
J. Field Ornithol. 79(4):391–398, 2008 DOI: 10.1111/j.1557-9263.2008.00187.x

Effects of investigator disturbance on corticosterone
concentrations of Black-legged Kittiwake chicks

John H. Brewer,1 Kathleen M. O’Reilly,2 and C. Loren Buck3,4

1School of Fisheries and Ocean Sciences, University of Alaska Fairbanks,
245 O’Neill Building, Fairbanks, Alaska 99775, USA

2Department of Biology, University of Portland, 5000 North Willamette Boulevard, Portland, Oregon 97203, USA
3Biological Sciences Department, University of Alaska Anchorage,

3211 Providence Drive, Anchorage, Alaska 99508, USA

Received 17 September 2007; accepted 24 July 2008

ABSTRACT. Recent studies indicate that young seabird chicks exposed to relatively short periods of elevated
levels of plasma corticosterone may suffer lifelong cognitive impairment that is detrimental to their survivorship and
fitness as adults. We examined the chronic effects of investigator disturbance on the baseline and acute stress-induced
levels of plasma corticosterone of Black-legged Kittiwake (Rissa tridactyla) chicks in Chiniak Bay, Kodiak Island,
Alaska, in 2005. Kittiwake chicks were assigned to one of three disturbance treatments: (1) routine handling, (2)
exposure to investigator presence, but not handled, and (3) neither handled nor exposed to investigator presence
prior to sampling. At 12–15 d posthatching, blood samples were collected to determine baseline and stress-
induced concentrations of corticosterone. We found no significant differences in baseline or stress-induced levels of
corticosterone among the three disturbance treatments. Our results suggest that Black-legged Kittiwake chicks do
not perceive investigator presence as a stressor. However, investigators studying kittiwakes at other locations should
proceed with caution because sampling protocols and environmental conditions may differ, potentially causing
chicks to perceive disturbances differently as well.

SINOPSIS. Efecto del disturbio causado por el investigador en la concentración de corti-
costerona en Rissa tridactyla

Estudios recientes indican que las aves marinas jovenes expuestas a cortos periodos de niveles elevados de
corticosterona en el plasma, pudieran sufrir de impedimentos cognitivos a través de su vida, que es detrimental
para su supervivencia y adaptabilidad como adultos. Examinamos los efectos crónicos causados por el disturbio de
investigadores, en los estresores básicos y agudos, inducidos por altos niveles de corticosteronas en el plasma de
pichones de Rissa tridactyla. El estudio se llevó a cabo en la bahı́a Chiniak, Isla Kodiak, Alaska durante el 2005. Los
pichones objeto del estudio, fueron asignados a tres tratamientos de disturbio: (1) manejo rutinario, (2) exposición
a la presencia del investigador, pero en donde no hubo manipulación del pichón y (3) ausencia del investigador y
manejo, previo al manejo rutinario. Entre los 12–15 dı́as de edad, se tomaron muestras de sangre para determinar
los niveles básicos de corticosterona y de aquellos inducidos por estrés. No se encontró diferencia significativa entre
los niveles básicos de corticosterona, o los inducidos por estrés, entre los tres grupos estudiados. Nuestros resultados
sugieren que los pichones de Rissa no persiven como estresante, la presencia de un investigador. Sin embargo, los
investigadores que estudien a estas aves en otras localidades, deben proceder con cautela porque los protocolos de
muestreo y las condiciones ambientales pudieran ser diferentes, con el potencial de causar que los pichones persivan
el disturbio de forma diferente.
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Seabird productivity is typically assessed by
measuring a suite of reproductive parameters
including colony attendance, egg volume and
clutch size, hatching success, growth rates of
chicks, regurgitation rates of chicks, and fledging
success (Hunt et al. 1986, Golet et al. 2000,
Hall and Kress 2004). Although some of these
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data can be collected using binoculars or spot-
ting scopes with little or no disturbance of a
breeding colony, measuring parameters such as
egg volume and growth rates of chicks requires
repeatedly accessing, and inevitably disrupting,
the colony. The degree to which such intrusions
may affect the reproductive success of a given
seabird species is a function of its life history
and the timing and frequency of the disturbance
(Götmark 1992). In addition, some populations
may be more accustomed to human presence
and, therefore, more tolerant of intrusions at
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the colony (Nisbet 2000). In previous studies,
repeated disturbance during the incubation and
chick-rearing stages (1) reduced the breeding
success of Tufted Puffins (Fratercula cirrhata;
Pierce and Simons 1986, Whidden et al. 2007),
Leach’s Storm-Petrels (Oceanodroma leucorhoa;
Blackmer et al. 2004), and Adelie Penguins (Py-
goscelis adeliae; Giese 1996), (2) had no signifi-
cant impact on Gould’s Petrels (Pterodroma leu-
coptera; O’Dwyer et al. 2006) or Roseate Terns
(Sterna dougallii; Nisbet 2000), and (3) had
equivocal, but negligible, effects on Black-legged
Kittiwakes (Rissa tridactyla; Sandvik and Barrett
2001). Given such variation, it is paramount
that the methods used in a particular study are
tested to determine whether they will adversely
affect the study species and possibly lead to
disturbance artifacts in the data being collected
(Caughley 1997).

