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Abstract

The adrenal response to stress in birds is characterized by the release of the hormone 

corticosterone. Measurement of corticosterone of individuals is increasingly being 

promoted as a means to gauge the effects of environmental change or human disturbance 

on populations. However, species respond differently to stressors based upon their natural 

history, individual life history stage and the context of the stressor; thus, the collection of 

baseline data from individuals in their natural environment has been advocated. We 

measured baseline and stress-induced corticosterone levels o f 12-15 day-old black-legged 

kittiwake (BLKI) chicks from 2002-2005 in Chiniak Bay, Alaska. The goals of the study 

were to explore the relationships between the adrenal responsiveness of BLKI chicks and 

1) BLKI colony productivity; 2) brood size and nestling status; and 3) investigator 

disturbance. Adrenal responsiveness of chicks negatively correlated with colony 

productivity, implicating corticosterone concentration as an accurate indicator of colony 

productivity in poor years. Neither brood size nor nestling status affected the adrenal 

responsiveness of chicks in both natural broods and broods manipulated to control for 

maternal hormone deposition. Lastly, two levels of investigator disturbance analogous to 

that o f a growth rate study on chicks did not significantly affect the adrenal 
responsiveness of chicks.
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General Introduction
The adrenocortical function o f  vertebrates

Throughout their life history, vertebrates are confronted with a diverse array of 

energetically demanding events, both predictable and unpredictable, that require 

physiological and behavioral responses to maintain energetic homeostasis. These 

responses arc mediated in part by glucocorticoids, steroid hormones released by the 

hypothalamic-pituitary-adrenal (HPA) axis (Dallman et al., 1992; Dallman and 

Bhatnagar, 2001; Johnson et al., 1992; McEwen and Wingfield. 2003). Basal levels of 

glucocorticoids vary moderately in accordance with the energetic demands of predictable 

life history stages (e.g., changing seasons, migration, molt, reproduction) and are 

implicated in a suite of processes necessary for individual survival, including metabolic 

regulation, immune function, and gluconeogenesis (Dhabhar. 2002; McEwen and 

Wingfield. 2003; Reeder and Kramer, 2005; Romero, 2002; Sapolsky et al.. 2000; 

Wingfield. 2005). Events such as severe weather episodes, increases in predation 

pressure, habitat degradation, and changes in social status are less predictable and often 

lead to reduced availability of food resources and/or acute increases in energetic demand. 

Such events are characteristically met w ith marked increases in circulating 

glucocorticoids and are broadly referred to as stressors; additionally, the corresponding 

increase in glucocorticoid concentration is referred to as the stress response, the adrenal 

response, or the adrenocortical response (Romero, 2004; Sapolsky et al., 2000;

Wingfield. 2005; Wingfield et al.. 1998). Acutely elevated glucocorticoid levels suppress 

energetically costly behaviors and physiology not essential for immediate individual
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survival (e.g., territoriality, reproductive processes) and promote activities such as energy 

mobilization from stored fat and protein, increased locomotor activity and increased 

foraging behavior. Together, these facultative responses allow the individual to avoid or 

endure the stressor while maintaining or regaining energetic homeostasis (Reeder and 

Kramer, 2005; Sapolsky et al., 2000; Wingfield. 2005). However, while short-term 

increases (minutes to hours) in circulating glucocorticoids are beneficial, continuously 

elevated (days to weeks) glucocorticoid concentrations can have detrimental effects 

including impaired immune function, suppression o f the reproductive system and 

associated reproductive behavior, severe muscle loss and neuronal cell death (Johnson et 

al., 1992; Sapolsky et al., 2000; Wingfield and Kitaysky. 2002; Wingfield et al., 1998). 

Typically, glucocorticoid concentration is modulated through negative feedback at 

multiple levels of HPA axis, but repeated or constant exposure to perceived stressors 

hyper-sensitizes the adrenal cortex producing both chronically elevated basal 

glucocorticoid levels and more profound increases in glucocorticoid concentrations in 

response to novel stressors (Caggiula et al.. 1989; Dallman et al.. 1992; Johnson et al..
1992; O'Connor et al.. 2004).

Study context
Over the last decade, measurement of glucocorticoid levels of individuals has been 

increasingly promoted as a method to infer the status of populations in the wild (Reeder 

and Kramer, 2005; Romero. 2004; Stevenson et al.. 2005; Walker et al., 2005a; Wikelski 

and Cooke. 2006; Wingfield et al.. 1997). Myriad studies have demonstrated the efficacy



o f measuring basa! and stress-induced levels of circulating glucocorticoids to assess the 

impacts of environmental change and/or human-induced disturbance in a variety of 

contexts and species (e.g., wolves (Can is lupis) and elk (Cervus elaphus): Creel et al., 

2002; spotted salamanders (Ambystoma maculatum): Homan et al.. 2003; southern toads 

(Buffo terrestris): Hopkins et al., 1997; brown trout (Salmo trutta); Norris et al., 1999; 

bottlenose dolphins (Tursiops truncatus): Ortiz and Worthy, 2000; marine iguanas 

(Amblyrhynchus cristatus): Romero and Wikelski. 2001; Romero and Wikelski, 2002; 

Magellanic penguins (,Spheniscus magellanicus): Walker et al., 2005b; W'alker et al., 

2006; northern spotted owl (Strix occidentals caurina): Wasser et al., 1997).

However, while the general physiology of the adrenocortical response to stress is 

conserved across orders, there is considerable variation across species and among 

individuals in the circumstances and degree to which glucocorticoid levels are elevated. 

An individual’s current life-history stage, body condition, age. sex. mating system, social 

status or the methods by which dominance is achieved and maintained are a few of the 

numerous factors that may shape its response to a particular stressor (Creel. 2001; 

Goymann and Wingfield. 2004; Moore and Jessop, 2003; Reeder and Kramer, 2005; 

Romero, 2002; Romero, 2004; Wingfield, 1994). Consequently, there is a need for 

baseline data on the adrenocortical function of a wide variety of free-living vertebrate 

species to assess the ‘normal' hormonal profiles of individuals under different contexts 

and provide bases of comparison for future studies (Stevenson et al., 2005; Walker et al.. 

2005a; Wikelski and Cooke, 2006; Wingfield, 2005; Wingfield et al., 1997).
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Black-legged kittiwakes
Herein, I focused on the adrenocortical function of the black-legged kittiwake chick 

(Rissa tridactyla; hereafter: kittiwake). Kittiwakes are small, pelagic gulls found 

abundantly throughout the north-temperate and arctic latitudes of the eastern and western 

hemispheres. They are piscivores, and feed primarily on forage fishes captured within the 

top 0.5 - 1.0 m of the ocean surface. As seabirds, they spend the majority of their lives at 

sea, returning to land only during the summer months to breed. They are colonial 

breeders and. unlike most other gulls, nest on small ledges of otherwise vertical faces of 

coastal cliffs. Worldwide, kittiwakes typically lay clutches of one to three eggs; however, 

in Alaska one and two egg clutches are more common (historic mean on Kodiak Island - 

1.56 eggs * clutch '). Kittiwake chicks are semi-precocial. but nest-bound until fledge 

and therefore completely dependent upon their parents for food while they remain in the 

nest (Baird. 1994; Hatch et al., 1993).

Kittiwakes are a generally well studied species throughout both hemispheres (e.g., 

Braun and Hunt. 1983; Bull et al.. 2004; Cam et al.. 1998; Cam and Monnat, 2000; 

Coulson. 1963; Coulson. 1966; Coulson and Porter. 1985: Daunt et al.. 2002; Golet et al.. 

2000; Harris and Wanless, 1990; Hatch et al., 1993; Humphreys et al., 2006; Jodice et al., 

2003; Jodice et al., 2006; Kildaw et al., 2005; Kitaysky et al., 2000; Moe et al., 2002; 

Murphy et al., 1991; Romano et al., 2006; Suryan and Irons, 2001; Suryan et al., 2000; 

Suryan et al., 2006; Suryan et al., 2002; Wanless and Harris, 1992). Furthermore, the 

adrenocortical function of both adults and chicks has been explored widely in the past 

decade (e.g.. Buck et al., 2007; Fridinger et al., 2007; Kitaysky et al.. 2003: Kitaysky et
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al., 1999a; Kitaysky et al., 1999b; Kitaysky et al., 2001; Lanctot et al., 2003). Kittiwake 

chicks have been shown to have fully functioning HPA axes, responding to nutritional 

deficits with elevated levels of circulating corticosterone (Kitaysky et al., 1999a). 

However, most studies to date have used captive chicks and/or w^ere focused specifically 

on the effects on individuals of manipulated food availability or implanted exogenous 

corticosterone (Kitaysky et al., 2003; Kitaysky et al., 1999a; Kitaysky et al., 2001; 

although see Fridinger et al. 2007). The focus of this study was to explore the 

adrenocortical function of free-living kittiwake chicks in the contexts of interannual 

variation in colony productivity, intra- and inter-nest dynamics, and investigator 

disturbance.

Study objectives and rationales
The objective of Chapter 1 was to determine whether baseline and stress-induced 

corticosterone levels of nest-bound kittiw ake chicks accurately reflect population-wide 

productivity of kittiwakes. Recent studies indicate that the corticosterone levels of adult 

kittiwakes negatively correlate with colony productivity; thus, suggesting corticosterone 

levels of adults as a predictor of breeding success and, by extension, a proxy for local 

food availability (Buck et al., 2007; Kitaysky et al., 1999b; although see Lanctot et al., 

2003). This principle has not previously been extended to chicks, likely due to the widely 

held maxim that adult seabirds will buffer their young from poor forage availability (e.g., 

Burger and Piatt. 1990; Kitaysky et al., 2000; Litzow and Piatt, 2003) and thereby keep 

the corticosterone levels of their young from becoming elevated. However, more recent



studies suggest that, due to the high energetic demands of brood rearing even in good 

years, this may not always be the case (Jodice et al., 2006; Suryan et al., 2006).

The objectives of Chapter 2 were to determine (1) the effects o f nestling status and 

brood size on the corticosterone levels o f kittiwake chicks; and (2) whether these effects 

are determined by hatching order (i.e.. post-natal nest dynamics) or maternal influence 

during prenatal development. The classic model of sibling rivalry within a nest holds that 

the size advantage of an older chick allows it to assert its dominance through aggressive 

behavior and/or by positioning itself in the nest so as to obtain a disproportionate share of 

food from the parents (Cotton et al., 1999; Mock and Parker. 1997). The outcome often 

manifests as significantly elevated levels of circulating corticosterone in the younger 

chick. However, in many avian species mothers may deposit increased amounts of 

maternally derived resources such as carotenoids, immunoglobulins or androgens in 

latter-Iaid eggs within a clutch. Such resources are thought to increase the fitness of later- 

hatched chicks and their competitiveness with older siblings (Hising and Groothuis, 2003; 

Eising et al.. 2006; Ferrari et al., 2006; Groothuis et al.. 2005; Groothuis et al.. 2006; 

Schwabl. 1996; Schwabl et al.. 1997).

The objective of Chapter 3 was to examine the effect on kittiwake chick 

corticosterone levels o f investigator disturbance from an ongoing kittiwake productivity 

and growth rates study in 2005. Recent studies indicate young seabird chicks exposed to 

even relatively short periods (~ I week) of consistently elevated levels of plasma 

corticosterone may suffer lifelong cognitive impairment detrimental to their survivorship 

and fitness as adults (Kitaysky et al.. 2003; Kitaysky et al.. 2006).
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Study location
The entire study was conducted in Chiniak Bay, Kodiak Island, Alaska (57°40'N, 

152°20'W) during the breeding seasons of 2002 - 2005. Chiniak Bay is located on the 

northeast coast of Kodiak Island and is approximately 20km x 20km. Kittiwakes nest on 

the cliff faces o f multiple small islands and rock stacks located throughout the bay. 

During this study, the kittiwake population ranged between 9000-12000 pairs nesting 

among 21 colonies (Kildaw et al., 2005).
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Chapter 1 Interannual variation in the adrenal responsiveness of black-legged 
kittiwake chicks (Rissa tridactyla)'

1.1 Abstract
Over the last decade, field endocrinologists have explored the efficacy of using 

plasma corticosterone concentrations of breeding seabirds as an indicator of food 

availability and predictor of breeding success. However, studies have been predominately 

confined to adults and the results have been inconsistent. We examined the relationship 

between the productivity ot black-legged kittiwakes (Rissa tridactyla) and the baseline 

and stress-induced corticosterone levels o f 12-15 day-old kittiwake chicks in a multi-year 

study in Chiniak Bay, Kodiak, Alaska. We predicted that corticosterone levels would 

negatively correlate with productivity. Productivity decreased across years from 

relatively high levels in 2002, to very low levels in 2004 and 2005. Baseline 

corticosterone levels ot the chicks did not increase consistently across years. Stress- 

induced corticosterone levels were statistically indistinguishable in high productivity 

years but increased significantly in low productivity years. The decline in kittiwake 

productivity coincided with warming ocean conditions, which, historically, is linked to 

declines in forage abundance for kittiwakes. Inconsistent changes in baseline 

corticosterone values suggest some adult kittiwakes were able to buffer their chicks from

1 F orm atted  for the jou rna l  Genera l  and C om para t ive  E ndocrin o logy  as Brewer,  J.H..  O ’Reilly , K. M.. 
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ch icks  (Rissa tridactyla).



poor foraging conditions. However, large increases in stress-induced corticosterone levels 

during the low productivity years indicate chicks were physiologically stressed for some 

period prior to sampling. Our results suggest that stress-induced corticosterone levels of 

kittiwake chicks are effective indicators o f productivity in poor years, whereas the 

changes in baseline corticosterone levels across years are not as robust and therefore may 
not be as reliable.

