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Abstract

Seabird productivity is shaped by marine resource availability. We examined the link between seabird productivity and an indirect
measure of food availability: baseline plasma corticosterone. We predicted low productivity would coincide with elevated baseline corti-
costerone levels in Black-legged Kittiwakes (Rissa tridactyla). During a 5-year period of declining Kittiwake productivity in Chiniak Bay,
Kodiak Island, Alaska, we found increasing baseline corticosterone levels during both incubation and chick-rearing. SigniWcantly lower
baseline corticosterone levels were observed in the years with the highest Kittiwake productivity and the least productive years exhibited
the greatest baseline corticosterone levels in Kittiwakes. Although we did not measure food availability, declining Kittiwake productivity
was consistent with warming ocean temperatures and decreased availability of forage Wshes to apex predators. Baseline corticosterone
measurements may help researchers assess how Kittiwakes are responding to variations in the marine environment.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

The Gulf of Alaska is a dynamic environment charac-
terized by Xuctuations in oceanography on both interan-
nual and multidecadal scales. Interannual variability is
determined in part by El Niño Southern Oscillation
events while decade-scale variability is driven primarily
by climatic changes characterized by the PaciWc Decadal
Oscillation (Hare and Mantua, 2000; Peterson and Sch-
wing, 2003). These perturbations in physical state are
often manifested as alterations in ecosystem structure—
changes in species demographics, distribution, abundance,
and phenology (Anderson and Piatt, 1999; Hare and
Mantua, 2000). In the last 100 years, the Gulf of Alaska
has experienced four recognized shifts in the PaciWc
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Decadal Oscillation (Mantua and Hare, 2002; Peterson
and Schwing, 2003). The best documented manifestation
of a joint climatic and biotic “regime shift” in the Gulf of
Alaska occurred in 1977 and was characterized by a tran-
sition from cool to warm sea surface temperatures,
increased biomass of benthic predators, and decreased
biomass of intermediate trophic-level forage Wsh species
that have been implicated in signiWcant declines in pisciv-
orous seabirds and marine mammals (Anderson and
Piatt, 1999).

Seabirds have emerged as important indicator species of
changing marine conditions because their reproductive suc-
cess correlates well with prey availability and seabird popu-
lations are typically more accessible and easily studied than
Wsh or marine mammal populations. Black-legged Kittiwa-
kes (Rissa tridactyla) (hereafter: Kittiwakes) are widely dis-
tributed throughout the north-temperate latitudes and are
among the best studied seabird species with increasing
emphasis placed on their value as bioindicators of the
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marine environment (Cairns, 1987; Hamer et al., 1993; Gill
et al., 2002). Like most seabirds, Kittiwakes are long-lived
and, as such, are especially responsive to environmental
conditions since they need to balance current and future
reproductive opportunities (Golet et al., 2004). In contrast,
short-lived species may be relatively insensitive to environ-
mental variability because they have little selective pressure
to limit parental investment in current reproduction for the
sake of unlikely breeding opportunities in the future
(Stearns, 1992; WingWeld et al., 1995).

Food availability is the most important environmental
factor regulating seabird populations through direct and
interactive eVects on breeding success and adult survival
(Ashmole, 1963; Furness and Birkhead, 1984; Regehr and
Montevecchi, 1997). Kittiwakes exposed to even brief
shortages in prey availability make longer foraging trips
and have signiWcantly reduced productivity (Suryan et al.,
2002). Food limitation promotes predation of eggs and nes-
tlings through diminished nest attendance by adult Kit-
tiwakes, encourages abandonment of breeding eVorts, and
has been implicated in periodic episodes of colony-wide
and regional reproductive failure of Kittiwakes (Hatch and
Hatch, 1990; Roberts and Hatch, 1993; Golet et al., 2004).

