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Corticosterone facilitates begging and affects
resource allocation in the black-legged
kittiwake
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Parent black-legged kittiwakes (Rissa tridactyla) and their dependent chicks respond to food shortages by increasing circulating
levels of corticosterone. To examine the behavioral significance of corticosterone release, we experimentally increased levels of
circulating corticosterone in parents and chicks up to the levels observed during food shortages. We found that corticosterone-
implanted chicks begged more frequently than sham-implanted controls. Corticosterone-implanted chicks in broods of two
begged more frequently than singletons. Parent kittiwakes then responded to the increase in corticosterone levels in their chicks
by increasing chick-feeding rates. However, feeding rates were not different among corticosterone-implanted chicks in broods
of two and singletons. We also found that corticosterone-implanted parents spent more time away from the nest—perhaps
foraging—and less time brooding/guarding chicks than sham-implanted controls. Untreated mates of the corticosterone-im-
planted bird did not compensate for the change in their partner’s behavior; consequently, chicks were left unattended about
20% of the time compared to 1% at the control nests. However, corticosterone-implanted parents did not decrease their chick-
feeding rates. Our findings suggest two functional implications of the increased corticosterone secretion during food shortages
in the black-legged kittiwake: it facilitates begging in chicks, and it affects time allocated by parents to guarding young at the
nest. Thus, release of corticosterone might provide a mechanistic link between physiological condition and behavioral interac-
tions among adults and their young. Key words: begging, corticosterone, food stress, kittiwakes, parent-offspring conflict, Rissa

tridactyla, seabirds. [Behav Ecol 12:619-625 (2001)]

Nest—dependent chicks communicate their needs by beg-
ging, and parents use this information to adjust their
investment in food provisioning. Parent-offspring conflict the-
ory predicts that chicks should be selected to solicit a greater
investment from their parents than the parents have been se-
lected to provide (Trivers, 1974). Alternatively, signal selection
theories suggest that begging reliably conveys chick nutrition-
al needs and that parents respond accordingly (Godfray, 1991,
1995a,b; Zahavi, 1987). The intensity of chick begging increas-
es with food deprivation (e.g., Cotton et al., 1996; Iacovides
and Evans, 1998; Kilner, 1995; Stamps, 1993), and, at least in
some species, parents provision more in response to elevated
begging (Henderson, 1975; Leonard and Horn, 1996; Price
and Ydenberg, 1995). Although the relationship between hun-
ger levels and chick begging seems well established, the causal
mechanism(s) regulating parent-offspring feeding interac-
tions during food shortages is not established. Finding a
mechanistic link between hunger and changes in behavior is
essential to assessing theoretical models and, eventually, to
better understanding the evolution of chick-begging behavior
and parental provisioning strategies.

When food resources are limiting, long-lived parent birds
are expected to allocate available resources to body mainte-
nance rather than to reproduction (Cody, 1966). Evidence is
accumulating that a decision of parents about the allocation
of available resources might be based on their physiological
condition (Chaurand and Weimerskirch, 1994; Ricklefs and
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Schew, 1994; Weimerskirch et al., 1994). Long-lived birds can
accumulate fat as energy reserves for self-maintenance during
reproduction (Drent and Daan, 1980). As fat reserves are de-
pleted, parents should rely more on amino acid metabolism
(mostly from muscle protein; Cherel et al., 1988), which is
stimulated by secretion of corticosterone, a steroid hormone
released by the adrenal glands in response to stress (Veiga et
al., 1978).

In adults, increased plasma levels of corticosterone facilitate
foraging behavior, trigger irruptive migration, and mobilize
stored energy resources to fuel increased locomotory activities
(Astheimer et al., 1992; Bray, 1993; Wingfield et al., 1997).
These behavioral responses can improve adult survival during
food shortages (Astheimer et al., 1992). Increased secretion
of corticosterone might also change the allocation of available
resources between body maintenance and reproductive pro-
cesses to facilitate the survival of affected individuals (Silverin,
1986; Wingfield and Silverin, 1986; Wingfield et al., 1997,
1998).

