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ABSTRACT.—We examined the independent effects of age and breeding experience on re-
productive success in Western Gulls (Larus occidentalis) 3-9 years old. Both factors significantly
enhanced success after the other factor had been statistically controlled. When the sexes were
analyzed separately, previous breeding experience had a significant influence on success of
females but not males, whereas among first-time breeders, age was significantly more im-
portant to males than to females. The trends with experience were curvilinear, which indicates
that the advantages of experience after the first breeding attempt decreased. The linear trends
with age implied that increases in success are realized more constantly through 9 years of
age. Breeding experience enhanced clutch size of the female as well as hatching success of
both sexes, while age enhanced the timing of breeding by both sexes and clutch size, hatching
success, and fledging success of the male but not the female. Our results relate to sex-specific
roles in reproduction, and we suggest that deferred breeding may be more effective strategy

for males than for females. Received 29 November 1989, accepted 7 July 1990.

REPRODUCTIVE SUCCESS increases with both age
and breeding experience in many species of
birds (see summaries in Ryder 1981, Clutton-
Brock 1988). Because of small sample sizes of
marked individuals of both known-age and
known-experience, however, few studies have
considered the independent effects of these two
factors (see discussions in Davis 1976, Ollason
and Dunnet 1978, Ainley et al. 1983, Saether
1990). In several species, reproductive perfor-
mance of first-time breeders increases with age
(Richdale 1949; Hornberger in Lack 1966; Davis
1976; Ollason and Dunnet 1978, 1988; Harvey
et al. 1988; Wooler et al. 1990), which has
prompted speculation that age rather than
breeding experience accounts for increased re-
productive success (Lack 1968, Ryder 1981; see
also Hamann and Cooke 1987). Few studies have
examined the contribution of prior breeding
experience with statistical controls for age.

Western Gulls (Larus occidentalis) that breed
on Southeast Farallon Island (SEFI), California,
improve reproductive success with age (see
Sydeman et al. 1991). In this same population
a wide variation in age of first-breeding exists,
4-10 (x = 6.0) yr in females and 3-9 (¥ = 4.8)
yr in males (Spear 1988, unpubl. data). Thus,
birds with varying amounts of breeding expe-
rience occur within each age group. Conse-
quently, we examined the relative effects of
breeding experience and age in Western Gulls

3-9 years old by determining each effect while
statistically controlling the other. We investi-
gated these effects in females and males, and
we relate differences to sex-specific roles in re-
production. Our results provide some new per-
spectives on variation in reproductive perfor-
mance (Nol and Smith 1987, Wooler et al. 1990)
and deferred breeding (Williams 1966).

METHODS

Study area and field methods.—Ainley and Boekel-
heide (1990) described the breeding ecology of sea-
birds on SEFI, located 48 km west of San Francisco
and within the California eastern boundary current
system. Reproductive success in gulls and other sea-
birds is strongly related to food availability, which
in turn shows wide interannual fluctuation. The pop-
ulation of Western Gulls breeding on SEFI (est. 26,000
birds) has been described by Spear et al. (1987) and
Penniman et al. (1990). As the result of an annual
chick-banding program initiated in 1971, approxi-
mately 11% of the breeding population was marked
by 1983, when we began our studies of known-age
birds. Bands were read at the onset of territory oc-
cupation. Clutch initiation date, clutch size, and
hatching and fledging success were determined each
year for a sample of marked individuals (see Sydeman
et al. 1991 for details). Sex of most adults was deter-
mined by behavioral observation during courtship
and by direct size comparison (Pierotti 1981, Spear
1988).

