, which
composed 8—12% of the Farallon gull population), and
adjusting counts of respective age classes for band loss
(see Spear 1980). To determine sex ratios of nonbreed-
ing adults, LBS first identified individual gulls at clubs
by using a spotting scope to read the numbers on their
metal bands. He then sexed 79% of these birds by
comparing size differences; this sexing method has an
accuracy of 95%, and error is not biased toward either
sex (Spear 1981; see also Pierotti 1981, Hand 1986).

MORTALITY FACTORS IN CHICKS

During 1979 through 1986, we collected 658 dead
young on SEFI and examined each, noting sex, body

condition, and injuries or other ailments. Since the leg
muscles of healthy, prefledged young are well devel-
oped by 10 d of age (but pectoral muscles are not), we
considered a prefledged chick to have starved only if
it had atrophied leg muscles, a criterion based on ex-
amination of chicks known to have starved. We as-
sumed that young found emaciated as well as seriously
pecked (the result of entering territories of non-related
adults) had starved before they were pecked (see Ford-
ham 1970, Ward 1973, Hunt and Hunt 1975).

MORTALITY FACTORS ON THE CALIFORNIA
CoasT

LBS examined 919 Western Gulls found dead along
the northern coast of California, noting age, sex, body
condition, and injuries or other ailments. Each was
skinned and examined subcutaneously for wounds on
the head and body. Examination of internal organs
included opening and inspection of stomachs and pro-
ventriculi. Birds with no visible injuries or disease, but
having atrophied pectoral muscles, were considered to
have starved. Gulls with ailments that were not readily
identified were frozen and later examined by veteri-
narians. We considered mortality factors of Western
Gulls within the study area as representative of Far-
allon gulls because: (1) 85% of the Western Gulls that
bred within this area bred on SEFI (Sowls et al. 1980),
and most remain within the area (Coulter 1975); and
(2) the number of Western Gulls from outside popu-
lations that move into this area is low (see above).

MorTALITY FACTORS IN ADULTS AT SEFI

Between 1978 and 1985, we collected 496 dead adults
on SEFI during all seasons and examined each as de-
scribed above for gulls found dead on the California
coast. In 1983 and 1984, 33 adults that had died on
SEFI during the breeding season (April through Au-
gust) were collected at random and sent to the USFWS
National Wildlife Laboratory (Madison, Wis.) for ex-
amination.

RESULTS

SEX RATIOS OF YOUNG AT HATCHING AND
DISPERSAL

The sex ratio of 99 Farallon Western Gulls
examined at hatching was 0.98 M/F. We did not
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TABLE 2
SEX RATIOS AMONG PREBREEDING WESTERN GULLS
FounDp DEAD ON THE NORTHERN CALIFORNIA COAST
DURING FALL AND WINTER CENSUSES, 1978-1986

TABLE 3
THE ANNUAL SURVIVAL RATES OF MALE AND FEMALE
WESTERN GULLS BREEDING AT SOUTHEAST FARALLON
IsLAND, 1978-19862

First-year gulls Subadults

Mean no. Mean no.
found per Sex ratio found per  Sex ratio
census M/F census M/F
1978-1979 26.0 1.17 13.0 1.60
1979-1980 48.5 1.26 12.0 1.18
1980-1981 26.0 1.26 12.5 0.92
1981-1982 27.5 1.20 9.0 1.25
1982-1983 61.0 1.35 14.5 1.07
1983-1984 20.5 0.95 11.0 1.44
1984-1985 23.0 1.09 7.0 1.80
1985-1986 19.5 0.95 8.0 1.00

find significant differences in the sex ratio among
young hatched from first- MM/F = 0.74), second-
(M/F = 1.20) or third-laid eggs (M/F = 1.06) (G
test, P > 0.05), however, these results should be
considered as preliminary because of small sam-
ple sizes. The SEFI ratios are similar to those of
Western Gulls hatching in a southern California
colony (Sayce and Hunt 1987), but opposite to
results of Ryder (1983) who found a strong cor-
relation between egg sequence and the sex of Ring-
billed Gull (L. delawarensis) chicks, in which
more males hatched from first eggs while more
females hatched from second eggs.

The sex ratio of 658 chicks found dead during
all phases of the chick period was 1.08 M/F.
Sayce and Hunt (1987) also found evidence for
a small excess of male chick mortality (0.89 M/F
alive at fledging, n = 1291), apparently due to
factors similar to those found during this study
(see Results: Mortality Factors of Chicks). Al-
though the M/F ratio in our sample was not sta-
tistically different from 1.0 (G test, P > 0.05),
we assumed that the sex ratio of young dispersing
from the Farallons colony was 0.92 M/F.

SURVIVAL RATES AMONG INDEPENDENT BIRDS

Estimates of mean annual survival rates of
first-, second-, and third-year birds are given in
Table 1. Females had significantly higher sur-
vival rates than males (G test; first-year, P <
0.001; second- and third-years, P < 0.01). The
ratio of first-year males to females in coastal sam-
ples was highest in years when the greatest num-
bers of first-year birds were found (r = 0.777,
df = 6, P < 0.05; Table 2). This indicates that
when mortality was high it increased faster among
males than females. This relationship was not
found among second- and third-year gulls (sub-
adults) r = —0.338, df = 6).