In contrast to adult birds, nest-bound chicks are limited in
their behavioral responses to food-related stress. A hungry
chick can compete with nest mates and increase its share of
parental resources at the expense of siblings. A hungry chick
can also intensify its begging for food from a parent, which
would respond by feeding a chick more frequently. Therefore,
chick behavioral strategies during food shortages may reflect
both the selective pressure of competition between siblings
and chick nutritional requirements (but see Cotton et al.,
1996). Experimental studies have shown that in nest-bound
chicks, food shortages are associated with depleted fat reserves
and an increase in circulating levels of corticosterone (Kitays-
ky et al., 1999a; Nunez-de la Mora et al., 1996), though little
is known about behavioral responses of chicks to increased
corticosterone.
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In this study we examined the behavioral responses of black-
legged Kkittiwakes (Rissa tridactyla) to increased corticoste-
rone. Black-legged kittiwakes are colonial, cliff-nesting gulls
with a maximal brood size of three, and their chicks are nearly
constantly brooded or guarded at the nest by one of the par-
ents (Braun and Hunt, 1983; Roberts and Hatch, 1993). Both
sexes provision young with food throughout chick rearing;
usually 5-6 weeks. Parent Kkittiwakes alternate their duties:
while one parent is brooding chicks, another is at sea foraging
for itself and collecting food for the young (Braun and Hunt,
1983). Males and females do not show differences in nest at-
tendance or reproductive effort (Coulson and Wooller, 1984).
When a foraging parent returns to the nest, a brooding parent
leaves for the ocean. During good foraging conditions, this
synchronized behavior results in the constant presence of one
of the adults at the nest until chicks are about 34 days old
(Braun and Hunt, 1983). If food supply is poor, however, par-
ents start to leave their chicks unattended at an earlier age
(Roberts and Hatch, 1993). Thus, experimentally increased
levels of corticosterone might cause a kittiwake raising young
chicks to increase time spent foraging at the expense of leav-
ing chicks unattended.

In black-legged kittiwakes, a hungry chick appears to have
only two behavioral options to improve its chances of survival
(Braun and Hunt, 1983): either eliminate nest mates (sibli-
cide) or intensify its begging for food. Begging behavior is
probably the only form of foraging behavior available to nest-
bound chicks. Because increased levels of corticosterone fa-
cilitate foraging behavior in adult birds, it is reasonable to
hypothesize that experimentally increased levels of corticoste-
rone might affect begging in nest-bound chicks.

Elsewhere we have shown that a seasonal decrease in parent
kittiwake body condition is associated with a seasonal increase
in their circulating levels of corticosterone (Kitaysky et al.,
1999b). Furthermore, the seasonal increase in baseline levels
of corticosterone is stronger among birds rearing young un-
der poor foraging conditions compared to those breeding un-
der favorable foraging conditions (Kitaysky et al., 1999b). We
also have shown that black-legged Kkittiwake chicks increase
circulating levels of corticosterone in response to food-related
stress (Kitaysky et al., 1999a). However, the functional role of
corticosterone release in regulating feeding interactions of
parents and their chicks has not yet been investigated.

In the present study, we experimentally increased levels of
circulating corticosterone in kittiwake parents and chicks at a
food-rich colony. Our objectives were to test (1) the behavior-
al responses of parents and chicks to the experimentally in-
creased circulating levels of corticosterone, (2) the behavioral
responses of parents to the corticosterone-induced changes in
behavior of their offspring and vice versa, and (3) the behav-
ioral responses of intact parents to the corticosterone-induced
changes in behavior of their mates.

METHODS
Study area

We carried out the experimental manipulations and behav-
ioral observations from 24-27 July 1997 at a colony of seabirds
on Gull Island in the lower Cook Inlet, Alaska, USA (59°35’
N, 151°19" W). Foraging conditions were favorable for black-
legged kittiwakes nesting at the colony in 1997 (Kitaysky et
al., 1999b; Piatt JF et al., unpublished). The study plot con-
sisted of a 30 X 25 m vertical wall that contained 40 active
nests of black-legged kittiwakes. We monitored all nests at the
study plot at 3-day intervals from the egg-laying stage to fledg-
ing of chicks. We observed birds from a blind that had been
placed at the colony before kittiwakes started egg laying; at
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the time of the experiment (mid-chick-rearing), birds were
habituated to the presence of observers in the blind. The
blind faced the study plot at a distance of about 15 m.