Recently, the importance of considering the
physiological consequences of human distur-
bance in addition to customary reproductive
metrics such as hatching success or fledging
success has become evident (Müllner et al. 2004,
Walker et al. 2005, Müller et al. 2006). As
vertebrates, birds react to unpredictable stressors
(e.g., increased predation pressure, food limi-
tation, and possibly human disturbance; Frid
and Dill 2002) by increasing circulating plasma
concentrations of the adrenal hormone corti-
costerone (Sapolsky et al. 2000, Romero 2002).
Referred to as the adrenocortical-, adrenal-, or
stress-response, acute increases of corticosterone
facilitate behavioral and physiological processes
that allow maintenance of energetic homeostasis
while withstanding or avoiding a given stressor.
Conversely, chronically (i.e., days to weeks)
elevated levels of corticosterone resulting from
prolonged or repeated stressors can be detri-
mental, leading to impaired immune function,
suppression of the reproductive system and asso-
ciated reproductive behavior, severe muscle loss,
and neuronal cell death (Johnson et al. 1992,
Wingfield et al. 1998, Sapolsky et al. 2000).
These detrimental effects may not arise until well
after a disturbance occurs (Johnson et al. 1992),
particularly with neonates (Kitaysky et al. 2003,
Pravosudov 2003, Gil et al. 2004). Kitaysky et al.
(2003) demonstrated that even short periods
(≈ 1 week) of chronically elevated levels of
corticosterone in Black-legged Kittiwake chicks
lead to impaired cognitive abilities later in life.
Similar results have been reported for Red-

legged Kittiwake (Rissa brevirostris) chicks, with
cognitive impairment serving as a mechanism
for reduced survivorship and fitness and, con-
sequently, population decline (Kitaysky et al.
2006). Thus, repeated capture and handling
of seabird chicks, characteristic of growth and
productivity studies, could lead to long-term de-
creases in recruitment and eventual population
declines.

Our objective was to determine if the distur-
bance caused by repeatedly accessing a Black-
legged Kittiwake colony to measure the growth
rates of the chicks produced chronically elevated
levels of plasma corticosterone. We assessed
the baseline and stress-induced plasma corticos-
terone concentrations of three groups of free-
living Black-legged Kittiwake chicks: a handled
group; a disturbed, but not handled, group; and
a control group. Our specific objectives were
to determine (1) if investigator presence chron-
ically affects the baseline and stress-induced
levels of corticosterone of the chicks and, if so,
(2) whether investigator presence in the colony
alone affects the corticosterone concentrations
of the chicks, or if actual handling of the chicks is
necessary to affect their levels of corticosterone,
and (3) whether the body condition of chicks (as
assessed by body mass) is consequently affected.

METHODS

Study location and species. Our study
was conducted in 2005 at three Black-legged
Kittiwake colonies (Gibson Cove, Gull Island,
and Mary Island) in Chiniak Bay, Kodiak Is-
land, Alaska (57◦42.65′N, 152◦20.29′W). The
colonies averaged approximately 622 ± 54 (SD)
nesting pairs per colony and are located within
12 km of each other (Gibson Cove and Gull
Island are ca. 1 km apart).

Black-legged Kittiwakes (hereafter Kitti-
wakes) are colonial, cliff-nesting seabirds that
typically raise a single brood of 1–2 asyn-
chronously hatched chicks per season in Chiniak
Bay (Baird 1994). Chicks are semiprecocial,
nest-bound until they fledge (Baird 1994), and
respond to capture and handling with increased
levels of circulating plasma corticosterone at
least as early as 12 d posthatching (Brewer et al.
2008).