Annual survival rates of breeding adults are

Number Number

At risk from-to Males monitored Females monitored
1978-1979 0.84 25 0.83 23
1979-1980 0.85 20 0.74 19
1980-1981 0.89 26 0.86 21
1981-1982 0.82 22 0.83 18
1982-1983 0.80 20 0.72 18
1983-1984 0.83 59 0.77 53
1984-1985 0.85 74 0.89 64
1985-1986 0.86 80 0.85 69
All years 0.84 326 0.81 285

= Survival rate estimates based on observations ol banded breeding
gulls monitored at SEFI (see Methods: Survival Rates of Breeding Adults).

given in Table 3. Males had higher survival rates
than females in six of eight years, although the
difference was not significant (t test, P < 0.2).
The regression of annual male survival rate (X)
on female survival rate (Y) gives the relationship
Y = 1.354X — 0.330. If male and female survival
rates changed similarly, the slope of the regres-
sion should be 1.0, whereas it is 1.35, indicating
a tendency (t test P < 0.1) for female survival
rates to decrease more rapidly in years when sur-
vival is low. Thus, in years of greater mortality
rates, the effect is proportionally greater among
females. The regression indicates that survival
rates of the sexes would be equal when the overall
survival rate is 0.93.

Both sexes of first-year birds had significantly
lower survival rates than respective sexes of sec-
ond-year birds (G test, P < 0.001, Table 1). Sur-
vival rates of second-year males was significantly
lower than that of adult males, and third-year
females had significantly higher survival rates
than adult females (G test, P < 0.01; see Table
3 for SR values of adults). Survival rates of youn-
ger breeding adults (3-8 years old) averaged higher
than that of older breeders (9-19 years old), but
the difference was not significant (t test; P < 0.2,
Table 4). The tendency among different age classes
of breeding birds is similar to that found in Kit-
tiwakes (Rissa tridactyla), in which younger birds
had significantly higher survival rates than older
birds (Coulson and Wooller 1976).

SEX-RATIOS AMONG INDEPENDENT BIRDS

The age/sex-related survival rates indicate a
female bias in sex ratios of each age class from
one to 14-year-old birds (Table 5). The greatest
female bias in sex ratios is expected for three-
and four-year-old cohorts. Assuming that sur-
vival rates of gulls older than 19 years are similar
to those of 9-19-year-olds, we estimated the sex
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TABLE 4
THE ANNUAL SURVIVAL RATES OF “YOUNG” AND
“OLD”” WESTERN GULLS BREEDING ON SOUTHEAST
FARALLON IsLAND, 1978-19862

TABLE 5
SEx RATIOS AMONG DIFFERENT AGE CLASSES OF
FARALLON WESTERN GULLS ESTIMATED FROM
SurvivAL RATES oF RESPECTIVE GROUPS (1978-

1986)
Gull Gull
YIS, YIS Percent surviving Sex ratio
moni- Fe- moni-

Years of age Males  tored males  tored Age Males Females M/F
Young (3-8 years)® 0.85 118 0.84 129 1 50.0 61.0 0.82
Old (9-19 years) 0.83 138 0.79 126 2 37.5 51.2 0.73

® Survival rate estimates based on observations of banded breeding 3 30.8 45.6 0.68
gulls monitored at SEFI (see Methods: Survival Rates of Breeding Adults). 4 26.2 38.3 0.68
® These data include 6 gull-years of males that bred in their third year. 5 223 322 0.69

6 19.0 27.0 0.70

8 13.8 19.1 0.72

ratio among the adult population at 0.77 M/F. ig gg I;z 838
This is similar to the female bias (0.67 M/F) 14 4.6 46 1.00
observed among adults in another population of 16 32 28 114
Western Gulls (Hunt et al. 1980). 18 2.2 1.7 1.29
In spite of a large excess of females in the adult 20 1.5 1.0 1.50
population, we found no evidence of a bias in 22 1.0 0.6 1.67
the sex ratio of breeding birds and no evidence 24 0.7 0.4 1.75

of female-female pairing. Only one of the many
thousands of nests examined over nine years
contained a supernormal clutch (4 eggs), and we
have not seen pairs of two female-sized birds.
We assumed, therefore, that the sex ratio among
breeding birds was unity, and expected to find a
female excess among nonbreeders. Because the
age that male Farallon gulls breed for the first
time averages younger than that of females (M =
4.7 years, F = 5.6 years; Spear, unpubl.), we ex-
pected a sex ratio in the population of nonbreed-
ing adults of 0.32 M/F. Within SEFI clubs, how-
ever, we found a female bias of lesser magnitude
(0.48 M/F). This included 0.63 M/F for four-
year-olds, and 0.35 M/F for birds >4 years. The
discrepancy between predicted and observed val-
ues may have resulted from a greater tendency
for nonbreeding females to remain away from
SEFI compared to nonbreeding males (Spear
1981).