Corticosterone is a hormone secreted by the adrenal
glands in response to environmental disruptions that modi-
Wes an individual’s behavior and physiology to promote
survival (WingWeld, 1994; Romero, 2002). Among other
eVects, elevated levels of plasma corticosterone mediate
increased foraging eVort, abandonment of reproductive
eVorts, (Silverin, 1986; WingWeld et al., 1998a,b), and altera-
tions of metabolic pathways (Axelrod and Reisine, 1984;
Cherel et al., 1988). Recently, Weld endocrinologists have
suggested using baseline levels of corticosterone as a surro-
gate for assessing marine foraging conditions and produc-
tivity of seabirds (WingWeld et al., 1997; Kitaysky et al.,
1999). Kitaysky et al. (1999) investigated intra-seasonal cor-
ticosterone levels in breeding Kittiwakes at two sites in
Cook Inlet, Alaska (food-poor and food-rich) and demon-
strated that baseline levels of corticosterone of Kittiwakes
negatively correlated with local foraging conditions and
increased from incubation through chick-rearing stages.
They concluded that levels of plasma corticosterone of
adult Kittiwakes not only predict reproductive perfor-
mance in that year but can also serve as a measure of
regional productivity of the marine ecosystem. However, in
a supplemental feeding experiment, Lanctot et al. (2003)
found corticosterone to be an unreliable indicator of breed-
ing success of Kittiwakes at Middleton Island, Alaska.

In this contribution, we examine the relationship
between baseline corticosterone levels and Kittiwake pro-
ductivity during Wve consecutive years in Chiniak Bay,
Kodiak Island, Alaska. Kodiak Island is located in the cen-
tral Gulf of Alaska and has experienced signiWcant altera-
tions in species distribution and abundance associated with
change in oceanographic regime (Anderson and Piatt,
1999) including radical shifts in reproductive productivity
(0–80%) of Kittiwakes breeding in Chiniak Bay (Kildaw
et al., 2005a,b). We predicted that low baseline corticoste-
rone levels would be observed in years with high Kittiwake
productivity, whereas elevated baseline corticosterone lev-
els would be associated with years of reduced Kittiwake
productivity.

2. Methods

2.1. Study site and species

This study was conducted with breeding Black-legged Kittiwakes in
Chiniak Bay on the northeast side of Kodiak Island, Alaska (57°40�N,
152°20�W), where oceanographic conditions and marine productivity is
variable on both interannual and multidecadal timescales (Peterson and
Schwing, 2003). Chiniak Bay is ca. 20 km £ 20 km and contains numerous
islets and oVshore rocks that provide suitable habitat for Kittiwakes and
other cliV-nesting seabirds (Fig. 1). During the summer months, approxi-
mately 10,000 breeding pairs of adult Kittiwakes are dispersed across 21
nesting colonies within the bay (Kildaw et al., 2005).

Black-legged Kittiwakes are medium sized gulls (family Laridae) with
a holarctic distribution. They are colonial breeders that nest on vertical
cliV faces to avoid terrestrial predators (Cullen, 1957) and are monoga-
mous, exhibiting biparental care. Kittiwakes in Alaska typically lay
clutches of one or two eggs but occasionally produce a clutch of three eggs
(Baird, 1994).

2.2. Productivity

We conducted annual surveys of nests and chicks at 21 Kittiwake colo-
nies within Chiniak Bay in 2001–2005 to determine indices of population
size and chick production. Nests and chicks were counted during the sec-
ond week of August in 2001 and 2002. In 2003–2005, nest counts were
made during the fourth week of June and chicks were counted in the sec-
ond week of August. In each year, chick counts were conducted just before
the oldest were due to Xedge. Nest persistence from incubation to pre-
Xedging is consistently high (90–100%) for high productivity colonies
(prod >0.60). Lower and more variable nest persistence is associated with