Field techniques. We monitored the nest-
ing activities of Kittiwakes in established “ac-
cessplots” as described by Kildaw et al. (2005b).
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Briefly, plots consisted of approximately 85 ±
29 uniquely numbered nests in each colony.
Geographic features or natural contours of the
colony cliffs primarily determined demarcation
of the plots such that multiple plots in each
colony were visually isolated from the others,
but exposed to similar environmental condi-
tions. Nests in plots selected as controls were
only monitored from afar using binoculars or
spotting scopes. The remaining plots were des-
ignated as treatment plots. We accessed nests in
these plots by rappelling down the faces of the
cliffs using climbing ropes or by climbing up
from the beach below using extension ladders.
Prior to the hatching, we randomly assigned each
nest in the treatment plots to one of two dis-
turbance treatments: “handled” or “disturbed,
but not handled” (hereafter “ disturbed”). After
hatching, we visited treatment plots every 4 d to
measure the body mass (Pesola spring scale; ±
1 g) and wing chord length (± 2 mm) of
all chicks in the “handled” nests, a handling
period of approximately 1–2 min per chick.
Chicks in the “disturbed” nests were adjacent
to the “handled” nests and exposed to climbing
activities, but were never contacted during visits
to the colonies. We obtained blood samples from
chicks in all treatments at 12–15 d posthatch-
ing. By this point, chicks from the treatment
plots had each been handled or experienced
investigator presence on at least three occasions.
Chicks from the control plots were all sampled
during a single visit to their respective colonies
to ensure that their only exposure to investiga-
tor presence was during blood sampling. Each
colony had two control plots and two treatment
plots.

Blood collection and hormone assays.
We subjected chicks to an acute-stressor protocol
shown to consistently elicit an adrenocortical
response in wild birds (Wingfield et al. 1992).
Briefly, we removed chicks from the nest and
sampled them for blood (≈ 50 �l) within 3 min
of initial capture, and again at 10-, 30-, and
50-min postcapture. For two-chick broods, we
sampled both chicks within 3 min of removal of
the first chick and sampled them simultaneously
at the subsequent intervals. We punctured the
alar vein with a 26-gauge needle and collected
the blood in heparinized capillary tubes. After
collection, we transferred the blood into 1.5-ml
polyethylene vials, placed them on ice, and
transported them to the lab. Between sample

collections, we held the chicks in shaded, opaque
cloth bags. Collecting initial blood samples from
chicks within 3 min allowed us to determine
their baseline corticosterone levels (Romero and
Reed 2005). The subsequent serially collected
samples allowed us to assess the full range of
their adrenocortical response to an acute stres-
sor (Wingfield et al. 1992). Before returning
chicks to their nests, we recorded their body
mass and wing chord length to assess relative
body condition. Within hours of collection, we
centrifuged the samples and drew off the plasma
portion using a long-stemmed Pasteur pipette.
Plasma samples were stored frozen at –50◦C
until assayed for corticosterone concentration.

We determined total corticosterone concen-
trations via direct radioimmunoassay (Wingfield
et al. 1992) at the end of each field sea-
son. Briefly, corticosterone was extracted from
plasma samples (10–25 �l) with redistilled
dichloromethane. After evaporation under ni-
trogen in a water bath, samples were reconsti-
tuted in phosphate-buffered saline with gelatin
and divided into duplicate 200-�l aliquots for
radioimmunoassay and a single 100-�l aliquot
to determine recoveries (mean recovery of 2000
cpm tritiated corticosterone added during ini-
tial sample measurement was 84%). Tritiated
corticosterone and antiserum (Esoterix, Austin,
Texas) were allowed to equilibrate with the
samples overnight. Dextran-coated charcoal was
added 12 min prior to centrifugation to absorb
unbound labeled corticosterone. Supernatants
were decanted into scintillation vials and filled
with Ultima Gold (PerkinElmer, Waltham, Mas-
sachusetts) scintillation cocktail for counting.
Five assays were required to run all samples
and samples were randomly distributed among
assays. Our inter- and intra-assay variability was
11.6% and 7.6%, respectively.

