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Abstract
Long-range atmospheric transport, ocean currents, sea ice and rivers are transporting

environmental contaminants into the Arctic. Some of these contaminants can reach high
concentrations in the upper trophic levels in the Arctic food web due to processes of
bioaccumulation and biomagnification. The present study indicates a sex-specific pattern of
levels and effects of selected organohalogenated contaminants (OHCs) in the avian top
predator, glaucous gull (Larus hyperboreus), breeding in Kongsfjorden, Svalbard. The aim of
this present study was to report levels of OHCs and investigate whether the high levels
detected in glaucous gulls can induce stress and thereby influence the stress response
(measured by corticosterone concentration). No statistical differences were recorded for
stress-induced or baseline corticosterone concentrations for males and female glaucous gulls.
In females, a significant negative association was reported for lipid weight in blood plasma
and baseline corticosterone. In male glaucous gulls, positive associations were found between
levels of twenty-two OHCs and elevated baseline levels of corticosterone; indicating for the
first time a “cocktail” effect of specific OHCs in blood plasma associated with high baseline
levels of corticosterone in male glaucous gulls. It is suggested that the high levels of OHCs
may act as a chronic stressor. The OHCs may interfere with the Arctic seabirds’ ability to
respond to environmental stressors, such as climate change and food availability, by
disrupting the baseline levels of corticosterone and weakening the feedback mechanisms of
the stress axis. Elevated baseline levels may lead to suppression of immune parameters and
reduced survival rate. Due to a small sample size assessed in the present study, more research
is needed to confirm a possible relationship between the disrupted stress axis and

environmental contaminants in the Arctic seabirds.



Sammendrag
Atmosfearisk langdistanse-transport, havstrammer, sjgis og elver er med pa a transportere

miljegifter til Arktis. Noen av disse miljggiftene kan fa hgye konsentrasjoner i de @vre
trofiske nivaer i det arktiske naeringsnettet pa grunn av bioakkumulering og biomagnifisering.
Denne studien indikerer et kjgnnsspesifikt mgnster av nivaer og effekter av utvalgte
organohalogenerte stoffer (OHCs) i polarmake (Larus hyperboreus) som hekker i
Kongsfjorden pa Svalbard. Malet med studien var a rapportere nivaer av OHCs og undersgke
om de hgye nivaene pavist i polarmake kan forarsake stress og dermed pavirke fuglene
stressrespons. Ingen statistisk signifikante forskjeller ble registrert for hverken stressinduserte
eller grunnivaer av kortikosteron konsentrasjon for hanner og hunner. En betydelig negativ
assosiasjon ble rapportert for lipidvekt i blodplasma og grunnivaer av korticosteron i hunn
polarmaker. Positive assosiasjoner ble funnet mellom nivaer av tjueto utvalgte OHCs og
forhgyede grunnivaer av kortikosteron hos hanner. Dette indikerer for farste gang en
"cocktail"-effekt av spesifikke OHCs i blodplasma forbundet med hgye grunnivaer av
korticosteron i hannlige polarméaker. De hgye nivaene av OHCs kan fungere som en kronisk
stressfaktor og dermed forstyrre de arktiske sjgfuglenes evne til & svare pd miljgmessige
stressfaktorer, som for eksempel klimaendringer og neringstilgjengelighet. Dette ved a
forstyrre grunnivaene av kortikosteron og svekke tilbakemeldingsmekanismer i stressaksen.
Forhgyede grunnivaer kan fere til nedsettelse av immunfunksjoner og redusere
overlevelsesevne. Ettersom denne studien hadde en liten utvalgssterrelse er mer forskning
ngdvendig for & bekrefte en mulig sammenheng mellom en forstyrret stressakse og miljggifter

i arktisk sjgfugl.
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1. Introduction

The Arctic is imaged as clean and relatively untouched, but in reality the seemingly pristine
region acts as a sink for anthropogenic contaminants (Oehme, 1991). Even though there has
been minimal direct use of organohalogens of anthropogenic origin in the Arctic, these
substances are detected in marine food webs in these areas. With long-range atmospheric
transport, ocean currents and rivers, transpolar ice drift and migrating biota, contaminants
reach the Arctic from southern latitudes where they are produced and used (Macdonald et al.,
2000; de Wit et al., 2004; Lohmann et al., 2007). The potential biological effects of these
contaminants in exposed Arctic wildlife are of concern. High levels of a range of these
contaminants can be found in the Arctic top predators, with documented effects on the health

of these organisms (Letcher et al., 2010).

1.1. Organohalogen contaminants

A range of organohalogenated (chlorinated, brominated and fluorinated) compounds (OHCs)
have been investigated in the Arctic for decades (Letcher et al., 2010). Organochlorines (OC),
such as polychlorinated biphenyls (PCBs) and several organochlorinated pesticides (OCPs)
(dichlorodiphenyltrichloroethane  (DDTs), chlordanes (CHLs), mirex, hexachloro-
cyclohexanes (HCHs), and hexachlorobenzene (HCB)), are (by now) well-known to occur in
this area, and were among the initial contaminants listed under the Stockholm Convention in
2001 (Buccini, 2003; Stockholm Convention, 2011). This global treaty, aimed at reducing or
eliminating the release of contaminants classified as persistent organic pollutants (POPS) to
the environment, has raised an awareness to the production and use of certain POPs
(Stockholm Convention, 2011). Recently, new classes of contaminants such as brominated
flame retardants (BFRs) and perfluorinated contaminants (PFCs), mainly per- and
polyfluorinated alkyl substances (PFASSs), have become a global environmental concern (de
Wit et al., 2004; Vonderheide et al., 2008; Suja et al., 2009).

The OHCs general physicochemical properties of semi volatility, high lipophilicity and
resistance to chemical and biological degradation results in a long half-life in the environment
(Mackay et al., 1997; Letcher et al., 2010). These qualities are possessed both by the “legacy”
POPs listed in the Stockholm Convention, and the novel contaminants e.g BFRs, such as for
instance polybrominated diphenyl ethers (PBDEsS) (Rahman et al., 2001). Their chemical
qualities and slow degradation leads to high uptake of OHCs in biota, followed by

bioaccumulation and biomagnification processes of these compounds, especially in the lipid
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rich Arctic marine food web (Borga et al., 2001; Braune et al., 2005). As lipids are important
for energy storage and insulation in a cold climate with fluctuating food availability
(Sakshaug et al., 2009), Arctic organisms possess a high capacity for storage of lipophilic
OHCs. The lipophilic OHCs are thereby highly influenced by lipid dynamics. As lipophilic
OHCs are stored in lipid rich organs and visceral fat, they are released into the blood as lipids
are metabolized (Ulfstrand, 1972; Freitas and Norstrom, 1974; Anderson and Hickey, 1976;
Henriksen et al., 1996). This seasonal redistribution of lipophilic contaminants may expose
the individual and target organs to high concentrations, increasing the probability of
interference with several important biological processes (Rozman and Klaassen, 2001).This

has raised concerns for the health of exposed organisms.

PFCs are regarded as novel or emerging POPs, due to their recent discovery in environmental
matrices. Although PFCs have been manufactured for over 50 years, little attention has been
devoted to this OHC group until recently, when new methods of detection become available
(Hansen et al.,, 2001). PFCs are used in the production of stain repellent agents,
fluoropolymers, pesticides, lubricants, paints, medicines and fire-fighting foams (Key et al.,
1997; Hekster et al., 2003). Despite the fact that PFCs are mostly non-volatile, they have
reached a global distribution (Giesy and Kannan, 2001; 2002), possibly due to transport

mechanisms similar to those of the legacy POPs (Prevedouros et al., 2006).

PFCs exhibit physicochemical properties of both hydrophobicity and lipophobicity
(amphipatic), making the compounds able to repel both water and lipids; they are extremely
resistant towards abiotic and biotic degradation (Giesy and Kannan, 2002; Verreault et al.,
2005b). This has also lead to bioaccumulation and biomagnification of several PFCs in the
Arctic marine food web (Haukas et al., 2007; Kelly et al., 2009). Their chemical properties
enable PFCs to bind to biological structures, such as plasma proteins, and thereby interfere
with metabolism and production of endogenous compounds (Jones et al., 2003). The degree
of bioaccumulation generally increases with perfluorolkyl chain length (Martin et al., 2003)

and trophic position of the organism (Van de Vijver et al., 2003).

As contaminants enter an organism they may be converted to more or less toxic metabolites
by its biotransformation- and enzyme systems. This process is target specific (mainly
occurring in the liver) and expected to result in excretion of the newly formed metabolite(s).
The fate and metabolism of OHCs can be influenced by lipid cycling, bioenergetics, seasonal
physiological changes of the individual (Anderson and Hickey, 1976; Rozman and Klaassen,



2001; Letcher et al., 2010). The complexity of enzyme and metabolic systems become more
developed with increasing trophic levels (Borga et al., 2004). Studies, in which metabolites
have been analyzed, indicates an ability to metabolize several OHCs in e.g. polar bears (Ursus
maritimus), glaucous gulls (Larus hyperboreus) and other arctic seabird species (Letcher et
al., 1996; Letcher et al., 1998; Borga et al., 2005; Verreault et al., 2005a).

The high levels of PCBs, BFRs, DDT, OCPs, PFCs, and their metabolites reported in the
upper trophic levels (Verreault et al., 2005a; Letcher et al., 2010; Verreault et al., 2010)
indicate the persistency of these chemicals in the Arctic food web. With increasing
concentrations, the potential adverse effects become more evident. At the same time, several
factors influence the potential of these contaminants to bioaccumulate, such as sex and ability
of maternal transfer through egg-yolk or milk, age, feeding ecology, trophic level of feeding
and site-specific accumulation of contaminants in specific organs in the animal (Bustnes et
al., 2000; Bustnes et al., 2003b; Borga et al., 2004; Verreault et al., 2010). Alarmingly high
concentrations of PCBs in dead and dying glaucous gulls were reported at Bjerngya in 1989
(Gabrielsen et al., 1995), and effort was focused on investigation of the potential adverse
physiological and ecological effects caused by OHCs. Various studies have shown that high
concentrations of OHCs may affect behavior, reproduction, development and survival,
immune system and bioenergetics in glaucous gulls (Bustnes et al., 2003b; Verreault et al.,
2004; Verreault et al., 2006a; Verreault et al., 2007a; Letcher et al., 2010). These important
processes are controlled by the endocrine system, and may function as targets for disruption
by OHCs.

1.2. Endocrine disruption

By mimicking or blocking the action of endogenous hormones, endocrine disrupting
chemicals (EDCs), with similar chemical structure as hormones, may influence or disrupt
endocrine systems (Tyler et al., 1998). The mechanisms could be direct interaction with
hormone receptors, modulation of transport proteins or interference with biosynthesis,
feedback signaling or interference with breakdown of endogenous hormones (Giesy et al.,
2003).

Most studies on EDCs have been laboratory studies of potential adverse effects of
environmental chemicals on reproductive hormones, but there is also evidence that EDC can
affect the hypothalamo-pituitary-adrenal (HPA) axis in birds and mammals (Lorenzen et al.,
1999; Boonstra, 2004; Verboven et al., 2010).



1.2.1. The stress-axis

The HPA axis and the limbic system (denate gyrus and hippocampus) are critical components
of the neuroendocrine system that coordinate the organism to successfully adapt to a changing
habitat. Together, these two components are referred to as the stress axis (Boonstra, 2004), a
term that will be used further in this study. The stress axis is involved in responses from
normal daily activities to acute stressors and mediated reactions spanning from short-term
adaption to activation the “fight or flight” response (Gabrielsen and Smith, 1995). A stress
response is activated by several different environmental stressors such as severe weather
changes (Astheimer et al., 1995; Romero et al., 2000), attacks from a rival or a predator or
psychological stressors such as fear of an attack (Sapolsky et al., 2000; Boonstra, 2004). In
order to handle the stress and reestablish homeostasis from such stressors, rapid cascades of
reactions are initiated (Figure 1) (Sapolsky et al., 2000; Boonstra, 2004). Within seconds after
the stressed event, activation of the sympathetic system causes the adrenal medulla, a part of
the adrenal gland, to release epinephrine and norepinephrine (both catecholamines, CA) into
the general circulation. The paraventricular nucleus (PVN) of the hypothalamus releases
primary corticotropic releasing hormone (CRH) and arginine vasopressin (AVP) into the
portal system. This causes the anterior pituitary to release adrenocorticotropic hormone
(ACTH) into the blood stream. In response to the release of ACTH, the adrenal cortex
releases glucocorticoids (GCs) into the blood stream within minutes. In avian species the
regulation of the stress axis is very similar to mammals and the primary GC is corticosterone
(CORT) (Carsia and Harvey, 2000; Boonstra, 2004).

This stress response stimulates the production of glucose in the liver and mobilizes this
energy to the muscles, at the expense of tissues not needed for short-term survival. Such
activation of the stress axis is, not without costs. In both mammals and birds the heart rate is
increased, immune function is altered, inflammatory response is supressed, pain preception is
reduced, reproductive physiology and behavior is supressed, feeding behavior and appetite is
depressed and the cognitive performance is sharpened (Gabrielsen and Smith, 1995; Boonstra,
2004). When these events happen, GCs exert negative feedback to the brain at three levels; at
the anterior pituitary, PVN and the limbic system, in order to reset the body to pre-activation
state and retain homeostasis. Under situations where the stress is chronic, the feedback signals
are weakened and the stress response remains activated for a longer time. This might affect
important body processes and can be potentially harmful for the organism (de Kloet et al.,
1999; Boonstra, 2004).
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1.2.2. Investigating stress

When measuring the stress response, the capture-challenge protocol is the most common
when studying vertebrates (Boonstra 2004). A simplification of the protocol was applied in

the present study.

This protocol uses the capture/trapping of the bird as a stressor and a blood sample is
withdrawn within the first 3 minutes, in order to detect the baseline levels of coricosteroid
hormones. The baseline levels will reflect the concentration of corticosteroid in the blood
when the bird is relatively unstressed. The stress response takes a couple of minutes, and there
is a window of approximately 3 minutes before the levels of corticosteroid rise after capture.
After the first blood sample is drawn, the bird is placed in a dark place. Blood is then
withdrawn preferrably at intervals of 5, 10, 20 and 30 minutes in order to detect the stress-
induced levels of corticosteroids (Boonstra, 2004; Romero and Reed, 2005). After a capture-
challenge stress examination has been conducted the levels of GCs will rise exponentially due
to the stress response within the individual. The levels of corticosteroids after an hour post-

capture will reflect the sensitivity of the stress axis to acute stressors in general (Wingfield et



al., 1995), as well as increased baseline levels may reflect a chronically stressed situastion. It
IS important to note that the response to stress is very different when comparing the levels of
GCs post-capture beteween different species and taxa (Wingfield et al., 1995; Boonstra,
2004).

1.2.3. Environmental stressors and adaptaion challenges

The Arctic climate is changing. The nature and timing of weather events, changes in
temperature, increased precipitation and the spatial and temporal process variability have a
profound impact on the Arctic environment (Hinzman et al., 2005b). The changing Arctic
climate may result in alterations in the environmental fate of the contaminants, as well as
changes in a range of abiotic factors that may affect both uptake and toxicity of contaminants,
such as salinity, pH and ultraviolet-radiation (Noyes et al., 2009). This complex interaction
between climate and contaminants may be particularly problematic for species living on the
edge of their physiological tolerance range, and thereby interfering with the species ability to
acclimate and adapt to the environmental stressors by physiological and behavioral processes
(Zala and Penn, 2004; Jenssen, 2006; Noyes et al., 2009). These climatic events may also
pose an additional stressor to the animals living and breeding in these habitats (Jenssen,
2006). At the same time may an individual’s personality contribute to how these challenges
are approached and handled (Groothuis and Carere, 2005; Cockrem, 2007). The breeding
conditions for seabirds during the Arctic summer is characterized by continuous daylight, an
average temperature of 5 ° C and fluctuating external conditions (e.g. temperature,
precipitation, food availability, sea-ice conditions) (Hop et al., 2002). The levels of
corticosterone in seabirds during the Arctic summer are thereby not influenced by the daily
cycles of light that may be observed (Romero and Remage-Healey, 2000). However, the
stress axis in birds breeding in these areas might be influenced by variation in food
availability (Kitaysky et al., 1999; Reneerkens et al., 2002), which in turn is strongly
influenced by ongoing climate changes (Parmesan, 2006). Variation in food availability
initiates depletion of body fat reserves during breeding, which may lead to increased levels of
contamination in the blood (Anderson and Hickey, 1976), as well as the disruptions in the
breeding stages (Hario et al., 1991; Sandberg and Moore, 1996). The fluctuation of external
conditions expose seabirds to varying levels of natural stress and — on top of this — the
combined effects from OHCs and other anthropogenic stressors (Bustnes et al., 2008; Moe et
al., 2009).



1.2.4. OHCs and stress

Although the study of OHCs’ ability to influence the stress axis in Arctic seabirds is an
emerging research area, several studies have shown that the exposure to high concentrations
of contaminants may have effects on the stress axis.

Nordstad et al. (2012) conducted a study on black-legged kittiwake (Rissa tridactyla) from
Kongsfjorden, Svalbard, where stress hormone levels were investigated at three stages during
breeding. They found that the concentrations of POPs and CORT increased, whereas the body
mass decreased progressively from the pre-egg-laying period to the incubation and the chick
rearing period. At the same time the levels of PCB correlated positively with the baseline
corticosterone in the pre-laying period, but not during the chick rearing period (Nordstad et
al., 2012). In another study of black-legged kittiwakes from the same area, increased levels of
corticosterone were found to have a significant effect on the survival of the birds (Goutte et
al., 2010). In this study, Goutte and colleagues experimentally increased corticosterone levels
in male birds for two days by inserting a corticosterone-implant (CORT-implant). The
experimental procedure was followed by a two years survey of the birds’ survival rate,
indicated by their return rate to the nest sites. The birds with CORT-implants had a 30.9 %
lower survival rate than the control birds (Goutte et al., 2010).