Fig. 1. Locations of 21 Kittiwake breeding colonies (see key below) within
the Chiniak Bay study area on Kodiak Island in the Western Gulf of
Alaska (57°40�N, 152°20�W). Shaded areas indicate locations of colonies
where Kittiwakes were captured and sampled for blood for later analysis
of plasma concentration corticosterone. 1, Mary I.; 2, Blodgett I.; 3, PuYn
I.; 4, Gibson Cove; 5, Sealand; 6, Gull I.; 7, Crooked I.; 8, Kulichkof I.; 9,
Holiday I.; 10, Marathon Rock; 11, Veisoki I.; 12, Queer I.; 13, Kalsin I.;
14, Utesistoi I.; 15, Svitlak I., 16, Middle I.; 17, Pinnacle Rock; 18, Kekur
I.; 19, Cape Chiniak Is.; 20, Long I. (inner); 21, Long I. (outer).
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lower colony productivity and will tend to inXate productivity to a greater
degree in poor years. Thus, the overestimation of productivity in 2001 and
2002, both relatively good years is on the order of 10%, far smaller than
the scope of inter annual variability observed from 2001 through 2005
(Kildaw pers. obs.).

We counted Kittiwake nests and chicks from an open skiV at a distance
of approximately 40–150 m using 8£ or 10£ binoculars and tally counters.
Each colony was divided into readily identiWable subsections that were
delineated on a series of photographs and duplicate counts were made of
nests and chicks within each section. Nests were deWned as any site where a
10 cm “patty” of nesting material was present irrespective of the presence
of an adult at the site. Nest counts were repeated if duplicate counts
diVered by more than 10% and the two closest counts were then averaged.
We made separate tallies of 1-, 2-, or 3-chick broods. Chick counts are
minimum estimates only and can diVer between observers depending on
experience, visibility, and sea surface conditions; therefore, duplicate
counts were repeated until counts fell within 10% of one another and we
used the highest chick count of the two observers. Productivity was com-
puted for each colony in each year as the total number of chicks produced
divided by the number of nest attempts.

2.3. Blood samples and corticosterone assay

Over the 5 years of the study, we collected blood samples from 184 ran-
domly selected individual adult Kittiwakes. Due to logistical consider-
ations (access to birds) and extreme low productivity in the later years of
the study, we were not able to catch birds at each colony or at the same
colonies in each year. Rather, we opportunistically captured birds at eight
colonies (3–5 colonies in each year; Fig. 1) at their nests during either incu-
bation (2001–2005) or chick-rearing (2001–2003) using noose poles or foot
snares and subsequently determined the concentration of corticosterone in
blood plasma as a physiological indicator of stress. We were unable to
capture brood-rearing birds in either 2004 or 2005 due to the very low pro-
ductivity in those years. Blood samples were obtained within 3 min of ini-
tial contact of the bird with either the noose pole or foot snare, before
circulating levels of corticosterone became elevated in response to han-
dling-induced stress (Kitaysky et al., 1999; Romero and Romero, 2002).
Blood samples were obtained by Wrst puncturing the alar vein with a 25-
gauge needle and then drawing blood into a heparinized capillary or Net-
tleson tube. In addition, birds were banded, weighed and measured for
standard morphometrics prior to their release. For each bird, we calcu-
lated their body condition index (BCI) as mass/(tarsus length + bill length)
(Kitaysky et al., 1999). We did not follow individual birds for subsequent
determination of their reproductive output.