POPULATION STATUS

The evidence suggests that the number of gulls
that attain breeding age should nearly equal that
of adults that die, i.e., that the population status
is relatively stable (Table 6). This conclusion is
corroborated by the low incidence of emigration
and stability in the breeding population. Limi-
tations imposed by a shortage of unused breeding
space could also be responsible for stability, how-
ever, in which case the status of the nonbreeding
adult population should be the best indication
of the population status as a whole. The censuses
of nonbreeding adults in clubs show a gradual
increase from 1978 through 1983, an abrupt de-
cline in 1985, and partial recovery in 1986 (Fig.
1). The decline in 1985 apparently resulted from

2 Survival rates are calculated from coastal censuses of dead birds for
age classes 1-3, and from observations of banded breeding adults for all
remaining age classes (see Methods: Survival Rates of First-, Second-,
and Third-year Birds, and Survival Rates of Breeding Adults).

heavy recruitment of nonbreeders into the breed-
ing population following two years of higher-than-
average mortality among breeders (Table 3).
These data indicate that the nonbreeding pop-
ulation has been only slightly greater than that
required to replace breeding adults that have died
(approx. 4550 per annum), and that on a long-
term basis the nonbreeding population is rela-
tively stable.

Based on the above, and coastal censuses
showing small numbers of adults more than one
foraging range (85 km; Hunt et al. 1979) from
SEFI during the breeding season (LBS and DGA,
ms), we estimate that the nonbreeding adult pop-
ulation averaged approximately 7500 birds per
annum (1978-1986); i.e., composed 22% of the

TABLE 6
EXPECTED RATES OF REPLACEMENT OF BREEDING
ADULT WESTERN GULLS AT SOUTHEAST FARALLON

IsLAND
Survival Subse- No. progeny
rate: quent no. Young surviving to
fledg- breeding  dispersed/ breeding
ing to re- years breeding age/adult
cruitment®* expected  adult/year® dying
Males 0.24 6.2 0.630 0.94
Females 0.29 5.2 0.685 1.03

2 The mean age of recruitment of males is approximately 4.7 years,
and of females, 5.6 years (Spear, unpubl.).

* This value is the mean for the period of 1978-1986 (PRBO; unpubl.,
this study).
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FIGURE 1:

Evening counts of nonbreeding adult Western Gulls at clubs on Southeast Farallon Island, 1979-

1986; “n” denotes the number of counts, central bar shows the mean, and bars above and below the mean show

one standard deviation on each side of the mean.

adult population. Based on a sex ratio of 0.48
M/F in the population of nonbreeding adults (see
preceding section), the adult male population
(including an estimated 13,000 breeders) would
include approximately 2440 (16%) nonbreeders
(i.e., just enough males to replace breeders that
die), and the adult female population, S060 (28%)
nonbreeders.

MORTALITY FACTORS AMONG CHICKS

The relative importance of mortality factors
among chicks varied significantly during differ-
ent months (G test, P < 0.001, Table 7; gulls
dying from unknown causes were excluded from
this analysis). In June, when most young hatched
(Coulter 1973), starvation caused at least 50% of
the deaths. In July, when young were highly mo-
bile and beginning to fly, 54% of the deaths were
due to pecking by adults. During the dispersal
period of August and September, 91% of the dead
young had starved. More male chicks starved
when compared to females, while more females
died from being pecked by adults (G tests, P <
0.05).

Conspecific predation is not usually common
on SEFI, but appeared to be an important mor-
tality factor during the El Nifio year of 1983 when
natural food was scarce and many chicks from
one to 10 d old were eaten. We could not examine
these chicks and assumed that predators were
not sexually selective.

MORTALITY FACTORS ON THE CALIFORNIA
COAST

Starvation was a more important mortality
factor among first-year gulls than among sub-
adults (G test, P < 0.001, Table 8); 59% of the
mortality of first-year birds was caused by this
factor. The relative importance of different mor-
tality factors did not vary significantly between
subadults and adults (G test, P > 0.03, sexes were
grouped and variables tested were starvation,
disease, and combined accidents); most were ac-
cidental, with gunshot wounds ranking first. Bro-
ken wings, many of which probably resulted from
gunshot, were also a major factor.

Starvation was a more important mortality
factor among first-year males than among first-
year females (G test, P < 0.001; Table 8). In
contrast, there was a higher incidence of star-
vation among subadult and adult females
(grouped) than respective age classes of males (G
test, P < 0.05). During a given year, the percent
of first-year males dying from starvation in-
creased significantly as the number of first-year
gulls found dead increased (r = 0.727, df = 6,
P < 0.05; Fig. 2), and a similar relationship ex-
isted among subadult and adult females (grouped)
r=0.792, df = 6, P < 0.02; Fig. 3). A similar
tendency among subadult and adult males was
not significant (r = 0.544, df = 6, P < 0.2).