Verboven et al. (2010) suggested that exposure to POPs may increase the glaucous gulls’
(Larus hyperboreus) vulnerability to environmental stressors and can potentially compromise
their ability to adapt to a changing environment as currently seen in their Arctic habitats.
Verboven et al. (2010) measured high levels of organochlorines (OCs), BFRs and metabolic-
derived PCB products (OH-PCB and MeSO2-PCB) in blood plasma of incubating glaucous
gulls collected on Bjgrngya, Svalbard. A significant positive correlation with high baseline
levels of the stress hormone corticosterone and the contaminant levels was reported
(Verboven et al., 2010). The high baseline levels were detected in both sexes and in addition a
negative association between plasma POP levels and corticosterone levels in males was

reported.



1.3. Present study species

The glaucous gull is used as an avian bioindicator for levels of contamination in the Arctic
due to its potential apex predator position in the marine food web (Verreault et al., 2010). For
this reason, and because of the previous indication of impairment of the stress axis due to high
OHC levels (Verboven et al., 2010), the glaucous gull was chosen for the present study of

stress responses to OHC contamination.

The glaucous gull is one of the largest avian top predators in the Arctic marine food web
(Anker-Nilssen et al., 2000; Verreault et al., 2010). As a generalist predator and opportunistic
scavenger, the diet varies from pelagic and marine invertebrates, fish, eggs, chicks of
waterfowl and seabird species, passerines, small mammals and vegetation (Weiser and
Gilchrist, 2012). As the glaucous gull can feed at several or specific trophic levels, some of
the intraspecific variation in OHCs levels detected in this species may be explained by the diet
(Bustnes et al., 2000; Sagerup et al., 2002; Verreault et al., 2010).

Previous studies have documented relatively high levels of different OHCs in glaucous gulls
from the Arctic (Gabrielsen et al., 1995; Borga et al., 2001; Bustnes et al., 2003b; Buckman
et al., 2004; Bustnes et al., 2008), with possible consequences for their endocrine system and
fitness (de Wit et al., 2006; Letcher et al., 2010; Verreault et al., 2010).

Some OHCs are shown to influence the health of the birds (Sagerup et al., 2000; Verreault et
al. 2010), probably through disruption of endocrine function (Jenssen, 2006; Letcher et al.,
2010). Hitherto, endocrino-toxicological studies of the glaucous gull have mainly focused on
modulation of the thyroid gland and thyroid hormone levels (Verreault et al., 2004; Verreault
et al., 2007a; Sonne et al., 2013), and to a lesser extent on reproductive (Verreault et al.,
20064a; Verreault et al., 2008) and stress hormones (Verboven et al., 2010).

1.4 Aim of study
The main aim of this study is to 1) investigate the effects of single and combined OHCs on

baseline and stress-induced corticosterone and 2) possible sex differences in stress response in
relation to OHC burden in glaucous gulls from Kongsfjorden, Svalbard. The study also report
concentrations of OHCs.



2. Materials and methods

2.1. Study area

Field work was conducted (between the 7™ and the 17" of June 2013) in Kongsfjorden,
located in the vicinity of Ny-Alesund (79° N, 12-13°E), on the northwest coast of Spitsbergen
in the Norwegian Arctic. The sampling location is characterized by the surrounding
mountains making Kongsfjorden in leeward position with productive waters, by many bird
cliffs and small islets (Hop et al., 2002) — a perfect nesting place for seabirds. The small islets
(14 in total) are important breeding areas for common eider (Somateria mollissima) (Mehlum,
1991), pink-footed goose (Anser brachyrhynchus) (Isaksen and Bakken, 1995) and Barnacle
goose (Branta leucopsis) (Tombre et al., 1998). As a generalist predator the glaucous gulls
feed on eggs and chicks from other birds, resulting in good nutritional conditions for glaucous
gulls breeding in Kongsfjorden (Mehlum and Gabrielsen, 1995; Barrett et al., 2002). A survey
during fieldwork noted an approximate of 40 breeding glaucous gull pairs in the area in 2013.
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Figure 2: The sampling area in Kongsfjorden, Svalbard. The dots represent located nests of breeding glaucous
gull (Larus hyperboreus) pairs. Map: Norwegian Polar Institute.



2.2. Field sampling

The preferred and standardized capture challenge protocol (Boonstra, 2004; Romero and
Reed, 2005) was not possible to perform in the present study, therefore only two blood
samples were withdrawn from each individual, similar to a previous study of stress response

in glaucous gulls (Verboven et al., 2010).

Incubating glaucous gulls were caught using an automatic triggered nest trap or a net canon
(Super talon). The birds were caught within the second half of their incubation period. The
eggs were collected and replaced by wooden “dummy” eggs to prevent damage during
trapping. Throughout the procedure the eggs were kept in a heated bag for protection. A nylon
snare on the edge of the nest bowl was set by a metal snare attached to cord-retracting
mechanism from an old vacuum cleaner. Using a radio transmitted signal the tension was
released from afar, once the bird returned to the nest. The snare would then tighten around the
bird’s feet, trapping it before it was carefully collected. The first of the two blood samples
was immediately collected with a heparinized syringe (Terumo syringe 5 and 10mL with 2
drops of Heparin Leo ® 5000 IE/mL, Pharma AS) or heparinized vacutainer blood collection
tube (3mL, Venosafe vacuette with Lithium Heparin, Terumo) using 23G fine-jet one-time
cannula (0.6x30mm, Neolus, Terumo or BD Microlance) or 22G fine-jet one-time needles
(Vacuette®, Greiner Bio-One). These samples represent the baseline corticosterone
concentration (B-CORT). Biometric data was recorded for all birds: body mass (+ 10g), wing
length (1 cm), head- and bill length, gonys depth and culmen length (x 0,1mm). The time
(mm:ss) from when the trigger signal was transmitted until the blood samples had been
obtained was measured using a stopwatch. All birds were ringed with numbered steel rings
from the Norwegian Ringing Centre, Stavanger museum and a white three letter code plastic
ring to simplify later identification with binoculars. Following biometric measuring the
second blood sample was taken within approximately 28 minutes after entrapment. These
samples represent the stress-induced corticosterone concentration (S-CORT). The birds were
released and the eggs returned to the nest. Both blood samples (total of 10 mL) were taken
from the brachial veins on the inside of the wings. The blood was stored in a bag at ambient
temperatures (~1-5° C) immediately after sampling. After 1-8 hours, when returning from
field, the blood was processed at the lab facilities in Ny-Alesund. Plasma was collected after
the blood sample was centrifuged (10min, 10x1000 RPM) and transferred to sterile 1.0 mL
cryotubes (Nalgene© cryoware cryogenic vials, USA). Red blood cells were transferred to 1.2

cryotubes (Nalgene© cryoware cryogenic vials, USA) for sex determination. The samples
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were immediately frozen down to -20 and kept frozen until further analysis. All birds sampled
were breeding, thus sexually mature, so the ages of the birds were therefore assumed to be
four years or older (Gaston et al., 2009; Weiser and Gilchrist, 2012).

This project was approved by the Governor of Svalbard (Reference number 2013/00050-28,
RIS ID 5267), and all sampling and bird-handling was conducted in accordance to current

regulations of the Norwegian Animal Welfare Act.

2.3. Sex determination

Morphological sex determination was based on size, with males being larger than females
(Coulson et al., 1983; Cramp et al., 1983; Bustnes et al., 2000; Olsen and Larsson, 2004).
Total head length and bill length was measured according to procedure defined by Coulson
and colleagues (1983). Individuals with total head length (THL) < 146 mm were classified as
females, individuals with while THL > 150 mm were classified as males. Biometric variables
for females and males, as well as individuals, are listed in Tables 9 and 10 in Appendix C,

respectively.

The sex of individuals with THL between 146 — 149 mm was identified using a molecular
sexing method method established by Griffiths et al. (1998), analysing DNA from red blood
cells. Chelex 100 was used for extraction of DNA from red blood cells (Walsh et al., 1991),
polymerase chain reaction for amplification of DNA strands and gel electrophorese for
detection of CHD1Z and CHD1W genes. The males are homogametic (ZZ) and the females
are hetererogametic (ZW) (Griffiths et al., 1998), and as the lengths of the introns of CHD1Z
and CHD1W are different, two bands were visible for females and one band for males after
the gel electrophorese was run. None of the detected bands on the gel electrophorese were
vague, so the uncertainty was insignificant. The analysis was carried out by Solveig Nilsen at
the Norwegian University of Science and Technology (NTNU).

2.3.1. Quality assurance of the method

Method quality was assured by comparing results from the PCR analysis with biometric
measurements obtained in the field. The PCR results matched the sex determination based

upon total head length for gull species, as recommended by Coulson et al. (1983).
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2.4. Contaminant analysis

The analyses of organohalogenated contaminants (OHCs) were performed at the Norwegian
Institute for Air Research (NILU) in Tromsg, Norway. The subjected organochlorinated and
organobrominated compounds selected for analyses were: PCB congeners (-28, -52, -99, -101,
-105, -118, -138, -153, -180, -183, -187,-194), PBDE congeners (-28,-47, -66, -85, -99, -100, -
138, -153, -154,-183), a-HCH, B-HCH, y-HCH, 0,p'-DDT, p,p'-DDT, o,p'-DDD, p,p'-DDD,
0,p'-DDE, p,p'-DDE, Hexachlorobenzene (HCB), Heptachlor, Heptachlor Epoxide, trans-
Nonachlor (t-Nonachlor), cis-Nonachlor (c-Nonachlor), cis-Chlordane (c-Chlordane), trans-

Chlordane (t-Chlordane), Mirex and oxy-Chlordane.

The perfluorinated contaminants subjected for analyses were: Perfluorobutan sulfonat
(PFBS), Perfluorohexansulfonat (PFHXS), Isomer Perfluoroktan sulfonat (PFOS),
Perfluordekan sulfonat (PFDS), Perfluorohexanoic acid (PFHxA), Perfluoroheptanoic acid
(PFHpA), Perfluoroctanoic acid (PFOA), Perfluorononanoic acid (PFNA), Perfluorodecanoic
acid (PFDcA), Perfluorundecanoic acid (PFUnA), Perfluordodecanoic acid (PFDoA),
Perfluortridecanoic acid (PFTrA), Perfluortetradecanoic acid (PFTeA),
Perfluorooctansulfonamide (PFOSA) and 6:2 Fluortelomersulfonat (6:2 FTS). Details of the

contaminants analysed are listed in Table 6, 7 and 8 in Appendix B.

2.5. Analysis of organochlorinated and organobrominated compounds

2.5.1. Sample extraction

The samples were thawed and homogenized before approximately 500 ul of plasma was
transferred to 15 ml glass tubes. 20 pl of each internal standard solution (**C-labeled
compounds) was added to each sample for quantification purposes (see below). To denaturize
proteins and enhance phase separation, 2 ml of deionized water saturated with ammonium
sulfate and 2 ml of ethanol was added to the samples. Vortexing was conducted between
every addition of new solution. Finally 6 ml of n-hexane was mixed thoroughly into the
sample by vortexing and shaking for 45 seconds. The samples were left in upright position for
15 minutes in order to let the organic phase separate. After phase separation, the supernatant
was transferred to cleaned 15 ml glass tubes. The procedure of adding 6 ml n-hexane and
separating the supernatant form the plasma was repeated and the second supernatant was
transferred to the first supernatant. The combined extracts were concentrated to a volume of
0.5 ml using vacuum and temperature to facilitate evaporation (LabConco RapidVap, Model

7900001, Kansas City, MO, US). Sample concentration was carefully conducted stepwise to
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prevent shock-boiling and consequently loss of organic material. The samples were capped
and kept in a fridge overnight. 0.5 ml n-hexane was added to the samples, which were then
vortexed before they were cleaned with florisil.

Florisil (particle size 0.15-0.25 mm; Merck, Darmstadt, Germany) was dried at 600°C for 8
hours before 1 g (£ 0.03 g) was packed in between two glass fiber frits (Isolute SPE
Accessories Frits, 10 um, 3 ml) in plastic columns. Each sample was run over a florisil
column to remove lipids and other matrix using Rapidtrace SPE workstation (Caliper Life
Sciences, Hopkinton, USA).

After florisil clean-up the samples were concentrated using RapidVap under careful
supervision to avoid complete dryness, until 0.2 ml remained. 5-6 drops of isooctane added to
the samples before concentration acted as a “keeper”, to avoid rapid evaporation. The
remaining extracts were transferred to a 1.8 ml glass vial with insert. Original glass tubes
were rinsed with 15 drops of isooctane. Nitrogen (N, purity of 99.995%, quality 5.0,
Hydrogas, Porsgrunn, Norway) was used to concentrate the sample further, until 30 pl
remained. 10 pl recovery standard (**C PCB-159, 213 pg/ul, 25.09.12) was added to each

vial. The vials were capped and stored in the fridge until GC-MS analysis.

All labeled, internal standards were purchased from Cambridge Isotope Laboratories

(Woburn, MA, USA). Solvents applied were provided by Merck (Darmstadt, Germany).

2.5.2. Details of applied GC-MS/MS

The OHCs were analyzed as described in detail by Herzke et al. 2009 and Bustnes et al.
2008. In brief, the extracts were detected in an Agilent Technology 7890A GC and Agilent
Technology 5975C GC/MSD equipped with a DB-5MS column (length 30 m, 0.25 pum film
thickness, 0.25 mm inner diameter (i.d.); J&W Scientific, Folsom, CA, USA). Helium (6.0
quality; Hydrogas, Porsgrunn, Norway) was used as a carrier gas at a flow rate of 1 ml/min.
The process was performed with the following temperature program: 70 °C for 2 min, then a
steady increase of 15°C/min until 180°C, directly followed by an increase of 5 °C/min up to
280 °C, where the temperature was held for 10 min. The detection of pesticides was
performed by an Agilent Technologies 5975C GC/MSD operated in negative chemical
ionization (NCI) mode. The detection of DDTs, PBDEs and PCBs were performed by an
Agilent Technology 7890A GC using a Waters Quattro Micro MS/MS operated in the
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electron impact (EI) mode, with ionization energy of 70 eV. The transfer line was kept at 280
°C, while the EI ion-source temperature was 250 °C for El and 160°C for NCI.

2.5.3. Quantification

Analytes were quantified according to internal standards provided by NILU. POP 1 in iso-
octane (250pg/ul), glass 7 of 7, 20.11 was applied to all samples. BROM I (250 pg/ul) (PBDE
), glas 3, 44.09 to samples from 2011 and 2012. BROM I (250 pg/ul) (PBDE 1), glass 5,
25.07 to samples from 2013. Native *2C and added **C-labeled equivalents were analyzed,
representing all the groups of PCBs, PBDEs, DDTs, p,p -DDE, HCHs, HCB, chlordanes and
nonachlordanes. The native and labeled standards were used to produce a standard curve from

which concentrations were calculated using Equation 2.1

C:sample =Rf* (CISTD*AsampIe)/AISTD (2.1)

Where Csample = concentration of unknown sample, Cistp = concentration of known standard,
Asample = known area from the GC/MS chromatogram of the sample, A;stp = known area on
the GC/MS graph of the standard, given on wet weight (w.w) or ml.Rf = response factor

accuired from the calibration curve for each compound.

2.5.4. Quality assurance of the method

To validate the method, control analyses were conducted. For every fifteenth sample, one
blank sample without plasma that had been treated exactly like a plasma sample, and two
samples of 500 pl of standard reference material (SRM, Human Serum (1957, @6@213), the
National Institute of Standards and Technology (NIST)) were. Blank contamination was
observed for y-HCH, HCB, trans-Chlordane, cis-Chlordane, oxy-Chlordane, trans-Nonachlor,
cis-Nonachor, p,p -DDE and PCB-28.

The limits of detection (LOD) for the contaminants above were calculated using three times
signal to noise ratio found in the samples, unless a higher signal was recorded in the blank
samples (except for BDE-28, -47, -99 and -154, where LOD was set to 2x signal/noise, due to
little matrix disturbances in the MS/MS). The results of the reference samples were within the
given limits of accuracy. The specific LOD for every compound/congener is listed in Table 15

in the Appendix E.
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The recovery standard (**C PCB-159) was added prior to the instrumental analysis both as a
quantification standard (volume correction) and as a test of the performance of the analytical
method (recovery of internal standard).

2.6. Analysis of perfluorinated compounds

2.6.1. Sample extraction

Perfluorinated compounds were analysed using the Powley method (Powley et al., 2005). The
samples were thawed and homogenised before 200 pl of plasma was transferred to an
Eppendorf-centrifuge tube. The samples were then spiked with 20 pl of internal standard
solution (0.1 ng/pl **C-labeled PFC mix, 14.06.13) and then 1 ml methanol was added to the
samples before the tubes were capped and the solutions were mixed by shaking and vortexing.
The samples were put in an ultrasonic bath three times for 10 min, with vortexing in between.
In order to enhance phase separation and sedimentation the samples were centrifuged for 10
min (10 000 rpm). The supernatant methanol was then transferred to 1.7 ml Eppendorf-
centrifuge tubes containing 25 mg ENVI-Carb graphitized carbon absorbent and 50pl glacial
acetic acid for purification. The tubes were capped, vortexed and centrifuged for 10 min (10
000 rpm). An exact amount of 0.5 ml supernatant was then transferred to glass vials, and 20
pl of recovery standard solution (3,7-diMe-PFOA, 0.102 ng/pl, 23.07.2013) was added.The
vials were then capped and vortexed and kept in the fridge until analysis.

Prior to UHPLC-MS/MS analysis an aliquote of 100 pl was transferred from the vials into an
autosampler vial with insert and the same amount of 2 MM NH4O0Ac in water was added. The
autosampler vials were then capped, vortexed and stored in the fridge until UHPLC-MS

analysis.

All labelled and internal standards were provided by NILU (IRMM-427, ID 0119). Solvents
applied were provided by Merck (Darmstadt, Germany).