Experimental design

We randomly selected a total of 24 nests for 4 experimental
treatments (in 2 treatments we manipulated chicks and in 2
treatments we manipulated parents). Each treatment had
equal numbers of nests with one and two chicks.

Experimental manipulations with chicks

At experimental nests we implanted chicks subcutaneously
with a single 25-mm silastic tube (Dow Corning) filled with
crystallized corticosterone. At control nests we implanted
chicks with a single 25-mm empty silastic tube. Both chicks
from broods of two were treated similarly. We individually
marked chicks using spots of colored dyes on the forehead
and breast. This method has been used in previous experi-
mental studies of birds and does not observably affect behav-
ior of chicks or parents (e.g., Cotton et al., 1999). Estimated
mean distances between nests within a treatment were 1.1 =
0.52 (SD) and 1.0 = 0.54 m for nests with corticosterone-
implanted and sham-implanted chicks, respectively. The av-
erage age of corticosterone-implanted chicks (14.8 = 3.71
[SD] days after hatching) was similar to sham-implanted
chicks (15 * 3.35 days). In this study we were not always able
to distinguish between o and  chicks within a brood; there-
fore, we could not examine behavioral differences between
siblings according to their hierarchical status.

Experimental manipulations with parents

At experimental nests we implanted one of the parents sub-
cutaneously with two 25-mm silastic tubes filled with crystal-
lized corticosterone. At control nests we implanted one of the
parents with two 25-mm empty silastic tubes. Estimated mean
distances between nests within a treatment were 1.7 * 1.38
(SD) and 2.1 = 0.96 m for nests with corticosterone-implanted
and sham-implanted parents, respectively. Age of chicks was
similar between the experimental treatments, averaging 16.3
* 4.08 (SD) and 16.5 = 4.37 days old for nests with cortico-
sterone-implanted and sham-implanted parents, respectively.
We individually marked each manipulated bird with a unique
combination of color leg bands and spots of colored dyes on
the forehead and breast.

Nest observations
We conducted observations of all nests from the blind with 8
X 40 binoculars over a 2-day period beginning 24 h after im-
plant placement. We watched nests continuously from 0700
to 1800 h (by two observers recording simultaneously during
2-h shifts). We recorded begging rates of chicks, food provi-
sioning rates, and nest attendance of parents. We also record-
ed aggression between siblings. Color markings allowed us to
follow the behavior of individual birds. We defined begging
rates as the number of begs per chick per hour at each nest.
We defined begging as a chick solicitation (frequent vertical
movements of the head accompanied by a high-pitch vocali-
zation) for food from a parent. We considered begging series
with pauses of more than 1 min as separate begging signals.
We defined feeding rates as the number of feeds per chick
per hour at each nest. We considered consecutive feedings
that occurred more than 5 min apart as separate meals. We
calculated the number of trips away from the nest performed
by parents as the mean number of trips per parent per nest
per 2-day study period.

After the experiment, we monitored the experimental birds
until chicks fledged. In 1998 and 1999, to resight the exper-
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imental adult kittiwakes, we conducted regular surveys from
1 June to 1 July at the colony.

Effect of implantation and corticosterone analyses

In parallel to the experiment, we tested the effects of subcu-
taneous corticosterone implantation on birds captured else-
where at the colony. We captured undisturbed birds and col-
lected the initial baseline blood samples by puncturing the
alar vein and collecting blood in heparinized microhematocrit
100-pul tubes. After collecting the blood sample, blood flow
was stopped by application of cotton. We banded captured
birds with a unique combination of color bands, implanted
them (as described above), and released adults at the colony
and placed chicks back in their nests. Three days later, birds
were recaptured and blood samples were collected (as de-
scribed above). All blood samples were collected within 0-3
min after capture and were considered to reflect baseline lev-
els of corticosterone (Kitaysky et al., 1999b).

After collecting blood, we emptied hematocrit tubes into
0.5-ml vials, which were stored on ice. Within 12 h, blood
samples were centrifuged and plasma was collected. Plasma
samples were frozen at —20°C and transported to the Univer-
sity of Washington for radioimmunoassay analyses. We mea-
sured corticosterone concentrations in duplicate for each
plasma sample in one assay after extraction in dichlorometh-
ane. Before extraction, we added tritiated corticosterone
(2000 cpm) to each plasma sample to control for a loss of
corticosterone during extraction. Recovery values of the la-
beled steroid following extraction ranged from 80-90% and
were used to adjust assayed concentrations of corticosterone.
For a detailed description of the radioimmunoassay analysis,
see Wingfield and Farner (1975) and Wingfield et al. (1992).