Keywords: corticosterone, adrenal responsiveness, biological indicator, forage 

availability, kittiwakes, seabirds. Rissa tridactyla

1.2 Introduction
Seabirds are widely considered effective bioindicators of marine ecosystems 

(Aebischer et al.. 1990; Furness and Camphuvsen. 1997; Harris and Wanless, 1990; 

Hyrenbach and Veit, 2003; Kitaysky and Golubova, 2000; Montevecchi and Myers,

1995; Parrish and Zador, 2003; Springer et al., 1996). This is due in part to the sensitivity 

o f their productivity to fluctuations in forage availability. Years of reduced prey 

availability or poor foraging conditions often correlate with declines in seabird 

productivity (e.g., Harris and Wanless, 1990; Kitaysky and Golubova, 2000; Springer et 

al., 1984), while rebounds of prey stocks have led to significant increases in seabird 
populations (e.g., Montevecchi and Myers, 1997).

Both long- and short-term changes in oceanic conditions are known to affect prey 

assemblages of seabirds, which, in turn, impact breeding success directly and indirectly



(Inchausti et al., 2003; Kitaysky and Golubova, 2000; Montevecchi and Myers, 1997; 

Regehr and Montevecchi, 1997; Springer, 1998; Suryan et al., 2000; Thompson and 

Ollason, 2001). Variability in the abundance and distribution of prey reduces the foraging 

efficiency of breeding seabirds. This is manifested in longer foraging trips or prey- 

switching to lower quality prey items, resulting in reduced growth rates and survival of 

young chicks (Regehr and Montevecchi, 1997; Suryan et al.. 2002; Wanless and Harris,

1992). Severe reductions in prey availability can lead to reduced nest attendance by both 

parents, leaving chicks more vulnerable to predation and exposure to inclement weather 

conditions (Kitaysky et al., 2001).

Over the last decade, field endocrinologists have explored the effectiveness o f using 

plasma corticosterone levels o f individuals as an index of forage availability and 

predictor o f breeding success in seabird populations (Buck et al.. 2007; Kitaysky et al.. 

1999b; Wingfield et al., 1997). Corticosterone is a glucocorticoid released by the 

hypothalamic-pituitary-adrenal (HPA) axis in birds and other vertebrates (Sturkie, 1986). 

During normal life history stages, basal corticosterone levels play a prominent role in 

regulation of a suite of processes necessary for individual survival (e.g.. metabolic 

regulation, immune function, gluconeogenesis; Dhabhar, 2002; Reeder and Kramer,

2005; Romero, 2002; Sapolsky et al., 2000; Wingfield and Kitaysky, 2002). Under 

stressful conditions, i.e., when an individual's energetic demand surpasses availability, 
the HPA axis responds by significantly increasing circulating levels o f corticosterone 

(McEwen and Wingfield, 2003). This stress-induced increase in corticosterone 

concentration facilitates physiological and behavioral changes that allow the individual to



either endure or avoid the stressor while maintaining or regaining energetic homeostasis 

(e.g., mobilization of endogenous energy reserves, increased foraging behavior, 

suspension of reproductive behavior; Reeder and Kramer, 2005; Romero, 2002; Sapolsky 

et al., 2000; Wingfield. 2005). Corticosterone levels are typically modulated through 

negative feedback at the level of the HPA axis; however, repeated or constant exposure to 

stressors elicits both chronically elevated basal corticosterone levels and more profound 

increases in concentrations of corticosterone in response to novel stressors (Caggiula et 

al., 1989; O'Connor et al., 2004). Although short-term (minutes to hours) elevations of 

corticosterone levels are beneficial to an individual, protracted (days to weeks) high 

concentrations of corticosterone can be detrimental, leading to, among other things, 

muscle wasting, suppression of the immune function and inhibition o f the gonadal axis 

(Sapolsky et al., 2000; Wingfield and Kitaysky, 2002; Wingfield et al.. 1998).

The black-legged kittiwake (Rissa tridactyla; hereafter: kittiwake) is a well studied 

piscivorous seabird distributed widely throughout the north temperate latitudes (Baird, 

1994). It is well established that brood rearing in kittiwakes is energetically costly, 

resulting in increased levels o f circulating corticosterone, deteriorated body condition and 

reduced over-winter survival as compared with non-breeding conspecifics (Golet et al., 

2000; Golet et al., 1998; Golet et al., 2004; Kitaysky et al.. 1999b; Moe et al., 2002). 

Recent studies indicate they are more apt to invest less effort in brood rearing when 

foraging conditions are poor and even suggest that breeding kittiwakes may be able to 

judge foraging conditions during the incubation period and decide accordingly how much 

energy to invest in the brood rearing stage (Jodice et al., 2006; Suryan et al., 2006). Such
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strategies likely increase long-term survival, and therefore fitness, at the cost o f short
term reproductive success.

It is probable that such decisions are made at the individual level (Cam et al., 1998; 

Cam and Monnat, 2000). Results o f studies attempting to link corticosterone 

concentrations o f kittiwakes to foraging conditions and breeding success are somewhat 

inconsistent. In a study of spatial variation in local foraging conditions, Kitaysky et al.

( 1999b) found that baseline corticosterone levels o f breeding kittiwakes were 

significantly elevated in a food poor colony compared to those in a food rich colony. 

Similarly, on a temporal scale Buck et al. (2007) found that interannual reductions in the 

colony productivity of kittiwakes, attributed to declining foraging conditions, was 

reflected in increased baseline corticosterone levels. However, Lanctot et al. (2003) 

argued that corticosterone levels of kittiwakes were not a reliable gauge of foraging 

conditions; rather, they were merely reflective of breeding experience and body condition 
o f  adults upon arrival to the colony.

There have been no studies exploring the potential relationship between 

corticosterone concentrations of individual free-living seabird chicks and the breeding 

success of a seabird population (although see Bias et al., 2005). Multiple investigations 

indicate that seabird chicks have fully functioning HPA axes that respond to food 

limitations with increased baseline and stress-induced corticosterone levels (Kitaysky et 
al., 2003; Kitaysky et al., 1999a; Kitaysky et al., 2001; Nunez-de la Mora et al., 1996). 

However, these studies were primarily conducted in captivity to specifically address the 
effects of food limitation on individuals.
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The objective of our study was to determine whether baseline and stress-induced 

corticosterone levels of nest-bound kittiwake chicks accurately reflect population-wide 

productivity of kittiwakes. We assessed productivity (number o f fledglings per nesting 

attempt) of kittiwakes and baseline and stress-induced corticosterone levels o f kittiwake 

chicks across four consecutive breeding seasons (2002-2005) in Chiniak Bay, Kodiak 

Island, Alaska. We predicted baseline and stress-induced levels of corticosterone would 

negatively correlate with productivity.

1.3 Methods
1.3.1 Study location

Chiniak Bay (57°40’N, 152°20’W) is located on the northeast coast o f Kodiak Island 

and is approximately 20km x 20km. Kittiwakes nest on the cliff faces of multiple small 

islands and rock stacks located throughout the bay. During this study, the kittiwake 

population ranged between 9000-12000 pairs nesting among 21 colonies (Kildaw et al., 

2005a; Fig. 1). Kittiwakes surface-feed almost exclusively on forage fishes within a range 

upwards of 60-80km from the colony (Baird. 1994; Daunt et al., 2002; Suryan et al.. 

2000); consequently, we assume birds throughout Chiniak Bay are exposed to the same 

foraging and environmental conditions. Due to logistics and the inaccessibility of many 

of the colonies, we sampled chicks for blood from three colonies in Chiniak Bay: Gibson 
Cove (GC), Gull Island (GU) and Mary Island (MA).
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1.3.2 Productivity
We conducted annual counts of nests and chicks throughout Chiniak Bay to 

determine indices of productivity. We counted nests following the onset of egg laying 

and counted chicks one week prior to the estimated fledge date o f the oldest chicks. 

Following Kildaw et al. (2005a), we defined productivity as the number o f fledglings 

divided by the total number of nests, with nests defined as any patty of nest material with 

a diameter > 10cm on the colony cliff-face, regardless of adult presence. We conducted 

counts from small, motorized skiffs (<25') at distances of approximately 50-150m using 

binoculars, spotting scopes and tally counters. See Buck et al. (2007) for a full 

description of the methods, statistical analyses and results o f kittiwake productivity 

during this study.

1.3.3 Blood sampling procedures
We monitored the nesting activities o f breeding kittiwakes (2002, n= 947 nests; 2003, 

n— 813 nests; 2004. n= 699 nests; 2005, n= 679 nests) on a 4-5 day cycle from nest 

building through chick rearing to determine when eggs were laid and when chicks 

hatched. Differences in the number of nests monitored each year were primarily driven 

by differences in kittiwake productivity among years. When chicks reached 12-15 days 

post-hatch, we accessed three colonies using ladders or climbing ropes and sampled the 

chicks for blood. Due to variation in the productivity of the individual colonies, the 

colonies from which we sampled chicks differed among years. In 2002 and 2003, we 

sampled chicks from nests on Gull Island (2002. n = 6 nests; 2003, n = 9 nests) and Mary



Island (2002, n = 9 nests; 2003, n = 3 nests). In 2004, Gibson Cove was the only colony 

with sufficient productivity to sample (n = 22 nests). In 2005, we sampled chicks from 

Gull Island (/? = 21 nests), Mary Island (n = 19 nests) and Gibson Cove (n = 22 nests).

We sampled chicks for blood using a capture and handling protocol shown to elicit an 

adrenocortical response in wild birds (Wingfield et al., 1992). Briefly, we removed chicks 

from their nest and collected an initial blood sample within three minutes to obtain a 

sample reflective of their baseline corticosterone levels (Romero and Reed, 2005). We 

subsequently collected samples at 10, 30 and 50 minutes post-capture to assess the full 

range of their adrenocortical response to the acute stress of capture and handling 

(Wingfield et al., 1992). For two-chick broods, we sampled both chicks within three 

minutes of removing the first chick from the nest and collected the subsequent three 

samples simultaneously. To obtain the samples, we punctured the alar vein with a 26- 

gauge needle and drew approximately 50pl of blood into heparinized capillary tubes.

After initial collection, we transferred the blood into 1.5ml polyethylene ‘snap-cap? vials, 

which we placed on ice for transport to the laboratory. Between sample collections, we 

held the chicks in shaded, opaque cloth bags. Afterward, we recorded body mass and 

wing chord length of each chick before returning it to its respective nest.

1.3.4 Laboratoiy methods
Within hours of collection, we centrifuged each blood sample, drew off the plasma 

portion using a long-stemmed Pasteur pipette and stored it frozen at -50° C until assayed. 

We measured total plasma concentrations of baseline and stress-induced corticosterone
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using direct radioimmunoassay as described by Wingfield et al. (1992). In summary, we 

added 2000 cpm tritiated corticosterone to 10-25pl aliquots of sample plasma before 

extracting corticosterone from the plasma using re-distilled dichloromethane. We then 

reconstituted the samples in phosphate-buffered saline with gelatin and added labeled 

corticosterone and antiserum to all samples for radioimmunoassay. We used Dextran- 

coated charcoal to absorb corticosterone not bound to antiserum and used the percentage 

o f tritiated corticosterone recovered from each sample to correct final corticosterone 

values (mean recovery was 86%). Assays were run immediately following the season 

samples were collected. In 2002, all samples were run in a single assay. Two assays were 

required for the 2003 samples and five assays each were required for the 2004 and 2005 

samples. Our inter- and intra-assay coefficients of variation were 15% and 8%, 
respectively.

1.3.5 Statistical analyses
Following Buck et al. (2007). we assessed interannual variability of kittiwake 

productivity o f the three sampled colonies using a two-way analysis o f variance 

(ANOVA) with colony-nested-within-year as a blocking factor to account for potential 

inter-colony variability. We used linear regression to assess the relationship between bay- 

wide productivity of Chiniak Bay and productivity of the colonies wherein chicks were 

sampled for blood. For the analyses of chick mass and circulating corticosterone 

concentrations, we considered individual nests as independent sample units. That is, for 

two chick broods, we used the mean mass and corticosterone levels o f junior and senior
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chicks as single values. To assess interannual variability of chick mass, we used a multi

factor ANCOVA with brood size, colony-nested-within-year as blocking factors, and 

wing chord length as a covariate to account for the range in ages of the chicks (12-15d). 

To test for interannual variability of baseline corticosterone levels, we used a multi-factor 

ANOVA with brood size and colony-nested-within-year as blocking factors. We used the 

same model to assess interannual variability of the stress-induced corticosterone levels, 

but added post-capture sampling time as a repeated measure. We used the Tukey-Kramer 

method for all post hoc pairwise multiple comparisons. Productivity and corticosterone 

data were arcsine square root and natural-log transformed, respectively, to meet the 

assumptions of parametric models. We used SAS 9.1 (2003) for all analyses and 

considered results with P-values < 0.05 to be statistically significant. We originally 

included all two-way interaction terms in the analyses but excluded them from the final 

models due to non-significance. Data are presented as means ± SE. All methods herein 

were approved by the University of Alaska Fairbanks Institutional Animal Care and Use 

Committee (1ACUC # 05-43) and authorized under state and federal permits.