Between 1983 and 1988, we monitored 3,069 breed-
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ing attempts (defined by the laying of at least one
egg) by 1,233 known-age individuals (672 males, 521
females, 40 unknown sex). Within this sample, 826
attempts were made by 476 individuals aged 3-9 yr
and of known breeding experience (hereafter “ex-
perience”). In these individuals the breeding history,
including year of first breeding, was known. We used
three different methods to determine year of first
breeding. First, 454 of the attempts were by gulls that
Spear had marked as chicks in 1978-1980, which were
then specifically located through intensive searches
of the entire colony during the 1982-1988 breeding
seasons. Second, 82 attempts involved 3-yr-old males
and 4-yr-old females that were almost certainly breed-
ing for the first time. In observed attempts of >2,000
known-age gulls on SEFI, no 2-yr-olds and only one
3-yr-old female was involved (Point Reyes Bird Ob-
servatory [PRBO] unpubl. data; males breed earlier
than females in this population because of a skewed
sex ratio in breeding birds [Spear et al. 1987]). Finally,
378 attempts resulted from an intensive band-reading
effort during the 1986-1988 seasons. Band numbers
and nest locations were determined for every marked
bird that bred within a defined study area (¥ = 1,164
marked birds per year). Gulls that nested at least 10
m within area boundaries during 1987 or 1988 and
that were not recorded the previous year were as-
sumed to be first-time breeders. Nest-site movements
between years of up to several meters are not unusual,
but relocations >10 m are rare (Spear et al. 1987). We
confirmed this by marking nest bowls and measuring
relocation distances of 156 banded individuals be-
tween the 1987-1988 and 1988-1989 seasons. Only 3
had relocated >10 m, and only one had relocated >14
m (mean [+SE]: 1.5 + 0.23 m; range: 0.0-21.1 m). In
all cases it was also known that birds bred during all
interim years. Three individuals of our sample skipped
a year (failed to lay eggs) between attempts, although
all three maintained territories throughout the skipped
season. As it cannot be judged how much experience
is gained during skipped years, these three birds were
subsequently excluded from the sample.

Data analysis.—We defined reproductive success as the
number of chicks fledged per breeding attempt. Four
components of reproductive success were also ex-
amined in sex-specific analyses: timing of breeding
(indicated by clutch initiation date), clutch size,
hatching success (% of eggs laid that hatch), and fledg-
ing success (% of chicks hatched that fledge).

Linear regressions on age- and experience-con-
trolled samples were used for most comparisons. Sig-
nificance is indicated by P values on the F-statistic.
We performed ANOVA and Chi-square analyses,
which yielded similar results for all comparisons. We
present results of regression analysis because it is a
more powerful analysis when the independent vari-
ables (age and experience) are quantitative (Breslow
and Day 1980, Gaines and Rice 1990). To confirm the
results of the regression analyses and to examine the
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relative contributions of age and experience within
the entire sample, we also used a hierarchical log-
linear analysis. Partial G-values were calculated for
interactions between reproductive success, age, ex-
perience, and sex.

Residuals were found to be distributed normally
for the independent variables in all comparisons and
also for the dependent variables in analyses of re-
productive success and timing of breeding (skew was
less than 0.02; kurtosis was greater than 2.0 and less
than 4.0 where kurtosis of normal equaled 3.0). Re-
siduals were not distributed normally for compari-
sons of clutch size but because those of the indepen-
dent variables were normally distributed, no violations
of the assumptions of linear regression occurred (Se-
ber 1977: 150). Proportional data (hatching success
and fledging success) were also arcsine square-root
transformed before further analyses.

To test for curvilinearity we performed polynomial
regression of trends with respect to age and experi-
ence, to see whether or not quadratic equations sig-
nificantly improved the fit over linear equations.
Analyses of covariance were used to evaluate expe-
rience-specific differences in reproductive success with
age, and sex-specific differences within all compari-
sons.

Our sample consisted of age groups 3-9 yr and
experience groups 0-4 yr. The effects of age were
tested within experience groups 0, 1, and 2 yr. For
analyses on the effects of experience, we pooled age
groups 6, 7, and 8 yr. Although significant increases
in reproductive success occurred between age groups
3 and 6 in our sample, by age 6 this trend had equal-
ized. No significant effects of age were found between
ages 6, 7, and 8 for comparisons of reproductive suc-
cess (x* = 0.77, P = 0.943; F, 3, = 0.46, P = 0.500) or
of any of its four components (x> < 6.3, P > 0.3; F <
2.7, P > 0.1).

To ensure that our sample was distributed propor-
tionally among years of varying food supply (see
Sydeman et al. 1991), we used analyses of covariance
to control for year, and we obtained results similar
to those presented for all examinations of both age
and experience. We also examined the effects of ex-
perience within a targeted subsample (135 attempts)
of 6-yr-olds breeding in 1988, which controlled for
both year and cohort.