Radioimmunoassay analysis revealed that in 15-day-old
black-legged kittiwakes, a single 25-mm silastic tube filled with
crystallized corticosterone approximately tripled the initial
baseline levels of corticosterone (Figure 1). The heightened
corticosterone levels were similar to the increase of baseline
levels of corticosterone (assayed as described above) observed
in kittiwake chicks that were reared in captivity under condi-
tions of moderate food deprivation (Figure 1; Kitaysky et al.,
1999a). In parent kittiwakes, the administered amount of crys-
tallized corticosterone (two 25-mm implants) increased base-

cort-implanted

sham-implanted parative purposes (data from
n=4 Kitaysky et al. 1999a,b).

line concentrations by about 10 ng/ml (Figure 1) and was
expected to be metabolized within a 2- to 3-week period after
implantation (Wingfield JC, personal observations). Thus, in
this study the implantation elevated levels of corticosterone to
a concentration and for a period similar to those observed in
parent kittiwakes rearing their young during food shortages
(Figure 1; Kitaysky et al., 1999b).

Statistical analyses

We considered each individual nest as an independent sample
unit. Therefore, we calculated chick begging rates and food
provisioning rates as mean values per each nest. Likewise, we
calculated parameters of nest attendance by parents as mean
values per each nest. Age of chick was not significantly differ-
ent among the treatments and did not significantly affect any
of the measured parameters of chick and parent behaviors,
and therefore we excluded age from further statistical analy-
ses. We compared begging rates among all four treatments
using a two-way ANOVA (blocked by nest) with experimental
treatment and brood size as factors (followed by LSD planned-
comparison post-hoc test, which includes adjustments for mul-
tiple tests). We compared food provisioning rates among all
four treatments using two-way ANOVA (blocked by nest) with
experimental treatment and brood size as factors (followed by
LSD planned-comparison post-hoc test). We compared pro-
portions of time chicks were unattended by parents among all
four treatments using median tests (blocked by nest) with ex-
perimental treatments as factor. We compared the behavioral
characteristics of parents between nests with corticosterone-
implanted and sham-implanted chicks using statistical tests for
independent samples, where the experimental treatment
(blocked by nest) was used as a grouping variable. We com-
pared the behavioral characteristics of corticosterone-implant-
ed and sham-implanted parents using statistical tests for in-
dependent samples. We examined the effects of the experi-
mental treatments on the behavior of mates within a pair us-
ing paired-sample comparisons (paired by nest).

If data violated the assumptions for parametric tests (Sokal
and Rohlf, 1981), we used nonparametric equivalents. We
completed computation of statistical tests using STATISTICA.
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Figure 2

Behavioral responses of black-legged kittiwake chicks to
experimentally increased circulating levels of corticosterone (means
+ SE; n = 3 nests per each treatment).

RESULTS
Chick’s responses to experimental treatments

Begging rates

Experimental treatments had a significant effect on chick beg-
ging rates (two-way ANOVA, I5,, = 21.76, p < .001; Figure
2). Corticosterone-implanted chicks begged more frequently
than sham-implanted controls and more than chicks in the
other two treatments (post-hoc test, p < .001 for all cases be-
tween the nests with corticosterone-implanted chicks and the
nests either with sham-implanted chicks, corticosterone-im-
planted parents, or sham-implanted parents; Figure 2). Fur-
thermore, there was a significant interaction between treat-
ment and brood size (I5,, = 4.095, p = .025); corticosterone-
implanted chicks begged almost twice as much in broods of
two than in broods of one (posthoc test, p < .001; Figure 2).
Brood size did not affect begging in the nests with sham-im-
planted chicks, corticosterone-implanted parents, or sham-im-
planted parents (posthoc test, p = .273 for all cases; Figure
2).

Aggression

We did not observe a significant amount of aggression in the
nests with two siblings. The only attacks of a smaller chick by
its bigger sibling were observed in one of the nests with sham-
implanted chicks.