1.4 Results
1.4.1 Productivity

Chiniak Bay-wide kittiwake productivity values for 2002-2005 are reported in Buck 

et al. (2007). In summary, mean productivity o f kittiwakes progressively declined during 
the four years of the study. Productivity was highest in 2002 (0.46 ± 0.29 fledglings * 

nest attempt ') then decreased significantly in 2003 (0.25 ± 0.23 chicks * nest attempt"1)
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and again in 2004 (0.01 ± 0.02 fledglings * nest a ttem pt1) before improving slightly, but 

not significantly, in 2005 (0.05 ± 0.09 fledglings * nest a ttem pt1; Fig. 2). The mean 

productivity of the Gull Island, Mary Island and Gibson Cove colonies positively 

correlated with bay-wide productivity (P < 0.001, R2 = 0.90). In these three colonies, 

mean productivity also differed significantly among years (F:,_ !3 = 22.19, P < 0.001). 

Productivity was highest in 2002 (0.89 ± 0.08 fledglings * nest attempt'1) then declined 

slightly, but not significantly, in 2003 (0.73 ±0 .15  fledglings * nest attempt'1), declined 

significantly in 2004 (0.09 ± 0.05 fledglings * nest attempt ') and then recovered slightly 

but not significantly in 2005 (0.16 ± 0.09 fledglings * nest attempt"1).

1.4.2 Chick mass and corticosterone concentrations
The overall effect of year on body mass of chicks was significant (Fism = 2.93, P = 

0.038). However, this result is driven solely by a difference in body mass of chicks in 

2004 and 2005 (2004; 240.49 ± 9.04g; 2005: 204.31 ± 6.18g; P = 0.041; Fig. 3). All other 

differences in body mass by year were not significant (P > 0.05).

The overall effect of year on baseline levels of corticosterone of kittiwake chicks was 

statistically significant ( 1 0 2  = 4.29, P = 0.007). Levels of corticosterone were lowest in 

2002 (3.91 ± 0.71 ng * ml ') and 2003 (3.75 ± 0.35 ng * ml’1) and increased 

incrementally in 2004 (6.90 ± 1.28 ng * m l'1) and 2005 (12.03 ± 1.80 ng * m l'1).

However, comparisons of individual years showed differences between years were only 

significant between 2002 and 2005 (P = 0.003), and between 2003 and 2005 (P = 0.022). 

All other years were statistically indistinguishable (2002 vs. 2003: P = 0.902; 2002 vs.
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2004: P = 0.127; 2003 vs. 2004: P = 0.238; 2004 vs. 2005: P=  0.153; Fig. 4). There was 

a highly significant overall year effect on the mean stress-induced corticosterone levels of 

chicks (/r3 , 103 = 16.60, P < 0.001; Fig. 5). Stress-induced corticosterone levels were 

statistically indistinguishable in 2002 and 2003 (P = 0.698), but increased significantly in 

2004 (2002 vs. 2004: P < 0.001; 2003 vs. 2004: P = 0.002) and remained high in 2005 

(2002 vs. 2005: P < 0.001; 2003 vs. 2005: P < 0.001). Stress-induced levels did not differ 

significantly between 2004 and 2005 (P = 0.189).

The colony-nested-within-year factor was significant in both the baseline and stress- 

induced corticosterone level models (baseline: f 4_ | 02 = 5.47, P < 0.001; stress-induced:

Fa. 103 = 5.75, P < 0.001). Analysis o f levels o f corticosterone by year indicated this effect 

was driven by variation among colonies in 2005. wherein kittiwake chicks at Gull Island 

exhibited higher baseline and stress-induced corticosterone concentrations than o f those 

at Gibson Cove and Mary Island (2005 baseline: F2.5s = 8.12, P < 0.001, GU vs. GC: P = 
0.003, GU vs. MA: P = 0.003; 2005 stress-induced: F2.59 = 13.96, P < 0.001, GU vs. GC: 

P < 0.001, GU vs. MA: P < 0.001). Analyses of all data across 2002-2005, but with that 

o f  Gull Island 2005 excluded, indicated no significant year effect on the levels o f baseline 

corticosterone of chicks in Chiniak Bay ( F 3 ,  X; = 1.43, P  < 0.240). but did not change the 

trend seen above for stress-induced levels o f corticosterone (F 3 .83 = 10.25, P < 0.001). 

Brood size had no significant effect in either the baseline model or stress-induced models 

(baseline: F\_ 102 = 1.40, P = 0.239; stress-induced: F\, 103 = 0.11, P  = 0.742).



1.5 Discussion
We assessed interannual colony productivity o f black-legged kittiwakes and the 

baseline and stress-induced corticosterone levels o f their chicks over four successive 

breeding seasons (2002-2005) in Chiniak Bay, Kodiak Island. Alaska. Kittiwake 

productivity declined moderately from the first to the second year and then dramatically 

in the third and fourth years. Baseline corticosterone levels o f chicks increased in the 

latter two years but differences among years were only statistically significant in the final 

year compared to the first two. Stress-induced corticosterone levels of the chicks were 

similar in the first two years, then increased significantly in the third year and remained 

elevated in the fourth. Our results suggest that the stress-induced corticosterone levels of 

kittiwake chicks are effective indicators of colony productivity in poor years, whereas 

changes in baseline corticosterone levels across years are not as robust and therefore may 
not be as reliable.

The mean productivity levels o f the individual colonies sampled for chicks across 

years were higher than the collective productivity values o f the Chiniak Bay population 

as a whole. This was unavoidable, as logistics, accessibility, and our efforts to obtain 

robust sample sizes dictated the colonies from which we could sample chicks. 

Nonetheless, productivity values of the three sampled colonies were highly and positively 

correlated with the overall bay-wide productivity values across years = 0.90). Thus, 

despite sampling from just three relatively localized colonies, we feel the trends evident 
in our data are indicative of Chiniak Bay as a whole.
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The significantly elevated stress-induced levels of corticosterone observed in chicks 

during the low-productivity years of this study (2004-2005) suggest they were exposed to 

stressful conditions for some period of their lives prior to being sampled (Caggiula et al., 

1989; Kitaysky et al., 1999a; O'Connor et al., 2004). It is likely that poor foraging 

conditions experienced by adults were responsible for the decline in productivity and, for 

adults that did not abandon their reproductive attempts, translated to increased stress- 

induced corticosterone levels in their chicks.

Marine conditions in late 2002 through 2005 were characterized by warmer than 

average sea-surface temperatures (SST) due to persistent El Nino conditions in the 

Pacific (NOAA, 2006; Rodionov et al., 2004). Warmer sea-surface temperatures are 

thought to negatively affect the abundances of populations of kittiwake prey through both 

bottom-up and top-down processes (Anderson and Piatt. 1999; Mackas et al.. 1998; 

Mueter and Norcross, 2000). Historically, warm sea-surface temperature episodes have 

coincided with pronounced decreases in kittiwake abundances in the Gulf of Alaska. The 

strong El Nino event of 1982-83 resulted in widespread mortality of adult kittiwakes off 

the Alaskan coast, apparently due to starvation (Hatch, 1987). Furthermore, Kildaw et al. 

(2005b) noted that in Chiniak Bay the El Nino events of 1982-1983 and 1997-1998 were 

characterized by two years of reproductive failure beginning in the second year of each 

event. Productivity o f kittiwakes in Chiniak Bay during the final two years o f this study 

are among the lowest documented for Chiniak Bay since records were kept in the 1970s 

(Kildaw et al., 2005a). The near reproductive failure of kittiwakes in these years matches 

similarly low productivity values in Chiniak Bay following the El Nino events of the 80s
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and 90s (Kildaw et al., 2005a) and lends further weight to our contention of reduced prey 

availability and/or prey quality during the final years of this study.

The precipitous decline in kittiwake productivity in 2004-2005 coupled with the lack 

of a robust trend in body mass or significant increase in baseline corticosterone values of 

kittiwake chicks in 2004 supports the generally held maxim that as foraging conditions 

deteriorate, brood rearing seabirds are able to buffer their chicks from reduced prey 

abundance (e.g., Burger and Piatt, 1990; Cairns, 1987; Kitaysky et al., 2000; Litzow and 

Piatt, 2003). However, elevated baseline corticosterone values of kittiwake chicks at Gull 

Island in 2005 suggest that not all parents may be willing or able to fully compensate for 

declines in foraging conditions during poor productivity years. Brood rearing in general 

is energetically demanding (Golet and Irons, 1999; Golet et al., 2000) and even more so 

during times of low forage availability (Buck et al., 2007; Kitaysky et al., 1999b). The 

variation in baseline levels of corticosterone of chicks in Chiniak Bay may be attributed 

to heterogeneity of parental quality among individual parents in their ability to 

compensate lor deteriorating foraging conditions (Cam and Monnat, 2000; Coulson and 

Porter, 1985). Alternatively, the elevated levels of corticosterone exhibited by chicks on 

Gull Island in 2005 may have been due to a stressor or stressors specific to that colony of 

which we are unaware. However, all three colonies are within close proximity thus are 

exposed to the same environmental conditions; additionally, we have no anecdotal or 

empirical evidence of predation pressure being any more pronounced at Gull Island than 

at the other two colonies, and the presence of ectoparasites on chicks at Gull Island was 

no more prominent than at Gibson Cove or Mary Island. In fact, the presence of
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ectoparasites on kittiwake chicks in general is relatively rare in Chiniak Bay compared to 

elsewhere in the Gulf o f Alaska (S.D. Kildaw, personal communication). Lastly, 

investigator disturbance was determined to have no significant effect on the total levels of 

corticosterone of chicks at any of the colonies during this period (Brewer et al., In prep.).

The means by which adult kittiwakes compensate for low prey abundance may 

provide an explanation for the lack of a robust trend in levels o f baseline corticosterone 

but consistently elevated acute stress-induced corticosterone levels of the chicks in 2004 

and 2005. Foraging kittiwakes have essentially two options for responding to reduced 

forage availability: intensify effort in their current foraging area or expand their foraging 

range (Kitaysky et al., 2000; Suryan et al., 2000). Both methods result in increased 

foraging duration and, consequently, reduced meal delivery rates for their chicks (Suryan 

et al., 2000; Wanless and Harris, 1992). Theoretically, reduced meal frequency can be 

compensated for through increases in the amount of prey delivered (Wanless and Harris, 

1992). However, Suryan et al. (2002) reported that feeding frequency o f  kittiwakes in 

Prince William Sound. Alaska appeared to be more important to rates o f  chick growth 

and survival than gross daily energy intake in the first two weeks of chick development. 

This could be due to the ontogeny of development of their digestive system. Studies on 

passerines (Caviedes-Vidal and Karasov, 2001) and domestic birds (Obst and Diamond, 

1992) have shown that the digestive efficiency of young chicks is significantly lower than 

that of older chicks due to the ontogeny of the digestive track. Moreover, Suryan et al. 

(2002) and Roby et al. (2000) found that the growth of kittiwake chicks is most limited 
by digestive inefficiency when feeding rates are reduced.
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It is conceivable, then, that in 2004-2005, most parent kittiwakes in Chiniak Bay were 

able to compensate for reduced foraging conditions well enough for 12-15 day-old chicks 

to maintain body mass and baseline corticosterone values approaching those of chicks in 

2002-2003, but that meal delivery rates for early post-natal chicks were not frequent 

enough to prevent nutritional stress. Kittiwake chicks are thought to be able to recover 

from nutritional deficits in a relatively short timeframe. Kitaysky et al. (2006) reported 

that elevated baseline corticosterone levels o f captive red-legged kittiwake chicks (Rissa 
brevirostris) normalized within a week of ending dietary restrictions. Thus, in the current 

study, the baseline corticosterone levels o f energy-limited young chicks may have begun 

to normalize as the chicks gained the ability to assimilate larger portions of prey at once. 

This supposition is supported by baseline corticosterone values of 5-8 day-old kittiwake 

chicks collected for a separate study in Chiniak Bay in 2004 (Brewer et al., unpublished 

data). Chicks in the 5-8d age group exhibited significantly higher baseline corticosterone 

levels than those of 12-15 day-old chicks (5-8d mean: 13.72 ± 2.29 ng * m l '1; F\_ \2 =
8.94, P = 0.0113).

An alternative explanation for the disparity between baseline and stress-induced 

corticosterone levels is that foraging conditions improved prior to sampling in 2004 and 

2005, allowing chicks to gain mass and down-modulate their baseline corticosterone 

levels. Other studies have noted marked effects of intra-seasonal fluctuations in prey 

abundance on the growth rates and survival of kittiwake chicks (e.g., Regehr and 

Montevecchi, 1997; Suryan et al., 2002). However, we feel this is an unlikely factor in
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this study since chicks were sampled continuously across an approximately 30-day 

period, thus integrating the potential effects o f any prey fluctuations during this time.

In conclusion, despite the apparent ability o f most brood-rearing adults to compensate 

for reduced prey abundance, the poor colony-wide productivity of kittiwakes in Chiniak 

Bay in 2004-2005 was reflected in increased magnitude and duration of stress-induced 

corticosterone levels o f their chicks. The results o f this study are o f added significance in 

light o f recent studies by Kitaysky et al. (2003; 2006) regarding the potential long-term 

population consequences o f food-restricted chicks. The authors found that although 

physically chicks recover quickly from dietary restrictions, even moderate elevations in 

corticosterone levels are detrimental to their cognitive development and adversely affect 

their ability to locate food resources as adults. They concluded that the impaired 

cognitive abilities of such birds are a possible mechanistic link between climate 

variability and seabird population declines (Kitaysky et al., 2006). While studies indicate 

that many adult seabirds attempt to buffer their young from declining forage abundance 

(e.g.. Burger and Piatt, 1990; Kitaysky et al., 2000; Litzow and Piatt, 2003; Zador and 

Piatt, 1999), this study suggests that chicks may still experience detrimental physiological 

effects if the adults are not able to maintain frequent enough meal delivery rates of 

adequate nutritional quality during their early developmental stages.