In the sample of gulls aged 6-8 yr that were used
in the experience analyses, 24% of the attempts in-
volved the same individual in different years. To in-
vestigate the effect of dependence among observa-
tions, we used a random numbers table to eliminate
multiple attempts by the same individual. We again
found similar levels of significance between analyses
on the full (including multiple attempts) and reduced
(one attempt per individual) samples; data from the
larger samples are presented. All statistical tests were
performed using the SPSSPC+ program; significance
is implied when P < 0.05.
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Fig. 1.

The effects of breeding experience on reproductive success in 6-8 yr olds (overall) and 6-yr-olds

breeding in 1988 (¥ = 1 SE). Reproductive success is defined as chicks fledged per breeding attempt. Sample
sizes are in parentheses. Significance is determined with linear regression. See text for results of analyses of

curvilinearity.

RESULTS

Breeding experience and reproductive success; age
controlled. —Among individuals aged 6-8 yr, re-
productive success increased significantly with
experience (Fig. 1). Most of the increase oc-
curred between the first and second breeding
attempt. This resulted in a significant curvilin-
ear trend (P = 0.002). A significant correlation
also existed in the 1988 subsample of 6-yr-olds,

although this trend was not curvilinear (P =
0.08), perhaps because of smaller sample sizes.
The increase in success with experience is pres-
ent when cohort and year, as well as age, are
controlled.

The positive influence of experience proved
significant with females but not with males (Fig.
2), although analysis of covariance showed no
difference between the sexes (F,,; = 2.49, P =
0.116). In females, reproductive success in-
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Fig. 2. The effects of breeding experience on reproductive success of males and females 6-8 yr old (¥ %
1 SE). Reproductive success is defined as chicks fledged per breeding attempt. Sample sizes are in parentheses.
Significance is determined with linear regression. See text for results of analyses of covariance and curvilin-

earity.
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TaBLE 1. Log-linear analyses on number of chicks
fledged. Interactions of reproductive success with
age and experience are given for the entire popu-
lation and separately for each sex. Interactions with
age and experience by sex are also given for the
entire sample, to confirm the results of analyses of
covariance. Twenty-seven cases (16 male, 11 fe-
male) were rejected because of missing data points.

df  Partial G P

All birds (799)

Age 10 47.984 0.001

Experience 6 37.413 0.001

Age by sex 6 76.169 0.001

Experience by sex 6 16.544 0.198
Females (297)

Age 9 15.984 0.594

Experience 6 27.746 0.006
Males (502)

Age 10 44.329 0.001

Experience 6 18.918 - 0.090

creased through 4 yr of experience, but es-
pecially between the first and second breeding
attempts. This trend was significantly curvilin-
ear (P = 0.008). In males success actually de-
clined after two years of experience, although
this decline was not significant (P = 0.146). The
log-linear analysis on the entire sample con-
firmed the results of linear regression with the
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sexes grouped and separated, and it confirmed
that the relationship of success with experience
did not significantly vary with sex (Table 1).

Timing of breeding and fledging success were
not significantly related to previous breeding
experience in either sex, although a tendency
for later breeding and poorer fledging success
by less-experienced females was evident (Table
2). Clutch size increased significantly with ex-
perience in females but not in males, and the
sex-specific difference in this trend was signif-
icant. As with overall reproductive success, the
largest increase in clutch size of females oc-
curred between the first and second breeding
attempts. Hatching success increased signifi-
cantly with breeding experience of both sexes,
with the largest increases again occurring be-
tween the first and second attempts. Thus, the
overall increase in reproductive success result-
ed primarily from increased clutch size of ex-
perienced females and improved hatching suc-
cess with experience of both sexes.

Age and reproductive success; breeding experience
controlled.—We tested the effects of age on re-
productive success within experience groups of
0, 1, and 2 yr (sexes grouped; Fig. 3). Age cor-
related significantly with reproductive success
during the first breeding attempt; most of the
difference occurred between the ages of 3 and

TaBLE 2. The effects of previous breeding experience on components of reproductive success of males and
females (¥ + SE). Significance was determined with linear regression (P,). P, compares the regression of
males and females using analysis of covariance. Experience groups 3-4 are lumped in the table although
regressions were performed without pooling. Proportional data (hatching and fledging success) were arcsine
square-root transformed before analyses were performed. Sample sizes (in parentheses) for each mean are

+2 because of missing data points.