Statistical analyses. We analyzed the effect
of disturbance on mass and baseline and stress-
induced levels of corticosterone separately using
linear mixed models (SAS Institute 2003). All
three models included treatment, nestling status
(i.e., alpha, beta, and singleton), colony, and all
two-way interactions as fixed-effects parameters,
sampling date as a covariate, and nest ID as a
random-effects parameter to account for the lack
of independence of chicks from the same brood.
The model used for chick mass also included
wing chord length as a covariate. The model
used for stress-induced levels of corticosterone



394 J. H. Brewer et al . J. Field Ornithol.

was a repeated measures model with the added
parameters of sampling time postcapture and
the interaction of treatment and sampling time
postcapture included. The corticosterone data
required natural-log transformation to meet
the assumptions of a parametric test. We con-
sidered results with P-values < 0.05 to be
statistically significant. Nonsignificant interac-
tion terms were sequentially removed from the
models.

RESULTS

We collected blood from 44 “handled” chicks,
49 “disturbed” chicks, and 39 control chicks
from the three colonies (GC: 18 handled, 17
disturbed, and 14 control; GU: 14 handled, 13
disturbed, and 16 control; MA: 12 handled,
19 disturbed, and 9 control). Chicks in these
treatment groups did not differ either in body
mass (x̄ = 209.4 ± 4.4 g; F 2,35 = 0.7, P =
0.52) or in baseline or overall stress-induced
levels of corticosterone (baseline: F 2,37 = 0.05,
P = 0.95; stress-induced: F 2,404 = 2.6, P =
0.077; Fig. 1). However, a significant interaction
between treatment and sampling time postcap-
ture in stress-induced levels of corticosterone
indicated “handled” chicks returned to baseline

Fig. 1. Mean (± SE) stress-induced concentrations of corticosterone of 12- to 15-d-old Black-legged
Kittiwake chicks in 2005 in Chiniak Bay, Alaska (handled: chicks weighed and measured every 4 d; disturbed:
chicks in nests adjacent to the handled chicks, but not contacted prior to sampling; control: chicks in nests
visually separated from the above nests and not visited by investigators prior to sampling). Disturbance had
no significant effect on stress-induced corticosterone levels (P = 0.077).

levels faster than “disturbed” and control chicks
(F 6,404 = 3.1, P = 0.005).

Nestling status was not a significant factor in
the baseline model (baseline: F 2,37 = 1.9, P =
0.16), but was significant in the stress-induced
model (F 2,404 = 4.1, P = 0.017). However,
the interaction between disturbance treatment
and nestling status was not significant (baseline:
F 4,35 = 1.2, P = 0.31; stress-induced: F 4,402 =
0.96, P = 0.43).

Levels of both baseline and stress-induced
corticosterone varied among colonies (baseline:
F 2,37 = 5.6, P = 0.0078; stress-induced: F 2,404 =
8.7, P = 0.0002). Levels of baseline corticos-
terone of chicks from the Gull Island colony
(x̄ = 12.93 ± 1.77 ng∗ml−1) were almost double
those of both Gibson Cove (x̄ = 7.19 ± 1.06
ng∗ml−1) and Mary Island (x̄ = 7.84 ± 1.07
ng∗ml−1). However, interactions between distur-
bance treatment and colony were not significant
in either model (baseline: F 4,37 = 2.5, P =
0.059; stress-induced: F 4,402 = 1.9, P = 0.12).
Although the interaction term in the baseline
model approached significance, analyses of the
effect of treatment on baseline corticosterone
data by individual colony exhibited similar non-
significant results (GC: F 2,14 = 0.65, P = 0.54;
GU: F 2,11 = 1.9, P = 0.2; MA: F 2,10 = 3.4,
P = 0.077).
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DISCUSSION

We found no differences in baseline levels
of corticosterone or mass of chicks and, de-
spite a markedly different trajectory of stress-
induced levels of corticosterone of chicks from
the “handled” treatment, there was no signif-
icant difference in the overall levels of stress-
induced corticosterone among chicks in the
three treatment groups. These results indicate
that repeated colony disturbances and standard
handling protocols had minimal effects on the
adrenal responsiveness and body condition of
Kittiwake chicks. Similarly, Sandvik and Barrett
(2001) observed negligible effects of investigator
disturbance on the growth rates and survival of
Black-legged Kittiwake chicks, despite frequent
disturbance.