Further studies integrating the measurement of prey quality and quantity, 

provisioning rates, growth rates and circulating corticosterone throughout the first two 

weeks of the development of kittiwake chicks would provide more concrete support for
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what is currently circumstantial evidence for the causal mechanisms o f the results in this 
study.
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Figure 1.1 Locations ( • )  o f 21 black-legged kittiwake breeding colonies within the 
Chiniak Bay study area on Kodiak Island in the western G ulf o f Alaska (57°40’N,
152°20‘W). Kittiwake chicks from the numbered colonies were sampled for blood. 1 
Gibson Cove, 2 = Gull Island, 3 = Mary Island.
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Figure 1.2 Productivity (fledglings * nest a tte m p t1) of black-legged kittiwakes at 21 
colonies in Chiniak Bay, Alaska in 2002-2005. Different letters above the bars indicate 
mean productivity values that are significantly different (P < 0.05). Modified from Buck 
et al. (2007).
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Figure 1.3 Mean body mass (grams ± SE) of 12-15 day-old black-legged kittiwake 
chicks in Chiniak Bay, Alaska in 2002-2005 (2002 n = 15; 2003 n = 12; 2004 n = 22; 
2005 n = 62 ). Different letters above the bars indicate means of mass that are 
significantly different (P < 0.05).
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Figure 1.4 Mean baseline levels of corticosterone (ng*m f1 ± SE) o f 12-15 day-old 
kittiwake chicks in Chiniak Bay, Alaska in 2002-2005 (2002 n = 15; 2003 n = 12; 2004 n 
= 22; 2005 n = 62). Different letters above the bars indicate mean values that are 
significantly different (P < 0.05).
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Figure 1.5 Mean stress-induced corticosterone levels (ng*m1 ± SE) o f 12-15 day-old 
kittiwake chicks in Chiniak Bay, Alaska in 2002 ( • ;  n -  15), 2003 (O ;n  = 12), 2004 (▼; 
n = 22) and 2005 (A ; n = 62). Repeated measures ANOVA indicate values in 2004 and 
2005 are significantly higher than those of 2002 and 2003.



Chapter 2 Effects of status and brood size on concentration of plasma corticosterone 

of free-living black-legged kittiwake chicks (Rissa tridactyla) 1

2.1 Abstract
Vertebrates respond to perceived stressors through increased circulation o f 

glucocorticoids. However, there is considerable variation within and across species in the 

circumstances and degree to which glucocorticoid levels are elevated. We measured 

baseline and acute stress-induced levels of corticosterone (the primary avian 

glucocorticoid) o f free-living, black-legged kittiwake chicks (Rissa tridactyla) across four 

breeding seasons in the northern G ulf o f Alaska. Our objectives were to determine (1) the 

effects of nestling status and brood size on the corticosterone levels of chicks; and (2 ) 

whether effects o f nestling status on corticosterone levels of chicks are determined by 

hatching order or maternal effects during prenatal development. We sampled 12-15 day- 

old chicks from natural broods at three colonies from 2 0 0 2  -  2005 (n = 1 1 1  broods). 

Additionally, in 2005 we manipulated two-egg clutches (n = 9) to control for intra-clutch 

variation in maternal allocation of androgens in developing eggs. Baseline and stress- 

induced levels o f corticosterone did not vary by nestling status or brood size in either the 

natural or manipulated broods. Obtained results suggest the adrenocortical function o f 12- 

15 day-old kittiwake chicks is not affected by nestling status or brood size.
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2.2 Introduction
Vertebrates respond to perceived stressors through increased circulation o f 

glucocorticoids -  steroid hormones released by the hypothalamic pituitary adrenal (HPA) 

axis (reviewed by Sapolsky et al., 2000). However, there is considerable variation within 

and across species in the circumstances and degree to which glucocorticoid levels are 

elevated, especially in the context o f social interactions within and among groups. In 

mammals, subordinate olive baboons (Papio aim bis: Sapolsky, 1992), spotted hyenas 

(Crocuta crocuta: Goymann et al., 2001), and alpine marmots (Marmot a marmot a: 
Hacklander et al., 2003), exhibit higher circulating glucocorticoid levels than dominants. 

In contrast, dominant chimpanzees (Pan troglodytes schweinfurthii: Muller and 

Wrangham, 2004), gray wolves (Cams lupis: Sands and Creel, 2004) and dwarf 

mongooses (Helogale parvula: Creel, 2005) exhibit higher circulating glucocorticoid 

levels than subordinates, and long-tailed macaques (Macaca fascicular is: van Schaik et 

al., 1991), mountain gorillas (Gorillagorilla: Robbins and Czekala, 1997) and tufted 

capuchins (Cebus apella: Lynch et al., 2002) show no detectable differences in 

glucocorticoid levels between dominants and subordinates.

Corticosterone is the primary glucocorticoid in birds (Sturkie, 1986). The majority of 

studies on adult birds have found no differences in circulating corticosterone levels 

between dominants and subordinates in social hierarchies (e.g., dark-eyed juncos (Junco



hyemalis): Holberton et al., 1989; house sparrows (Passer domesticus): Lindstrom et al., 

2005; mountain chickadees (Poecile gambeli): Pravosudov et al., 2003), between 

breeders and non-breeders in cooperatively breeding species (e.g., Harris's hawks 

(Parabuteo unicinctus): Mays et al., 1991; Florida scrub-jays (Aphelocoma 
coerulescens): Schoech et al., 1997; white-browed sparrow weavers (Procepasser 
mahali): Wingfield et al., 1991), or among breeders in optimal vs. suboptimal nest 

locations within a colony (e.g., Magellanic penguins (Spheniscus mageUanicus): Walker 

et al., 2004).

An increasing number o f studies, however, have demonstrated a wide variety o f intra- 

and inter-nest variation in the corticosterone levels of asynchronously hatched chicks. 

Nunez-de la Mora et al. (1996) found that subordinate beta chicks of blue-footed boobies 

(Sula nebouxii) had more than twice the plasma concentration of baseline corticosterone 

levels than dominate alpha chicks and singleton chicks. Conversely, first hatched (alpha 

and beta) chicks had higher levels of baseline corticosterone than later hatched chicks in 

canaries (Serinus canaria: Schwabl, 1999) and American kestrels (Falco sparverius:
Love et al., 2003). Ramos-Fernandez et al. (2000) observed no differences in baseline 

corticosterone levels in blue-footed booby alpha, beta or singleton chicks, and Bias et al. 

(2005) found European white stork chicks (Ciconia ciconia Linnaeus) had no intra-nest 

variation (alphas, betas and gammas equal) but inter-nest comparisons indicated that 

singleton chicks had higher levels o f baseline corticosterone than alpha, beta and gamma 

chicks.
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The classic model o f sibling rivalry holds that the size advantage of an older chick 

allows it to assert its dominance through aggressive behavior and/or by positioning itself 

in the nest so as to obtain a disproportionate share o f food from the parents (Cotton et al., 

1999; Mock and Parker, 1997). The outcome often manifests as significantly elevated 

levels o f circulating corticosterone in the younger chick. This increase in corticosterone 

can either be due to social stress, i.e. a response to the agonistic behavior itself, wherein 

the increase is thought to facilitate subordination in subsequent interactions with the older 

chick (Nunez-de la Mora et al., 1996; although see Vallarino et al., 2006), or simply due 

to reduced food intake and subsequent deterioration in body condition (e.g., Kitaysky et 

al., 2001a; Kitaysky et al., 1999). However, there are a number of ways by which avian 

mothers may mitigate the effects o f hatching asynchrony. For example, in developing 

eggs, greater albumen mass and higher concentrations of maternally derived resources 

such as androgens, carotenoids, and immunoglobulins are known to enhance rates of 

embryological development, post-natal growth and begging in chicks. By increasing the 

amounts of these resources in later-laid eggs within a clutch, mothers may increase the 

fitness o f later-hatched chicks and their competitiveness with older siblings (Eising and 

Groothuis, 2003; Eising et al., 2006; Ferrari et al., 2006; Groothuis et al., 2005; Groothuis 

et al., 2006; Schwabl, 1996; Schwabl et al., 1997).

Given the variation seen among avian species with respect to the adrenocortical 

function of chicks, we set out to determine whether nestling status and brood size affect 

the corticosterone levels o f black-legged kittiwake chicks (Rissa tridactyla; hereafter: 

kittiwake). Kittiwakes are colonial, cliff-nesting seabirds that raise semi-precocial,



asynchronously hatched broods o f 1-3 chicks (Baird, 1994). Chicks are nest-bound and 

therefore rely completely on their parents for food until fledge (Baird, 1994). They have a 

fully functioning HPA axis and respond to food shortages with elevated corticosterone 

levels which lead to increased begging and aggressive behavior (Kitaysky et al., 2003; 

Kitaysky et al., 1999; Kitaysky et al., 2001b). Furthermore, sibling aggression and brood 

reduction are not uncommon (Braun and Hunt, 1983; Roberts and Hatch, 1993). Yet, to 

our knowledge, no study has explored the dynamics of corticosterone levels o f chicks 
within or among nests in a free-living kittiwake colony.

We measured levels o f baseline and acute stress-induced corticosterone in free-living 

kittiwake chicks across four breeding seasons in the northern G ulf o f Alaska. Our 

objective was to determine the effects o f nestling status and brood size on the 

corticosterone levels o f the chicks. Results obtained in the first three seasons indicated 

corticosterone levels were not affected by nestling status or brood size. Additionally, 

concurrent findings by Benowitz-Fredericks (2005) elsewhere in the G ulf o f Alaska 

showed that female kittiwakes transfer greater amounts o f androgens into second-laid 

eggs than first-laid eggs within a clutch. Therefore, in the fourth year o f the study we 

manipulated the clutches o f a subset o f kittiwake nests to control for the laying order o f 

eggs and thereby assess the effect o f younger chicks within a brood not being afforded 

the possible benefit o f elevated levels o f maternal androgens during early development.
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2.3 Methods
2.3.1 Study location

We conducted this study during the breeding seasons o f 2002 - 2005 at three 

kittiwake colonies (Gibson Cove, Gull Island, Mary Island) in Chiniak Bay, Kodiak 

Island, Alaska (N 57° 42.65' W 152° 20.29’). Chiniak Bay is located on the northeast 

coast of Kodiak Island and approximately 20km x 20 km in area. Approximately 10,000 

adult pairs nest among 2 1  colonies located on the cliff faces of multiple small islands and 

rock stacks throughout the bay (Kildaw et al., 2005). Gibson Cove, Gull Island and Mary 

Island averaged 622 ± 54 nesting pairs per colony during the study. These colonies are 

located within the inner portion of the bay and within 12km o f each other (Gibson Cove 

and Gull Island are ca. 1km apart). The foraging range of kittiwakes is upwards of 60- 

80km from the colony (Daunt et al., 2002; Suryan et al., 2000). so we assume birds from 

each colony are exposed to the same environmental and foraging conditions.

2.3.2 Field techniques 
Natural broods
We divided each colony into six plots o f 75-125 numbered nests and documented the 

brood rearing process every 3-4 days from the onset o f egg-laying through the sampling 

o f chicks at 12-15 days post-hatch. We accessed nests at colonies by rappelling down the 

cliff faces on climbing ropes, or using extension ladders to climb up from below. As eggs 

were discovered, they were labeled with their nest number and lay-order in the nest and 

their maximum length and diameter were measured using dial calipers. Egg volume was
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calculated using the formula: volume = 0.487 x length x width2 (Coulson, 1963). During 

subsequent visits, we confirmed that the eggs were present and that they were the 

originally marked eggs. After chicks hatched, we confirmed that the number o f chicks in 

the nest was consistent with the number of eggs documented for the nest, but we did not 

mark or handle the chicks so as to avoid any actions that might be perceived as stressful 

to the chicks and affect their natural adrenocortical response. Again, during subsequent 

visits we confirmed that the nest contents matched those previously recorded. At 12-15 

days post-hatch, we felt confident we were sampling true one- and two-chick broods and 

not brood-reduced singletons or vagrant doubles (e.g., Roberts and Hatch, 1994).
Manipulated broods
We conducted clutch size manipulations of nests on Gull Island in 2005. Methods 

were the same as for the natural broods from egg-laying through the onset o f hatch. Once 

eggs began the hatching process, we initiated the clutch manipulations. To control for 

parental quality, we used only two-egg clutches. Each manipulated clutch resulted in one 

o f three scenarios: 1 ) a two-egg clutch containing eggs that were first-laid eggs in their 

original nests; 2 ) a two-egg clutch containing eggs that were second-laid eggs in their 

original nests; or 3) a single-egg clutch containing the first-laid egg o f a two-egg clutch 

(the second-laid egg having been removed). A logical fourth option would have been a 

second group o f single-egg nests containing only the second-laid egg o f the clutch; 

however, generally low productivity in Chiniak Bay resulted in too few two-egg clutches 

to create this last group. Control groups consisted of natural one- and two-egg clutches in 
the three study colonies.