Blood samples were immediately transferred to 1.5 ml snap-cap vials
and stored on ice for several hours until they were brought back to the lab-
oratory, centrifuged and separated. Plasma fractions were drawn oV using
long-stemmed Pasteur pipettes and were held at ¡70 °C until assayed for
corticosterone concentration via a direct radioimmunoassay as detailed in
WingWeld and Farner (1975). BrieXy, aliquots of plasma (10–25 �l) were
measured into centrifuge tubes and allowed to equilibrate overnight with
2000 cpm tritiated corticosterone. Corticosterone was extracted in 4 ml re-
distilled dichloromethane added to each sample. Extracts were aspirated
with pasteur pipettes and evaporated under nitrogen in a warm water
bath. After evaporation of dichloromethane, samples were resuspended in
550 �l phosphate-buVered saline with gelatin and allowed to equilibrate
overnight at 4 °C. Aliquots of samples were transferred to duplicate test
tubes (200 �l each) for radioimmunoassay. In addition, a 100 �l aliquot
was placed in a vial for determination of percentage recovery of the initial
2000 cpm. This recovery value is used to adjust Wnal assayed concentra-
tions of corticosterone. Mean recovery was 88%. Standard curves were set
up over the range of 7.8–2000 pg. Samples were refrigerated overnight
after addition of equal (100 �l) amounts of labeled corticosterone and
antiserum. Dextran-coated charcoal (0.5 ml) was added 12 min prior to
centrifugation to separate bound and free fractions. Supernatants were
decanted into scintillation vials and counted after addition of 4.5 ml
Ultima Gold® scintillation Xuid. Assays were conducted at the end of the
data collection season in a total of six assays. The mean measurement of
the 1000 pg corticosterone standard was 1046 pg. Interassay variation was
12% and intraassay variation ranged between 2–4%. The direction and
magnitude of variation of the corticosterone standard did not correlate
with diVerences measured in the plasma.

2.4. Statistical analyses

Data are presented as means § SE. Statistical evaluations of multiple
group comparisons were completed with either one-way or two-way
ANOVA and pair-wise comparisons were made using the Holm-Sidak
method (SigmaStat, 2004). Interannual comparisons of colony productiv-
ity were completed using repeated measures two-way ANOVA. Non-nor-
mally distributed data were analyzed using Kruskal–Wallis ANOVA on
ranks and Dunn’s method for all pair-wise multiple comparison proce-
dures. We used t-tests for each year of the study for comparison of means
of bay-wide productivity for Chiniak Bay to means of productivity of col-
onies where birds were sampled for blood. Proportional data were arcsine
square root transformed prior to analysis. Linear regression was used to
describe the relationships between productivity and plasma corticosterone
concentration, productivity and BCI and corticosterone concentration
and BCI. For all analyses, diVerences were considered signiWcant at
P < 0.05.

3. Results

Mean productivity of Kittiwakes in Chiniak Bay diVered
among years (F4,103D 35.2, P < 0.001; Fig. 2). Productivity
decreased incrementally across the Wrst four years of the
study and remained low in the Wfth and Wnal year. Levels
were highest in 2001 averaging 0.58§ 0.06 Xedglings per
nesting attempt and decreased to a low in 2004 of
0.01§0.004 Xedglings per nesting attempt. Mean produc-
tivity in 2002 did not signiWcantly diVer from 2001
(P > 0.05) and 2004 productivity did not diVer from 2005
(P > 0.05). Means of productivity for the colonies we sam-
pled (ND3–5/year) did not diVer signiWcantly (P < 0.05)
from the Chiniak Bay wide productivity (ND 21) in any
year sampled (ND5).

In 2001 through 2005, we collected baseline blood sam-
ples and calculated body condition index (BCI) from both
incubating and brooding Kittiwakes. For 2001–2003 only,
baseline concentration of plasma corticosterone diVered

Fig. 2. Productivity (Xedglings per nesting attempt) of Kittiwakes at 21
colonies in Chiniak Bay, Alaska in 2001–2005. DiVerent letters above the
bar designate means that signiWcantly diVer (P < 0.05).
tive Endocrinology 150 (2007) 430–436
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signiWcantly by year (F2,122D13.6, P < 0.001; Fig. 3) but not
breeding stage (F1,122D2.2, PD0.12). The year by breeding
stage interaction was not signiWcant (F2,122D 1.58, PD0.21).
BCI did not diVer signiWcantly among years (P < 0.05;
Fig. 4) or breeding stage (P < 0.05). There were no signiW-
cant interactions between year and breeding stage for BCI
(F2,108D0.36, PD0.70); therefore, data from the breeding
stages were combined for subsequent analyses.