The number of subadults and adults (grouped)
that died from accidental causes was highest in
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TABLE 7
MORTALITY FACTORS IN 658 WESTERN GULL CHICKS ON SOUTHEAST FARALLON ISLAND, 1978-1986

Starvation
Starved only Starved & Pecked only Unknown
N (%) pecked (%) Total (%) (%) Other (%) (%)

June

Males 42 36 17 53 28 2 17

Females 36 35 11 46 31 6 17
July

Males 133 14 22 36 53 0 11

Females 135 10 22 32 56 2 10
August

Males 124 19 46 65 12 10 13

Females 120 21 36 57 23 5 15
September

Males 43 93 93 0 7 0

Females 25 88 88 0 12 0
Overall

Males 342 29 27 56 29 4 11

Females 316 23 25 48 36 4 12

2 “QOther” causes of mortalily were broken wings, deformities, and entrapment within or between rocks, vegetation, debris and buildings.

years when the number dying from starvation
was highest (males; r = 0.816, df = 6, P < 0.02,
and females; r = 0.793, df = 6, P < 0.02, Fig.
4). Other evidence suggesting that starvation and
accident rates were interrelated was the signifi-
cant correlation of annual survival rates of adults
(mortality due mostly to accidents) with that of
first-year gulls (mortality due mostly to starva-
tion) (r = 0.924, df = 6, P < 0.002, Table 9).

MORTALITY FACTORS IN ADULTS AT SEFI

The relative importance of mortality factors
in adults found dead at SEFI varied significantly

between seasons (G test, P < 0.001; sexes were
grouped and variables tested were starvation,
disease and combined accidents, Table 10). Low-
er rates of starvation occurred during spring, and
lower accident rates during summer. The relative
importance of mortality factors did not vary sig-
nificantly between the sexes (G test, P > 0.05;
seasons grouped with variables same as above).
We could determine the cause of death, however,
in only 36% of the cases. The cause of many
undiagnosed deaths was probably Botulism C
toxin. During all years we noticed that a large
proportion of the gulls dying on SEFI during the

TABLE §
MORTALITY FACTORS IN 919 WESTERN GULLS FOUND DEAD DURING ALL SEASONS ON THE COAST OF
NORTHERN CALIFORNIA, 1978-1986, AND THEIR PERCENT VALUES

Accidents
Broken Fishing Accidents
N Starved Diseased® wing gear Shot Other® combined Unknown

First-year

Males 260 68 0 13 3 4 8 28 4

Females 218 49 0 19 3 10 11 43 8
Subadults

Males 88 23 3 17 8 29 17 71 3

Females 73 30 0 20 6 24 14 64 6
Adults

Males 128 14 7 15 8 30 22 75 4

Females 153 27 6 24 1 24 14 63 4

» Diseases included gout, tuberculosis, and sinusitis. The incidence of aspergilosis was 70%, 68%, and 76%, respectively, among emaciaied adults,
subadults, and first-year gulls. Because this disease is a secondary infectant we did not consider it a mortality factor.
» Most common “other” accidents included plastic six-pack wrappers over head, poisoning, collision with automobiles and wires, entrapment in

fish bins, oiling, and entanglement in machinery.
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FIGURE 2. Percent of first-year males dying from
starvation as a function of the number found dead
during coastal surveys, 1978-1986.

breeding season developed symptoms of botu-
lism. Tests on 33 gulls by the USFWS confirmed
this; at least 42% of the gulls examined died from
Botulism C toxin.

Mortality during the breeding season was not
severe, however. Among 65 breeding adults that
died while being studied during the five years
including 1978-1980 and 1982-1985 (see Table
3), only 13%, 0%, 33%, 9%, and 0% (x = 11 +
12.1%), respectively, died during the spring and
summer. Of the deaths that occured per annum,
the proportion occurring during the breeding sea-
son varied significantly between years (G test,
P < 0.05), being highest in years (1978, 1983)
when food was apparently least abundant, i.e.,
in years when productivity of gulls and other
seabirds breeding on SEFI was lowest (PRBO,
unpubl.). Years of exceptionally low food avail-
ability are infrequent, however, as only three such
years have occurred during the last 16.

CHRONOLOGY OF COASTAL MORTALITY

Recovery rates of dead Western Gulls on the
northern California coast peaked during winter
in all age classes, although that of first-year gulls
and adults was bimodal, with smaller peaks oc-
curring in the fall (Fig. 5).

Additional evidence suggests that these pat-
terns are realistic: This includes: (1) close agree-
ment between the percent of dead adults we found
on the coast during the breeding season and the
percent of annual deaths in that same period
among known adults monitored for survival on
SEFI; 12% on the coast vs. 11% on SEFI; and
(2) a significant correlation in numbers of dead
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FIGURE 3. Percent of subadult and adult females
(grouped) that died on the mainland coast from star-
vation as a function of the mortality rates of breeding
females monitored on Southeast Farallon Island, 1978-
1986.

adults found per annum during coastal searches
with that of mortality rates among known adults
monitored on SEFI (r = 0.735,df = 6, P < 0.05,
Table 9).