Our goal was to maintain the hatching asynchrony present in natural nests; therefore, 

we only created manipulated two-egg clutches when the eggs of two nests were both at 

the appropriate hatch stages. The mean hatching duration from crack to hatch in 

kittiwakes is approximately 3.3 days and the interval between the first and second eggs 

hatching is approximately 1.3 days (Baird, 1994). We documented the hatching process 

as four stages: ( 1 ) starpip, the first sign o f hatch when a small, star-shaped fracture 

appears ca. 3 days prior to hatch; (2) multi-starpip, when multiple starpips appear across 

the egg ca. 2 days prior to hatch; (3) holepip, when a small hole appears in the egg and 

the chick’s bill can be seen, approximately 1 day prior to hatch; (4) hatching, when the 

egg is completely fractured and the chick is maneuvering its way out of the egg on the 

day of full hatch. For example, when the first-laid egg o f a nest (e.g., ‘nest one') was at 

the holepip stage and the first laid egg of a second nest (e.g., ‘nest tw o’) was at the multi- 

starpip stage, we performed the clutch manipulation. In each instance, we traded the 

second-laid egg in ‘nest one’ for the first-laid egg in ‘nest tw o’, thereby leaving the older, 

holepipped egg in its original nest. This resulted in two manipulated two-egg clutches: an 

AA clutch (‘nest one’) and a BB clutch ( ‘nest tw o’). In cases where the first egg of a two- 

egg clutch reached the holepip stage and no other nest contained eggs at the appropriate 

hatching stage, we randomly assigned the nest as either a manipulated single-egg nest (SA 

clutch), in which case we simply removed the second-laid egg, or as a natural two-egg 
clutch (AB clutch) which was left alone.

For ease o f reference, we used the following nomenclature to refer to the nests and 

each chick’s status therein. AA broods contained two chicks hatched from eggs that were
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the first laid in their original nest, the elder we referred to as the AA.A chick and the 

younger the AA.B chick. The chicks o f BB broods were from eggs that were the second 

laid in their original nest, and we referred to them in the same manner as AA broods, but 

with the BB prefix (i.e. BB.A, BB.B). Lastly, chicks o f the Sa broods were also from the 

first-laid egg in their nests but we simply referred to them as SA chicks. We referred to 

chicks from the natural one- (S) and two-chick (AB) broods as S and A or B, 

respectively. Unlike with the natural broods, once the older chicks hatched we marked 

their heads using a waterproof, nontoxic marker. We deemed this necessary in order to 

determine which sibling remained in the event of either brood reduction or predation. We 

did not actually handle the chicks when marking them and did not notice any overt 

reactions to the marking process. As with the natural broods, upon hatch of the chicks we 

monitored the nests every three days and then sampled chicks for blood at 1 0 - 1 2  days 
post-hatch.

2.3.3 Blood collection and hormone assays
Approximately 12 days post-hatch of the second chick (or 12-15d for single chicks), 

we subjected chicks to a capture and handling acute-stressor protocol shown to 

consistently elicit an adrenocortical response in wild birds (Wingfield et al., 1992). 

Briefly, we removed both chicks from the nest and sampled them for blood (~ 50 |al) 

within three minutes of initial capture, and again at 10, 30, and 50 minutes post-capture. 

We punctured the alar vein with a 26-gauge needle and collected the blood into 

heparinized Natelson tubes. After initial collection, we transferred the blood into 1,5ml
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polyethylene ‘snap-cap’ vials, which we placed on ice for transport to the lab. Between 

sample collections, we held the chicks in shaded, opaque cloth bags. Collecting the initial 

blood sample from chicks within three minutes allowed us to obtain a sample reflective 

o f their basal corticosterone levels (Romero and Reed, 2005). The subsequent serially 

collected samples provided a suitable timeframe to allow us to assess the full range o f 

their adrenocortical response to an acute stressor (Wingfield et al., 1992). After blood 

collection, we recorded the body mass and wing chord length of each chick and returned 

it to its respective nest. Within hours o f collection, we centrifuged the samples, drew off 

the plasma portion using a long-stemmed Pasteur pipette, and stored it frozen at -50° C 
until assayed for corticosterone concentration.

We determined total corticosterone concentrations via direct radioimmunoassay 

(Wingfield et al., 1992) at the end of each field season. In summary, we added 2000 cpm 

tritiated corticosterone to 10-25 pi aliquots o f sample plasma before extracting 

corticosterone from the plasma using re-distilled dichloromethane. We then reconstituted 

the samples in phosphate-buffered saline with gelatin and added labeled corticosterone 

and antiserum to all samples for radioimmunoassay. We used Dextran-coated charcoal to 

absorb corticosterone not bound to antiserum and used the percentage o f tritiated 

corticosterone recovered from each sample to correct final corticosterone values (mean 

recovery was 8 6 %). In 2002, all samples were run in a single assay. Two assays were 

required for the 2003 samples and five assays each were required for the 2004 and 2005 

samples. Samples from the manipulated brood portion o f the study were randomly
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distributed among assays in 2005. Our inter- and intra-assay coefficients of variation 
were 15% and 8 %, respectively.

All methods in this study were approved by the University of Alaska Fairbanks 

Institutional Animal Care and Use Committee (assurance # 05-43) and authorized under 
state and federal permits.

2.3.4 Statistical analyses
We analyzed the effect of status on egg volume, chick body mass and corticosterone 

concentration using linear mixed models (MIXED procedure; SAS, 2003) and used the 

Tukey-Kramer pair-wise comparison method to perform post-hoc status comparisons. For 

egg volume, the model included status, year and colony-nested-within-year as fixed- 

effects parameters, and nest ID as a random-effects parameter. For chick mass, the model 

included status, year and colony-nested-within-year as fixed-effects parameters, wing 

chord as a covariate, and nest ID as a random-effects parameter. Data transformations 

were not required to meet the assumptions of the models.

We analyzed baseline and stress-induced levels o f corticosterone separately. The 

models were the same for each, except sampling-time-post-capture was added as a 

repeated measure in the stress-induced model. We analyzed the natural and manipulated 

broods both separately and combined. The models for the natural brood analyses included 

status, year and colony-nested-within-year as fixed-effects parameters, sampling date as a 
covariate, and nest ID as a random-effects parameter. The models for the manipulated 

brood analyses included status as a fixed-effects parameter, sampling date as a covariate



and nest ID as a random-effects parameter. We only analyzed the 2005 data in the 

combined models. This was done to reduce the number of factors necessary for inclusion 

in the models in light o f the relatively low sample sizes o f the manipulated broods. The 

factors included were status-nested-within-colony and colony as fixed-effects parameters, 

sampling date as a covariate, and nest ID as a random-effects parameter. All o f the 

corticosterone data required natural-log transformations to meet the assumption o f 
normality for parametric tests.

All two-way interactions were initially included in the analyses o f egg volume, chick 

mass and corticosterone levels but were subsequently removed due to non-significance. 

Including nest ID as a random-effects parameter in the models allowed us to compare egg 

volumes, chick masses and corticosterone levels within and among nests while 

accounting for the inherent interdependence of siblings within the same nest. Within- 

brood comparisons of corticosterone concentration allowed us to test the effects of status 

o f chicks in natural and manipulated broods. Among-brood comparisons of 

concentrations o f corticosterone allowed us to test the effects o f brood size in natural and 

manipulated nests. We considered results with P-values < 0.05 to be statistically 
significant.

2.4 Results
2 .4.1 Natural broods

We sampled 53 alpha, 53 beta, and 58 singleton kittiwake chicks across four years 

(2002-2005) from three colonies (Gibson Cove, Gull Island and Mary Island).



Interestingly, Gull Island produced two three-chick broods in 2002. We have included the 

corticosterone data from these broods as an inset in Figure 2 as reference due to the 

relative rarity o f such occurrences in Chiniak Bay. These data were not included in any of 

the statistical analyses. All data are presented as means ± SE.
In general, egg volumes of natural broods in 2002 were larger than those o f the 

following three years of the study (Fit 3m = 5.88, P<  0.001; 2002 > 2003: P = 0.019;

2002 > 2004: P = 0.003; 2002 > 2005: P = 0.002), while egg volume in the latter three 

years did not differ significantly from each other (P > 0.05). Egg volumes varied 

differently by status each year (status: Fx 319 = 41.03, P  < 0.001; status * year: F 6 , 319 = 

2.53, P = 0.021). In 2002, first laid eggs of two-egg clutches were larger than second-laid 

eggs and eggs from single-egg clutches were statistically indistinguishable from both 

eggs of two-egg clutches (F 2, 58 = 4.25, P = 0.019; A > B: P = 0.020; A = S: P = 0.323; B 

= S: P = 0.921). In 2003, first-laid eggs from two-egg clutches were larger than both 

second-laid eggs and eggs from single-egg clutches, while the latter two were statistically 

indistinguishable (F2,66 = 28.69, P < 0.001; A > B: P<  0.001; A > S: P = 0.006; B = S:

P = 0.962). Egg volumes in 2004 showed the same pattern as in 2002 (F2,25 -  19.96, P < 
0.001; A > B: P < 0.001; A = S: P = 0.550; B = S: P = 0.191). In 2005, second-laid eggs 

from two-egg clutches were smaller than both first-laid eggs and eggs from single-egg 

clutches, with the latter two being o f similar size (F2, 81 = 19.64, P < 0.001; A > B: P < 
0.001; A = S:P  = 0.428; B < S: P = 0.008).

However, the differences in egg volumes did not translate to differences in body 

condition of the chicks as determined by mass and wing chord measurements. Chicks
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tended to be heaviest in 2002 and lightest in 2005 (2002: 262.88 ± 27.51 g; 2003: 234.95 

± 17.69 g; 2004: 236.68 ± 8.52 g; 2005: 207.25 ± 5.78 g), with alpha chicks tending to be 

heaviest, followed by singleton chicks and beta chicks (a = 251.06 ± 7.52 g; s = 213.17 ±

8.05 g; R = 197.49 ± 8.61 g; Fig.l); however, these differences were not statistically 

significant with the inclusion of wing chord as a covariate to account for the age o f the 

chicks (year: ^ 3, 44 = 2.38, P = 0.083; status: Fj.aa = 0.87, P = 0.426). Mass o f chicks did 

not vary by colony (Fi, 44 = 1 -35, P = 0.270), nor was there any interaction between year 
and status of chicks (F5j 44 = 1.43, P = 0.231).

Neither baseline nor stress-induced levels of corticosterone differed significantly 

between alpha, beta or singleton chicks during the four years o f the study (baseline: F2 , 61 

= 0.59, P = 0.558; stress-induced: /•’2, 534 = 0.14. P = 0.871; Fig. 2). Overall, 

corticosterone values varied significantly across years (see Brewer et al., In prep, for 

discussion), but there was no interaction effect o f year and status (status*year: baseline 

/•'s, 57 = 0.29, P = 0.918; stress-induced Fst 530 = 0.76, P = 0.576). Nonetheless, 

productivity at the three sampled colonies declined in a stepwise fashion throughout the 

study, suggesting deteriorating environmental and/or feeding conditions (Buck et al., 

2007), so we analyzed each year o f the study individually to see whether effects o f 

nestling status or brood size would be evident at a finer resolution. Still, we found no 

effect (2002: baseline F2, 9 = 0.27, P=  0.767; stress-induced F2. 75 = 0.33, P=  0.719;

2003: baseline F2, 13 = 0.04, P = 0.962; stress-induced F2. 74 = 0.51, P  = 0.603; 2004: 

baseline F2.» = 0.25, P = 0.781; stress-induced F2, 104 = 0.61, P = 0.548; 2005: baseline 

F2,27 =  0.62, P =  0.547; stress-induced /■ 2 . 277 = 0.78, P =  0.458; Fig. 3). There was no
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apparent status-by-colony interaction effect across years either. In 2002, we sampled 

chicks from Gull Island and Mary Island (status*colony: baseline F 2 , 8 = 0.18, P  = 0.839; 

stress-induced F 2 , 74 =  0.15, P  =  0.862). In 2003, we again sampled chicks from Gull 

Island and Mary Island. Unfortunately, we ended up with only two-chick broods from 

Gull Island and one-chick broods from Mary Island; thus, we were not able to include 

colony as a factor during this year. However, given that there was no effect o f colony on 

levels of corticosterone in 2002 or 2005 (see below), we retained these data in our 

analyses. In 2004, Gibson Cove was the only colony to produce enough intact broods to 

for us to sample; therefore, we did not include colony as a factor in this year either. 

Finally, in 2005, we sampled chicks from all three colonies and found no significant 

status-by-colony interaction (baseline f 4,25 = 1.81, P  = 0.159; stress-induced F 4,275 =
2.07, P = 0.085).

2.4.2 Manipulated broods
Only three each of the AA, S a , and BB broods survived to the sampling age o f 1 2  

days. In all but two cases, the nests were simply found empty and we assumed the nests 

were predated. Manipulated and natural broods disappeared at approximately the same 

rate. The overall survival time of chicks o f both was approximately 6  days (± 2.5 days).

In one manipulated nest, we found only a chick’s leg remaining and we have video 

evidence that at least one peregrine falcon repeatedly preyed upon chicks at this colony.

In the other two cases, a single chick remained in the nest. In the first, the older of the 

two chicks remained but we cannot be certain if this was due to brood reduction or
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coincidental predation of the junior chick. In the second, the younger o f the two chicks 

remained in the nest and the older was found on the ground below the nest almost dead. 