Corticosterone levels diVered signiWcantly among years
(HD17.1, PD 0.002; Fig. 5), increasing in a stepwise fash-
ion from a low of 2.1§0.3 ng ml¡1 in 2001 to signiWcantly
higher levels in 2003 of 3.1§0.4 ng ml¡1 (P < 0.05) and in
2005 of 5.2§0.7 ng ml¡1 (P < 0.05; Fig. 3). Although levels
in 2002 (3.6§ 0.4 ng ml¡1) tended to be higher than in 2001,
this diVerence was not signiWcant (P > 0.05). Similarly, lev-
els in 2004 (4.2§ 0.8 ng ml¡1) tended to be higher than in
2003. To test for a relationship between baseline corticoste-
rone of breeding Kittiwakes and colony-wide productivity

Fig. 3. Baseline plasma corticosterone concentration (ng ml¡1) of adult
Kittiwakes during incubation (white bars) and brooding (gray bars) in
Chiniak Bay, Alaska from 2001–2003. DiVerent letters above the bar des-
ignate means that signiWcantly diVer (P < 0.05). Sample sizes for each year
and breeding status are denoted on the bars.

Fig. 4. Body condition index (see Methods) of incubating (white bars) and
brooding (gray bars) Kittiwakes in Chiniak Bay, Alaska from 2001 to
2005. Body condition did not diVer signiWcantly among years (P > 0.05).
Sample sizes for each year and breeding status are denoted on the bars.
(Xedglings per nesting attempt), we conducted regression
analysis. Over the 5 years of the study, using 184 birds and
21 colonies, productivity negatively related to baseline lev-
els of corticosterone (FD9.95, PD0.05, R2D 0.77; Fig. 6).
There was no signiWcant relationship between colony-wide
productivity and means of BCI across the breeding season
(FD4.0, P > 0.05, R2D 0.024). Likewise, BCI was not signiW-
cantly related to baseline concentrations corticosterone
(FD0.71, PD 0.40, R2D 0.004).

4. Discussion

Kittiwake productivity and baseline corticosterone lev-
els were inversely related during the 5 years of our study in
Chiniak Bay. In the most productive year (2001), baseline
corticosterone levels during breeding were less than half as
high as corticosterone levels during the years with the low-

Fig. 5. Baseline plasma corticosterone concentration (ng ml¡1) of adult
Kittiwakes in Chiniak Bay, Alaska from 2001–2005. Means are derived
from both incubation and brood-rearing stages. DiVerent letters above the
bar designate means that signiWcantly diVer (P < 0.05). Sample size for
each year is denoted on the bars.

Fig. 6. Baseline plasma corticosterone level vs. productivity of breeding
Kittiwakes in Chiniak Bay, Alaska from 2001 to 2005. Plasma concentra-
tion of corticosterone negatively correlated with productivity (P D 0.05,
R2 D 0.77).
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est productivity (2004, 2005). Our results contribute to the
growing literature examining the role of corticosterone in
nesting seabirds.

Baseline corticosterone is emerging as a mediator
between prey availability and foraging behavior, both criti-
cally important components of individual survival and
reproductive success (WingWeld and Kitaysky, 2002). In an
experimental manipulation of breeding Kittiwakes at a
food-rich colony, Kitaysky et al. (2001) found that adults
implanted with corticosterone increased foraging eVort and
left their chicks unattended more often than sham
implanted individuals. Although productivity did not
diVer between the two treatments, the authors suggested the
unattended nests of implanted adults may have suVered less
predation than might be expected in a year with poor food
availability because the neighbors were attending their
nests. In a year of poor forage availability, elevated cortico-
sterone levels colony wide would result in many more nests
being unattended and increased predation rates. In a
related study, Kitaysky et al. (1999) compared baseline lev-
els of corticosterone at two Kittiwake colonies in the Lower
Cook Inlet, Alaska: a food-rich colony (Gull Island) and a
food-poor colony (Duck Island). Although baseline corti-
costerone levels of adults at the two colonies were indistin-
guishable during the egg-laying stage and increased in both
colonies over the course of the breeding season, the rate of
increase was signiWcantly greater at the food-poor colony
relative to the food-rich colony.