2.6.2. Details of applied UHPLC-MS/MS

Quantification of PFCs was performed by ultra-high pressure liquid chromatography triple-
quadropole mass spectrometry (UHPLC-MS/MS). Detailed description of the analysis is
described by Hanssen et al. (2013), Herzke et al. (2009) and Berger and Haukas (2005).
Analysis was performed on a Thermo Scientific quaternary Accela 1250 pump (Thermo
Fisher Scientific Inc., Waltham, MA, USA) with a PAL Sample Manager (Thermo Fisher
Scientific Inc., Waltham, MA, USA) coupled to a Thermo Scientific Vantage MS/MS
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((Vantage TSQ) (Thermo Fisher Scientific Inc., Waltham, MA, USA)). An injection volume
of 10 pL was used for sample separation on a Waters Acquity UPLC HSS 3T column (2.1
x100 mm, 1.8 um) equipped with a Waters Van guard HSS T3 guard column (2.1 x 5 mm,
1.8 pum) (Waters Corporation, Milford, MA, USA). In order to separate the PFCA
contamination leaching out from the pump and the degasser, a Waters XBridge C18 column

(2.1 x 50 mm, 5 um) was installed after the pump and before the injector.

Separation was achieved using 2 mM NH;OAc in 90:10 MeOH:water and 2 mM methanolic
NH4OAc as the mobile phases. Further details of analytical conditions and instrumental

performance are given in (Hanssen et al., 2013).
2.6.3. Quantification

Quantification was conducted by NILU using the internal-standard method with isotope-
labeled PFCs and the LCQuan software from Thermo Scientific (Version 2.6) (Thermo Fisher
Scientific Inc., Waltham, MA, USA). Internal standard and recovery standard were provided
by NILU, containing a “*C-labeled PFC mix described in Table 8 in Appendix B. Native **C
and added ‘*C-labeled equivalents were analyzed, representing all the groups of PFCA and
PFSA. The native and labeled standards were used to produce a standard curve from which
concentrations were calculated using Equation 2.1. The limits of detection (LOD) of the
contaminants above were calculated by using three times signal to noise ratio found in the
samples, unless a higher signal was recorded in the blank samples. The results of the reference
samples were within the given limits of accuracy. The limit of detection was threefold the

signal to noise ratio

2.6.4 Quality assurance of the method

For every fifteenth sample one blank sample without plasma, but treated as a plasma sample,
and two samples of 200 ul of standard reference material (SRM, 1957, @6@213, Human

Serum, NIST) were analyzed to validate the method. No blank contamination was observed.

LOD values were calculated by using three times signal to noise. The results of the reference
samples were within the given limits of accuracy. The specific LOD for each compound is
listed in Table 16 in Appendix E.
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The recovery standard (3,7-dime PFOA) was added prior to the instrumental analysis both as
a quantification standard (volume correction) and as a test of the performance of the analytical
method (recovery ability).

Contaminant concentrations were given in blood wet weight (w.w) (ng/ml) as this measure is

considered most relevant when assessing toxic effects (Henriksen et al., 1998).

2.7. Lipid analysis

Analyses of tri-glycerides, phospholipids, free cholesterol, and total cholesterol were
determined enzymatically in plasma samples by Unilab Analyse AS, Tromsg, Norway. The
analysis was performed using Roche Diagnostics kit and a Cobacs c¢ 11 analyser
(F.Hoffmann-La Roche Ltd., Rotkreuz, Switzerland).

The total lipid (TL) content was calculated from the amounts of free cholesterol (FC), total
cholesterol (TC), triglycerides (TG) and phospholipids (PL) using Equation 2.2 (Akins et al.,
1989). The enzymatic determination is considered more accurate than gravimetric lipid
determination (Covaci et al., 2006). The results in mg/dl were converted to lipid percentage

(%LW) per ml sample.
TL = 1.677 * (TC — FC) + FC + TG + PL (2.2)

2.8. Hormone analysis

Hormone analysis was performed at the Department of Biology at the Norwegian University
of Science and Technology (NTNU). Blood plasma levels of corticosterone were quantified
using enzyme immunoassay (Corticosterone Enzyme Immunoassay kit, ADI-900-097, Enzo
® Life Sciences, New York, NY, USA), described in detail in the kit manual
(EnzoL.ifeSciences, 2010). The kit uses a polyclonal antibody to corticosterone to bind, in a
competitive manner, corticosterone in the standard, sample or in the alkaline-phosohatase
molecule which has corticosterone covalently attached to it. After incubation at room
temperature the excess reagents were washed away with a wash buffer and substrate was
added. The enzyme reaction was stopped after a short incubation, and the yellow colour
generated was measured for intensity by assessing optical density on a Bio-Tek Synergy HT
microplate reader (Bio-Tek instruments, Winooski, VT, USA) at 405 nm. The intensity of the
bound yellow colour is inversely proportional to the concentration of corticosterone in the

samples and standards. The measured optical density was used to calculate the concentration
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of corticosterone in the standards and generate a standard curve, and a regression line to

determine the concentration of corticosterone in the samples.

Each sample was analysed in duplicates and the mean optical density of the two was used to
calculate concentration of corticosterone per sample. For each 96-wells plate that was
analysed three wells were used for blank samples, without plasma, but treated as samples.
Additionally, two wells were used to calculate total activity (TA) of the reagents, three wells
for non-specific binding (NSB) and three wells for maximum binding (Bo) activity. The TA
wells only contained conjugate, substrate and stop solution. The NSB wells contained assay
buffer, conjugate, substrate and stop solution. The Bo wells contained assay buffer, conjugate,
antibody, substrate and stop solution. The standard and sample wells contained diluted

standard solution or diluted samples, conjugate, antibody, substrate and stop solution.

The specific EIA-kit applied in the present study was highly sensitive (EnzoLifeSciences,
2010). Thus, the samples were diluted 100 times (10pul plasma), both when analysing the first
and second plasma sample from each of the birds. The analyses were run both with and
without the kit Steroid Displacement Reagent (SDR: 1ul SDR per 10ul plasma) to assess both

the bound and free fraction of corticosterone in the plasma.
2.8.1. Assay validation

The EIA kit was carefully validated by testing plasma with different dilutions, quality controls
and several replicates, before choosing 100x as the optimal dilution. The EIA kit was tested
on both extracted and raw plasma samples to test for variation within the plasma samples. The
hormones were extracted using ethyl acetate, 600l per 100ul plasma sample. No significant
variation between the extracted and raw samples was observed, and the final analysis used in

the present study was thus conducted on diluted raw plasma.
2.8.2. Quality assurance of the method

The repeatability and inter- and intra assay precision was tested for each kit by running
duplicates of blanks and a known diluted standard (~20 000 pg/ml). As there was no reference
material available in the kit or in the lab, dilutions of plasma samples were used for quality

control.

Readings with coefficient of variation (CV) >15% were not desired and reruns were

performed if possible. Due to the high sensitivity of the kit some variation was detected
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within the samples; due to limitations of kit availability, those with high CV values had the
replicate with the lowest concentration removed. This was applied to five B-CORT samples
and three S-CORT samples. One individual (AJH/M09) was analysed on five different Kits
during assay validation, detecting concentrations of 57, 52, 53, 113 and 62 ng/ml
corticosterone in the B-CORT sample. Concentrations of 150, 152, 115, 236 and 200 ng/ml
corticosterone were detected for the same individual in the S-CORT sample. This resulted in
high inter-assay CV values of 38.4 % for B-CORT samples and 28.0 % for the S-CORT
samples. One reason for the high CV values may be the high corticosterone levels detected
from one of the assays, 113 and 236 ng/ml for B-CORT and S-CORT samples, respectively.
When excluding this plate the inter-assay CV values were 7.9 and 22.8 % respectively for B-
CORT and S-CORT samples. These results indicate that there may be differences in

sensitivity between the assays.

The CV values of the B-CORT samples ranged from 2-14 % and S-CORT samples ranged
from 0-13%, as no CV could be calculated from the samples with only one replicate. The
intra-assay CV values of the diluted standard (~20 000 pg/ml) was 3 % and 10 % for each Kit,
and the inter-assay CV value was 19.6 %. The CV values of the reference plasma sample
were only calculated for one of the assays (10 %), and the inter-assay CV value was 21.3 %.
To test the precision of dilution two duplicates of the same sample were analysed from
different dilution stocks. This was carried out for two plasma samples on the same plate and

the intra-assay CV values were 7.3 and 11.9 %.

The levels of corticosterone in glaucous gull plasma were very high in relation to the
detection range of the kit, which was 32 — 20 000 pg/ml (EnzoLifeSciences, 2010). Hence the
samples were diluted 100 times; sensitivity of the EIA kit was 26.99 pg/ml. One reason for
the high CV values detected for inter-assay quality assurance for the diluted standard and the
reference plasma sample, may be that the diluted standard was outside the 20-80 % binding
range of the hormone, while the plasma samples were in the ~60 % binding range of the
hormone. It is also quite common to detect high inter-assay variation when analysing steroids
(> 10 %) (Fraser et al., 2010). The high CV values for specific samples can possibly be
explained by the natural variation of availability of corticosterone hormones within the
samples or the cross-reactivity of related steroid compounds (EnzoLifeSciences, 2010; Fraser
et al., 2010).
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Even though some of the corticosterone concentrations are not generated from duplicates, all

samples were included in statistical analysis.

2.9. Statistical analysis

Simca P12+ (Umetrics, Umeda, Sweden) was used for the multivariate data analysis and
regression. R 2.15.1 (R Development Core Team, 2011) was used to generate random
numbers. SPSS Statistical software (Version 21.0, IBM, SPSS Inc., Chicago, IL) was used for
all other statistical analysis and calculations.

2.9.1. Body condition index

A morphological body condition index (BCI) was calculated for the birds as a condition factor
using principal component analysis followed by a linear regression model to obtain a single
measure of size (Brown, 1996). Since the sexes are dimorphic, BCI was calculated for each
sex separately. For females, one principal component for the total head length, bill length,
gonys depth and wing length was created as a single size measure, with an eigenvalue of 2.09
and explaining 69.7 % of the variance. The first principle component for males had an
eigenvalue of 1.68 and explained 55.9 % of the variance. Body weight and standardized
residuals from a linear regression of the first principal component for the respective sex were
used as the individual BCI. BCI for females and males are listed in Table 9 in Appendix C

while individual BCls are listed in Table 10 in Appendix C.

2.9.2. Selection of variables
2.9.2.1. Statistical treatment of values under Limit of detection (LOD) and Limit

of qualification (LOQ)

Compounds detected in more than 60 % of all samples (60 % > LOD) were included in the
statistical analysis (Verreault et al., 2006b). Limit of detection was set to 3x signal/noise of
blanks. Samples under LOD were set to a random value between 0 and LOD generated by the
statistical software R 2.15.1 (R Development Core Team, 2011) for further use in analysis.
Limit of quantification was set to 3 times LOD. LOD and LOQ values of the individual OHCs
analyzed are listed in Table 15 and 16 in Appendix E.

Based on the criteria above, statistical exclusion was applied to the following compounds:
PCB-101, iso-PFOS, PFHXA, 6:2FTS, a-HCH, g-HCH, t-chlordane, o,p-DDT, p,p’-DDT,
o,p’-DDD, p,p’-DDD and o,p -DDE.
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The remaining organohalogenated compounds that were detected in >60 % of the individuals
were computed as sums (X) of closely related compounds, grouped according to their
physiochemical properties; XPBDE (n = 5 congeners), ZPCB (n = 12 congeners), XCHL (n =
5 compounds), ZOCPs (n = 3 compounds), ZPFCAs (n = 7 compounds) and XPFSAs (n= 3
compounds). In the statistical treatments, the OHCs were analyzed both as sums and as

separate compounds/congeners.
2.9.2.2. Normal distribution

All variables were tested for normality using the Shapiro-Wilcoxon test, (p > 0.05). Non-
normally distributed variables were (log)transformed, but without achieving normality. These
variables were therefore analyzed in their untransformed state using non-parametric tests..
When further investigating selected variables, parametric tests (ANOVA and Pearson
correlation test) were applied to normally distributed variables, since these tests were more

appropriate for the respective data.
2.9.2.3. Statistical selection of variables

Mann Whitney U tests and Spearman’s rank-order correlation tests were applied to all
corticosterone variables to test for differences and correlations between corticosterone
samples treated with and without SDR. No significant differences were observed (p > 0.05)

and the corticosterone variables were strongly correlated (p < 0.000).

Mann Whitney U tests were applied to test for differences in variation between the sexes on

multiple variables. Exact significance level (p; two tailed) was set to 0.05.

To determine if the results from both sexes could be pooled in the statistical analysis, or if the
two sexes should be examined separately, differences between contaminant levels and
response variables in sexes were tested. Significant differences between the sexes were found
for several variables: PFDoA (U =9.00, p = 0.015), PFTeA (U =1.00, p = 0.000) , PFTrA (U
=0.00, p=0.000), ZPFCA (U =10.00, p = 0.020) and BDE-153 ( U = 32.00, p = 0.037).

Because of the distinct sex-specific differences in some of the environmental contaminants,
statistical analyses were performed separately for male and female glaucous gulls. However,
statistical analyses were also applied on pooled sexes to examine responses that could be

independent of sex.
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2.9.3. Multivariate data analysis

Principal component analysis (PCA) and Partial least square regression (PLS) was performed
on the following variables: baseline corticosterone concentration (B-CORT), stress-induced
corticosterone concentration (S-CORT), increase in corticosterone concentration between the
two samplings (I-CORT), time from trapping to first sampling (T1), time from trapping to the
second sampling (T2), time between the first and second sampling (dT), body condition index
(BCI), % lipid weight (%LW), PFHxXS, PFOS, PFOA, PFNA, PFDcA, PFUnA, PFDOA,
PFTrA, PFTeA, PFOSA, cis-chlordane (c-chl), oxy-chlordane (oxy-chl), cis-nonachlor (c-
nonachl), trans-nonachlor (t-nonachl), p,p -DDE (pp-DDE), B-HCH (b-HCH), Mirex, PCB-
28, PCB-52, PCB-105, PCB-118, PCB-138, PCB-153, PCB-180, PCB-183, PCB-187, PCB-
194, BDE-47, BDE-99, BDE-100, BDE-153 and BDE-154.

2.9.3.1. Principal component analysis (PCA)

Principal component analysis was applied to explore similarities and differences between
samples, and to identify the OHCs levels and biometrical variables explaining the variation in
the corticosterone variables. PCA-X&Y models were applied using Simca P12+(Umetrics,
2008), with corticosterone variables as response (Y)-variables and OHCs levels, lipid weight
(%), time and BCI as predictor (X)-variables. The analyses were performed on untransformed
variables. Selected variables (PFHXS, PFOS, cis-chlordane, PCB (-52, -99, -105, -153, -180, -
194) and BDE-154) were auto-Logs transformed by Simca P 12+ to prevent skewness. The
analysis was performed on pooled and separate sexes. For the PCA on females only PFHXS,
PFQOS, PCB-180, PCB -194 and BDE-154 were auto-Logs transformed in Simca P12+.

A PCA is a multivariate technique that analyses a data table in which response variables
(corticosterone) are described by multiple inter-correlated quantitative dependent variables
(Abdi and Williams, 2010). In a PCA plot, the important information from the variables are
extracted and represented as a set of new uncorrelated orthogonal variables, called principal
components, projected onto each other. The variables are unit variance (UV) scaled, so that
their contribution to the final model is equal, independent of their absolute values. In addition,
the variables are mean centred (the mean value is subtracted) to increase the models
interpretability (Eriksson et al. , 2006). A critical validation of the PCA is essential. This is
performed with respect to explained variance of each of the principal components and the
models goodness of prediction. Significant PCs have eigenvalues > 1 (Abdi and Williams,
2010). Only the two components with the highest eigenvalues and explaining most of the

variation were extracted to make PCA plots.
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2.9.3.2. Partial least square/ projection to latent structure

Projections to latent structures by means of partial least squares (PLS) (Wold et al., 2001;
Eriksson et al., 2006) was applied to investigate the indications from the PCA analyses. PLS
investigates multivariate relationships between the predictor (X)-variables (herein: OHCs,
lipid weight (%), time and BCI) and their unidirectional influence on the response (Y)-
variables corticosterone. This multivariate regression method has been applied to several
recent wildlife studies investigating numerous and collinear predictor variables (Murvoll et
al., 2006; Villanger et al., 2011; Bechshgft et al., 2012).

PLS regression is different from multiple linear regressions (MLR) as it takes into account
that X-variables can be strongly correlated. Instead of being treated as “independent” X-
variables as in MLR, PLS treats the X-variables as “predictors”, due to their close correlation
and noisiness (Wold et al., 2001). The PLS method can assess the relationship between X-
variables and Y-variables, and identify possible combined effects by the X-variables. PLS
regression does not require normality distributions, is less sensitive to outliers and extreme
values, and can deal with datasets consisting of a lower number of observations (individuals)
than variables, as well as multicolinearity among the variables (Wold et al., 1984; Eriksson et
al., 2006; Umetrics, 2008).

As normality is not required for PLS regression, only selected (PFHxS, PFOS, cis-chlordane,
PCB (-52, -99, -105, -153, -180, -194) and BDE-154) variables were auto-Log;o transformed
by Simca P12+ to prevent skewness. All variables were unit variance (UV) scaled and
significance level was set to 0.05 (Umetrics, 2008). PLS modeling was validated by the
explained variation in the X-matrix (R*X), explained variance of the Y-variables by the X-
matrix (goodness of fit, R?Y), goodness of prediction (Q®) obtained by cross-validation and
permutation analysis (default, 20 permutations) (Umetrics, 2008) and an analysis of variance
testing of cross-validated predictive residuals (CV-ANOVA) (Eriksson et al., 2008). R? > 0.7
and a Q> 0.4 denote significant models when analyzing biological data (Lundstedt et al.,
1998).