The younger chick was noticeably smaller than the older and neither chick displayed any 
outward signs o f having been pecked at by its sibling.

The manipulated broods that did survive appeared very similar to natural broods with 

respect to the mass-status relationship and baseline and stress-induced plasma 

corticosterone concentrations. There was no status effect on egg volume (AA & SA 

broods: F2,2 = 0.07, P = 0.938; BB broods: F\ 2 = 0.31, P  = 0.636), and although the 

mass o f chicks varied by status, the differences were not statistically significant when 

wing chord was included as a covariate to account for the age of the chicks (F4_4 = 3.90, 

P = 0.108; Fig. 4). Likewise, there was no significant status effect on either the baseline 

or stress-induced corticosterone levels o f the manipulated broods alone (baseline: F 4,3 = 

1.80, P = 0.328; stress-induced: 34 = 1.01, P = 0.417; Fig. 5), or with the manipulated

and natural broods combined (baseline: F 7,26 = 0.94, P = 0.493; stress-induced: F 7 i 3 22 =
1.38, P = 0.215).

2.5 Discussion
We sampled free-living 12-15 day-old black-legged kittiwake chicks across four 

breeding seasons (2002-2005) to determine whether circulating corticosterone values 

vary in relation to nestling status and brood size. Despite apparent variability in breeding 

conditions and differences across years in overall corticosterone levels (Brewer et al., In 

prep.; Buck et al., 2007), we found no effects o f status or brood size on the baseline or



stress-induced corticosterone concentrations of the kittiwake chicks in this study. While 

this is not necessarily surprising in i ts e lf -  the other published studies we are aware o f 

comparing corticosterone levels o f non-manipulated, non-obligately siblicidal seabird 

chicks found contrasting results (Nunez-de la Mora et al., 1996; Ramos-Femandez et al., 

2000) -  it is interesting that even during the final two years o f the study, when kittiwake 

productivity was very low and presumably food availability was limited (Buck et al., 

2007), there were still no apparent affects o f brood size or status on the corticosterone 

levels o f the chicks. It is thought that under such conditions the effects o f brood 

hierarchies become most pronounced -  wherein the senior chick dominates the junior 

chick and receives the majority o f available food (Braun and Hunt, 1983; Cotton et al., 

1999; Mock and Parker, 1997; Ploger and Mock, 1986) -  and lower-quality parents are 

less able to adequately provision their young (e.g.. Bias et al., 2005). Thus, we would 

have expected to find some indication of disparity in corticosterone levels within or 

among nests. Here we explore the potential factors that might contribute to this lack o f 
variation.

Due to low productivity o f kittiwakes in 2005, we were unable to collect eggs to 

measure potential intra-clutch variations in levels o f maternal resource input during our 

study (e.g., see Eising and Groothuis, 2003; Eising et al., 2006; Ferrari et al., 2006; 

Groothuis et al., 2005; Groothuis et al., 2006; Schwabl et al., 1997). However, Benowitz- 

Fredericks (2005) demonstrated that female kittiwakes transfer significantly greater 

amounts of androgens to second-laid eggs than first-laid eggs within a clutch. Higher 

concentrations o f maternally derived androgens are generally thought to ameliorate the



effects o f hatching asynchrony by increasing the rates o f embryonic development and 

post-hatch growth and begging (Eising and Groothuis, 2003; Groothuis and Schwabl, 

2002; Schwabl, 1996). Increased competitiveness due to the greater influx of maternal 

androgens during early development could conceivably allow beta chicks to gain enough 

resources to maintain body conditions comparable to their older siblings, as seen in the 

current study. This should then keep circulating corticosterone levels similar to those o f 

the alpha and singleton chicks.

We manipulated two-egg clutches to construct broods o f two first-laid eggs o f 

asynchronously hatched chicks with presumably equivalent levels of maternal androgens. 

This allowed us to determine the effect o f the second chick not being afforded the benefit 

o f increased androgens during development. In the manipulated broods, senior chicks 

maintained a mass advantage over their junior nest mate; however, as in the natural 

broods, once the age of the chicks was accounted for, the differences in mass were not 

significant, indicating that the chicks were of comparable body condition. Similarly, there 

were no significant differences in baseline or stress-induced corticosterone levels 

between the junior and senior chicks. These results suggest that, in this case, the laying 

order o f eggs within a clutch was not a significant factor in the lack o f variation in 
concentrations o f corticosterone.

Consequently, we direct our attention to parental quality. In many seabird species 

inexperienced parents have generally lower levels o f breeding success than experienced 

parents (Angelier et al., 2006; Cam and Monnat, 2000; Coulson and Porter, 1985; Hamer 

and Furness, 1991; Michel et al., 2003; Weimerskirch, 1990; W ooller et al., 1990). In
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kittiwakes, Coulson (1966) found that breeding pairs that lay single-egg clutches are 

typically inexperienced breeders. Additionally, Coulson and Porter (1985) found that 

inexperienced, low-quality parents typically lay smaller sized clutches with lower 

hatching rates and their chicks experience slower growth rates and lower fledging 

weights compared to those of more experienced, higher-quality parents. Following Bias 

et al. (2005), we expected heterogeneity of parental quality to manifest itself in the form 

o f inter-nest variation in corticosterone levels of chicks. That this did not occur may be 

the result of the lower quality parents failing early in their reproductive attempts or 

choosing not to breed at all. Suryan et al. (2006) suggest that parent kittiwakes may be 

able to judge feeding conditions prior to the hatch o f chicks and subsequently choose 

whether to put forth the considerable amount o f energy required to raise a brood (Golet 

and Irons, 1999; Golet et al., 2000). Seabirds are thought to be able to buffer their young 

from unfavorable foraging conditions (e.g., Burger and Piatt, 1990; Cairns, 1987; 

Kitaysky et al., 2000; Litzow and Piatt, 2003), but if the energetic costs o f buffering their 

chicks are deemed to be too high, some parents may not alter their foraging efforts, or 

may decide to forgo breeding altogether, in favor o f long-term survival (Cam et al., 1998; 

Golet et al., 2000; Golet et al., 1998; Jodice et al., 2006). In our case, this would mean 

that only higher quality parents -  i.e., the most economical foragers -  would have intact 

broods at the time o f sampling. Indeed, such a scenario would not necessarily be limited 

to the latter two years o f our study when foraging conditions were thought to be poor. It 

is possible that in all years the only broods still intact and available for sampling by 12-15 

days post-hatch were those that belonged to parents with the ability to sufficiently
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provision their respective number o f chicks. Braun and Hunt (1983) determined that the 

dominance hierarchy in black-legged kittiwakes is established within 24 hours o f hatch o f 

the second chick and siblicide usually occurs within the first eight days. Thus, by two 

weeks post-hatch it can be surmised that an intact brood will remain so and the chicks are 

likely being provisioned well enough to prevent the onset o f physiological stress.

In conclusion, we found no inter- or intra-nest variation in the baseline and stress- 

induced levels o f corticosterone in 12-15 day-old black-legged kittiwake chicks. We 

sampled chicks across four breeding seasons of steadily declining kittiwake productivity 

and found similar results in each year. Furthermore, our manipulated brood experiment, 

intended to control for the potential effects o f maternal androgens on the corticosterone 

values o f junior chicks, resulted in the same outcome. While this suggests maternal 

androgens do not affect the corticosterone values o f nestling kittiwakes, our sample sizes 

for this experiment were very low and the standard errors in our results were relatively 

large. Further studies should be conducted with more robust sample sizes before 

conclusively ruling out any effects of maternal androgens. Additionally, concurrent data 

on maternal resource allocation in eggs from the colony being studied would also allow 

stronger conclusions. Finally, samples o f corticosterone levels o f chicks from multiple 

age classes may provide some insight as to whether the results found herein are consistent 

throughout the ontogeny o f kittiwake chicks.
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Chick Status

Figure 2.1 Mean body mass o f black-legged kittiwake chicks (grams + SE) o f pooled 
natural broods in 2002 - 2005 in Chiniak Bay, Alaska. Mass of chicks did not vary by 
status when wing chord length was included as a covariate to account for the age of the 
chicks (F2, 44 = 0.87, P = 0.4264).
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Figure 2.2 Log-transformed mean baseline (< 3 minutes post-capture) and stress-induced 
corticosterone concentrations (ng*m f1 ± SE) o f pooled natural-brood black-legged 
kittiwake chicks in 2002 - 2005 in Chiniak Bay, Alaska. Status had no significant effect 
on baseline or stress-induced corticosterone levels (baseline: F2,(,\ = 0 .5 9 , P=  0.5581; 
stress-induced: F 2 .534 = 0.14, P=  0.8714).
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Figure 2.3 Log-transformed mean baseline (< 3 minutes post-capture) and stress-induced 
corticosterone concentrations (ng*ml‘' ± SE) o f natural-brood black-legged kittiwake 
chicks, grouped by year, in Chiniak Bay, Alaska. Status had no significant effect on 
baseline or stress-induced corticosterone levels in any year (P > 0.05). Inset figure is log- 
transformed mean baseline and stress-induced corticosterone concentrations o f two three- 
chick broods, a rarity in Chiniak Bay, sampled in 2002 (Alphas • ,  Betas V, Gammas ■).
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Figure 2.4 Mean body mass (grams + SE) of black-legged kittiwake chicks o f 
manipulated and natural-broods in 2005. Mass of chicks did not vary by status when 
wing chord length was included as a covariate to account for the age o f the chicks (P > 
0.05).
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Figure 2.5 Log-transformed mean baseline (< 3 minutes post-capture) and stress-induced 
corticosterone concentrations (ng/ml ± SE) o f black-legged kittiwake chicks in 
manipulated-brood chicks in 2005. Status had no significant effect on baseline or stress- 
induced corticosterone levels (P < 0.05)
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Chapter 3 Investigator disturbance effects on baseline and stress-induced 

corticosterone concentrations of black-legged kittiwake chicks (Rissa tridactyla)'

3.1 Abstract
Recent studies indicate young seabird chicks exposed to relatively short periods o f 

consistently elevated levels of plasma corticosterone may suffer lifelong cognitive 

impairment detrimental to their survivorship and fitness as adults. We examined the 

effects o f investigator disturbance on the baseline and acute stress-induced levels of 

plasma corticosterone o f black-legged kittiwake chicks (Rissa tridactyla) as part o f a 

seabird productivity study in Chiniak Bay, Kodiak Island, Alaska in 2005. Kittiwake 

chicks were assigned to one o f 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 (controls). At 12-15 days post-hatch, all chicks 

were sampled for blood for later determination o f baseline and stress-induced 

concentrations o f corticosterone using radioimmunoassay. We found no significant 

differences in either baseline or stress-induced levels o f corticosterone among the three 

disturbance treatments. The results o f this study suggest that black-legged kittiwake 

chicks do not perceive investigator disturbance as a stressor; however, future studies in 

different locales should proceed with caution as sampling protocols and environmental

1 P repared  for su bm ission  to the Journal o f  F ie ld  O rn ith o lo gy  as B rew er, J. H ., O ’R eilly , K. M ., B uck, C. L. 

Investiga to r d is tu rban ce  effects  on baselin e  and stre ss-ind uced  co rtico ste ro ne  co n cen tra tio ns  o f  b lack 

leg ged  k ittiw ake ch icks (Rissa tridactyla).
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conditions may differ, potentially causing chicks to perceive disturbances differently as 

well.

Keywords: corticosterone, investigator disturbance, nestlings, chicks, kittiwakes, Rissa 
tridactyla

3.2 Introduction
Seabirds are widely regarded as effective biological indicators o f marine ecosystems 

because their productivity is sensitive to changes in the environment at multiple spatial 

and temporal scales (Aebischer et al., 1990; Cairns, 1987; Furness and Camphuysen, 

1997; Montevecchi and Myers, 1997; Springer et al., 1996; Thompson and Ollason,

2001; Veit et al., 1996). As such, seabird productivity is often promoted as a proxy for 

detecting events such as changes in abundances of ecologically or commercially 

important fish populations (Barrett and Krasnov, 1996; Harris and Wanless, 1990; 

Montevecchi and Myers, 1995; Montevecchi and Myers, 1997), the impacts o f pollution 

in marine systems (Bustnes et al., 2003; Furness and Camphuysen, 1997), or the effects 

on marine systems o f changing climatic conditions (Buck et al., 2007; Diamond and 

Devlin, 2003; Gjerdrum et al., 2003; Inchausti et al., 2003; Kitaysky and Golubova, 

2000; Parrish and Zador, 2003; Weimerskirch et al., 2003; Wilson et al., 2001). In each 

case, changes in the reproductive success of seabirds can portend impacts on, or changes 

in, their breeding and foraging habitat -  both locally and on a broad scale (Inchausti et



al., 2003; Kitaysky et al., 2000; Montevecchi and Myers, 1995; Montevecchi and Myers, 

1997).