Our results cannot be separated into spatially food-rich
and food-poor areas for comparison because we sampled
21 colonies throughout Chiniak Bay, a seemingly homoge-
nous foraging area. The size of the bay is smaller than the
observed foraging range of Kittiwakes (40–60 km, Suryan
et al., 2002). However, we have convincing evidence of a
similar pattern with temporal comparison between food-
rich and food-poor years. The Wrst two years of the study
(2001–2002) took place during a cold phase of the PaciWc
Decadal Oscillation (Peterson and Schwing, 2003). Colder
than average sea surface temperatures have been associated
with abundant forage Wsh (Anderson and Piatt, 1999) and
good breeding conditions for apex predators in the Gulf of
Alaska (Francis et al., 1998). In contrast, the marine envi-
ronment in 2003 was impacted by an El Niño event that
began in late 2002, continued throughout 2003 (Rodionov
et al., 2004) and was associated with warmer sea surface
temperatures. Warm conditions persisted through the sum-
mer of 2005 (NOAA Climate Data Center, 2006), indicat-
ing either a prolonged weak El Niño or a lack of regime
change. Some authors suggest that the warm phase of the
PaciWc Decadal Oscillation did not end in 1998 and the cold
period observed from 1998 to 2002 was a prolonged La
Niña intrusion (Rodionov et al., 2004).

Evidence of lower prey availability in 2003 through 2005
relative to the Wrst two years of the study is suggested by
our Wnding of signiWcantly lower Kittiwake productivity in
these later years as compared to 2001 and 2002. Interest-
ingly, dismal productivity of Kittiwakes in 2004 and 2005
are among the lowest in 23 years of surveys (Kildaw et al.,
2005a,b) and provides further evidence of the impact of El
Niño or oceanic regime on prey availability and subsequent
reproductive success in Kittiwakes. Elevated baseline levels
of corticosterone in breeding Common Murres (Uria aalge,
WingWeld and Kitaysky, 2002) and reduced growth rates of
nestling Horned PuYns (Fratercula corniculata, Harding
et al., 2003) coupled with widespread mortality of surface-
feeding seabirds (Hatch, 1987) during El Niño years further
suggest that warm water events are associated with periods
of reduced food availability to apex predators in the Gulf
of Alaska. These Wndings are consistent with elevated levels
of baseline corticosterone that we observed for breeding
Kittiwakes during the El Niño years of 2003–2005.

In contrast, Lanctot et al. (2003) measured baseline lev-
els of corticosterone of Kittiwakes across two breeding sea-
sons that diVered in both productivity and food availability
and concluded that baseline corticosterone is not the best
indicator of food availability. Although baseline levels of
corticosterone were greater in the year with low food avail-
ability and low productivity, this diVerence was restricted
to the pre-laying period of the breeding season: baseline
corticosterone did not diVer during incubation and brood-
rearing periods despite lower hatching success in the poor
food year. Furthermore, Lanctot et al. (2003) found little
diVerences in baseline corticosterone between individuals
that did and did not receive supplemental food in each
breeding season despite reduced laying success and mark-
edly longer incubation shifts of unfed vs. fed birds in the
poor food year. These results indicate that breeding Kit-
tiwakes can suVer reduced breeding success or behaviorally
buVer poor foraging conditions without experiencing ele-
vated levels of baseline corticosterone. Because most of the
diVerence in productivity between the 2 years of the Mid-
dleton Island study can be explained by the extremely poor
laying success in 1999, the lack of a diVerence between years
in baseline corticosterone during the incubation and chick-
rearing stages is not surprising and is consistent with our
results.