The importance of individual X-variables in explaining the X- and Y-matrices were evaluated
using the variable importance for the regression (VIP) values. A VIP value > 1 denotes high
importance for the model, and VIP < 0.5 indicate low or no importance (Umetrics, 2008).
Optimizing of the PLS model was performed by stepwise removal of X-variables with the

lowest VIP values. The regression coefficient (CoeffCS) value was used as another evaluation
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parameter for individual X-variables, showing the correlative relationship (strength and

direction) between each X-variable and Y-variable (Umetrics, 2008).

2.9.4. Spearman’s rank-order correlation coefficient test

Spearman’s correlation tests were used to further investigate the indications from the PCA
plot. A significance level of p <0.05 and a borderline significance of p = 0.05-0.07 was set
when investigating the relationships between the corticosterone and explanatory variables.
Correlations are expressed using the Spearman’s correlation coefficient rs and the p-value of
significance. Correlations between selected OHCs (cis-chlordane, HCB and BDE-99) and
lipid weight were detected in male glaucous gull plasma, although when corrected with partial
correlations, these correlations with %LW did not affect the variables correlation with
corticosterone variables (-0.106 > r < 0.794, p > 0.109), which was non-significant (r > 0.252,
p > 0.11). As the percentage of extractable lipids in glaucous gull plasma was not correlated
with most OHCs (-0.010 < rs <0.456, p> 0.06), the contaminant concentrations were not

corrected for lipid weight.

A correlation between BCI and two PFSA variables were detected in glaucous gull plasma,
PFOS in males and PFOSA in females, respectively. Although when corrected for this
correlation, with partial correlation, these correlations with BCI did not affect the PFSA
variables correlation with corticosterone variables (-0.460 > r > 0.005, p > 0.435), which were
non-significant (-0.657 > r > 0.200, p > 0.156). The OHCs and corticosterone variables were
not controlled for body condition, as there was no significant correlation between BCI and

these variables.

The aim of the PCA, PLS and Spearman’s correlation was to investigate the combined effects

from OHCs and biometric variables on the corticosterone variables.
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3. Results

3.1. Levels of organohalogen contaminants
Plasma levels of individual and summed organohalogen contaminants (XOHC) detected in <
60% of all samples in female and male glaucous gulls are presented in wet weight ng/ml

plasma in Table 1.

Of the OHCs, PCBs were found to have the highest concentrations in both male and female
glaucous gulls, representing 67.6 % and 53.4 %, respectively, of the total OHC concentrations
in the samples. In female glaucous gulls the total OHC load was represented by; XPCBs (53.4
%)> LPFSA (23.9 %)> XCHL (9.0 %)> XOCPs (6.3 %)> LPFCA (4.8 %) > XPBDEs (2.6 %),
respectively (Figure 3). In male glaucous gulls the total OHC load was represented by; XPCBs
(67.6 %)> SCHL (11.0 %)> ZOCPs (7.5 %)> ZPFCA (6.0 %)> ZPFSA (5.9 %)> ZPBDEs
(2.0 %), respectively (Figure 3). Only XPFCA showed significant differences between sexes
(U = 10.00, p = 0.020). Thus, XPFSA (U =28.00, p =0.660), XCHL (U=23.00, p =0.350),
YOCPs (U =25.00, p = 0.462), XPCB (U =20.00, p = 0.216), XPBDE (U = 21.00, p = 0.256)
were not significantly different in variation between sexes. As previously mentioned
(statistics section), of the single compounds, only PFDoA (U =9.00, p = 0.015), PFTeA (U =
1.00, p = 0.000), PFTrA (U =0.00, p = 0.000), XPFCA (U =10.00, p = 0.020) and BDE-153
(U =32.00, p = 0.037) differed significantly between the sexes.

M ZPFCA (ng/ml)
W ZPFSA (ng/ml)
I ZCHL (ng/ml)
[E1ZOCPs (ng/ml)
[1ZPCB (ng/ml)
EZ=PBDE (ng/ml)

67,61 754 1104 585 599

Sex

53,42 6,30 9,04 23,86 4,79

T T T T 1
20,0% 40,0% 60,0% 80,0% 100,0%
Total OHC concentration (ng/ml)

Figure 3: Histogram based on average OHC concentrations showing the sex-specific OHCs pattern in plasma
from female and male glaucous gulls breeding in Kongsfjorden, Svalbard.
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PCB-153 was found to have the highest concentration of the PCBs in both males and females,
followed by PCB-180, -138 and -118. Oxy-chlordane and HCB, respectively, were found to
have the highest concentrations of the CHLs and OCPs in both males and female glaucous
gulls. BDE-47 was found to have the highest concentration of the PBDESs, and PFOS had the
highest concentration of the PFCs in both males and females. The range of PFOS in females
was very large and the mean value was more than three times the median, indicating a very
skewed distribution. This is due the detected level of 183.2 ng/ml PFOS in gull #14 (ABA).
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Table 1: Mean + standard deviation (St.D), median, minimum and maximum concentrations (ng/ml w.w plasma) of
individual organohalogen contaminants detected (>60% of the samples) in male and female glaucous gulls from
Kongsfjorden, Svalbard 2013. Included are the sums denoted with X. For compounds with concentrations <LOD, a
random value between 0 — LOD was applied in statistics. The presented concentrations are therefore based on n=6

for the males and n=11 for the females. The “n” presented in the table represents the number of samples with
concentrations > LOD. Compounds with significant differences between the sexes (p<0.05) are denoted with *,

Males Females
Analyte n| Mean+StD Median Range n | MeanxStD Median Range
(ng/ml w.w.)
Mirex 6| 5.08+2.76 4.13 2.79-1040 |11 | 3.73+£3.14 231 1.31-10.20
cis-nonachlor 6| 0.70+0.35 0.78 0.14-115 | 11| 1.00+0.56 0.98 0.31-2.00
trans-nonachlor | 6 1.31+0.89 1.26 0.09-267 |11 | 1.04+0.71 0.87 0.26 —2.53
oxy-chlordane | 6 | 11.51+7.87 9.27 474-2650 |11 | 8.71+553 5.66 3.00-17.20
cis-chlordane 6 | 0.02+0.004 0.01 0.01-002 |9 0.03+0.01 0.03 0.009-0.06
YCHL! 6| 1861+11.36 1501 10.43-4045 | 11 | 14.51+9.03 9.08 5.09 -31.02
HCB 6| 820288 7.65 562-1340 |11 | 6.80+1.91 6.93 4.08-9.51
B-HCH 6| 045%0.23 0.38 0.28-0.89 |11 | 0.32+£0.18 0.24 0.12-0.69
p,p’-DDE 6| 4.06x+274 3.09 216-937 |11 | 3.00£1.82 1.85 1.21-6.40
YOCPs’ 6| 12.71+5.68 1158 8.06—23.66 |11 | 10.11+3.82 8.96 5.48 -16.44
PCB-28 6| 024+0.10 0.23 0.14-042 |11 | 0.16+0.07 0.14 0.08 -16.44
PCB-52 5| 0.04+0.02 0.04 0.008-0.05 |9 0.37+0.29 0.30 0.03-0.75
PCB-99 6| 5.93+3.98 4.54 293-13.60 |11 | 357+234 2.48 0.51-7.65
PCB-105 6 | 0.01+0.006 0.01 0.003-0.02 | 11| 0.62+0.75 1.43 0.002-2.11
PCB-118 6| 10.85%6.35 9.29 579-2310 |11 | 7.27+452 4.79 292-17.2
PCB-138 6| 21.80+11.73 19.65 10.50-43.30 | 11 | 15.38+8.65 11.00 5.43 -31.00
PCB-153 6| 42.37+28.35 3265 22.00-98.40 | 11 | 32.37+26.36 20.10 8.43-87.00
PCB-180 6| 20.34+1243 1505 9.81-4300 |11 |16.85+17.50 9.13 4.17-52.80
PCB-183 6| 297+1.65 2.29 1.62-6.08 |11 | 2.36+1.98 1.44 0.71-6.59
PCB-187 6| 415+227 3.41 250-858 |11 | 2.74+154 2.13 1.23-5.25
PCB-194 6| 3.00+2.08 2.32 1.117-6.46 | 11| 2.32+2.60 1.16 0.51-757
»PCB® 6 | 113.94+£69.17 8940 65.53-248.43 | 11 | 85.79+63.85 51.89 28.14 —220.87
BDE-47 6| 217+1.04 1.71 1.26-3.78 | 11| 237+1.40 1.93 1.11-6.24
BDE-99 6| 0.21+0.15 0.22 0.0004-0.42 | 11| 0.38%0.22 0.38 0.002- 0.85
BDE-100 6| 042+0.18 0.38 0.27-068 | 11| 0.42+0.19 0.42 0.18-0.86
BDE-153* 6| 0.36+0.11 0.35 0.25-057 | 11| 0.83+0.56 0.68 0.26 —2.14
BDE-154 6 0.15+0.07 0.14 0.08-0.24 11| 0.17+0.13 0.13 0.02-041
YPBDE* 6 3.31+1.45 2.86 1.88 —5.68 11| 417+£1.76 3.61 1.81-8.40
PFOA 6 0.10 £0.04 0.12 0.03-0.14 |7 0.29+£0.10 0.32 0.11-0.42
PFENA 6 1.64+0.44 1.47 1.18-2.23 11| 1.80+0.88 1.95 0.30-3.59
PFDcA 6| 071+021 0.70 0.44-096 |11 | 0.62+0.16 0.62 0.31-0.92
PFDoA* 6| 087+0.17 0.91 0.65-1.07 |11 | 0.55%0.26 0.60 0.20-1.09
PFUnA 6| 3.19+0.52 3.07 247-381 |11 | 2.51+0.69 2.59 1.28 - 3.58
PFTrA* 6| 3.13+048 3.03 252-370 |11 | 1.85+0.44 1.94 1.11-2.46
PFTeA* 6| 0.45%0.07 0.45 0.37-052 |38 0.22+0.10 0.21 0.07-0.39
YPFCA’* 6 | 10.09+1.00 10.34 850-11.38 | 11| 7.69+2.30 7.92 3.28 -11.86
PFHxXS 5| 0.49+0.59 0.36 0.03-160 |10| 225+295 0.65 0.15-9.36
PFOS 6| 9.37+3.23 9.16 598-1342 | 11| 36.28+54.31 9.16 2.89-183.21
PFOSA 5| 057+0.22 0.66 0.39-0.89 |9 0.81+£0.30 0.80 0.48-1.44
YPFSA® 6| 9.86+3.58 9.46 6.43-15.02 | 11| 39.00+57.00 10.62 3.23-192.65
YPFCs’ 6 | 20.52+3.39 1945 1759-2599 | 11| 46.69+57.54 17.75 7.97 —200.93

! ¥CHLs: cis-Chlordane, oxy-Chlordane, trans-Nonachlor, cis-Nonachlor and Mirex

2¥OCPs: HCB, B-HCH and p,p -DDE

3 ¥PCBs: PCB;-28, -52, -99, -105, -118, -138, -153, -180, -183, -187 and -194

* YPBDESs: BDE;-47, -99, -100,-153 and -154

>SPFCA: PFOA, PFNA, PFDCA, PFDoA, PFUNA, PFTTA and PFTeA

® TPFSA: PFHxS, PFOS and PFOSA

® YPFSA: PFHXS, PFOS, PFOSA, PFOA, PFNA, PFDcA, PFDoA, PFUNA, PFTrA and PFTeA
"$PFCs: PFOA, PFNA, PFDcA, PFDoA, PFUNA, PFTrA and PFTeA



3.2. Levels of corticosterone hormone and sampling time

The levels of corticosterone hormone and sampling time information for female and male
samples separately, as well as pooled samples, are listed in Table 2, 3 and 4 in Appendix A.
The individual levels of corticosterone hormones and sampling times are listed in Table 5 in
Appendix A. The individual increase in corticosterone from the baseline (B-CORT) to the
stress-induced (S-CORT) sample is projected in relation to sampling times in Figure 4.

3.2.1. Baseline corticosterone concentration

Baseline corticosterone (B-CORT) concentration averaged 45.78 + 22.24 ng/ml (range 23.72
— 112.38 ng/ml) and did not differ between males and females (effect of sex on B-CORT
concentration: U = 20.00, p = 0.216). The time from the trapping until the first blood sample
was taken (T1) did not differ between the sexes (U = 30.00, p = 0.808), and averaged at 08:20
+ 02:12 min (range 05:13 — 12:28 min).

3.2.2. Stress-induced corticosterone concentration

Stress-induced corticosterone (S-CORT) averaged 106.65 + 55.42 ng/ml (range 46.70 —
224.91 ng/ml) and did not differ between males and females (effect of sex on S-CORT
concentration: U = 29.00, p = 0.733). The time from trapping to the second blood sample (T2)
was obtained did not differ between the sexes (U = 33.00, p= 1.00), and averaged at 28:29 +
06:10 min (range 20:10 — 38:48 min).

3.2.3. Increase corticosterone concentration

The increase in corticosterone (I-CORT) concentration between the first and second sample
averaged 60.86 + 39.62 ng/ml ( range 18.44 — 144.86 ng/ml) and did not differ between males
and females (effect of I-CORT concentration: U = 32.00, p = 0.961). The handling time that
elapsed between the two samples (dT) did not differ between the sexes (U = 28.00, p =
0.660), and averaged at 20:08 + 03:59 (range 14:57 — 26:20).
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Figure 4: Individual increase in corticosterone concentration as a function of time in glaucous gulls sampled in
Kongsfjorden, Svalbard 2013. The graph includes B-CORT and S-CORT samples for each individual and their
respective sampling times from trapping; T1 and T2, respectively. Females (AJB, AJC, ADD, AAT, AFB, AL,
AAJ, ADL, ABA, AAD and AFC) are marked with grey markers and lines. Males (AJD, AND, AJF, AJH and
AJN) are marked with black markers and lines. There was no difference in stress response between sexes.
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3.3. Multivariate data analysis

3.3.1. Principal component analysis (pooled sexes)

The PCA analysis performed on both female and male glaucous gulls resulted in four
significant principal components explaining 70.6 % of the total variation of the variables
(R?X=0.706, Q® = 0.2). The first component (PC1) explained 38.3 % (eigenvalue 6.51) and
the second component (PC2) explained 13.1 % (eigenvalue 2.23). The loadings of the
individual OHCs onto the principal components are listed in Table 17 and 18 in Appendix F.
These PCs are projected in the biplot of loadings (PC1/PC2) in Figure 5. The remaining third
(PC3) and fourth (PC4) components explained 0.098 % and 0.093 %, respectively, and are not
included in the loading plot. No outliers were present as all samples were within the
Hotellings T2 range (Figure 6). There was an evident clustering of PCBs, CHLs and OCPs,
indicating a significant correlation between the variables. The PFCAs and PFSAs are on the
opposite side of the PCA plot compared to the PCBs, CHLs and OPCs indicating a negative
correlation between these OHCs variables. A clear difference between males and females is

shown in the score plot (Figure 6), and separate PCA analyses on each of the sexes were

performed.
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Figure 5: Biplot of loadings in PC1/PC2 dimension based on contaminant and corticosterone hormone
concentrations (B-CORT, S-CORT and I-CORT) in plasma of female and male glaucous gulls captured in
Kongsfjorden, Svalbard 2013. Individual OHCs, time of first (T1) sampling, second sampling (T2) and the time
difference between the two (dT), as well as BCI and lipid weight (LW%) was included.
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Figure 6: Biplot of scores in PC1/PC2 dimension based on contaminant and corticosterone hormone
concentrations (B-CORT, S-CORT and I-CORT) in plasma samples of female (F;black) and male (M;red)
glaucous gulls captured in Kongsfjorden, Svalbard 2013. Hotellings T2 range is illustrated by the circle around
the scores. All samples are within the Hotellings T2 range.

3.3.2. PCA of female samples

The analysis including female glaucous gull samples resulted in a PCA-model with three
significant principal components (R?X=0.751, Q* = 0.355). PC1, PC2 and PC3 explained 45.5
% 15.6 % and 13.9 % of the variation, respectively (Table 19 and 20, Appendix G). The
loadings of the individual OHCs onto the principal components are listed in Table 19 and 20
in Appendix G. Only PC1 and PC2 were extracted for a loadings biplot (Figure 11, Appendix
G) as these explained most of the variation. No outliers were present as all samples were
within the Hotellings T2 range. The PCA analysis including female glaucous gulls indicates
negative associations between the corticosterone variables (B-CORT and S-CORT) and some
of the PFCs and %LW along PC2. However, correlation analysis only identified a significant
inverse relationship between the CORT variables and lipid weight (%) (r > -0.762,
p<0.006)(Figure 12, Appendix H). As no relationship with any OHCs variables were
identified for the corticosterone variables in female glaucous gulls, the female samples were

excluded from further analysis.
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3.3.3. PCA of male samples

The analysis of male glaucous gull samples resulted in a PCA-model with only one significant
principal component (R?X=0.514, Q? = 0.14). To compute a PCA plot a second non-
significant PC was calculated, although this weakens the model (R%X=0.69, Q* = 0.054). PC1
and PC2 explained 51.4 % and 17.6 % of the variation, respectively. The loadings of the
individual OHCs onto the principal components are listed in Table 21 and 22 in Appendix I.
No outliers were present as all samples were within the Hotelling’s T2 range. The biplot of
loadings in PC1 and PC2 indicates that several OHCs are clustered together along significant
PC1 together with the corticosterone variables (Figure 7). The close clustering of
corticosterone variables and specific OHCs variables within the square in Figure 8 is

magnified in Figure 13 in Appendix |.
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Figure 7: Biplot of loadings in PC1/PC2 dimension based on organohalogen contaminant and corticosterone
hormone concentrations (B-CORT, S-CORT and I-CORT) in plasma of male glaucous gulls captured in
Kongsfjorden, Svalbard 2013. Individual OHCs, time of first (T1) sampling, second sampling (T2) and the time
difference between the two (dT), as well as BCI and lipid weight (%LW) was included. Variables within the
marked square is magnified in Figure 13 in Appendix I.
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The PCA plot indicates close correlations between several OHCs and the corticosterone
variables (B-CORT, S-CORT and I-CORT). The longer distance between the S-CORT and I-
CORT variables and their surrounding OHCs, denote less significant positive correlations. As
there was a shorter distance between several OHC variables and B-CORT, these positive
correlations were more significant. The positive correlation between each of the single
compounds; BDE-47, BDE-154, PCB-99, PCB-28, trans-nonachlor, cis-nonachlor, p,p -DDE,
PCB-187, PCB-118, B-HCH, and B-CORT was confirmed with correlation tests (rs > 0.829,
p<0.042). There were no correlations between OHCs variables and the remaining
corticosterone variables, S-CORT and I-CORT. PFOS was oriented on the opposite side of
the close clustering of corticosterone variables, PCBs, PBDEs, OPCs and CHLs, indicating a
negative relationship between these variables. The close orientation of the PFCAS, PFSAS
BCI, %LW and the time variables (T1, T2 and dT) towards the center of the plot, indicates

that these variables are of less importance to the model.
3.3.4. Partial least square regression (PLS)

To further investigate the relationships observed from the PCA-model, PLS-regressions were
applied to investigate the relationship between predictor (X)-variables (OHCs, lipid weight
(%), time and BCI) and the response (Y)-variables (B-CORT, S-CORT and I-CORT).
Stepwise removal of the X-variables of least importance (Wold et al., 2001) resulted in a
significant model. ~ PLS-regressions were applied to all corticosterone (Y) variables,
separately. Weaker, non-significant models were obtained for S-CORT and I-CORT, these

were accordingly not included in the results.