Parent’s responses to experimental treatments

Feeding rate

Experimental treatments had a significant effect on the feed-
ing of chicks by the parents (two-way ANOVA, F; ; = 6.22, p
= .005; Figure 3). Corticosterone-implanted chicks were fed
more frequently than sham-implanted chicks (post-hoc test, p
< .001), than chicks at the nests with corticosterone-implant-
ed parents (post-hoc test, p = .028), and than chicks at the
nests with sham-implanted parents (post-hoc test, p = .016).
Feeding rates were not significantly different between the
nests with corticosterone-implanted and sham-implanted par-
ents (post-hoc test, p = .787). Brood size did not affect feed-
ing rate (I, = 0.74, p = .402; Figure 3).

Nest attendance

Parents of corticosterone-implanted chicks made more trips
(5.3 = 0.95 [SE] trips per parent during a 2-day period, n =
6) away from the nest than did parents of sham-implanted
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Figure 3

Behavioral responses of parent black-legged kittiwakes to
experimentally increased circulating levels of corticosterone in their
chicks (means = SE; n = 3 nests per each treatment).

chicks (3.5 = 0.26, n = 6; Kruskal-Wallis test, H, = 6.23, n =
12, p = .013). Corticosterone-implanted parents made more
trips (4.5 = 0.34 [SE] trips per 2-day period, n = 6) away
from the nest than did sham-implanted parents (3.2 *+ 0.41,
n = 6; ANOVA, F,, = 12.31, p = .006) and their untreated
mates (3.0 £ 0.26, n = 6; paired ¢ test, t = 6.71, df = 5, p =
.001).

Corticosterone-implanted parents spent less time (298.2 =
27.24 [SE] min per 2-day period, n = 6) brooding/guarding
chicks compared to sham-implanted parents (668.5 * 76.85,
n = 6; Kruskal-Wallis test, H, = 8.31, n = 12, p .004).
Corticosterone-implanted parents also spent significantly less
time brooding/guarding chicks compared to their untreated
mates (760.0 = 106.55, n = 6; Wilcoxon matched pairs test,
Z =1.199, n = 6, p < .05). Sham-implanted parents spent a
similar amount of time brooding/guarding chicks as their un-
treated mates (617.33 £ 78.95, n = 6; paired ¢ test, ¢ = .329,
df = 5, p = .756).

Chicks of corticosterone-implanted parents spent more
time unattended by either of the parents compared to chicks
in all other treatments (Figure 4; median test: x? = 9.33, df
=3, p = .025).

1+

Chick provisioning rates by corticosterone-implanted parents
The experimental increase in corticosterone levels did not al-
ter chick provisioning rates of cort-implanted parents, which
fed their chicks at rates (0.174 = 0.012 [SE] feeds/h, n = 6)
similar to those of sham-implanted parents (0.167 = 0.015, n
= 6; ANOVA, F, ;, = 0.122, p = .734). Feeding rates were also
similar between implanted and untreated mates within a pair
(paired ¢ test, ¢t = 0.349, df = 5, p = .741, and ¢ = 0.466, df
= b5, p = .661, for nests with sham-implanted and corticoste-
rone-implanted parents, respectively).

Survival and resighting of experimental birds

All experimental and control chicks survived until fledging.
All experimental and control parents survived during a 3-week
period after the implantation and reared their chicks success-
fully until fledging. During the reproductive season of 1998,
five out of six corticosterone-implanted parents failed to re-
turn to the nesting colony, whereas all other parents (except
one of the sham-implanted birds) returned to the colony. Dur-
ing the reproductive season of 1999, the individuals that were
missing in 1998 were also not resighted at the colony, whereas
all other birds returned to the colony. The proportion of cor-
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Time spent by black-legged kittiwake chicks unattended by parents
(means = SE; n = 6 nests per each treatment).

ticosterone-implanted parents that failed to return to the
breeding colony was significantly larger than in sham-implant-
ed parents (Fisher’s Exact test, p = .04).