The mortality patterns in Figure 3 are different
from ones derived from band recoveries, which
show peak recoveries in late summer (Coulter
1975). These differences may have resulted from
several factors. First, the general public is most
active during spring and summer, especially at
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FIGURE4. Mortality on the mainland coast: num-
ber of subadult and adult Western Gulis (grouped) that
died from accidents as a function of the number dying
from starvation, 1978-1986. Solid circle = females,
open circle = males.
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TABLE 9
THE ESTIMATED ANNUAL SURVIVAL RATES OF FIRST-YEAR WESTERN GULLS FROM SOUTHEAST FARALLON
IsLAND, 1978-19862

No. of Ist-yr. gulls No. of breeding

Young dispersed/ Survival rate Est. survival rate

found dead adults found dead  breeding adult/year® of adults® of 1st-yr. gulls

Year (Ny) (N (P) 1 -My) (SR°™)
1978-1979 22 16 0.52 0.83 0.55
1979-1980 79 31 0.81 0.79 0.34
1980-1981 42 28 0.72 0.87 0.73
1981-1982 45 27 0.54 0.83 0.48
1982-1983 100 39 0.90 0.76 0.32
1983-1984 34 33 0.33 0.80 0.38
1984-1985 38 20 0.67 0.87 0.63
1985-1986 32 23 0.76 0.85 0.73

= See Methods: Survival Rates of First-, Second-, and Third-year Birds, for method of calculating survival rates,

® PRBO (unpubl. data).

¢ Survival rate values (SR = 1 — M,) represent the mean between males and females (Table 8).

beaches where, during those respective seasons,
we found the majority of dead gulls (see also
Kadlec and Drury 1968). Moreover, during fall
and winter, when the public is less active, we
found the majority of dead gulls at dumps. Even
if search efforts by the public were consistent
over time, people are less likely to examine a
dead gullin a dump than a dead gull on the beach.
Another bias for adult gulls may have resulted
from using band recoveries from SEFI, especially
those from August and September when biolo-
gists regain access to the entire island. (Activities
are restricted near to paths during the breeding
season.) Many birds that died throughout the
breeding season are then inspected, and this may
have biased band recovery rates towards late
summer. For example, we found nearly twice as
many dead adults on SEFI during the breeding

season than we found on the coast during all
seasons, although only 11% of the mortality of
known breeding adults occurred during the
breeding season. Third, the temporal pattern of
mortality may have changed since the period
(1933-1971) when the band recovery informa-
tion used by Coulter (1975) was accumulated.

DISCUSSION

When production of one sex is more costly
than another, selection should favor the produc-
tion of unequal sex ratios (reviewed by Meyers
1978). In applying this hypothesis to species of
birds which are sexually dimorphic in size (such
as Western Gulls; Pierotti 1981) and that breed
in food-limited environments, Meyers predicted
that the larger sex should have lower survival
rates due to starvation in the nestling stage. This

TABLE 10
MORTALITY FACTORS AMONG 496 ADULTS FOUND DEAD AT SOUTHEAST FARALLON ISLAND, 1978-1985, AND
THEIR PERCENT VALUES

Accidents
Gulls
examined Accidents
(N) Starved Diseased* Broken wing Shot Other® combined Unknown

Fall-winter

Male 55 24 9 0 0 16 16 51

Female 57 37 5 5 2 9 16 42
Spring

Male 40 17 5 3 2 10 15 63

Female 68 7 3 1.5 3 1.5 6 84
Summer

Male 135 25 4 0 0 1 1 70

Female 141 30 5 0 1 1 2 63
Total

Male 230 23 5 <1 <1 6 <8 64

Female 266 26 4 2 3 6 64

@ Diseases included gout, tuberculosis, and sinusitis.

b “QOther accidents” included oiling, broken beak, and entanglement with fishing tackle and six-pack wrappers.
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FIGURE 5.

Chronology (by month) of mortality in three age classes of Western Gulls on the northern

California coast, 1978-1986. Solid line = adults (4 yrs and older), dashed line = subadults (second- and third-
year birds), and dotted line = first-year birds. Values are given as the mean number of birds found per monthly
census expressed as the percent of the mean annual total (no coastal searches in June).

was demonstrated in icterids and corvids (re-
viewed by Meyers 1978, Roskaft and Slagsvold
1985) but was not found for other species (re-
viewed by Sayce and Hunt, 1987). Nevertheless,
before assessing the importance of selective fac-
tors operating differentially upon the sexes, sur-
vival rates and mortality factors among all age
groups must be studied (Meyers 1978). Our study
is the first to attempt this in an avian species.
We have found additional support for Meyers’
prediction, as well as evidence that other selec-
tive factors act differentially on sexes of all age
groups. In the following discussion these various
factors are evaluated.

The evidence indicates that food available to
Farallon gull chicks was often in limited supply.
During this study at least 29% of all young
hatched, died before dispersing (PRBO, unpubl.).
Since 52% of the dead chicks had starved (Table
7), it follows that at least 15% of all young hatched
died from this factor. Similarly, data from Coul-
ter (1977) indicated that 19% of the Western
Gulls hatched on SEFI during 1969-1970 died
as a result of “food limitation.” The higher rate
of starvation among male chicks does support
Meyers’ (1978) prediction, but interestingly, did
not result in a significantly biased sex ratio prior
to dispersal because of higher mortality rates
among females from attacks by adults. Death
from pecking (by unrelated adults) was most fre-
quent in July when recently fledged young (with