The PLS regression predicted that the variation of B-CORT in male glaucous gulls was
significantly explained by twenty-two variables (R?X = 0.789, R%Y = 0,905 and Q® = 0.869,
CV-ANOVA,; p = 0.048). The loadings of the individual OHCs onto the principal component
are listed in Table 23 in Appendix J. All of these compounds contributed positively to an
increase in the B-CORT concentrations. The highest VIP (variable importance in projection)
value were detected for BDE-47, p,p -DDE, PCB-99, PCB-187, -HCH, PCB-28, PCB-118,
PCB-138, PCB-153, trans-nonachlor, BDE-100, oxy-chlordane and BDE-154 (VIP > 1),
respectively. Hence, these variables were considered to of most importance, of the remaining
variables in the model, in explaining the variation in baseline corticosterone. The information
from the VIP plot (Figure 8) is complemented with a coefficient plot (Figure 9). These two
plots summarize the overall contribution from each X variable, indicating the strength of the
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correlation with Y (B-CORT) and the direction of the relationship (between Y and X variables)
as positive or negative. The directions of the bars in the coefficient plot denote positive
correlations for all OHC variables and B-CORT. The whiskers in both plots (Figure 8 and 9)
indicated the 95% confidence interval of each variable, and lengths of the whiskers denote the
variables reliability in the model. Shorter whiskers were more significant in the model and
variables with whiskers crossing the zero-line indicated lack of significance. Further
correlation tests confirmed these positive correlations for BDE-47, p,p -DDE, PCB-99, PCB-
187, p-HCH, PCB-28, PCB-118, PCB-138, trans-Nonachlor and BDE-154 (rs > 0.829,
p<0.042) with B-CORT.
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Figure 8: Variable importance in projection (VIP) plot of the final PLS regression, classifying the X-variables
according to their explanatory power of the Y-variable, baseline corticosterone (B-CORT) in male glaucous gulls
captured in Kongsfjorden, Svalbard 2013. Variables with a VIP value over 1 are regarded as important. The
whiskers represent the 95% confidence interval, and crossing the zero-line indicates lack of significance.
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Figure 9: Coefficient plot of the final PLS regression summarizing the relationship between X-variables and
baseline corticosterone (B-CORT) levels in male glaucous gulls captured in Kongsfjorden, Svalbard 2013. The
whiskers represent the 95% confidence interval, and crossing the zero-line indicates lack of significance. The
direction of the whiskers denotes significant positive relationships with B-CORT for all variables with VIP
values above 1 (Figure 8).
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The twenty-two remaining OHCs values, explaining 78.9 % of the variation of B-CORT,
were summed (XPLS-OHCs) to investigate their combined effects on B-CORT. £PLS-OHCs
correlated positively with B-CORT (r = 0.907, p = 0.013), and the linear relationship between
YPLS-OHCs and B-CORT is presented graphically in Figure 10.
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Figure 10: The linear relationship (x 95% confidence interval) between the XPLS-OHCs (PBDE; -47,-99, -100, -
153, -154, PCB;-28, -99,-118, -138, -153, -180, -183, -187, -194, p,p’-DDE, b-HCH, trans-nonachlor, oxy-
chlordane, cis-nonachlor, Mirex, HCB and PFDcA), and baseline corticosterone (ng/ml) in male glaucous gulls
captured in Kongsfjorden, Svalbard 2013. The positive relationship was confirmed with Pearson’s correlation
coefficient, r, and significance, p (< 0.05). R?-values for the linear regression are shown in the plot.
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4. Discussion

The present study reports levels of both OHC contamination and corticosterone (CORT)
hormone in glaucous gulls breeding in Kongsfjorden, Svalbard. The results indicate for the
first time that the combination of specific OHCs might constitute a “cocktail” effect on
baseline levels of CORT in male glaucous gulls. The study also indicates sex-differences in
CORT responses to OHCs levels, since no significant relationships between CORT responses
and OHC levels were identified for females. It is however possible that these findings are due

to the identified differences in levels and patterns of OHCs between the sexes.

4.1. Levels of organohalogen contaminants

High levels of PCBs, CHLs and OPCs reflects the general pattern of OHC contamination in
Arctic seabirds (Letcher et al., 2010). In the present study, the contamination pattern was
dominated by PCBs, CHLs and PFCs in both female and male glaucous gulls. The high levels
of PFCs reported in female glaucous gulls were due to high levels of PFOS detected in some

females.

It is very challenging to reveal possible effects of OHCs in wildlife. Field studies are often
compromised with small sample sizes. In addition, recordings of relative few possible
ecological and biological variables hamper the possibility of unveiling confounding effects
caused by other factors than OHC levels. The present study is no exemption. A sample size of
seventeen individuals is not sufficient to report the levels or effects of OHCs in the whole
Arctic population of glaucous gulls. The arctic biota is exposed to a complex mixture of
anthropogenic contaminants (Verreault et al., 2005c; Letcher et al., 2010), and the OHCs
analysed in the present study reports only a selection of these compounds and contaminant
groups. The high degree of covariation between the contaminant variables, in the present
study, may complicate the multivariate data analyses when elucidating responses (Wold et al.,
1984; Umetrics, 2008). Multivariate data analyses are developed to handle these challenges,
shown by inter-correlations. However, there are still uncertainties associated with
interpretation of the results. The results presented in the present study may thereby only
function as indicators and provide additional basis for further research of OHCs fate and

effects in glaucous gulls.

The OHCs levels measured in the present study are overall considerably lower when
compared to previously reported levels in glaucous gulls from Svalbard (Bjgrngya) (Bustnes
et al., 2003b; Verreault et al., 2010). The levels of ZPCBs and XCHLs reported in the present
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study are over five and two times lower, respectively, than the levels previously reported in
plasma samples from male and female glaucous gulls (Bjgrngya) (Verreault et al., 2006a). It
IS possible that this population difference is due to spatial differences in exposure levels, with
lower concentrations in Kongsfjorden than Bjerngya. Although, previous studies show a
steady decline in levels of specific OHCs in glaucous gulls (Bjerngya) (Bustnes et al., 2010).
The levels of XPBDEs are highly comparable. As the levels of PFCs have not been
investigated in the Svalbard glaucous gulls until recent years (Verreault et al., 2005b; Haukas
et al., 2007), fewer studies are available for comparison to the present study. Levels of PFCAs
and PFSAs were investigated in the Barents Sea food web, including glaucous gulls. This
study reported a similar PFC contamination pattern as the present study (Haukas et al., 2007).
The major compound detected in liver samples of glaucous gulls from the Barents Sea was
PFOS, followed by PFDcA (Haukas et al., 2007). High PFOS levels have been reported in
several wildlife studies (Giesy and Kannan, 2001; Butt et al., 2008; Kelly et al., 2009), as
sulfonic PFCs are ultimately degraded to PFOS in the environment (Giesy and Kennan 2002).

4.1.2. Organochlorinated and -brominated contaminants

The major compound group detected in the present study was PCBs, with highest levels in
measured in male glaucous gulls. The high levels of PCBs may reflect trophic level of feeding
(Bustnes et al., 2000; Wold et al., 2011), as PCBs are known to bioaccumulate and
biomagnify in the Arctic marine food web (Borga et al., 2005; Kelly et al., 2007). PCB-153
was the main contributor in both sexes, followed by PCB-138 and PCB-180 respectively,
when assessing the median concentrations. This pattern of PCB-congeners has previously
been reported in glaucous gull from Svalbard (Bjerngya) (Verreault et al., 2004). These
congeners are also represented in the significant PLS model explaining variation of B-CORT
in males, although only PCB-153 and PCB-183 have VIP values above 1. PCB-153 is well
known for its persistency in the Arctic marine food web (Wolkers et al., 2004), and high
levels of PCB-153 has been reported in several studies of glaucous gulls (Bustnes et al.,
2003a; Buckman et al., 2004; Bustnes et al., 2004; Sagerup et al., 2009).

The major organochlorinated pesticide detected in the present study was oxy-chlordane,
followed by HCB, mirex and p,p -DDE for both sexes. Oxy-chlordane is a metabolite from
cis- and trans-chlordane (Polen et al., 1971; Fisk et al., 2001), the major compounds in
chlordane, an agricultural insecticide (Sovocool et al., 1977). HCB, mirex and the

environmental metabolite of p,p -DDT, p,p -DDE, are persistent OCPs commonly detected in
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arctic biota (Borga et al., 2007; Rigét et al., 2010). These compounds are also important for

explaining the variation of B-CORT in males.

The sex-specific OHC pattern detected in the present study is supported by previous studies of
glaucous gulls from West-Spitsbergen and the more contaminated Bjgrngya (Bustnes et al.,
2000; Verreault et al., 2006a; Verboven et al., 2010; Verreault et al., 2010). Males are
generally more contaminated than females, reflecting feeding ecology (Bustnes et al., 2000)

and the selective maternal transfer of OHCs into eggs (Verreault et al., 2006b).

Exact ages of the glaucous gulls were not recorded in the present study, as it shown that a
steady-state of OCs is reached before the onset of breeding (Anderson and Hickey, 1976). It is
rather the trophic levels of feeding that explain the levels of OCs, with highest levels in birds

feeding on a higher trophic level (Bustnes et al., 2003a).

The detected level of XPBDE in the present study was within the lower range of previous
studies from Bjgrngya (Verreault et al., 2007c), with no differences between the sexes. The
major congener was BDE-47, in both males and females. This congener is also one of the
main PBDEs detected in the Arctic (de Wit et al., 2006), and its levels are shown to increase
with higher trophic level in the Arctic marine food web (Kelly et al., 2008). The second and
third major congeners were BDE-100 and -153 for males, and BDE-153 and -100 for females,
respectively. This is also the general pattern of PBDE contamination previously detected in
glaucous gulls from Svalbard (Verreault et al., 2005a). All PBDEs detected in the present
study were important in explaining the variation of B-CORT in male glaucous gulls, in spite
the low percentage of this group (1.96 % in males, 2.6 % in females) in the total OHC

contamination pattern (Figure 3).

The different physiochemical properties of the OHCs contribute to the inter-correlations
between the OHC groups in both the PCA analyses, bivariate analyses and the final PLS
model. Organochlorinated and brominated OHCs possess similar properties of lipophilicity
and may thereby be partitioned similarly into the blood (Henriksen et al., 1998; Yordy et al.,
2010) during the lipid cycle. This may account for the correlations between these
contaminant groups, relative to PFCs, shown in the PCA plots (Figure 5 and 7, Appendix I:
Figure 13). The PFCs possess amphipathic properties and due to their protein affinity will
rather be partitioned into protein-rich compartments e.g. blood and liver (Ahrens et al., 2009;
Gebbink and Letcher, 2012), compared to the lipophilic OHCs. Thus, the observed intra-
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correlation among PFCs and inter-correlations with OCPs, CHLs, PBDEs and PCBs visible in

the PCA plots in the present study was expected.

4.1.3. Levels of perfluorinated contaminants

PFOS was the predominant compound of the detected PFCs, in both sexes in the present
study. This is consistent with previous reports of PFCs detected in glaucous gulls (Verreault et
al., 2005b; Haukas et al., 2007), although the levels previously reported are much higher than
in the present study. This might be due to differences in spatial contamination patterns.

The sum concentrations of PFCAs (XPFCAs) were lower or equal to the PFOS concentration
in the present study. This is consistent with previous studies of arctic biota (Martin et al.,
2004; Verreault et al., 2005b; Houde et al., 2011). Of the detected PFCAs the highest levels
were reported for PFUNA and PFTTA, in both sexes of glaucous gulls. These contaminants are
also the predominant PFCA in eggs of several seabirds from the Canadian Arctic (Braune and
Letcher, 2012). The pattern of PFC contamination presented in the present study is similar to
previous studies from the Norwegian and Russian Arctic, in eggs from ivory gulls (Pagophila

eburnea) (Miljeteig et al., 2009) and glaucous gulls (Verreault et al., 2005b).

Interestingly, PFDcA was the only PFC denoted as significant for explaining the B-CORT
levels in males, in spite its low concentration. This compound was found to increase between
1993 and 2003 in herring gull (Larus argentatus) eggs from two coastal colonies in northern
Norway (Verreault et al., 2007b). A similar increase of PFDcA was also detected in livers
from northern fulmars (Fulmaris glacialis) from 1975 to 2003 was also detected in the
Canadian Arctic (Butt et al., 2007).

4.2. Levels of corticosterone

To my knowledge, this is the second study examining circulating levels of corticosterone in
glaucous gulls. The previous study by Verboven et al. (2010) detected baseline (B-CORT)
and stress-induced corticosterone (S-CORT) in glaucous gulls from Bjgrngya. In that study,
the average B-CORT concentration was (on pooled sexes) 8.56 + 1.25 ng/ml (range 1.00 —
35.08 ng/ml) and S-CORT concentration was 35.54 + 1.78 ng/ml (range 14.90 — 65.83 ng/ml)
was detected (Verboven et al., 2010). These results are over five and three times lower than
the levels of corticosterone detected in the present study for B-CORT and S-CORT,
respectively. Although the mean sampling time for the B-CORT samples was three minutes
later and for the S-CORT samples two minutes earlier than the previous study, the differences

in detected corticosterone concentrations may not just result from differences in sampling
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times. Verboven et al. (2010) extracted the plasma samples with diethylether after the adding
of tritiated corticosterone for quantitative analyses and diluted the plasma extracts 15 times
prior to radioimmunoassay analysis. The evident differences in the method of analysing
corticosterone may account for (some of) the differences in detected B-CORT and S-CORT

concentration.

The same method of trapping and capture-challenge protocol were applied in both Verboven
et al., (2010) and the present study. A considerable amount of time passed by when attempted
to trap the adult birds, this is reflected in the individual handling times (dT) (Table 5,
Appendix A). Because the eggs had to be replaced into the rest as quick as possible to prevent
cooling and delay of the incubation process, a post-capture sample an hour after trapping, to
reflect the sensitivity of the stress axis, was therefore not possible to conduct in the present
study.

No statistical differences between males and female glaucous gulls were reported for B-
CORT, S-CORT or I-CORT in the present study. As the incubation and chick rearing is
shared between the male and female glaucous gull when breeding (Weiser and Gilchrist,
2012), it is possible that these stressful situations and the challenge of being trapped are
perceived and managed equally by the two sexes. Although, individual differences between
B-CORT and S-CORT in correlation to the sampling time are evident in the present study
(Figure 4). This may be reflected by differences in personality and how the individual birds
handle stressful events. Birds’ personalities are usually classified as proactive or reactive.
Proactive personalities have relatively active behaviour responses and low corticosterone
stress responses, whilst reactive personalities have rather passive behavioural responses and
large corticosterone responses (Groothuis and Carere, 2005; Cockrem, 2007). Birds with
proactive personalities have been suggested to be more successful in a more stable
environment, while reactive personalities may be more cautious and thereby be more
successful in a changing environment (Cockrem, 2005; Cockrem, 2007). These personality
types were personally observed during field sampling of the glaucous gull in the present
study, although not recorded for each bird. Some of the sampled birds were quiet and showed
no signs of resistance, whilst others displayed a more active and aggressive behaviour when

being trapped.

The individual differences shown in Figure 4 also indicate the complexity and challenges

when investigating stress response of animals in field studies. The differences in timing of
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the first sample (B-CORT) were due to differences in accessibility of the nest location by boat
or on land. While, the differences in in timing of the second sample (S-CORT) reflect the time
spend before trapping the bird, when the eggs were kept away from the nest. Short handling
time thereby reflects a more time consuming trapping. Although, there are no signs of effect
of the time spent attempting to trap the birds, as the B-CORT and S-CORT levels are
comparable to each other.

The mean concentrations of B-CORT, S-CORT and I-CORT reported here were generally
higher in males than female glaucous gulls. It is important to keep in mind the small sampling
size of the present study, weakening the statistical power of the tests applied. The median
concentrations may thereby give a more representable insight to the corticosterone
concentrations. The median concentration of B-CORT was higher in females than males, and
the median S-CORT concentration was higher in males than females. This reflects the higher
median I-CORT concentration in males than females. A sample size of six males and eleven
females is not sufficient to provide a good estimate of the B-CORT or S-CORT
concentrations of the whole glaucous gull population breeding in Kongsfjorden. The present
study is therefore providing indications of the possible differences; that may be confirmed by

new studies with larger sample sizes and equal sample sizes of the two sexes.