DISCUSSION

Behavioral responses to the experimental increased levels of
corticosterone in chicks

Experimental studies have shown that hunger in the nest-
bound chick results in increased begging (e.g., Bengtsson and
Ryden, 1983; Cotton et al., 1996; Henderson, 1975). Further-
more, recent empirical studies showed that blue-footed booby
(Sula nmebouxii) chicks release corticosterone in response to
short-term food deprivation (Nunez-de la Mora et al., 1996),
as do food-restricted black-legged kittiwake chicks (Kitaysky et
al., 1999a). In the present study, we have taken these obser-
vations a step further to show that high corticosterone levels
increase chick begging rates and increase rates of food pro-
visioning by parents.

Our study suggests that begging behavior is regulated
through secretion of corticosterone. Corticosterone secretion
likely maintains and restores animal homeostasis in response
to environmental changes (e.g., Silverin, 1998). Our study
shows clearly that the release of corticosterone in hungry kit-
tiwake chicks allows them to restore depleted energy reserves
by modifying the behavior of their parents. However, such
regulation is not without costs. Chronic elevation of cortico-
sterone is known to suppress memory and immune systems,
promote wasting of muscle tissue, and cause neuronal cell
death (Sapolsky, 1992; Sapolsky et al., 1986). Thus, the regu-
lation of begging through secretion of corticosterone is likely
to be associated with benefits and costs, which must be bal-
anced by a begging chick.

The regulation of begging through secretion of corticoste-
rone might represent an evolutionarily stable signaling system
as a resolution of parent-offspring conflict in birds. Our study
suggests that parent kittiwakes probably assess the physiolog-
ical condition of their chicks by monitoring begging. In such
a system, a chick can misrepresent its requirements to acquire
more food than it needs (Godfray, 1995b). Cheating may be
prevented if there is a cost associated with begging that is
larger than the benefits of the extra food obtained by a cheat-
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ing chick (Godfray, 1995b). If continuous begging is associ-
ated with a prolonged secretion of corticosterone, then a
cheating chick would suffer detrimental effects of chronically
elevated levels of corticosterone. Thus, if cheating is associ-
ated with high levels of corticosterone, exaggerated begging
might be costly, and a cheating chick may endanger its future
survival. Our conclusion hinges on the assumption that con-
tinuous begging requires continuous secretion of corticoste-
rone, which remains to be shown. Clearly, future studies ad-
dressing hormonal regulation of begging and potential long-
term effects of chronic elevation of corticosterone levels in
nest-dependent chicks are needed.

In addition to effects of corticosterone, interactions be-
tween chicks within a brood probably increase chick begging
rates. In particular, we found that corticosterone-implanted
chicks in broods of two begged more frequently than single-
tons. In contrast, we did not record any aggression between
siblings in the nests with corticosterone-implanted chicks. This
supports earlier observations that competition for food be-
tween food-stressed siblings is initially expressed by increased
begging (Muller and Smith, 1978; Smith and Montgomerie,
1991). In the black-legged kittiwake, Braun and Hunt (1983)
observed higher begging rates of hungry chicks when they
occurred in broods of two compared to singletons. Similar
observations were reported for some species of birds (e.g.,
Harper, 1986; for cotingas, Cotingidae), but in other species
(Cotton et al., 1996; Kacelnik et al., 1995; for European star-
ling, Sturnis vulgaris) a chick tends to beg in relation to its
own condition regardless of the behavior of its nest mates. It
is not known yet how important phylogenetic constraints are
in determining chick begging strategies, and differences
among different studies might reflect that phenomenon. Nev-
ertheless, our observations are consistent with the theoretical
prediction that the begging rate of a chick depends on its own
condition and on conditions of its nest mates (Godfray,
1995a). Thus, although high levels of corticosterone increase
begging in black-legged kittiwake chicks, further escalation of
a chick’s begging probably depends on the begging levels of
its sibling.

Although corticosterone-implanted chicks in broods of two
begged at almost twice the rate of singletons, parents did not
feed them at twice the rate of corticosterone-implanted sin-
gletons (mean feeding rates differed by 13% between chicks
in broods of two and singletons). In contrast to these results,
other experimental studies have shown that parental provi-
sioning is proportional to chick begging (e.g., Kacelnik et al.,
1995). However, parental ability to increase feeding rates is
likely to be limited, and it is possible that parents of all cor-
ticosterone-implanted chicks were probably provisioning food
at or near maximal rates. On the other hand, we cannot ex-
clude the possibility that somehow parent kittiwakes are able
to discriminate between changes in a chick’s begging behavior
due to the change in its physiological condition from changes
reflecting social interactions between siblings within a brood.