poor flight control) frequently landed on terri-
tories other than their own. Fledgling females
average smaller in size than males (Sayce and
Hunt 1987), and thus their greater mortality dur-
ing fledging may have resulted from being less
able to withstand adult attacks as they returned
to their territories. In colonies of low density this
may not be an important mortality factor be-
cause, with larger territories, young have a better
chance of landing on their own territory. This
could explain a smaller female bias in the sex
ratio of Farallon young at dispersal (0.92 M/F)
compared to that of Western Gull young on San-
ta Barbara Island, California (0.89 M/F; Sayce
and Hunt 1987), where territories average 15
times larger than territories on SEFI (Hunt and
Hunt 1975, Pierotti 1981). Nevertheless, the
higher starvation rate among male chicks on SEFI
suggests that many may have been in poorer
physical condition than females when they dis-
persed, and this could, in part, explain the higher
mortality rates of first-year males after dispersal.
Possible advantages gained by females during the
chick period, however, probably diminish by fall.
When mortality peaked during the winter, sur-
vival was probably most dependent on foraging
skills. It is likely, therefore, that lower survival
rates of first-year males resulted primarily from
their need to meet higher energy demands (due
to larger body size) before foraging skills were
sufficiently developed (see also Sayce and Hunt
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1987). (For review of age-related foraging suc-
cess, see Briggs 1977, Verbeek 1977, Searcy 1978,
Burger 1981.) In some sexually diomorphic
species the larger sex also fledges at a lower per-
cent of the adult weight (Ricklefs 1968, Bancroft
1984). As aresult, independent young of the larg-
er sex are at a disadvantage; besides meeting
higher energy demands for maintenance they
must grow more, proportionally, to attain adult
size.

Although nearly 50% of the deaths of inde-
pendent males less than four years old occurred
during the first year as the result of starvation,
the greatest biasing of the sex ratio occurred dur-
ing the second and third years due to accidents
involving humans. It is important to note, there-
fore, that accident and starvation rates were cor-
related. This suggests that food limitation was a
more important factor than indicated by star-
vation rates alone; gulls are probably bolder when
hungry. But why would subadult males be more
prone to death from starvation and accidents
than females if foraging skills were improved and,
because of larger size, they held an advantage
over females when competing for stationary food
sources (i.e., human refuse; see Briggs 1977,
Monaghan 1980)? One possibility is that males
may be bolder than females and thus more prone
to accidents. Another possibility is that this could
be related to the tendency for subadult females
to remain farther away from SEFI than subadult
males (Spear 1981). The majority of subadult
males remain within foraging range of adults and
may, therefore, be more prone to higher stress
related to competition for food.

The tendency for a higher survival rate of
breeding males compared to breeding females
(Table 3) is interesting. Coulson and Wooller
(1976) found higher survival rates among female
Kittiwakes and suggested that greater mortality
among males resulted from stress associated with
territory establishment. Although territory es-
tablishment is also primarily the responsibility
of male Western Gulls (Pierotti 1981, Hand
1986), the tendency for lower survival rates of
Farallon females was probably due to differences
in ability to make use of local foraging oppor-
tunities. Pierotti (1981) found that females caring
for young take longer than males to complete
foraging trips and return with lighter food loads.
The reason is not known, but this suggests that
females would be at a disadvantage during times
of food shortage. Competition for food among
adults did, in fact, appear severe during late fall
and winter of some years when many foraged up
to 70 km from SEFI at San Francisco Bay Area
(SFBA) dumps (Spear 1979). At this time, most
adults forage in the vicinity of SEFI to maintain
territories (males) and mates (females). During

these period, females from SEFI had to compete
for a stationary food source not only with male
Western Gulls, but also with even larger Glau-
cous-winged Gulls (L. glaucescens) which com-
pose up to 50% of the large larids foraging in the
SFBA during winter (Cogswell 1969, Spear un-
publ.). Moreover, competition in the SFBA has
probably increased between 1979 and 1986 due
to the closure of three of the six dumps most
important to large larids. The high winter mor-
tality of adults and sharper decrease in survival
rates with increases in the incidence of starvation
of SEFI females suggests that the above discus-
sion is applicable. It is interesting that in British
populations of Herring Gulls that were increasing
at 12% per annum (i.e., little evidence of food
shortage), no difference was found between sur-
vival rates of the sexes (Chabrzyk and Coulson
1976, but see Coulson and Butterfield 1986).
These gulls were experiencing a survival rate of
0.93, equal to the projected value for Farallon
gulls when survival rates of the sexes should be
equal.

In conclusion, it appears that sexual differ-
ences in the survival rates of Farallon gulls are
determined primarily by three factors: higher rates
of starvation among first-year males, higher in-
cidence of accidents among subadult males (am-
plified by factors related to food shortage), and
a tendency for higher rates of starvation in breed-
ing females. If larid populations are, in fact, often
limited in size by food (see Lack 1954, Ashmole
1971, Furness and Birkhead 1984, Coulson and
Thomas 1985), our results suggest that a shortage
of males can be expected in many populations
and that this may not be a recent phenomenon.
This could explain instances of female-female
pairing and polygamy in these otherwise mo-
nogamous species (Conover and Hunt 1984,
Coulson and Thomas 1985), although other fac-
tors may affect sex-ratios in some populations
(see Fry and Toone 1981; Fry et al., 1987). In
the case of the SEFI population, the absence of
female-female pairs may result from high density
nesting where the smaller females cannot com-
pete with males for breeding territories (Hand
1980, Conover and Hunt 1984).