Sex differences in B-CORT levels have previously been reported in free-living Arctic
passerine birds (Astheimer et al., 1994; Holberton and Wingfield, 2003), the sub-Arctic
willow warbler (Phylloscopus trochilus) (Silverin et al., 1997) and the tropical red-footed
booby (Sula sula) (Lormée et al., 2003), with male birds exhibiting higher levels than females
during breeding. Other studies have shown higher levels in females, than in male birds
(Rector 2012) (O'Reilly and Wingfield, 2001; Rector et al., 2012) or no differences between
the sexes (Verboven et al., 2010). These differences may be due to uniparental or biparental
care (O'Reilly and Wingfield, 2001). The levels of B-CORT are important for timing of
breeding. By experimentally reducing the release of corticosterone in black-legged kittiwakes
with corticosterone inhibiting implants, a study found significant delays in egg laying in
females (Goutte et al., 2011; Goutte et al., 2014). Disruption of the breeding process may also

be influenced by ecological factors e.g. food availability (Moe et al., 2009).

Differences in levels of B-CORT and S-CORT between species, subspecies or populations
have frequently been reported and the mechanism behind is still poorly understood
(Astheimer et al., 1994; Boonstra, 2004; Angelier et al., 2011). This is important to keep this
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in mind when comparing the levels of stress hormones between species, subspecies or

populations.

4.3. Effect of OHCs on corticosterone concentrations

The multivariate data analyses applied in the present study provides the opportunity to
investigate associations and pinpoint the most important OHC variables in explaining the
variation of corticosterone variables. This method is not widely used in endocrino-
toxicological studies, although it has become more applied in recent years (Villanger et al.,
2011; Bechshgft et al., 2012; Villanger et al., 2013). The observed positive association
between B-CORT and plasma levels of selected OHCs in glaucous gulls in the present study
supports the previous results from Verboven et al., (2010). They reported a positive
correlation (on pooled sexes) between baseline corticosterone concentration and a PC
explaining 77.3 % of the total variation in selected POP classes. Of the selected POP classes,
the largest contributions of loadings in PC1 were by PCBs and PBDEs (Verboven et al.,
2010). The present study show that the most persistent PBDEs (BDE-47, -100 and -154) and
PCBs (-99, -187, -28, -118, -138 and -153), as well as some very persistent OCPs (p,p -DDE
B-HCH, trans-Nonachlor and oxy-Chlordane) were most important in explaining most of the
variation in baseline corticosterone in males. This observation also support the previous
reports of baseline corticosterone concentrations in herring gull (Larus argentatus) and black

guillemots (Cepphus grylle) experimentally exposed to PCBs (Peakall et al., 1981).

No relationships were found between OHCs and the corticosterone variables (B-CORT, S-
CORT and I-CORT) for females, although a significant negative relationship was revealed
between B-CORT and lipid weight. Plasma lipids include triglycerides, cholesterol and fatty
acids. Changes in these components correspond to changes in food quality (Gavett and
Wakeley, 1986). Thus, the lipid weight of plasma is not a good indicator of the body
condition in the glaucous gull. The same is true for the visceral and organ lipids. The plasma
carries newly absorbed nutrients and nutrients mobilized to tissues, and therefore provides an
acute rather than long-term index of nutritional status (Brown, 1996; Gibson, 2005). The lipid
content of the plasma may thereby function as an indicator of whether the bird had fed within
the last hours. As the females exhibit higher corticosterone concentrations with low lipid
content in the plasma, it is possible that the stress of being trapped is magnified, when the bird

is already stressed when foraging (Astheimer et al., 1995).
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All of the investigated PBDE congeners in the present study were important in explaining the
variation of B-CORT in males glaucous gulls- in spite the low levels detected. This sheds
light upon the complexity of toxicants and their potency of potential endocrine disruption,
even at low concentrations. A study of American kestrels (Falco sparverius) exposed to
environmentally relevant PBDEs (BDE-47, -99, -100 and -153) showed immunomodulation
and changes in several immune parameters (Fernie et al., 2005), suggesting endocrine
disruption by the PBDEs administered. Another study of the same species exposed to
environmentally relevant levels of a different PBDE mixture demonstrated modified quality
of pair-bond and affected reproductive behaviour of both sexes when exposed for a short
period as adult (Fernie et al., 2008). These effects have not been reported in glaucous gulls,
although studies indicate that PBDEs may disrupt thyroid system through competitive binding
to transthyretin (TTR), an important binding protein (Ucan-Marin et al., 2009).

Oxy-chlordane and HCB have previously been pinpointed as causative agents in POPs
mixtures to cause adverse effects in glaucous gulls (Bustnes, 2006). These pesticides are also
important compounds explaining the variation in B-CORT in the PLS model for male
glaucous gulls in the present study. The altered immune function during stress responses and
the chronic exposure to environmental POPs may influence the bird’s susceptibility to
parasites and disease. Sagerup et al. (2000) found a positive correlation between the levels of
OCs and parasite intensities in glaucous gulls (Bjerngya), thereby suggesting chemical
alteration of the immune system - making the individuals more susceptible to parasite
infections (Sagerup et al., 2000; Bustnes et al., 2004). In glaucous gulls, oxy-chlordane has
previously been related to decreased adult survival (Bustnes et al., 2003b), and increased time
spent away from the nest site during incubation (Bustnes et al., 2005). A study reported that
as oxy-chlordane concentrations in the blood increased a 10-fold (from 5 to 50 ng/g w.w),
survival probability of female and male glaucous gulls was reduced significantly (Bustnes et
al., 2003b). This indicates a possible interference with the glaucous gulls’ immune system.
Strong correlations between the levels of OCs and impairment of immune parameters reported
in glaucous gulls (Bjarngya) strengthen these indications (Bustnes et al., 2004). The authors
found strong correlations between several OCs and immune parameters in males, whereas
only significant correlations for oxy-chlordane and HCB in females. This also reflects the
differences in both contaminant levels and toxicological effects between sexes. The immune

system is highly influenced by the stress axis, and prolonged activation of the stress axis due
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to exintric and insintric factors, such as high contaminant levels, may suppress important

immune parameters (Sapolsky et al., 2000; Boonstra, 2004; Martin, 2009).

The results reported by the present study and Verboven et al. (2010) are, however,
contradictive to an experimental study on captive male American kestrels exposed to a
mixture of PCBs. The main congeners of the mixture were PCB-138, -153, -180 and -187
(Love et al., 2003), all which are important in explaining the variation of B-CORT in the
present study. Love et al. (2003) showed that both B-CORT and S-CORT levels were
significantly lower in exposed birds compared with control birds of similar age. Also, the B-
CORT levels of corticosterone showed a hormetic response in relation to the relative burden
of PCBs in the liver (Love et al., 2003). The hormetic response is characterized by an inverted
U-shape. This reflects an increase in baseline corticosterone levels at lower concentrations
and a decrease at higher concentrations of PCBs. This response, hormesis, is a well-known
toxicological response involved in short-term dosing studies followed by measurement of a
biological endpoint, e.g. metabolism, reproduction or survival (Calabrese and Baldwin, 2001).
However in the study by Love et al. (2003) there was a considerable time period for the
contaminants to cause additional effects after exposure and before the sampling (348 days).
This made the researchers to suggest that the hormetic response was due to damage of the
adrenal cortex by the administered PCB, the same conclusion as Byrne et al., (1988).
Corticosterone is also the principal glucorticoid in rats and experimental analysis shows
suppression of corticosterone by chronic low-dose (1, 5, 10 or 50 ppm) PCB and
polybromobiphenyl (PBB), as well as reductions in adrenal weights, suggesting toxicity to the
adrenal gland (Byrne et al., 1988). These variables were not examined in the present study or
other studies of glaucous gulls. It is also important to note that the dietary PCBs were
administered to the kestrels for 120 days, and then followed by a 348 days period with a
relatively clean diet. The study by Love et al. (2003) may therefore not reflect the chronic
exposure of POPs birds are exposed to in their natural environment, and for that reason the
results cannot be fully extrapolated to the wild although the dosage was environmentally

relevant.

There might be a difference in the stress response in captive birds and wild birds, due to
several factors. A study on several parrot species showed that wild-captured birds showed a
prolonged stress response to the stressor of capture and handling, compared to captive-bred
birds. After 45 minutes the corticosterone levels of captive-bred birds were reduced, while the

levels in wild-captured birds continued to increase (Cabezas et al., 2013). Even though both
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the captive-bred and the wild-captured birds had been in captivity for some time, the captive-
bred birds would have had considerable more time to acclimatize to the handling by humans.
This may be the reason for the rapid homeostasis response in captive-bred birds (Romero,
2004). 1t may be speculated that since glaucous gulls breeding at Bjgrngya have been studied
and trapped for several years (Verreault et al., 2010), they might be more habituated to
capture and handling than glaucous gulls breeding in Kongsfjorden. This may explain the
high B-CORT and S-CORT levels detected in the present study compared to levels reported
by Verboven et al. (2010). This is thus, highly unlikely, as the birds are only “exposed” to the
researchers once every year during the breeding season, and a considerable amount of time is

needed to be fully acclimatized to such situations.

As temperature and other climatic variables were not recorded during the present study, it is
not possible to assess the impact of climatic variability on circulating corticosterone
concentrations in the glaucous gulls. Thus, it would be interesting to include these factors in
further analysis regarding stress in seabirds. As the Arctic is a changing environment
(Hinzman et al., 2005a), the interference of OHCs and additional climatic stress can
potentially compromise seabird’s ability to adapt to a changing habitat. Changes in several
climatic variables may disrupt the trophic levels of the Arctic food web (Bluhm and
Gradinger, 2008). Disruption of important primary and secondary production events, such as
the annual algae blooms in spring, may lead to scarce food availability for the higher trophic
levels (Walther et al., 2002; Smetacek and Nicol, 2005; Falk-Petersen et al., 2007). Several
trophic levels feed in connection to sea ice, and as the sea ice decreases food availability may
decrease (Parmesan, 2006; Post et al., 2009). Decreased food availability may have an impact
on body mass and survival (Harding et al., 2011), and may initiate additional mobilization of
lipids, thereby increasing the levels of lipophilic OHCs in the blood (Anderson and Hickey,
1976). These events may contribute to additional stress for the Arctic seabirds (Boonstra,
2004). The glaucous gulls sampled in the present study were of generally good condition
relative to each other, indicated by BCIs, although it is possible that additional variability in
food availability may further influence the stress responses in the birds (Wingfield et al.,
1995; Kitaysky et al., 1999; Lanctot et al., 2003).

The stress-axis is very complex and is influenced by both external and internal stressors. It is
important to note that OHCs can interfere with numerous stages of the stress-axis. The
synthesis, binding and delivery of GCs to the plasma proteins and target cells are critical

stages that can be disrupted by OHCs. At the same time regulation of active and inactive GCs
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through changes in number and binding affinity of the receptors, as well as the exportation
and degradation of GCs (Odermatt et al., 2006). Due to the lack of control samples, B-CORT
and S-CORT samples of uncontaminated glaucous gulls, as well as the correlative nature and
low sample size of the present and previous studies — the exact relationship between OHCs

and corticosterone remain undetermined.

It is also challenging to analyze GCs in blood plasma, as the levels of GCs are fluctuating due
to constant changes in external and internal stressor. Thereby, it might be interesting to
evaluate a more stable biological matrix when analyzing GCs in birds. A matrix where levels
of the GCs are not influenced by the situation of sample collection would be preferred. A
situation highly influenced by several extrinsic and logistic factors in Arctic field studies. The
levels of GCs in blood will only provide a snapshot of the stress physiology and may thereby
provide insight in short-term effects in relation to OHCs. Feathers may be assessed for both
OHCs (Garcia-Fernandez et al., 2013) and corticosterone, and thereby provide a more long-
term insight to the effects of OHCs on stress in birds (Bortolotti et al., 2008; Bortolotti et al.,
2009). This is a relatively new method assessed for biomonitoring of OHCs (Jaspers et al.,
2006; Jaspers et al., 2011), and further validation of feathers as a sample matrix in endocrino-

toxicological research is needed for several birds, including glaucous gulls.

5. Conclusions

In conclusion, the present study indicated sex-specific pattern of levels and effects of selected
OHCs in glaucous gulls from Kongsfjorden. A significant negative relationship was reported
for lipid weight in blood plasma and baseline corticosterone concentration in female glaucous
gulls. This may indicate the stressful situation of being captured “on an empty stomach”. No
associations were reported between B-CORT and OHCs in females. Although, significant
positive associations were reported for B-CORT and twenty-two OHCs in males; indicating
for the first time a “cocktail” effect of specific OHCs in blood plasma associated with high
baseline levels of corticosterone in male glaucous gulls. No statistical differences in stress
response or corticosterone concentrations were recorded for males and female glaucous gulls;
although a larger sample size might reveal differences between the sexes. The present study
did not find significant associations between S-CORT, I-CORT and the OHCs in either
females or males. However, due to the low n available for male individuals, the results must

be treated with caution and need further research to validate our findings.
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6. Further recommendations

The present study shows indications of a sex-specific pattern of levels and effects of
contaminants in glaucous gulls. It also highlights the importance of equal sample size (n) of
both sexes to confirm these indications, as well as a larger sample size in general. Larger
sample sizes will strengthen the statistical models applied to investigate effects. Further
studies investigating stress response and contamination levels in glaucous gulls in
Kongsfjorden, should desirably include a sample size of forty individuals. Further studies
should also include climatic and ecological variables of average temperature, food
availability, breeding conditions and timing of breeding, in order to explain further variation
in the stress axis not explained by OHCs. Further studies should also include metabolic
derived OHCs, as these are hypothesized to be of greater endocrine disruption potential (Tyler
et al., 1998). Due to the close association between several PBDEs and B-CORT levels
indicated in the present study, further studies should include other new and emerging BFRS in

order to assess these relationships.
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Appendix A

Levels of corticosterone and sampling time
The plasma levels of corticosterone at first and second blood sample of female and male glaucous gull
plasmas are presented in Table 2 and 3 respectively. Plasma was sampled during the breeding season

of 2013 in Kongsfjorden, Svalbard.

Table 2: Plasma levels of corticosterone (ng/ml) and time of sampling (mm:ss) of female glaucous gulls breeding in

Kongsfjorden, Svalbard 2013.

Females

(n=11) Mean = S.D Median Range
Baseline corticosterone (ng/ml) 50,74 £ 24,73 49,14 23,72-112,38
Stress-induced corticosterone (ng/ml) 108,39 + 56,50 80,17 51,76 — 224,91
Increase corticosterone (ng/ml) 57,64 + 38,83 44,97 24,81 — 144,86
Time of first sample (min) 08:30 £ 02:15 08:01 05:13-12:28
Time of second sample (min) 28:15 + 05:41 26:30 21:20 - 38:12
Time of handling (min) 19:45 + 04.05 18:33 13:19 - 25:44

Table 3: Plasma levels of corticosterone (ng/ml) and time of sampling (mm:ss) of male glaucous gulls breeding in

Kongsfjorden, Svalbard 2013.

Males

(n=6) Mean + S.D Median Range
Baseline corticosterone (ng/ml) 36,69 + 14,38 30,62 25,38 -61,73
Stress-induced corticosterone (ng/ml) 103,45 + 58,54 95,06 46,70 — 199,86
Increase corticosterone (ng/ml) 66,76 + 47,52 60,10 18,44 — 138,13
Time of first sample (min) 08:03 £ 02:16 08:03 05:48 — 11:50
Time of second sample (min) 28:55 + 07:33 30,04 20:10 — 38:48
Time of handling (min) 21:16 + 06:32 21:05 14:20 - 30:02

Table 4: Plasma concentrations of corticosterone (ng/ml) and sampling time (mm:ss) of glaucous gulls breeding in

Kongsfjorden, Svalbard 2013.

Glaucous gull

(n=17) Mean + S.D Median Range
Baseline corticosterone (ng/ml) 45.78 +21.58 38.33 23.72 -112.38
Stress-induced corticosterone (ng/ml) 106.65 + 53.77 80.17 46.70 — 224.91
Increase corticosterone (ng/ml) 60.86 + 39.62 44.97 18.44 — 144.86
Time of first sample (min) 08:20 £ 02:12 08:01 05:13-12:28
Time of second sample (min) 28:29 £ 06:10 26:45 20:10 — 38:48
Time of handling (min) 20:08 £ 03:59 18:44 14:57 — 26:20
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Individual concentrations of corticosterone hormones and time of sampling

Table 5: Individual concentrations in ng/ml of corticosterone in baseline (B-CORT), stress-induced (S-CORT) and
increase (I-CORT) samples of male and female glaucous gull plasma, and the time of the B-CORT sample (T1), the S-
CORT sample (T2) and handling time/I-CORT sample (dT) in European time (mm:ss) and as a numeric variable
(min). Plasma was sampled during the breeding season of 2013 in Kongsfjorden, Svalbard.

B-CORT S-CORT I-CORT T1 T2 dT T1 T2 dT
Number ID (ng/ml) (ng/ml) (ng/ml)  (min)  (min) (min) (mm:ss) (mm:ss) (mm:ss)
Males
G04 AJD 45.72 126.87 81.14 8.77 38.80 30.03 08:46 38:48 30:02
G07 ADN 28.26 46.70 18.44 580 20.83 15.03 05:48 20:50 15:02
G09 AJH 61.73 199.86 138.13 8.75 3352 2477 08:45 33:31 24:46
Gl1 AAJ 25.38 124.96 99.57 583 20.17 1433 05:50 20:10 14:20
G13 AIN 26.10 65.17 39.07 737 3338 26.02 07:22 33:23 26:01
G18 AJS 32.97 57.15 24.18 11.83 26.75 1492 11:50 26:45 17:25
Females
G01 AJB 63.11 140.21 77.10 12.47 3820 2573 12:28 38:12 25:44
G02 AJC 112.38 224.91 112.53 733 2520 17.87 07:20 25:12 17:52
GO03 ADD 23.72 74.36 50.63 8.02 2133 1332 08:01 21:20 13:19
G05 AAT 56.21 94.36 38.15 522 2377 1855 05:13 23:46 18:33
G06 AFB 25.99 51.76 25.77 550 26,50 21.00 05:30 26:30 21:00
G08 AJF 35.21 80.17 44.97 10.08 34.08 24.00 10:05 34:05 24:00
G10 AJL 51.87 196.72 144.86 9.33 31.73 2240 09:20 31:44 22:24
G12 ADL 38.33 63.14 24.81 795 22,05 1410 0Q7:57 22:03 14:06
G14 ABA 65.09 114.38 49.29 953 2743 1790 09:32 27:26 17:54
G15 AAD 49.14 74.68 25.55 11.03 3520 2417 11:02 35:12 24:10
G16 AFC 37.10 77.57 40.47 6.97 2517 18.20 06:58 25:10 18:12
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Appendix B

Organohalogenated contaminants analyzed

Table 6 : Polybrominated diphenyl esters (PBDESs) analyzed in blood plasma from glaucous gulls breeding in
Kongsfjorden, Svalbard 2013.