Years Breeding Experience

0 1 3-4
(399, 403) (482, 693) (449, 7438) (359, 723) g P, P,

Timing?

Females 133.1 + 1.3 132.0 = 0.9 130.1 £ 0.8 130.2 = 1.0 —0.93 0.069 0.157

Males 1323 £ 1.3 1300 £ 0.7 129.6 + 0.6 130.1 + 0.8 -0.01 0.986 ’
Clutch size

Females 2.56 + 0.10 2.83 £ 0.06 2.89 + 0.05 2.89 + 0.06 0.11 0.004 0.011

Males 2.75 £ 0.08 291 = 0.05 2.77 = 0.06 2.83 £ 0.05 -0.01 0.724 ’
Hatching success

Females 0.598 + 0.06 0.885 + 0.03 0.837 + 0.04 0.919 + 0.04 0.12 0.001 0415

Males 0.738 + 0.06 0.797 + 0.04 0.836 + 0.03 0.890 + 0.03 0.08 0.004 ’
Fledging success

Females 0.575 + 0.07 0.653 + 0.06 0.724 + 0.06 0.677 + 0.06 0.04  0.220 0.354

Males 0.581 + 0.07 0.672 + 0.04 0.721 + 0.04 0.647 + 0.05 0.00 0.923 ’

* Timing is represented as the Julian date of clutch initiation.
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Fig. 3. The effects of age on reproductive success in three experience groups (¥ = 1 SE). Reproductive
success is defined as chicks fledged per breeding attempt. Sample sizes are in parentheses. Significance is
determined with linear regression. See text for results of analyses of covariance and curvilinearity.

4 yr. The effect of age on reproductive success
was not significant in the I-yr and 2-yr ex-
perience groups (Fig. 3), although analysis of
covariance showed no differences between the
trends of the three groups (F,,; = 0.43; P =
0.651). The trend in first-time breeders was sig-
nificantly curvilinear (P = 0.035). We suspect
that this resulted from the combination of the
separate, noncurvilinear trends observed when
the sexes were separated (see Fig. 4).

In contrast to the effects of breeding experi-

ence, age and reproductive success related sig-
nificantly in males but not females during the
first breeding attempt (Fig. 4). This sex-specific
difference was significant both overall (analysis
of covariance, F, ;5 = 10.15, P = 0.002), and when
3-yr-old males were excluded (F, 5, = 4.52; P =
0.034). The latter analysis ensured that the over-
all effect was not solely due to the fact that males
but not females breed at age 3. In males, most
of the increase occurred between 3- and 5-yr-
olds, but interestingly this trend was not sig-
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Fig. 4. The effects of age on reproductive success in first-time breeding females and males (¥ = 1 SE).
Reproductive success is defined as chicks fledged per breeding attempt. Sample sizes are in parentheses.
Significance is determined with linear regression. See text for results of analyses of covariance and curvilin-
earity.
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TaBLE 3. The effects of age during the first breeding attempt on components of reproductive success of males
and females (¥ + SE). Significance was determined with linear regression (P,). P, compares the regressions
of males and females using analysis of covariance. Age groups 6-9 are lumped in the table, although
regressions were performed without pooling. Proportional data (hatching and fledging success) were arcsine
square-root transformed before analyses were performed. Sample sizes (in parentheses) for each mean are

+4 because of missing data points.