Chicks from the “handled” treatment attained
maximal levels of circulating corticosterone ap-
proximately 10 min postcapture and were re-
turning to baseline levels by 30 min postcap-
ture, whereas chicks from the “disturbed” and
control treatments did not begin the return to
baseline levels until after 30 min postcapture.
The reduced duration of the adrenal response
of the “handled” chicks suggests habituation
to handling (Romero 2004). Although this
could be beneficial to the chicks over the short
term, attenuation of the adrenal response has
been shown to become permanent in laboratory
studies with rats (Caldji et al. 2001). Although
the long-term consequences of a lasting atten-
uation of the adrenocortical response are not
well studied, such an occurrence would likely
be detrimental (Romero and Wikelski 2002,
Walker et al. 2006).

There are a number of possible explanations
for why there were no significant differences
between the baseline and overall stress-induced
levels of corticosterone of the chicks from the
three treatments. First, the presence of inves-
tigators and the handling and measuring of
the chicks may not have been frequent enough
or perceived as sufficiently stressful (either in
duration or severity) to stimulate manifestation
of chronic stress. In previous studies, disturbance
in the form of human presence near breeding
sites (Sandvik and Barrett 2001, Müllner et al.
2004, Walker et al. 2006), or handling by
investigators (Collette et al. 2000), occurred
daily for at least 5–10 d. By comparison, we only
handled chicks three times at 4-d intervals prior

to blood sampling and attempted to be as brief
as possible when handling individual chicks and
when visiting the colony as a whole. We also
avoided measuring chicks during unfavorable
weather (specifically, hot or rainy days) in an
effort to keep chicks from overheating in direct
sunlight or becoming hypothermic from getting
wet.

Second, it is possible that environmental con-
ditions outweighed any potential effects of in-
vestigator disturbance (e.g., Carlini et al. 2007).
Food limitation or poor diet quality may have
been an overriding stressor that elevated the
corticosterone concentrations of the chicks such
that any effects of investigator disturbance were
masked. Baseline and stress-induced levels of
corticosterone of the chicks from all treatments
in our study were comparable to, or higher than,
those of captive Black-legged and Red-legged
Kittiwake chicks fed poor-quality or calorie-
restricted diets (Kitaysky et al. 1999, 2001). In
2005, the northern Gulf of Alaska was charac-
terized by warmer-than-average sea surface tem-
peratures due to persistent El Niño conditions in
the Pacific (Rodionov et al. 2004, NOAA 2006,
DFOP 2007). Anomalously warm sea surface
temperatures are thought to reduce the abun-
dance of Kittiwake prey and have been correlated
with significantly reduced seabird productiv-
ity (Anderson and Piatt 1999, Kitaysky and
Golubova 2000, Mueter and Norcross 2000).
Accordingly, the productivity of Kittiwakes in
2005 (0.05 ± 0.09 fledglings per nest attempt)
was among the lowest documented in Chiniak
Bay in the last quarter-century (Kildaw et al.
2005a, Buck et al. 2007), and baseline and
stress-induced levels of corticosterone of adult
and nestling Kittiwakes, respectively, were sig-
nificantly elevated in 2005 compared to preced-
ing years (2001–2003) when conditions were
more favorable for populations of forage fishes
and Kittiwakes experienced significantly higher
productivity (Buck et al. 2007). Unfortunately,
data collected during those years did not include
control treatments for handled and unhandled
chicks, and blood samples were not collected in
a manner that allows comparison of handled
versus unhandled chicks during the years of
presumably adequate food availability.

Last, we measured concentrations of total
circulating plasma corticosterone, which com-
prise both bound and unbound corticosterone.
However, individuals are able to regulate the
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amount of unbound corticosterone by varying
the amount of corticosterone-binding globulins
(CBG) present in the blood plasma (Breuner and
Orchinik 2002a,b, Breuner and Hahn 2003).
Although the extent to which bound and un-
bound corticosterone are biologically active is
unclear (Romero 2002, Reeder and Kramer
2005), variation in the amount of CBG in
the plasma may modulate the behavioral and
physiological effects of total circulating corti-
costerone (Love et al. 2004, Wada et al. 2007).
Consequently, although there were no apparent
differences in the amount of total corticosterone
levels of chicks in the three treatments in our
study, levels of CBG may have varied, thus
creating a disturbance effect undetectable by
measuring total corticosterone alone.

In conclusion, our results suggest that Kitti-
wakes are resilient to, and even tolerant of, hu-
man disturbance. However, investigators should
continue to be conscious of the possible effects
of human disturbance, as visiting a colony more
frequently, or using less careful sampling pro-
tocols, may produce different responses from
Kittiwake chicks. In addition, ulterior stressors
(e.g., food limitation) may also affect how chicks
perceive or respond to investigator presence.
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