Seabird productivity is typically assessed through measurement o f a suite o f 

reproductive parameters including; colony attendance, egg volume and clutch size, 

hatching success, growth rates of chicks, regurgitation rates of chicks, and fledging 

success (e.g., Coulson and Porter, 1985; Golet et al., 2000; Hall and Kress, 2004; Hunt et 

al., 1986; Kildaw et al., 2005b). While some o f these data can be collected using 

binoculars or spotting scopes with little or no disturbance o f a breeding colony, 

measuring parameters such as egg volume and growth rates o f 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, 

the timing during the breeding cycle o f the disturbance, and the frequency of the 

disturbance (Gotmark, 1992). Additionally, certain populations may be more accustomed 

to human presence and, therefore, more tolerant of investigator intrusions into a colony 

(Nisbet, 2000). In past studies conducted specifically to assess the affects of investigator 

disturbance, repeated disturbance during the incubation and chick rearing stages reduced 

the breeding success o f 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 (Pygoscelis adeliae; Giese, 1996), did not have a significant 

impact on that o f Gould’s petrels (Pterodroma leucoptera; O 'Dwyer et al., 2006) or 

roseate terns (Sterna dougallir, Nisbet, 2000), and had equivocal, but negligible, effects 

on black-legged kittiwakes (Rissa tridactyla; Sandvik and Barrett, 2001). Given this
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variation among avian species, 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 o f considering the physiological consequences o f 

anthropogenic disturbances in addition to customary reproductive metrics such as 

hatching success or fledging success has become evident (e.g., Fowler, 1999; Muller et 

al., 2006; Mullner et al., 2004; Nephew et al., 2003; Walker et al., 2005; W alker et al., 

2006). Avian species react to unpredictable stressors (e.g. increased predation pressure, 

food limitation, and possibly human disturbance; Frid and Dill, 2002) by increasing 

circulating plasma concentrations of the adrenal hormone corticosterone (Romero, 2002; 

Sapolsky et al., 2000; Wingfield et al., 1998). Referred to broadly as the adrenocortical-, 

adrenal-, or stress-response, acute increases of corticosterone benefit the individual by 

facilitating behavioral and physiological processes that allow maintenance of energetic 

homeostasis while withstanding or avoiding a given stressor. Conversely, chronic (i.e., 

days to weeks) increases resulting from prolonged or repeated stressors can be 

detrimental to the individual, leading to impaired immune function, suppression o f the 

reproductive system and associated reproductive behavior, severe muscle loss and 

neuronal cell death (Johnson et al., 1992; Sapolsky et al., 2000; Wingfield and Kitaysky, 

2002; Wingfield et al., 1998). However, recent studies have demonstrated that the 

behavioral and physiological responses to disturbance stressors may be regulated 

independently; thus, an individual's apparent lack of a behavioral reaction to a 

disturbance may belie its physiological response, or vice versa (Muller et al., 2006;
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Nephew et al., 2003; Weimerskirch et al., 2002). Furthermore, detrimental effects o f 

chronically elevated corticosterone may not arise until well after a disturbance occurs 

(Johnson et al., 1992). This is especially true with neonatal young (e.g., Collette et al., 

2000; Gil et al., 2004; Kitaysky et al., 2003; Pravosudov, 2003). Kitaysky et al. (2003) 

demonstrated that even relatively short periods (~ 1 week) of chronically elevated levels 

of corticosterone in black-legged kittiwake chicks led to impaired cognitive abilities later 

in life. The authors found similar results with red-legged kittiwake (Rissa brevirostris) 

chicks and posited the cognitive impairment as a mechanism for reduced survivorship 

and fitness and, consequently, population decline (Kitaysky et al., 2006). Given this, it is 

conceivable that repeated capture and handling o f seabird chicks, characteristic of growth 

rate and productivity studies, could lead to long-term decreases in recruitment and 

eventual declines in local populations being studied.

Here, we set out to determine whether the disturbance caused by repeatedly accessing 

a black-legged kittiwake colony, and measuring the growth rates o f the chicks therein, 

elicited elevated levels of plasma corticosterone in the chicks. In conjunction with a 

seabird productivity study (see Kildaw et al., 2005b), we assessed the baseline and stress- 

induced plasma corticosterone concentrations of three groups of free-living kittiwake 

chicks: a handled group, a disturbed but not handled group, and a control group. Our 

objectives were twofold: to determine ( 1 ) whether investigator disturbance affects the 

baseline and stress-induced levels o f corticosterone of the chicks; and, if so, (2 ) whether 

investigator disturbance in the colony alone affects the corticosterone concentrations o f
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the chicks, or if actual handling o f the chicks is necessary to affect their levels o f 

corticosterone.

3.3 Methods
S. 3.1 Study location and species

We conducted this study in 2005 at three black-legged kittiwake colonies (Gibson 

Cove, Gull Island and Mary Island) in Chiniak Bay, Kodiak Island, Alaska (N 57° 42.65’ 

W 152° 20.29’; Fig 1). The colonies averaged approximately 622 ± 54 nesting pairs per 

colony and are located within 12km o f each other (Gibson Cove and Gull Island are ca. 

lkm  apart).

Black-legged kittiwakes (hereafter: kittiwakes) are colonial, cliff-nesting seabirds that 

typically raise a single brood o f 1-2 chicks per season in Chiniak Bay (Baird, 1994). 

Chicks are semi-precocial, nest-bound until they fledge (Baird. 1994), and respond to the 

stressor of capture and handling with increased levels of circulating plasma 

corticosterone (e.g., Fridinger et al., 2007; Kitaysky et al., 2003; Kitaysky et al., 1999; 

Kitaysky et al., 2001b).

3.3.2 Field techniques
We monitored the nesting activities o f kittiwakes in established ‘access plots’ as 

described by Kildaw et al. (2005b). Briefly, plots consisted o f approximately 85 (± 29) 

uniquely numbered nests in each colony. Demarcation o f the plots were primarily 

determined by geographic features or natural contours o f the colony cliffs such that



multiple plots in each colony are visually isolated from the others but exposed to similar 

environmental conditions. Nests in plots used as controls were only monitored from afar 

using binoculars or spotting scopes. The remaining plots were designated as treatment 

plots. We accessed the 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 o f chicks, we randomly assigned each nest in the treatment plots to one of 

two disturbance treatments: ‘handled’ or ‘disturbed but not handled’ (hereafter: 

‘disturbed’). Once chicks hatched, we accessed the treatment plots every four days to 

measure the body mass and wing chord length o f all o f the chicks in the ‘handled’ nests. 

Chicks in the ‘disturbed’ nests were adjacent to climbing activities, but were never 

contacted during visits to the colonies. We sampled chicks from all treatments for blood 

at 12-15 days post hatch. 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 investigator presence was during blood sampling. Each colony 

had two control plots and two treatment plots.

3.3.3 Blood collection and hormone assays
We subjected chicks to an acute-stressor protocol shown to consistently elicit an 

adrenocortical response in wild birds (W ingfield et al., 1992). Briefly, we removed chicks 

from the nest and sampled them for blood (~ 50 pi) within three minutes o f initial 

capture, and again at 10, 30, and 50 minutes post-capture. For two-chick broods, we
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sampled both chicks within three minutes 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 into heparinized capillary tubes. After initial collection, 

we transferred the blood into 1.5ml polyethylene ‘snap-cap’ vials, placed them on ice and 

transported them to the lab. Between sample collections we held the chicks in shaded, 

opaque cloth bags. Collecting the initial blood sample from chicks within three minutes 

allowed us to obtain a sample reflective o f their basal corticosterone levels (Romero and 

Reed, 2005). The subsequent serially collected samples provided a suitable timeframe to 

allow us to assess the full range of their adrenocortical response to an acute stressor 

(Wingfield et al., 1992). After blood collection, we recorded the body mass and wing 

chord length of each chick and returned it to its respective nest. Within hours o f 

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 concentrations via direct radioimmunoassay 

(Wingfield et al., 1992) at the end o f each field season. In summary, we added 2000 cpm 

tritiated corticosterone to 10-25(^1 aliquots o f sample plasma before extracting 

corticosterone from the plasma using re-distilled dichloromethane. We then reconstituted 

the samples in phosphate-buffered saline with gelatin and added labeled corticosterone 

and antiserum to all samples for radioimmunoassay. We used Dextran-coated charcoal to 

absorb corticosterone not bound to anti serum and used the percentage o f tritiated 

corticosterone recovered from each sample to correct final corticosterone values (mean



recovery was 84%). 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.

All methods in this study were approved by the University o f Alaska Fairbanks 

Institutional Animal Care and Use Committee (assurance # 05-43) and authorized under 

state and federal permits.

3.3.4 Statistical analyses
We analyzed the effect o f disturbance treatment on mass and baseline and stress- 

induced levels of corticosterone separately using linear mixed models (MIXED 

Procedure; SAS, 2003). All three models included treatment, nestling status, 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 o f independence o f chicks 

from the same brood. Additionally, the model used for chick mass included wing-chord 

length as a covariate and the model used for the stress-induced levels o f corticosterone 

included sampling time post-capture as a repeated measure. The corticosterone data 

required natural-log transformation to meet the assumptions o f a parametric test. We 

considered results with P-values < 0.05 to be statistically significant. Non-significant 

interaction terms were sequentially removed from the models.
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3.4 Results
We collected blood from a total o f 44 ‘handled’ chicks, 49 ‘disturbed’ chicks and 39 

control chicks from the three colonies (GC: 18 handled, 17 disturbed, 14 control; GU: 14 

handled, 13 disturbed, 16 control; MA: 12 handled, 19 disturbed, 9 control). Chicks 

comprising the treatment groups differed neither in body mass (F2,35 = 0.67, P = 0.5171; 

Fig. 2) nor in baseline or stress-induced levels of corticosterone (baseline: F2, 3 7  = 0.05, P 
= 0.9498 Fig. 3; stress-induced: F2, 4 1 3  = 2.00, P = 0.1365 Fig. 4). Levels o f both baseline 

and stress-induced corticosterone varied among colonies (baseline: F2, 37 = 5.56, P = 
0.0078; stress-induced: F 2.413 = 8.63, P = 0.0002), but the interaction between 

disturbance treatment and colony was not significant in either model (baseline: Fa, 37 = 

2.50, P = 0.0591; stress-induced: F 4 413 = L71, P = 0.1474). Likewise, although the 

interaction term in the baseline model approached significance, analyses of the baseline 

corticosterone data by individual colony exhibited similarly non-significant results (GC: 

F2 , 14 = 0.65, P = 0.5371; GU; F2 , 11 = 1.8 8 , P = 0.1984; MA: F2 , 10 = 3.36, P = 0.0766). 

Lastly, nestling status was not a significant factor in either model (baseline: F2̂ i  = 1.93, 

P = 0.1589; stress-induced: ^ 2,413 = 2.17, P = 0.1152), nor was the interaction of 

disturbance treatment and nestling status (baseline: ^ 4 , 35  = 1.24, P=  0.3103; stress- 

induced: F 4 ] 1 = 0.79, P = 0.5311). Ultimately, all interaction terms were dropped from 

the models.



3.5 Discussion
We found no significant differences in mass (Fig. 2) or baseline (Fig. 3) and stress- 

induced (Fig. 4) levels o f corticosterone of black-legged kittiwake chicks exposed to 

three levels o f investigator disturbance (‘handled’, ‘disturbed’, and controls). Our results 

indicate that the repeated colony disturbances and handling protocols had little affect on 

the adrenal responsiveness of the kittiwake chicks in this study. These findings 

complement the study o f Sandvik and Barrett (2001) who observed only negligible 

effects of investigator disturbance on the growth rates and survival of black-legged 

kittiwake chicks, despite a high frequency of disturbance. While the outcome o f this 

study is promising, it is worth exploring potential explanations of the results before 

asserting that future studies o f black-legged kittiwakes need not be concerned about the 
effects of investigator disturbance.

Recent work by Fridinger et al. (2007) suggests the possibility o f an age bias in our 

data that may have prevented us from observing the potential effects o f disturbance, but 

closer inspection reveals this to be unlikely. In the former study, investigator presence in 

a kittiwake colony did not elicit an acute increase in circulating corticosterone levels in 

chicks younger than 18 days old, but did in chicks older than 18 days. This led the 

authors to suggest that the ability o f younger kittiwake chicks to respond to stressful 

stimuli may not be as developed as in older chicks. Flowever, the 12-15 day-old chicks 

sampled for blood in the current study clearly demonstrated a robust adrenal response to 

the stress o f capture and handling (Fig. 4). Furthermore, the responses exhibited by these 

chicks are comparable to, or stronger than, the adrenal responses o f all but the most



severely diet-restricted 28 day-old captive and free-living kittiwake chicks in a study by 

Kitaysky et al. (1999).

It is plausible that while the physiological capabilities of the chicks are similar, older 

kittiwake chicks may be more aware o f their surroundings and simply perceive the 

presence of investigators in a colony as more o f a stressor than younger chicks do.

Indeed, Milliner et al. (2004) found a distinct difference between the adrenocortical 

responses of nestling and juvenile hoatzins (Opisthocomus hoazin) exposed to human 

disturbance in the form o f ecotourism. While both mounted adrenal responses to capture 

and handling, disturbed juveniles exhibited significantly higher stress-induced levels o f 

corticosterone than disturbed nestlings and undisturbed juveniles. However, this also 

seems unlikely in the current study. Chicks o f the ‘handled’ treatment were, by definition, 

made aware o f investigators upon each visit to the colony, and their adrenal response to 

the capture and handling protocol when sampled for blood indicates they perceived this 

as a stressor. Thus, only chicks from the ‘disturbed’ treatment would potentially be 

affected by an age-dependent perception disparity, but even they often indicated 

awareness o f the presence of investigators by attempting to escape to the far side o f their 

nest, or attempting to bite investigators close to their nest. Moreover, the baseline and 

stress-induced levels o f corticosterone o f the ‘disturbed’ chicks were statistically 

indistinguishable from those of the ‘handled’ chicks, suggesting no apparent difference in 

the perception o f investigator presence between the two treatment groups.