ACKNOWLEDGMENTS

We thank the San Francisco chapter of the Oceanic
Society for transporation to and from SEFIL. The USFWS
allowed our research on the Farallon National Wildlife
Refuge and provide invaluable assistance in examining
mortality factors; we especially thank R. Lowe and R.
K. Stroud, D.V.M. Other persons who advised on mor-
tality factors or examined gulls include D. M. Fry, L.
Lowenstein, D.V.M. (University of California, Davis),
and P. Quinn (Monterey County SPCA). Dr. J. Martin
(Moss Landing Marine Laboratories) and M. R. Gray-
bill, (Oregon Institute of Marine Biology) provided LBS



SURVIVORSHIP AND MORTALITY FACTORS —Spear et al. 55

with facilities for examining dead gulls he found on the
coast. We are grateful to them, and to R. J. Boekel-
heide, R. P. Henderson and the many Farallon vol-
unteers who collected carcasses on SEFI. Logistical
support for coastal work was provided by J. C. and E.
B. Spear, and S. Goldhaber kindly typed the final draft.
This paper was much improved by the comments of
M. C. Coulter, D. M. Fry, J. L. Hand, G. L. Hunt, Jr.,
and C. A. Ribic. Spear was funded in part by a Packard
Foundation grant administered through Moss Landing
Marine Laboratories. This is PRBO contribution no.
330.

LITERATURE CITED

AINLEY, D. G, AND T. J. LeEwis. 1974. The history
of Farallon Island marine bird populations, 1854~
1972. Condor 76:432-446.

ANDERSON, D. R., K. P. BURNHAM, AND G. C. WHITE.
1985. Problems in estimating age specific survival
rates from recovery data of birds ringed as young. J.
Anim. Ecol. 54:89-98.

ASHMOLE, N. P. 1971. Seabird ecology and the ma-
rine environment. Pp. 223-286 in D. S. Farner and
J. R. King (eds.). Avian biology, vol. 1. Academic
Press, New York.

BancrorT, G. T. 1984. Growth and sexual dimor-
phism of the boat-tailed Grackle. Condor 86:423—
432,

BELLROSE, C. A. 1983. The breeding biology and ecol-
ogy of a small mainland colony of Western Gulls
(Larus occidentalis). Unpubl. M.S. thesis, San Jose
St. Univ., Calif.

Botkin, D. B., AND R. S. MILLER. 1974. Mortality
rates and survival of birds. Am. Nat. 108:181-192.

Brigas, K. T. 1977. Social dominance in young
Western Gulls: its importance in survival and dis-
persal. Unpubl. Ph.D. dissertation, Univ. Calif., Santa
Cruz.

BuURGER, J. 1981. Feeding competition between
Laughing Gulls and Herring Gulls at a sanitary land-
fill. Condor 83:328-335.

CHABRzYK, B., AND J. C. CourLsoN. 1976. Survival
and recruitment in the Herring Gull, Larus argen-
tatus. J. Anim. Ecol. 45:187-203.

CoGswEeLL, H. L. 1969. Gulls and solid waste disposal
in the San Francisco Bay Area, California. Proc.
World Conf. Bird Hazards to Aircraft, pp. 421-439.
Kingston, Ont., Sept. 1969.

CONOVER, M. R., AND G. L. HunT, JR. 1984. Exper-
imental evidence that female-female pairs in gulls
result from a shortage of breeding males. Condor 86:
472-476.

COULSON, J. C., AND E. WHITE. 1959. The post-fledg-
ing mortality of the kittiwake. Bird Study 6:97-102.

CouLsoN, J. C., aND R. D. WooLLER. 1976. Differ-
ential survival rates among breeding Kittiwake gulls,
Rissa tridactyla. J. Anim. Ecol. 45:205-213.

CouLson, J. C., AND C. S. THoMmas. 1985. Changes
in the biology of the kittiwake (Rissa tridactyla): a
31-year study of a breeding colony. J. Anim. Ecol.
54:9-26.

CouLson, J. C., AND J. BUTTERFIELD. 1986. Studies
on a colony of colour-ringed Herring Gulls Larus
argentatus: adult survival rates. Bird Study 33:51-
54.

CouLTER, M. C. 1973. Breeding biology of the West-
ern Gull, Larus occidentalis. Unpubl. M.S. thesis,
Oxford Univ.

CouLTER, M. C. 1975. Post-breeding movements and
mortality in the Western Gull, Larus occidentalis.
Condor 77:243-249.

CouLTER, M. C. 1977. Growth, mortality, and the
third chick disadvantage in the Western Gull, Larus
occidentalis. Unpubl. Ph.D. dissertation, Univ. of
Pennsylvania, Philadelphia, Penn.

ForDHAM, R. A. 1970. Mortality and population
change of Dominican Gulls in Wellington, New Zea-
land, with statistical appendix by R. M. Cormak. J.
Anim. Ecol. 39:13-27.

Fry, D. M., AND C. K. TooNE. 1981. DDT-induced
feminization of gull embryos. Science (Wash. D.C.)
213:922-924.

Fry, D. M., C. K. TooNg, S. M. SpeicH, AND R. J.
PEARD. 1987. Sex ratio skew and breeding patterns
of gulls: demographic and toxicological consider-
ations. Studies in Avian Biology 10:26—43.