Age (yr)
3 4 6-9
(563) (392, 683) (429, 243) (399, 403) B P, P,

Timing®

Females — 1373 + 1.2 1337 + 0.1 133.1 £ 1.3 -1.92 0.009 0.127

Males 1429 =+ 1.3 1349 + 1.1 1331+ 1.5 1323+ 1.3 —3.48  0.001 :
Clutch size

Females — 244 + 0.10 2.57 + 0.09 2.56 + 0.10 006  0.257 0.033

Males 2.04 + 0.08 2.44 + 0.07 2.54 +0.13 275+ 0.08 0.21 0.001 )
Hatching success

Females — 0.645 + 0.06 0.746 + 0.05 0.598 + 0.06 004 0306 467

Males 0.467 + 0.06 0.615 x 0.05 0.750 + 0.06 0.738 + 0.06 007  0.011 ’
Fledging success

Females — 0.583 + 0.08 0.447 £ 0.06 0.575 + 0.07 004 0348 4

Males 0.278 + 0.07 0.490 + 0.06 0.561 £ 0.09 0.581 + 0.07 0.09 0.001 ’

* Timing is represented as the Julian date of clutch initiation.

nificantly curvilinear (P = 0.084). The sex-spe-
cific differences and age effects on reproductive
success were confirmed by the log-linear anal-
ysis using the entire sample (Table 1).

All four components of reproductive success
contributed to the age-related increase found
in males, but only timing of breeding related
significantly to age in first-breeding females
(Table 3). The differences between the sexes in
trends of clutch size and fledging success were
significant. Hence the increase in reproductive
success with age of first-time breeders results
primarily from increased clutch size, hatching
success, and fledging success with age of the
male. Earlier breeding by older individuals of
both sexes may also contribute to increased suc-
cess.

DiscussioN

Age versus experience.—On the basis of studies
that find improvement with age in the success
of first-time breeders, Lack (1968) and Ryder
(1981) speculated that previous breeding ex-
perience does not enhance reproductive perfor-
mance. Rather, observed increases in reproduc-
tive success are strictly age-related or at least
related to experience not associated with nest-
ing. Nelson (1966) suggested further that in-
creased reproductive success with age in North-

ern Gannets (Morus bassanus) probably resulted
from a maturation of innate qualities with age
as opposed to a learning process through in-
creased breeding experience. Wooler et al. (1990)
concluded that age rather than breeding ex-
perience enhanced reproductive success in
Short-tailed Shearwaters (Puffinus tenuirostris). It
was suggested that “environmental” experi-
ence, or age, rather than breeding experience
accounted for increases in clutch size with age
of female Adélie Penguins (Pygoscelis adeliae;
Ainley et al. 1983), Snow Geese (Chen caerules-
cens; Hamann and Cooke 1987), and Brandt’s
Cormorants (Phalacrocorax penicillatus; Boekel-
heide and Ainley 1989). In Western Gulls, on
the other hand, we have shown that both age
and breeding experience separately enhance re-
productive success. Furthermore we found that
clutch size increased with breeding experience
rather than age of female Western Gulls, which
suggests that in this species reproductive ex-
perience has a greater influence than age on the
reproductive condition of the female (see Ain-
ley etal. 1983). We believe that hatching success
is influenced by learning through experience,
while timing and fledging success are more af-
fected by age. The curvilinear relationships of
success with experience further imply that the
advantages of this learning process become
smaller with each additional year after first
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breeding, whereas the linear trends with age
indicate that age-related factors continue to in-
fluence success, at least through 9 yr of age.

Breeding failure of individual Western Gulls
has been ascribed largely to egg neglect, infer-
tility, and intraspecific predation on eggs and
young chicks (Coulter 1973, Spear et al. 1987,
Penniman et al. 1990). These components of
reproductive success may, in general, be re-
duced by increased experience, whereas timing
and foraging efficiency seem to improve more
with age. In other species, such as those men-
tioned above, reproductive success could be
more dependent on timing and food acquisition
than on egg loss and predation, which might
account for the implicit higher correlation with
age than with experience in these species. Un-
like the penguins and cormorants, Western Gulls
on SEFI also have a high rate of mate fidelity
(PRBO unpubl. data), which may amplify the
effect of previous breeding experience (see
Coulson 1966). In situations where adult sur-
vivorship and mate fidelity are lower, breeding
experience may have less effect on reproductive
success.

Females versus males.—We found that in-
creased breeding experience significantly en-
hances the reproductive success of females but
not males, whereas age is significantly more im-
portant to males. Other studies (Davis 1976,
Thomas and Coulson 1988, Sydeman et al. 1991)
that did not differentiate between age and ex-
perience found no differences between females
and males when correlating either of these fac-
tors with reproductive success. In our study, it
was only after age and experience were alter-
nately controlled that the difference between
the sexes became apparent.