Our results demonstrate that 12-15 day-old kittiwake chicks are physiologically 

capable of mounting an adrenocortical response to a stressor and respond to capture and
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handling by increasing circulating levels o f plasma corticosterone. In this study, chicks in 

the ‘handled’ treatment were weighed and measured or exposed to investigator 

disturbance a minimum o f three times prior to being sampled for blood. Separate from 

the actual sampling o f blood, the capture and handling protocol used to elicit the 

adrenocortical response is essentially the same series of events that the chicks 

experienced when weighed and measured for the growth rate study. The only difference 

being the length of time the chicks were handled. The process o f capturing, weighing, 

measuring and returning a chick to the nest lasted at most 1 - 2  minutes per chick; whereas, 

the blood sampling protocol entailed holding a chick for approximately 50 minutes before 

returning it to its nest. However, the extended period of capture for the blood sampling 

procedure is not to elicit the stress response, but rather to allow investigators to assess the 

full range and duration of the response of the individual to the initial handling and 

restraint. The adrenocortical response to stress is a hormonal cascade involving the 

hypothalamic-pituitary-adrenal (HPA) axis and characterized by an arced rise and fall in 

the levels of circulating plasma corticosterone. Within seconds of exposure to a perceived 

stressor, the hypothalamus releases corticotropin-releasing factor (CRF), which initiates 

adrenocorticotropin (ACTH) release from the pituitary. ACTH, in turn, stimulates 

secretion of corticosterone into the blood stream by the adrenal cortex (Hall, 2001; 

Johnson et al., 1992; O'Connor et al., 2004). The release o f corticosterone occurs within 

3-5 minutes o f the perception o f a stressor and is regulated through negative feedback at 

each level o f the HPA axis (Dallman and Bhatnagar, 2001; Johnson et al., 1992; Romero 

and Reed, 2005). This entire process, from initiation of the HPA axis to the return to near
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baseline levels o f plasma corticosterone, spans approximately one hour and occurs 

regardless o f the duration o f the stressor (Dallman et al., 1992; Romero, 2004; Sapolsky 

et al., 2000). As such, we assume that if capturing and handling a chick to collect a blood 

sample elicits a stress response, so too would capturing and handling a chick to measure 
its mass and wing chord length.

Nonetheless, when compared to chicks from the control treatment, neither the 

‘handled’ nor the ‘disturbed’ chicks of this study displayed characteristics of exposure to 

a chronic or repeated stressor that have been documented in previous studies (e.g., 

Caggiula et al., 1989; Collette et al., 2000; Kitaysky et al., 2001a; Kitaysky et al., 1999; 

Miillner et al., 2004; Romero and Wikelski, 2002; Walker et al., 2006). It is generally 

accepted that prior exposure to an acute stressor sensitizes the adrenal cortex, resulting in 

elevated baseline levels of corticosterone and a more robust adrenocortical response to 

subsequent novel stressors (Caggiula et al., 1989; Johnson et al., 1992; O'Connor et al., 

2004). Conversely, repeated exposure to a specific stressor can lead to acclimation to that 

stressor, whereupon the adrenal response is dampened as the circumstance is no longer 

perceived as stressful (Romero, 2004). Similarly, lifelong attenuation of the adrenal 

response is also known to occur in individuals repeatedly exposed to moderate postnatal 

stressors, likely a result o f increased sensitivity o f the HPA axis to negative feedback 
(Caldji et al., 2001).

Interestingly, there is a trend suggestive o f increased sensitivity of the HPA axis in 

the rate of return to baseline corticosterone levels o f the chicks from the ‘handled’ 

treatment (Fig. 4). Chicks from this treatment attained maximal levels of circulating

101



corticosterone approximately 1 0  minutes post-capture and were clearly returning to 

baseline levels by 30 minutes post-capture, whereas chicks from the ‘disturbed’ and 

control treatments did not appear to begin the return to baseline levels until after 30 

minutes post-capture. However, these differences are not statistically significant, so 

further work would need to be conducted to determine whether this is a valid trend or a 

sampling artifact.

There are a number o f possible, non-mutually exclusive explanations for why there 

were no significant differences between the adrenal responses of the chicks from the 

three treatments. Firstly, the presence of investigators and the handling and measuring o f 

the chicks may not have been frequent enough or perceived as sufficiently stressful 

(either in duration or severity) to allow the chicks to become acclimated or to create in 

them a sense o f chronic stress. In the studies cited above, incidents o f disturbance, in the 

form o f human presence near breeding sites (Mullner et al., 2004; Sandvik and Barrett, 

2001; Walker et al., 2006) or handling by investigators (Collette et al., 2000), occurred on 

a daily basis for at least 5-10 days. In the Caggiula et al. (1989) study demonstrating 

sensitization o f the adrenal response, rats were exposed to 32-minute sessions o f 

‘inescapable foot-shock’ and had their tails placed in 55° C water baths on multiple 

occasions. By comparison, investigators in the current study only handled chicks three 

times at four day 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. 

Additionally, investigators avoided measuring chicks during unfavorable weather 

(specifically, hot or rainy days) in an effort to keep chicks from overheating in direct
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sunlight, or becoming hypothermic from getting wet, since parent kittiwakes typically 

flush from the immediate vicinity o f investigators and do not return to their nests until 

investigators have left the area. The purpose o f this study was to determine whether the 

sampling protocols o f an established study (Kildaw et al., 2005b) affected the adrenal 

responses o f the kittiwake chicks therein, so increasing the frequency o f disturbance to 

produce a difference in treatments would not have been appropriate. However, if we had 

waited until the chicks were older to sample them for blood, and thereby allowed the 

chicks to be exposed to cumulatively more disturbance, it is possible we would have 

observed differences in the treatments resulting from either acclimation o f the chicks to 

the routine o f being weighed and measured every four days or a sense o f chronic stress 

from the same routine.

Secondly, it is possible that environmental conditions outweighed any potential 

effects o f investigator disturbance (e.g., Carlini et al., 2007). Food limitation or reduced 

diet quality may have been an overriding stressor that elevated the corticosterone 

concentrations o f the chicks such that any effects o f investigator disturbance were 

masked. As noted above, the baseline and stress-induced levels of corticosterone of the 

chicks from all treatments were comparable to, or higher than, those o f captive black

legged and red-legged (Rissa brevirostris) kittiwake chicks fed poor quality or calorie 

restricted diets (Kitaysky et al., 2001a; Kitaysky et al., 1999). In 2005, marine conditions 

in the northern G ulf o f Alaska were characterized by warmer than average sea-surface 

temperatures due to persistent El Nino conditions in the Pacific (DFOP, 2007; NOAA, 

2006; Rodionov et al., 2004). Anomalously warm sea-surface temperatures are thought to



negatively impact the abundances o f populations o f kittiwake prey and have been 

correlated with significantly reduced seabird productivity, which is highly influenced by 

prey availability (Anderson and Piatt, 1999; Kildaw et al., 2005b; Kitaysky and 

Golubova, 2000; Mackas et al., 1998; Mueter and Norcross, 2000; Regehr and 

Montevecchi, 1997; Springer, 1998). Accordingly, the productivity o f kittiwakes in 2005 

(0.05 ± 0.09 fledglings * nest a ttem p t1) was among the lowest documented in Chiniak 

Bay in the last quarter-century (Buck et al., 2007; Kildaw et al., 2005a), and the baseline 

and stress-induced levels o f corticosterone o f adult and nestling kittiwakes, respectively, 

were significantly elevated in 2005 compared to preceding years (2001-2003) when 

marine conditions were more favorable for populations o f forage fishes and kittiwakes 

experienced significantly higher productivity (Buck et al., 2007). Unfortunately, the data 

collected during these years did not include true control treatments for handled and 

unhandled chicks, nor were the blood samples collected in a manner that would allow 

sound statistical comparisons o f handled vs. unhandled chicks during the years of 
presumably adequate food availability.

Lastly, the radioimmunoassay procedure used in this study measured concentrations 

o f total circulating plasma corticosterone, which is comprised of portions of both bound 

and unbound corticosterone. However, it has been demonstrated that individuals are able 

to regulate the amount o f unbound corticosterone downstream from the HPA axis by 

varying the amount of corticosterone binding globulins (CBG) present in the blood 

plasma (Breuner and Hahn, 2003; Breuner and Orchinik, 2000; Breuner and Orchinik, 

2002; Romero, 2002). While it is yet unclear the extent that bound and unbound
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corticosterone are biologically active (Reeder and Kramer, 2005; Romero, 2002), it is 

generally agreed that variation in the amount o f CBG in the plasma may serve to 

modulate the behavioral and physiological effects o f total circulating corticosterone 

(Breuner and Hahn, 2003; Breuner and Orchinik, 2002; Breuner et al., 2003; Love et al., 

2004). Consequently, although there were no apparent differences in the amount of total 

corticosterone levels o f chicks in the three treatments o f this study, there is a possibility 

that levels of CBG did vary, thus creating a disturbance effect undetectable by measuring 

total corticosterone alone.

In conclusion, our results are promising in that they suggest that investigator 

disturbance was not a significant factor during the growth rate study in Chiniak Bay in 

2005. Or in the least, there were possibly other factors o f greater consequence that had a 

more profound effect on the data being collected. This study, in conjunction with the 

Sandvik and Barrett (2001) study o f growth rates, supports the assumption that, as gulls, 

kittiwakes are resilient to, and even tolerant of, human disturbance (Nisbet, 2000). 

However, it is advisable that future studies using kittiwakes should be conscious o f 

investigator effects, as the factors surrounding this study may not apply to future studies. 

We sampled kittiwake chicks at 12-15 days post-hatch, which may not have been a long 

enough period o f disturbance to cause a detectable difference. Furthermore, accessing a 

colony more frequently, or using less careful sampling protocols, may produce different 

responses from kittiwake chicks. Just as importantly, if not more so, different 

environmental conditions are also likely to affect how chicks perceive or respond to
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investigator presence. Finally, measurement o f CBG levels in addition to total 

corticosterone concentration is recommended for future studies.
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Figure 3.1 Chiniak Bay, Kodiak Island, Alaska (N 57° 42.65’ W 152° 20.29’). The three 
study colonies are numbered: (1) Gibson Cove (2) Gull Island (3) Mary Island.
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Figure 3.2 Mean body mass of 12-15 day-old black-legged kittiwake chicks (grams + 
SE), grouped by disturbance treatment, in 2005 in Chiniak Bay, Alaska. The mass o f 
chicks did not vary by treatment (Fj,35 = 0.67, P = 0.5171).
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Figure 3.3 Mean baseline corticosterone concentrations (ng*m r' ± SE) o f 12-15 day-old 
black-legged kittiwake chicks in 2005 in Chiniak Bay, Alaska. Disturbance had no 
significant effect on baseline corticosterone levels (F 2 ,37 = 0.05, P = 0.9498).
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Figure 3.4 Mean stress-induced concentrations of corticosterone (ng*ml"1 ± SE) of 12-15 
day-old black-legged kittiwake chicks in 2005 in Chiniak Bay, Alaska. Disturbance had 
no significant effect on stress-induced corticosterone levels (^ 2,413 = 2.00, P = 0.1365).



General Conclusions
The primary goals o f this study were to assess the adrenocortical function o f free- 

living black-legged kittiwake chicks in relation to interannual variability o f colony 

productivity (Chpt. 1), nestling status and brood size (Chpt. 2), and investigator 

disturbance (Chpt. 3).

During a four-year period (2002-2005) o f data collection in the northern G ulf o f 

Alaska, acute stress-induced levels of corticosterone o f 12-15 day-old kittiwake chicks 

increased significantly in the latter two years as colony productivity declined; however, 

baseline levels o f corticosterone did not show as consistent o f a trend, remaining 

statistically unchanged in the first year of markedly reduced productivity and increasing 

significantly in the second year o f similarly low colony productivity. The obtained results 

indicate that stress-induced levels o f corticosterone of kittiwake chicks accurately reflect 

colony-wide productivity during poor years and may, in turn, serve as an indicator o f 

local foraging conditions experienced by their parents. Conversely, trends in baseline 

levels are less consistent and therefore less reliable as an indicator of productivity or local 

foraging conditions.

Interestingly, during the same four-year period, neither the baseline nor stress- 

induced levels o f corticosterone of chicks varied in relation to their status in their 

respective nests or their respective brood sizes. Furthermore, clutch manipulations in the 
last year o f the study, designed to control for the laying order o f eggs within a clutch, 

produced results of no apparent effects o f nestling status or brood size on baseline or 

stress-induced levels o f corticosterone. This suggests that the parity o f corticosterone
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concentration between siblings is not primarily driven by the previously documented 

increased transfer o f maternal androgens to latter-laid eggs within a clutch; rather, it is 

more likely that adult kittiwakes select the size of their broods based on their perceived 

ability to rear a given number o f chicks. Thus, pairs o f chicks that survive intact are likely 

the progeny of parents with the ability and willingness to invest the effort required to 

provision both chicks equally.

Finally, 12-15 day-old kittiwake chicks exposed to one o f two levels o f investigator 

disturbance (handled; disturbed, but not handled) analogous to that o f a productivity and 

growth rate study exhibited baseline and stress-induced corticosterone levels statistically 

indistinguishable from those o f chicks from control groups. These results complement 

those of a previous study that found minimal impacts of investigator disturbance on the 

growth rates o f kittiwake chicks and are consistent with generally held tenet that, as gulls, 

kittiwakes are resilient to human disturbance.

124