We predicted elevated levels of baseline corticosterone
during incubation and chick-rearing stages in years or loca-
tions with low productivity but further expected that these
diVerences would be especially pronounced during chick-
rearing because breeders are burdened with the additional
energetic demand of provisioning rapidly growing chicks.
Although we observed diVerences in baseline corticosterone
among some of the years that diVered in productivity, nei-
ther baseline corticosterone levels nor body condition index
diVered between incubation and chick-rearing stages in
2001–2003 (the only years we have both incubation and
chick-rearing data). Similarly, Lanctot et al. (2003) did not
observe a diVerence in baseline corticosterone levels
between incubation and chick-rearing stages.

Kitaysky et al. (1999) reported elevated levels of baseline
corticosterone during chick-rearing vs. incubation at both a
food rich and food poor colony and found diVerences
between breeding stages were more pronounced at the
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food-poor colony. These observations are supported by an
observational study of Kittiwakes at Svalbard, Norway
(Chastel et al., 2005) and an experimental study of Kittiwa-
kes in the Gulf of Alaska (Golet et al., 2004) that reported
elevated baseline corticosterone and lower body condition
of breeding vs. non-breeding individuals during the chick-
rearing stage and provides further evidence that chick-rear-
ing is energetically demanding. It is possible that the
foraging conditions during our study and during incuba-
tion and chick-rearing stages of the Lanctot et al. (2003)
study at Middleton Island were better than the foraging
conditions in studies where intra seasonal diVerences were
observed. We did not observe diVerences in body condition
among years. This result is likely due to sampling bias. For
example, in 2005 only a small percentage of birds in Chi-
niak Bay attempted to reproduce whereas in 2001 virtually
all birds laid eggs and maintained nests at least through
hatch (Kildaw et al., 2005a,b). It is established that parental
quality increases with age in Kittiwakes (Coulson and
Thomas, 1985) and, therefore, it is likely that the active
breeders we sampled in 2005 were older, higher quality
birds as compared to 2001.

Allocation of resources between self-maintenance and
reproduction has important ramiWcations for long-lived
species since seemingly insigniWcant alterations in adult sur-
vival can have huge impacts on lifetime reproductive out-
put. This allocation of resources is strongly inXuenced by
the modulation of corticosterone and its eVects on behavior
and physiology (WingWeld, 1994; Romero, 2002). How cor-
ticosterone levels are modulated depends upon the life his-
tory strategy of the organism (WingWeld et al., 1998a,b).
Kittiwakes are relatively long-lived species and, as such, are
hypothesized to maintain adrenal responsiveness through-
out the reproductive season and will abandon reproductive
attempts in a season of poor forage availability in favor of
individual survival and lifetime reproductive output (Wing-
Weld et al., 1995). Therefore, Kittiwakes may exhibit height-
ened sensitivity to foraging conditions as evidenced by
increased plasma levels of corticosterone without signiW-
cant decreases in BCI and thus, during episodes of
protracted nutritional stress, may redirect resources to self-
maintenance and ultimately exhibit increased Wtness (Wing-
Weld et al., 1998a,b). We found no relationship between
baseline plasma corticosterone level and BCI. Similarly,
Golet et al. (2004) found that baseline corticosterone levels
and BCI were not linked during breeding in Kittiwakes in
Prince William Sound, AK.

In conclusion, this study adds to the growing body of lit-
erature investigating the utility of baseline levels of plasma
corticosterone as a predictive index of subsequent repro-
ductive success of seabird colonies. We found a signiWcant
relationship between plasma corticosterone level and col-
ony-wide productivity suggesting that corticosterone levels
of blood samples collected from a relatively small subset of
successfully breeding individuals at single time points in the
breeding season can serve as a proxy for breeding perfor-
mance across all colonies of the region. However, individ-
ual variability in plasma corticosterone levels of free-living
Kittiwakes is high and thus precludes Wne scale connectivity
between corticosterone and colony-wide productivity. To
elucidate the proximate drivers of the modulation of base-
line corticosterone level of the individual, one would ideally
need information about prey abundance, prey availability,
foraging success, disturbance and predation rates.
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