FuUrNEss, R. W, AND T. R. BIRKHEAD. 1984. Seabird
colony distributions suggest competition for food
supplies during the breeding season. Nature 311:655—
656.

HaND, J. L. 1980. Nesting success of Western Gulls
on Bird Rock, Santa Catalina Island, California. Pp.
467-473 in D. M. Power (ed.). The California Is-
lands: Proceedings of a multidisciplinary sympo-
sium. Santa Barbara Mus. of Nat. History, Santa
Barbara, Calif.

HanD, J. L. 1986. Territory defense and associated
vocalizations of Western Gulls. J. Field Ornithol.
57:1-15.

Hunt, G. L., Jr,, AND M. W. HunT. 1975. Repro-
ductive ecology of the Western Gull: the importance
of nest spacing. Auk 92:270-279.

Hunt, G. L., Jr., R. PitMAN, M. NAUGHTON, K.
WINNETT, A. NEwWMAN, P. KeLLY, AND K. BRIGGS.
1979. Summary of marine mammal and seabird
surveys of the southern California bight area 1975-
1978, vol. 3, Inv. Rept. 3 to Bur. Land Manag., Univ.
of Calif., Irvine.

Hunt, G. L., Jr., J. C. WINGFIELD, A. NEWMAN AND
D. S. FARNER. 1980. Sex ratio of Western Gulls on
Santa Barbara Island, California. Auk 97:473-479.

HunTt, G. L., Jr, A. L. NEWMAN, M. H. WARNER, J.
C. WINGFIELD, AND J. Karwi. 1984. Comparative
behavior of male-female and female-female pairs
among Western Gulls prior to egg-laying. Condor
86:157-162.

KADLEC, J. A., AND W. H. DRURY. 1968. Structure
of the New England Herring Gull population. Ecol-
ogy 49:644-676.

Lack, D. 1954. The natural regulation of animal
numbers. Clarendon Press, Oxford.

McCaskie, G. 1983. Another look at the Western
and Yellow-footed gulls. West. Birds 14:85-107.
MEYERS, J. H. 1978. Sex ratio adjustment under food
stress: maximization of quality or numbers of off-

spring. Am. Nat. 112:381-388.

MONAGHAN, P. 1980. Dominance and dispersal be-
tween feeding sites in the Herring Gull, Larus ar-
gentatus. Anim. Beh. 28:521-527.

PArsons, J. 1971. The breeding biology of the Her-



56 STUDIES IN AVIAN BIOLOGY

ring Gull, Larus argentatus. Unpubl. Ph.D. disser-
tation, Univ. Durham, England.

PierOTTI, R. 1981. Male and female parental roles
in the Western Gull under different environmental
conditions. Auk 98:532-549.

PiTMAN, R. L., M. R. GrRAYBILL, J. HODDER, AND D.
H. Varousean. In press. The catalogue of Oregon
Seabird Colonies. U.S. Dept. Int., Fish Wildl. Serv.,
FWS/OBS.

RickLErs, R. E. 1968. Patterns of growth in birds.
Ibis 110:419-451.

RoskaFT, E., AND T. SLacgsvoLp. 1985. Differential
mortality of male and female offspring in experi-
mentally manipulated broods of the Rook. J. Anim.
Ecol. 54:261-266.

RYDER, J. P. 1983. Sex ratio and egg sequence in
Ring-billed Gulls. Auk 100:726-728.

SAYCE, J. R., AND G. L. Hunt, JR. 1987. Sex ratios
of prefledging Western Gulls. Auk 104:33-37.

SEARCY, W. A. 1978. Foraging success in three age
classes of Glaucous-winged Gulls. Auk 95:586-588.

SowtLs, A. L., A. R. DEGANGE, J. E. NELSON, anD G.
S. Lester. 1980. Catalogue of California Seabird
Colonies. U.S. Dept. Inter. Fish Wildl. Serv., FWS/
OBS.

SPEAR, L. 1979. A closer look at a neglected resource.
Pac. Seabird Gp. Bull. 6(2):33 (abstract).

Spear, L. 1980. Band loss from the Western Gull on
Southeast Farallon Island. J. Field Ornith. 51:319-
328.

SpEAR, L. 1981. Sexing of Farallon Western Gulls by
size, and their age/sex related patterns of movement
during 1978-1981. Pac. Seabird Gp. Bull. 8(2):96
(abstract).

SPEAR, L. B., D. G. AINLEY, AND R. P. HENDERSON.
1986. Post-fledging parental care in the Western
Gull. Condor 88:194-199.

SpeICH, S. M., AND T. R. WAHL. In press. Catalogue
of Washington Seabird Colonies. U.S. Dept. Inter.
Fish Wildl. Serv., FWS/OBS.

VERBEEK, N. A. M. 1977. Comparative feeding be-
havior of immature and adult Herring Gulls. Wilson
Bull. 89:415-421.

WARD, J. G. 1973. Reproductive success, food supply
and the evolution of clutch size in the Glaucous-
winged Gull. Unpubl. Ph.D. dissertation, Univ. of
British Columbia, Vancouver, British Columbia.