We believe that this sex-specific effect results
primarily from differences in parental roles in
reproduction. Pierotti (1981) found that female
Western Gulls on SEFI typically spend more
time incubating and directly protecting the eggs
and small chicks, while males spend more time
in territorial defense and feed the young larger
amounts of food than the females. It follows
that hatching success, which is strongly influ-
enced by nest-site breeding skills (Nelson 1966,
Ollason and Dunnet 1986), increases signifi-
cantly with experience of the female and to a
lesser degree the male, while the increase in
fledging success observed for older males re-
sults in part from an increase in foraging skills
with age (Nur 1984; see also Searcy 1978, Greig
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et al. 1983, MacLean 1986). The significant in-
crease in clutch size with age of male Western
Gulls may also result from the amount of food
fed to the female during courtship. Again this
relates to increased foraging efficiency. In con-
trast to the female’s nest-site skills, the male’s
foraging experience increases continually with
age, but would not be influenced as much by
increased breeding experience.

Life-history strategy.—Four hypotheses have
been proposed recently to explain increases in
reproductive success with age in birds (Nol and
Smith 1987, Wooler et al. 1990). In addition to
higher success due to increases in reproductive
efficiency with (1) breeding experience and with
(2) chronological age per se, it has also been
suggested that (3) older birds increase repro-
ductive effort to offset decreased survival (re-
sidual reproductive value) with age, and that
(4) apparent increases with age are simply an
artifact of increased survival of higher-quality
individuals, which have higher rates of repro-
ductive performance irrespective of age or ex-
perience. Our results are consistent with the
first two hypotheses. Although in the present
analysis we lack the data on older birds needed
to fully test the third hypothesis, the experi-
ence-, age-, and sex-related variation in the ef-
fects of the four components of reproductive
success implies that the increase in reproduc-
tive success in Western Gulls results primarily
from a combination of increase in foraging skills
with age, and improvement of other nesting
skills through increased breeding experience
(Nur 1984, Reid 1988), rather than through a
general increase in reproductive effort (Pugasek
1981, 1984). As for the fourth hypothesis, the
curvilinear effect of breeding experience when
age was controlled suggests that the effect of
breeding experience is real rather than an ar-
tifact of differential survival rates. However, a
cost of reproduction (if it exists in this species)
would complicate this relationship. The linear
increase in success with age in first-time breed-
ers and the sex-specific differences also imply
that the effect of age in males is real. We suspect
that quality of individual and differential sur-
vival may partially account for observed in-
creases after the first breeding attempt, perhaps
more influentially with females. We are cur-
rently collecting the data to examine older age
groups of Western Gulls, and in a separate anal-
ysis, we will consider the effects of age and
experience on survivorship.
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Deferred breeding.—To explain deferred mat-
uration and low-intensity breeding in seabirds,
Williams (1966; see also Nur 1988) suggested
that the cost of reproductive effort jeopardizes
future reproductive output by increasing the
parental risk of mortality. Other researchers
(Lack 1968, Goodman 1974, Chabrzyk and Coul-
son 1976, Ainley et al. 1983, Hamann and Cooke
1987, Ainley et al. 1990) have further suggested
that breeding at a young age is disadvanta-
geous, as the costs in terms of reduced survi-
vorship do not justify the low reproductive out-
put of younger birds. Assuming these strategies
are adaptive, we suggest that deferred breeding
in Western Gulls is more advantageous to males
than to females. By gaining more foraging ex-
perience before attempting to breed, males en-
hance their chances of reproductive success
without incurring the costs of potentially un-
successful breeding.

For females, by contrast, initial low-intensity
breeding may be more adaptative, as females
more than males gain from the experience of
earlier reproductive attempts. In contrast to for-
aging skills, competence in incubating eggs and
caring for newly hatched chicks is gained
through breeding experience, regardless of age
(see Curio 1983). The improvements in repro-
ductive success gained through deferred breed-
ing in females were negligible. The fact that
first-breeding females but not males had small-
er clutches indicates that initial costs are min-
imized by females through a low-intensity ef-
fort.
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