Organobrominated contaminants

Group Acronym Analyte

PBDEs' BDE-28 2',4,4'-Tribromodiphenyl ether
BDE-47 2,2°,4,4’-Tetrabromodiphenyl ether
BDE-66 2',3',4,4'-Tetrabromodiphenyl ether
BDE-85 2,2',3',4,4'-Pentabromodipheny! ether
BDE-99 2,2’.4,4° 5'-Pentabromodiphenyl ether
BDE-100 2,2°,4,4° 6'-Pentabromodiphenyl ether
BDE-138 2,2',3',4,4',5'-Hexabromodiphenyl ether
BDE-153 2,2°,4,4°,5,5°-Hexabromobiphenyl ether
BDE-154 2,2°,4,4°,5,6’-Hexabromobiphenyl ether
BDE-183 2,2',3',4,4'5",6'-Heptabromodiphenyl ether

! PBDE congeners numbered by the IUPAC system (International Union of Pure and Applied Chemistry).
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Table 7: Organochlorinated contaminants analyzed in blood plasma from glaucous gull breeding in

Kongsfjorden, Svalbard 2013.

Organochlorinated contaminants

Group Acronym Analyte
CHLs trans-Chlordane trans-chlordane
cis-Chlordane cis-chlordane
oxy-chlordane oxy-chlordane
trans-nonachlor trans-nonachlor
cis-nonachlor cis-nonachlor
Mirex 1,10,2,2,3,30,4,5,5,50,5pB,6-dodecachlorooctahydro-1H-1,3,4-
(methanetriyl)cyclobuta[cd]pentalene
HCB HCB Hexachlorobenzene
HCH a-HCH la,2a,3B,4a,5B,6B-hexachlorocyclohexane
b-HCH 1o,2B,30,4P,50,6B3-hexachlorocyclohexane
g-HCH lo,2a,3p,40,50,63-hexachlorocyclohexane
DDTs o,p,'-DDT 0,p,"-dichloro-a,a-diphenyl-B,B,B-trichloroethane
p.p,'-DDT p,p,'-dichloro-a,a-diphenyl-$,B,3-trichloroethane
o,p,'-DDE 0,p,-dichloro-diphenyl-dichloroethylene
p,p,'-DDE p,p,'-dichloro-diphenyl-dichloroethylene
o,p,'-DDD 0,p,"-dichloro-diphenyl-dichloroethane
p,p,'-DDD p,p,'-dichloro-diphenyl-dichloroethane
PCBs® PCB-28 2,4,4"-trichlorobiphenyl
PCB-52 2,2',5,5'-tetrachlorobiphenyl
PCB-99 2,2',4,4' 5-Pentachlorobiphenyl
PCB-101 2,2',4,5,5'-pentachlorobiphenyl
PCB-105 2,3,3',4,4'-pentachlorobiphenyl
PCB-118 2,3',4,4' 5-pentachlorobiphenyl
PCB-138 2,2',3,4,4' 5'-hexachlorobiphenyl
PCB-153 2,2'4,4' 5,5'-hexachlorobiphenyl
PCB-180 2,2'3,4,4'5,5'-heptachlorobiphenyl
PCB-183 2,2',3,4,4'5',6-Heptachlorobiphenyl
PCB-187 2,2',3,4'5,5',6-heptachlorobiphenyl
PCB-194 2,2',3,3',4,4'5,5'-Octachlorobiphenyl

2 PCB congeners numbered by the IUPAC system (International Union of Pure and Applied Chemistry).
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Table 8: Perfluorinated compounds analyzed in plasma from glaucous gull breeding in Kongsfjorden, Svalbard

2013.

Perfluorinated compounds

Acronym | Analyte Chemical formula
PFCA CiF2,+1COOH
PFHxA Perfluorohexanoic acid CF3(CF,),CO0OH
PFHpA Perfluoroheptanoic acid CF3(CF,)sCOOH
PFOA Perfluorooctanoic acid CF3(CF,)¢COOH
PFNA Perfluorononanoic acid CF3(CF,);COOH
PFDcA Perfluorodecanoanoic acid CF3(CF,)sCOOH
PFUnA Perfluoroundecanoic acid CF3(CF,),COOH
PFDoA Perfluorododecanoic acid CF3(CF,)1,COOH
PFTrA Perfluorotridecanoic acid CF3(CF,);;COOH
PFTeA Perfluorotetradecanoic acid CF3(CF,);,COOH
PFSA CiF2n+1SO3H
PFBS Perfluorobutane sulfonate CF3(CF,)3S03H
PFHxXS Perfluorohexane sulfonate CF3(CF,)sSO3H
PFOSA Perfluorooctane amid CgH,F17NO,S
PFOS Perfluorooctane sulfonate CF3(CF,);SOzH
Iso-PFOS | Isomer Perfluorooctane sulfonate CF3(CF,);SOzH
PFDcS Perfluorodecane sulfonate CF3(CF,)yS0O3H
Other PFCs 6:2 FTS 6:2 fluorotelomer sulfonate CgF13CH,CH,SO4
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Appendix C

Biometric measuremets

Table 9: Biometric data from male and female glaucous gulls breeding in Kongsfjorden, Svalbard 2013

Mean £ S.E Median Range
Males (n = 6)
Weight (gr) 1738.33 £ 53.40 174750 15351900
Total head length (mm) 149.77 + 0.74 150 147.6 — 152
Bill length (mm) 63.95+0.71 64 61 —-66.2
Gonis length (mm) 23.08 £0.25 23.15 22.2-239
Wing length (cm) 476.50 £7.14 480 454 — 498
Body condition index (BCI) 0.00 £ 0.37 0.18 -1.62 -0.76
Total Plasma lipid content (mg/ml) 14.17 £ 0.45 14.6 12.03 - 15.05
% Lipid weight 1.42 +0.045 1.46 1.20-1.50
Females (n = 11)
Weight (gr) 1420.45 + 15.25 1440 1320 — 1490
Total head length (mm) 136.65 + 0.63 137 134 - 141
Bill length (mm) 57.27 £ 0.39 57.5 55-60
Gonis length (mm) 20.76 £0.20 20.7 19.5-22
Wing length (cm) 458.00 = 2.64 458 441 - 472
Body condition index (BCI) 0.00+£0.29 0.37 -1.84 - 1.27
Total Plasma lipid content (mg/ml) 15.25+0.69 15.75 12-19.8
% Lipid weight 1.53+0.07 1.57 1.2-1.98
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Individual biometric measurements

Table 10: Individual biometric measurements of male and female glaucous gull breeding in Kongsfjorden,
Svalbard 2013, included in the present study.

Gonys

Weight Total head  Bill lenght depth Wing lenght
Number ID (gn lenght (mm) (mm) (mm) (cm) BCI
Males
G04 AID 1685 148 66.2 22.7 473 0.446
G07 ADN 1680 152 63.5 22.2 454 0.328
G09 AJH 1810 151 63.9 23.4 498 -0.103
G11 AAJ 1820 151 65 22.9 487 0.876
G13 AJN 1900 149 61 23.9 488 0.153
G18 AJS 1535 147.6 64.1 234 459 -1.701
Females
G01 AJB 1345 137.2 56.7 20.7 472 -1.433
G02 AJC 1490 139 58 20.6 467 1.273
G03 ADD 1450 137 56.3 20.8 450 0.573
GO05 AAT 1455 134 57.9 213 458 0.648
G06 AFB 1440 136 55 19.5 455 0.428
G083 AJF 1440 136 57.6 20.7 461 0.365
G10 AJL 1390 137 57.5 21 457 -0.581
G12 ADL 1450 137 56.2 21.2 458 0.554
G14 ABA 1320 134 57 20.5 452 -1.851
G15 AAD 1410 141 60 22 467 -0.295
G16 AFC 1435 134.9 57.8 20.1 441 0.319
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Appendix D

Individual concentrations of detected OHCs

Table 11: Individual and summed concentrations (ng/ml) of perfluorinated compounds, detected in > 60% of samples, in male and female glaucous gull plasma, included in
statistical analyses. Samples <LOD (*) have random generated values from 0-LOD.Plasma was sampled during the breeding season of 2013 in Kongsfjorden, Svalbard.

Lipid weight PFHxS  PFOS PFOA PFNA PFDcA PFUnA PFDoA PFTrA PFTeA PFOSA XPFSA® XPFCA' XPFCs’

Number ID (%) (ng/ml)  (ng/ml)  (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)  (ng/ml) (ng/ml) (ng/ml)
Males

G04 AID 1.46 0.028 12.294 0.032 1.177 0.963 3.784 0.994 2.808 0.390 0.388 12.710 10.146 22.856
G07 ADN 1.20 0.024* 7.467 0.143 2.231 0.574 2.954 0.650 2.520 0.367 0.664 8.156 9.438 17.594
G09 AJH 1.48 0.500 5.977 0.116 2.147 0.822 2.974 0.817 3.147 0.518 0.778 7.255 10.541 17.796
G11 AAJ 1.40 1.604 13.418 0.128 1.414 0.562 3.162 1.073 3.702 0.522 0.403 15.426 10.563 25.989
G13 AJN 1.50 0.573 10.846 0.120 1.347 0.445 2.472 0.722 2.918 0.476 0.887 12.305 8.500 20.805
G18 AJS 1.46 0.223 6.205 0.060 1.524 0.890 3.813 0.994 3.679 0.417  0.287* 6.715 11.376 18.091
Females

G01 AJB 1.31 0.696 19.024 0.326 1.361 0.526 2.716 0.746 2.036 0.206 0.530 20.250 7.918 28.168
G02 AJC 1.20 0.370 9.159 0.107 1.331 0.594 2.593 0.437 1.880 0.191 1.090 10.619 7.133 17.752
G03 ADD 1.67 2.352 28.640 0.215 3.593 0.921 3.582 1.087 2.458  0.004*  1.438 32.429 11.861 44.290
GO05 AAT 1.57 0.148 4.897 0.420 2.158 0.513 1.937 0.258 1.397 0.160 0.797 5.842 6.842 12.684
G06 AFB 1.98 0.025* 6.702 0.338 2.053 0.621 3.185 0.721 2.299 0.387 0.797 7.523 9.604 17.128
G083 AJF 1.58 0.372 7.702 0.007*  1.947 0.721 2.848 0.601 2.077 0.316 0.619 8.693 8.516 17.210
G10 AJL 1.26 0.603 4.932 0.007*  0.295 0.306 1.281 0.206 1.117 0.069 0.478 6.014 3.280 9.294
G12 ADL 1.66 4.364 53.948 0.351 2.506 0.732 2.520 0.524 2.159 0.221 0.833 59.145 9.013 68.158
G14 ABA 1.48 9.359  183.211  0.302 2.250 0.733 2.528 0.650 1.751 0.063* 0.800* 192.650 8.277 200.927
G15 AAD 1.39 3.947 77.965 0.004* 1.066 0.681 2.883 0.611 1.936 0.239 0.724 82.637 7.420 90.056
G16 AFC 1.68 0.253 2.889 0.003* 1.231 0.475 1.525 0.253 1198 0.059* 0.083* 3.225 4.745 7.970

3 SPFSA consist of PFHxS, PFOS and PFOSA, and includes the random generated values between 0-LOD for concentrations <LOD.

* SPFCA consist of PFOA, PFNA, PFDcA, PFUNA, PFDoA, PFTrA and PFTeA, and includes the random generated values between 0-LOD for concentrations <LOD.

® YPFCs consist of PFHXS, PFOS, PFOA, PFNA, PFDcA, PFUNA, PFDoA, PFTTA, PFTeA and PFOSA, and includes the random generated values between 0-LOD for concentrations
<LOD.
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Table 12: Individual and summed concentrations (ng/ml) of chlordanes and chlorinated pesticides, detected in > 60% of samples, in male and female glaucous gull plasma, as
well as lipid weight (%), included in statistical analyses. Samples <LOD (*) have random generated values from 0-LOD. Plasma was sampled during the breeding season of
2013 in Kongsfjorden, Svalbard.

cis- oXy- trans- cis-

Lipid weight  chlordane chlordane nonachlor  nonachlor Mirex TCHL® p,p'-DDE pB-HCH HCB ~OCPs’
Number 1D (%) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)
Males
G04 AJD 1.46 0.015 10.00 1.83 1.15 3.63 16.62 4.45 0.45 6.60 11.50
G07 ADN 1.20 0.011 4.74 1.38 0.71 3.59 10.43 2.16 0.28 5.62 8.06
G09 AJH 1.48 0.020 26.50 2.67 0.87 10.40 40.46 9.37 0.89 134 23.66
G11 AA] 1.40 0.012 8.54 0.09 0.14 4.63 13.40 2.20 0.28 6.07 8.55
G13 AJN 1.50 0.021 6.38 0.76 0.48 2.79 10.43 2.62 0.35 8.69 11.66
G18 AJS 1.46 0.016 12.90 1.14 0.86 5.41 20.32 3.56 0.42 8.84 12.82
Females
G01 AJB 1.31 0.009 3.59 0.67 1.04 1.49 6.80 1.21 0.18 5.47 6.86
G02 AJC 1.20 0.020 4.80 1.08 1.14 2.04 9.08 1.85 0.24 5.23 7.32
G03 ADD 1.67 0.010 3.92 0.43 0.31 131 5.99 1.24 0.16 4.08 5.48
G05 AAT 1.57 0.030 17.00 1.79 2.00 10.20 31.02 6.42 0.51 9.51 16.44
G06 AFB 1.98 0.037 9.21 1.83 1.74 3.31 16.13 451 0.69 8.62 13.82
G08 AJF 1.58 0.017 13.10 1.07 0.87 9.32 24.37 4.19 0.26 7.46 1191
G10 AJL 1.26 0.027 17.20 0.87 0.61 4.18 22.89 4.31 0.34 7.88 12.53
G12 ADL 1.66 0.003* 3.00 0.26 0.40 1.43 5.09 1.21 0.12 4.56 5.89
G14 ABA 1.48 0.003* 4.75 0.41 0.98 1.69 7.84 1.79 0.24 6.93 8.96
G15 AAD 1.39 0.029 5.66 0.59 0.45 231 9.04 1.74 0.23 5.70 7.67
G16 AFC 1.68 0.060 13.60 2.53 1.46 3.78 21.43 4.54 0.52 9.35 14.41

® SCHL consist of cis-Chlordane, oxy-Chlordane, trans-Nonachlor, cis-Nonachlor and Mirex, and includes the random generated values between 0-LOD for concentrations <LOD.
" $OCPs consist of HCB, B-HCH and p,p -DDE.

71



Table 13: Individual and summed concentrations (ng/ml) of PCB congeners, detected in > 60 % of samples, in male and female glaucous gull plasma. Samples <LOD (*)
have random generated values from 0-LOD. Plasma was sampled during the breeding season of 2013 in Kongsfjorden, Svalbard.

Lipid weight PCB-28 PCB-52 PCB-99 PCB-105 PCB-118 PCB-138 PCB-153 PCB-180 PCB-183 PCB-187 PCB-194 XPCB’

Number ID (%) (ng/ml)  (ng/ml)  (ng/ml)  (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)  (ng/ml)
Males

G04 AJID 1.46 0.26 0.04 6.55 0.31 11.00 22.80 36.70 12.90 2.16 4.17 1.28 98.18
G07 ADN 1.20 0.14 0.05 2.93 1.41 5.79 10.50 26.80 14.00 2.05 2.84 2.00 68.53
G09 AJH 1.48 0.42 0.04 13.60 5.43 23.10 43.30 98.40 43.00 6.08 8.58 6.46 248.42
G11 AAJ 1.40 0.15 0.002* 3.43 1.62 6.66 16.50 28.60 16.10 2.42 2.50 2.63 80.63
G13 AJN 1.50 0.20 0.04 3.93 2.10 7.97 13.80 22.00 9.81 1.62 2.89 1.17 65.53
G18 AJS 1.46 0.25 0.05 5.15 2.60 10.60 23.90 41.70 26.20 3.49 3.92 4.49 122.36
Females

G01 AJB 131 0.14 0.30 2.08 1.05 3.49 8.43 13.70 6.89 1.05 1.47 1.08 40.19
G02 AJC 1.20 0.14 0.38 2.48 1.26 451 8.59 20.10 9.13 1.44 2.03 1.14 51.89
GO03 ADD 1.67 0.08 0.003* 1.85 0.87 3.23 5.43 13.50 4.22 0.77 1.31 0.51 31.78
GO05 AAT 1.57 0.30 0.75 7.65 4.03 17.20 31.00 87.00 52.80 6.59 491 7.32 220.87
G06 AFB 1.98 0.22 0.74 5.19 2.37 8.69 20.80 31.90 11.60 2.11 4.65 1.42 91.80
G083 AJF 1.58 0.15 0.25 0.51 2.65 12.10 24.90 72.50 48.70 5.54 2.13 7.57 177.46
G10 AJL 1.26 0.17 0.03 6.44 231 8.78 23.00 50.10 22.00 3.07 3.45 2.80 122.15
G12 ADL 1.66 0.09 0.09 1.69 0.88 2.92 7.15 8.43 4.17 0.71 1.23 0.71 28.14
G14 ABA 1.48 0.14 0.007* 2.97 1.43 4.79 11.00 12.70 5.43 1.02 2.18 0.65 42.32
G15 AAD 1.39 0.12 0.10 2.41 1.18 4.39 9.73 18.00 8.62 1.29 1.55 1.16 48.56
G16 AFC 1.68 0.24 0.71 6.05 2.10 9.89 19.20 28.10 11.80 2.32 5.25 1.21 88.50

¥ $PCBs consist of PCB congeners -28, -52, -99, -105, -118, -138, -153, -180, -183, -187 and -194, and includes the random generated values between 0 - LOD for concentrations
<LOD.
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Table 14: Indvidual and summed concentrations (ng/ml) of polybrominated biphenyls, detected in > 60 % of
samples, in male and female glaucous gull plasma. Plasma was sampled during the breeding season of 2013 in
Kongsfjorden, Svalbard.