Foraging conditions were favorable for kittiwakes breeding
in the study area in 1997 (Kitaysky et al., 1999b; Piatt JF, un-
published data). Thus, we observed parental responses to the
corticosterone-induced begging of chicks in a situation when
parents could provide more food. Responses of parent Kkitti-
wakes to chick demands might differ under less favorable for-
aging conditions, thereby changing provisioning rates. If par-
ents cannot provide food in response to chick demands, then
aggression leading to siblicide would probably occur (Braun
and Hunt, 1983). Before reaching this point, however, beg-
ging behavior would offer some evolutionary advantages over
aggressive behavior. Begging behavior probably requires less
energy (McCarty, 1996; Soler et al., 1999) and entails less risk
of injury than aggressive behavior.
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Behavioral responses to the experimental increased levels of
corticosterone in parents

This study also suggests a physiological mechanism for the
regulation of resource allocation by adult black-legged Kkitti-
wakes during chick rearing. We found that corticosterone-im-
planted parent kittiwakes performed more trips away from the
nests than did sham-implanted parents. We assumed when
birds were away from the nests, they were foraging. This as-
sumption seems to be reasonable (e.g., Monaghan et al,
1996) and was justified by direct observations of chick-rearing
black-legged kittiwakes (Irons, 1998). Kitaysky et al. (1999b)
have shown that parent kittiwakes respond to food shortages
by increased secretion of corticosterone. Moderate increases
in corticosterone secretion are known to increase foraging ac-
tivities (Astheimer et al., 1992; Wingfield et al., 1998) and
food intake (Wingfield and Ramenofsky, 1999). Thus, we sug-
gest that frequent trips of the corticosterone-implanted parent
kittiwakes away from the nests were probably due to an in-
crease in their food demands.

Our results show that in response to the experimental in-
crease in circulating levels of corticosterone, adult kittiwakes
increased foraging at the expense of guarding their chicks.
This resulted in a considerable increase in the amount of time
that chicks were unattended and potentially vulnerable to pre-
dation. A similar increase in the time that young kittiwake
chicks spent unattended during poor foraging conditions was
observed by Roberts and Hatch (1993). High corticosterone
levels also affect parental behavior in other species (Silverin,
1986; Wingfield et al., 1997, 1998). In contrast to other studies
of the experimentally increased corticosterone levels in chick-
rearing birds (e.g., Silverin, 1986), our results do not dem-
onstrate an effect of high corticosterone on the breeding suc-
cess of black-legged kittiwakes. Yet we examined the relation-
ship between high corticosterone and parental behavior in
the context of a food-rich colony where nonexperimental par-
ents were not off foraging as much, thereby protecting both
their own chicks and the implanted birds’ chicks from pred-
ators. However, food shortages are likely to affect the behavior
of all birds breeding at a particular colony in a similar man-
ner, and all affected birds would be leaving their chicks un-
attended. In this manner, increased corticosterone secretion
can be an important factor determining breeding success of
black-legged kittiwakes during food shortages.

The major prediction of life-history theory is that long-lived
birds should balance survival of their current offspring with
their own survival (Linden and Mgller, 1989). Current repro-
ductive effort affects residual reproductive value in the black-
legged kittiwake (Golet et al., 1998; Hatch et al., 1993, 1994).
Kitaysky et al. (2000) have shown that a decrease in food abun-
dance causes an increase in energy expenditures of parent
kittiwakes, whereas growth rates of their chicks are not affect-
ed. An increase in parental effort of black-legged kittiwakes
results in a decrease of their body condition (through a de-
pletion of fat reserves), which may affect their postreproduc-
tive survival (Golet and Irons, 1999). A depletion of fat re-
serves in parent kittiwakes results in elevation of circulating
levels of corticosterone (Kitaysky et al., 1999b), which might
affect their return rate to the breeding colony (this study). In
this study we established that the individuals with experimen-
tally elevated levels of corticosterone increased foraging at the
expense of brooding/guarding their chicks, but did not alter
their chick provisioning rates and could suffer a long-term
effect of chronically elevated levels of corticosterone.
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