Lipid weight BDE-47 BDE-99 BDE-100 BDE-153 BDE-154 XPBDE’

Number 1D (%) (ng/ml)  (ng/ml) (ng/ml) (ng/ml) (ng/ml) (ng/ml)
Males

MO04 AJD 1.46 3.13 0.24 0.50 0.25 0.21 4.33
Mo7 ADN 1.20 1.26 0.0004 0.27 0.27 0.09 1.89
M09 AJH 1.48 3.77 0.42 0.68 0.57 0.24 5.68
M11 AAJ 1.40 1.43 0.07 0.27 0.39 0.08 2.24
M13 AIN 1.50 1.45 0.31 0.27 0.37 0.10 2.50
M18 AJS 1.46 1.97 0.20 0.54 0.32 0.18 3.21
Females

MO01 AJB 1.31 2.61 0.85 0.51 2.14 0.17 6.27
Mo02 AJC 1.20 1.93 0.39 0.51 0.68 0.12 3.64
MO03 ADD 1.67 1.53 0.48 0.23 1.24 0.09 3.57
MO05 AAT 1.57 2.48 0.10 0.51 0.33 0.17 3.58
MO06 AFB 1.98 3.04 0.38 0.55 0.26 0.40 4.63
Mo08 AJF 1.58 1.11 0.002 0.18 0.49 0.02 1.81
M10 AJL 1.26 2.13 0.32 0.42 0.39 0.128 3.39
M12 ADL 1.66 1.42 0.33 0.32 111 0.05 3.23
M14 ABA 1.48 1.92 0.36 0.31 1.00 0.14 3.73
M15 AAD 1.39 1.69 0.43 0.26 1.12 0.11 3.61
M16 AFC 1.68 6.24 0.52 0.86 0.37 0.41 8.40

° ¥PBDE consist of BDE congeners -47, -99, -100, -153 and -154, and includes the random generated number
between 0 — LOD for concentrations <LOD.
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Appendix E

Limit of detection and limit of qualification of analyzed organochlorinated and -

brominated contaminants

Table 15: Limit of detection (LOD) and limit of qualification (LOQ) for the organochlorinated and —brominated
contaminants analyzed in glaucous gull plasma. LOD was calculated as 3x signal/noise, except for BDE-28, -47, -99
and -154 where LOD was set to 2x signal/noise. LOD for BDE -153 was set to 2xLOD blank and for BDE-100 an
approximate value was estimated. LOQ was calculated as 3xLOD (except for BDE-28,-47, -99, -100, -138, -153 and
-154 were LOQ was calculated as 2xLOD). Contamination in the blank samples was detected, and the LOD and
LOQ values for these individual compounds detected are listed in the table. When the value of LOD blank exceeded
LOD, LOD blank was used as limit of detection for the individual compounds. The LOD blank marked with bold
letters were used as LOD for the selected compound. Note that the OHC values in the present study are represented
in ng/ml, while LOD and LOQ values are presented in pg/ml.

Compound LOD LOQ LOD blank LOQ blank
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
BDE-28 50.00 100 - -
BDE-47 40.00 80 - -
BDE-66 465.00 1395 - -
BDE-85 199.00 597 - -
BDE-99 25.00 50 - -
BDE-100 50.00 100 20.00 -
BDE-138 417.00 1251 - -
BDE-153 150.00 300 74.00 -
BDE-154 125.00 250 - -
BDE-183 250.00 750 - -
PCB-28 2.62 7.87 15.10 30.20
PCB-52 8.33 25.00 - -
PCB-99 18.8 56.4 - -
PCB-101 214 64.3 - -
PCB-105 20.5 61.6 - -
PCB-118 17.7 53.2 - -
PCB-138 595 1785 - -
PCB-153 455 1364 - -
PCB-180 19.4 58.3 - -
PCB-183 14.7 44.0 - -
PCB-187 175 52.4 - -
PCB-194 183 550 - -
a-HCH 10.90 32.70 - -
b-HCH 21.70 65.03 - -
g-HCH 5.17 15.52 5.95 11.90
HCB 0.37 0.41 236.00 472.00
trans-chlordane 2.00 6.01 2.15 4.30
cis-chlordane 2.75 8.24 6.90 13.80
oxy-chlordane 5.83 17.50 125.00 250.00
trans-nonachlor 1.75 5.24 1.50 3.00
cis-nonachlor 0.94 2.81 5.55 11.10
Mirex 4,76 14.28 17.70 35.40
o’,p-DDT 7.32 22.00 - -
p’p’-DDT 10.70 32.20 - -
o’,p’-DDD 1.30 3.89 - -
p’.p’-DDD 1.30 3.90 - -
o’p’-DDE 1.08 3.23 - -
p’.p’-DDE 1.56 4.67 2.00 4.00
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Limit of detection and limit of qualification of analyzed PFCs

Table 16: Limit of detection (LOD) and limit of qualification (LOQ) for the PFC analyzed in glaucous gull plasma.
LOD was calculated as 3x signal/noise. LOQ was calculated as 3xLOD. If there was contamination in the blank
samples, the LOD and LOQ values are listed in the table for the individual compounds. Note that the OHC values in
the present study are represented in ng/ml, while LOD and LOQ values are presented in pg/ml.

Compound LOD LOQ LOD blank LOQ blank
(pg/ml) (pg/ml) (pg/ml) (pg/ml)
PFBS 50.00 150 - -
PFHxXS 30.00 90 - -
Iso-PFOS 30.00 ) - -
PFOS 30.00 90 - -
PFDS 85.00 255 - -
PFHXA 20.00 60 - -
PFHpA 10.00 30 - -
PFOA 10.00 30 - -
PFNA 50.00 150 - -
PFDCA 50.00 150 - -
PFUNA 80.00 240 - -
PFDoA 40.00 120 - -
PFTrA 70.00 210 - -
PFTeA 90.00 270 - -
PFOSA 290.00 870 - -

75



Appendix F

PCA loadings for both female and male glaucous gulls

Table 17: Loadings for the individual variables onto principal component one, two, three and four (PC1, PC2,
PC3 and PC4) in the PCA analysis of both male and female glaucous gulls breeding in Kongsfjorden, Svalbard

2013. All principal components are significant.

Vvar ID PC1 (38.3 %) PC2 (13.1 %) PC3 (0.098%) PC4 (0.093 %)
(primary)

B-CORT 0.0138811 -0.232407 -0.202573 -0.025088
S-CORT 0.0625627 -0.163097 -0.304813 -0.0881021
I-CORT 0.0773402 -0.0947608 -0.303321 -0.105895
T1 -0.054726 -0.0487324 -0.273976 -0.261788
T2 0.0453008 -0.082938 -0.222205 -0.224587
%LW 0.0368247 0.0489247 0.366893 -0.00584962
PFHxS -0.135092 -0.0391915 -0.180036 -0.0508796
PFOS -0.189015 0.0112515 -0.0382161 -0.134402
PFOA -0.0474415 -0.0290594 0.229443 0.0486998
PFNA -0.0607689 0.182958 0.253117 0.00595263
PFDCA -0.0270553 0.221245 0.0864978 -0.296359
PFUNA -0.0490341 0.290845 0.0902997 -0.277968
PFDoA -0.0594635 0.28401 0.0471286 -0.322552
PFTrA 0.00637031 0.326118 0.0013519 -0.243031
PFTeA 0.0858268 0.268417 -0.0250694 -0.121296
PFOSA -0.0562757 0.0944777 0.0738286 0.103232
c-chl 0.152031 -0.108954 0.00480396 0.0503606
oxy-chl 0.232824 0.0209485 -0.109165 -0.028273
t-nonachl 0.214009 -0.0812655 0.154609 -0.0599164
c-nonachl 0.141971 -0.175367 0.211893 0.0687664
Mirex 0.207673 0.149559 -0.100126 0.1064
p,p-DDE 0.241679 0.0274616 -0.00275105 -0.0440341
b-HCH 0.226091 0.00523585 0.126844 -0.130596
HCB 0.229856 -0.000450453 0.000220838 -0.0824141
PCB-28 0.232575 0.0186312 0.0367328 -0.151289
PCB-52 0.106111 -0.169617 0.0983704 0.181732
PCB-99 0.168969 -0.0932596 0.0852811 -0.174169
PCB-105 0.169536 0.0253647 -0.05074 0.146776
PCB-118 0.236448 0.0839275 -0.0379779 -0.0380971
PCB-138 0.237866 0.080259 -0.0665632 -0.0510071
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Table 18: Continuation of Table 17; Loadings for the individual variables onto principal component one, two,
three and four (PC1, PC2, PC3 and PC4) in the PCA analysis of both male and female glaucous gulls breeding in
Kongsfjorden, Svalbard 2013. All principal components are significant.

Var ID (Primary) PC1 (38.3 %) PC2 (13.1 %) PC3 (0.098%) PC4 (0.093 %)
PCB-153 0.228737 0.10464 -0.10993 0.0806438
PCB-180 0.212562 0.125046 -0.150015 0.128005
PCB-183 0.211838 0.119006 -0.105147 0.120172
PCB-187 0.23419 -0.00601216 0.0762852 -0.124927
PCB-194 0.194889 0.15416 -0.171497 0.129858
BDE-47 0.140797 -0.242102 0.17546 -0.142429
BDE-99 -0.0549975 -0.293245 0.0365486 -0.26535
BDE-100 0.16191 -0.235492 0.135447 -0.154385
BDE-153 -0.152828 -0.139435 -0.0816551 -0.155117
BDE-154 0.119957 -0.215493 0.221803 -0.229986
BCI 0.0207904 0.0774517 0.14021 0.250733
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Appendix G

PCA loadings for female glaucous gulls

Table 19: Loadings for the individual variables onto principal component one, two and three (PC1, PC2 and
PC3) in the PCA analysis of female glaucous gulls (breeding in Kongsfjorden, Svalbard 2013), resulting in three
significant principal components.

Var ID (Primary) PC1 (45.5 %) PC2 (15.6 %) PC3 (13.9 %)
B-CORT 0.0183701 0.215718 -0.00411563
S-CORT 0.00228524 0.293755 0.0230197
I-CORT -0.0083758 0.290045 0.036118
T1 0.129074 0.223427 0.118891
T2 0.0158214 0.230333 0.136691
dT -0.0490966 0.197772 0.124919
%LW -0.0536316 -0.331043 -0.101844
PFHXS 0.173272 0.0839414 0.0535891
PFOS 0.183718 -0.0205187 0.0223792
PFOA 0.0183066 -0.183822 -0.0677587
PFNA 0.0829032 -0.325635 0.0135472
PFDCA 0.148941 -0.261735 0.0623725
PFUNA 0.138889 -0.235085 0.045434
PFDOA 0.160765 -0.18676 -0.00306896
PFTTA 0.148579 -0.23971 0.0446219
PFTeA -0.0310604 -0.114806 0.112914
PFOSA 0.0754165 -0.186163 0.0840512
c-chl -0.171869 0.0223179 -0.174948
oxy-chl -0.206364 0.0591039 0.104043
t-nonachl -0.198232 -0.0504091 -0.152173
c-nonachl -0.180452 -0.0716698 -0.106334
Mirex -0.171224 -0.0631736 0.249073
p,p-DDE -0.222946 -0.0457872 0.0585254
b-HCH -0.191577 -0.0979783 -0.136667
HCB -0.215834 0.00479209 -0.0318149
PCB-28 -0.215339 -0.028159 -0.0685217
PCB-52 -0.177993 -0.111516 -0.143475
PCB-99 -0.184644 0.0432083 -0.136594
PCB-105 -0.209316 -0.0530355 0.128506
PCB-118 -0.209516 -0.0572328 0.132941
PCB-138 -0.211562 -0.0184523 0.13691
PCB-153 -0.179676 -0.0293458 0.243781
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Table 20: Continuation of Table 19; Loadings for the individual variables onto principal component one,
two and three (PC1, PC2 and PC3) in the PCA analysis of female glaucous gulls (breeding in
Kongsfjorden, Svalbard 2013), resulting in three significant principal components.

Var ID (Primary) | PC1(455%) PC2(15.6%) PC3(13.9 %)
PCB-180 -0.185946 0.0240402 0.232892
PCB-183 -0.178712 -0.0414087 0.239303
PCB-187 -0.212122 -0.0383555 -0.137541
PCB-194 -0.169879 0.0205335 0.266958
BDE-47 -0.122883 0.0413425 -0.304648
BDE-99 0.0995177 0.125275 -0.283225
BDE-100 -0.133446 0.0714604 -0.304805
BDE-153 0.176863 0.0785719 -0.0345423
BDE-154 -0.0946012 0.0248847 -0.341532
BCI -0.0613118 -0.192032 0.0251064
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PCA plot for female glaucous gulls

Figure 11: Biplot of loadings in PC1/PC2 dimension based on lipid weight (%LW), OHC and corticosterone
hormone concentration (B-CORT, S-CORT and I-CORT) in plasma, sampling times (T1, T2 and dT) and
calculated body condition index (BCI) of female glaucous gulls breeding in Kongsfjorden, Svalbard 2013.
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Appendix H

Relationship between B-CORT and lipid weight (%) in female glaucous gulls

Figure 12: The linear relationship (£ 95% confidence interval) between baseline corticosterone (ng/ml) and lipid
weight (%) in plasma from female glaucous gulls breeding in Kongsfjorden, Svalbard 2013. The negative
relationship was confirmed with Pearson’s correlation coefficient, r, and significance, p (< 0.05). R*-values for
the linear regression are shown in the plot
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Appendix |

PCA loadings for male glaucous gulls

Table 21: Loadings of the individual variables onto principal component one and two (PC1 and PC2) in the PCA

analysis of male glaucous gull plasmas, resulting in one significant principal component (PC1).

Var ID (Primary)

PC1 (51.4 %)

PC2 (17.6 %)

B-CORT
S-CORT
I-CORT
T1

T2

dT
%LW
PFHxXS
PFOS
PFOA
PFNA
PFDcA
PFUNnA
PFDoA
PFTrA
PFTeA
PFOSA
c-chl
oxy-chl
t-nonachl
c-nonachl
Mirex
p,p'-DDE
b-HCH
HCB
PCB-28
PCB-52
PCB-99
PCB-105
PCB-118
PCB-138
PCB-153
PCB-180
PCB-183
PCB-187
PCB-194

0.201175
0.166029
0.143664
0.114758
0.113162
0.0861857
0.111245
0.0342489
-0.122838
-0.0530539
0.0639815
0.130013
0.0327121
0.0181617
0.0332519
0.0791611
0.0307294
0.112937
0.210865
0.174403
0.107587
0.196034
0.210932
0.21177
0.195557
0.213373
0.0551768
0.211294
0.0972888
0.213348
0.213324
0.208023
0.181564
0.200622
0.210689
0.149996

0.0622398
-0.0740653
-0.110065
0.188896
0.182419
0.137648
0.0254065
-0.27796
0.0162874
-0.323287
-0.142291
0.263266
0.275617
0.0882699
-0.0985464
-0.280419
-0.191798
-0.12563
-0.0591911
0.108587
0.296258
-0.114124
-0.0197058
-0.0318955
-0.100579
0.0248184
0.190358
0.0377717
-0.267171
-0.0309182
-0.014324
-0.0123016
-0.0676657
-0.0863575
-0.0287013
-0.11496
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Table 22: Continuation of Table 21; Loadings of the individual variables onto principal component one and two

(PC1 and PC2) in the PCA analysis of male glaucous gull plasmas,

component (PC1).

resulting in one significant principal

Var ID (Primary)

PC1 (51.4 %)

PC2 (17.6 %)

BDE-47
BDE-99
BDE-100
BDE-153
BDE-154
BCI

0.194652
0.174087
0.20212
0.158525
0.184832
-0.0714771

0.105391
-0.00465483
0.109003
-0.245778
0.186835
-0.103556
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PCA plot for male glaucous gulls

Figure 13: Selected variables from the biplot of loadings in PC1/PC2 dimension based on lipid weight (%LW),
OHC and corticosterone hormone concentration (B-CORT, S-CORT and I-CORT) in plasma, sampling times
(T1, T2 and dT) and calculated body condition index (BCI) for male glaucous gulls captured in Kongsfjorden,
Svalbard 2013. The whole biplot of loadings in PC1/PC2 is shown in Figure 7.
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Appendix J

PLS loadings for male glaucous gulls

Table 23: Loadings of the individual OHCs in the PLS model component explaining 79.6 % of the variation in
B-CORT in male glaucous gull breeding in Kongsfjorden, Svalbard 2013.

PLS Component
Var ID (Primary) (79,% %)
PFDcA 0.159863
oxy-chl 0.243274
t-nonachl 0.213247
c-nonachl 0.138713
Mirex 0.225602
p,p'-DDE 0.247222
b-HCH 0.247155
HCB 0.221591
PCB-28 0.248938
PCB-99 0.247541
PCB-118 0.248324
PCB-138 0.24757
PCB-180 0.208603
PCB-183 0.231165
PCB-187 0.246806
BDE-47 0.232523
BDE-99 0.198477
BDE-100 0.237884
BDE-153 0.175089
BDE-154 0.220633
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