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Diel variation in baseline glucocorticoid (GC) secretion influences energetics and foraging behaviors. In
temperate breeding, diurnal vertebrates, studies have shown that daily patterns of baseline GC secretion
are influenced by environmental photoperiod, with baseline GCs peaking prior to sunrise to stimulate
waking and foraging behaviors. Measures of physiological energy acquisition are also expected to peak
in response to foraging activity, but their relationship to GC levels have not been well studied. In contrast
to temperate breeding species, virtually nothing is known about diel GC and energetic metabolite secre-
tion in Arctic breeding species, which experience almost constant photoperiods in spring and summer.
Using a ten-year dataset, we examined the daily, 24-h pattern of baseline corticosterone (CORT) and
triglyceride (TRIG) secretion in approximately 800 female pre-breeding Arctic-nesting common eiders
(Somateria mollissima). We related these traits to environmental photoperiod and to tidal cycle. In con-
trast to temperate breeding species, we found that that neither time of day nor tidal trend predicted diel
variation in CORT or TRIG secretion in Arctic-breeding eiders. Given the narrow window of opportunity
for breeding in polar regions, we suggest that eiders must decouple their daily foraging activity from light
and tidal cycles if they are to accrue sufficient energy for successful breeding. As CORT is known to influ-
ence foraging behavior, the absence of a distinct diel pattern of CORT secretion may therefore be an adap-
tation to optimize reproductive investment and likelihood for success in some polar-breeding species.

� 2015 Elsevier Inc. All rights reserved.
1. Introduction

Many species exhibit diel patterns of foraging activity, which
can be influenced by exogenous factors like prey abundance and
environmental variation (Steiger et al., 2013) as well as endoge-
nous factors like physiological condition (Breuner et al., 1999).
Variation in exogenous factors, like daily photoperiod or the avail-
ability of food resources, require species to prioritize energy to var-
ious activities, resulting in the evolution of trade-offs between
events like foraging efficiency, courtship, and predator avoidance
(Quillfeldt et al., 2007; Steiger et al., 2013). For example, some pet-
rel species (Procellariiformes) forage at sea during the day, but only
return to breeding areas to feed their chicks at night so as to avoid
predation (Quillfeldt et al., 2007). Theoretically, the time available
in the day for foraging could have a strong impact on energy acqui-
sition and thus breeding investment. For migratory animals,
pre-breeding energetic condition is known to be causally linked
to breeding investment and thus success (Descamps et al., 2011).
Environmental cues such as variation in light levels are known dri-
vers of circadian rhythms (Brandstätter, 2003), but whether daily
variation in environmental cues influences the physiological mech-
anisms that regulate activity levels and energetic condition are not
well understood (Breuner et al., 1999).

Changes in physiological traits, such as the regulation of meta-
bolic and energetic hormones, are directly influenced by temporal
changes in energetic demands (Carere et al., 2003; Quillfeldt et al.,
2007). For example, modulation of baseline glucocorticoid (GC)
hormone levels function to satisfy the changing energetic needs
on a daily, seasonal, and life-history stage timeframe (Crespi
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et al., 2013; Landys et al., 2006; Romero, 2002). Changes in baseline
GCs have been shown to directly influence daily foraging behavior
during reproduction (Angelier et al., 2007; Crossin et al., 2012a),
influence variation in reproductive investment decisions (Crossin
et al., 2012b; Love et al., 2014), affect the acquisition of lipid stores
and resources in association with migration (Holberton, 1999;
Holberton et al., 2007), and cue the timing of reproduction
(Hennin et al., 2015). It is also well established that baseline GCs
show a diel rhythm in temperate-breeding vertebrates (including
in humans). Levels peak prior to sunrise in anticipation of active
periods (Breuner et al., 1999; Malisch et al., 2008; Mohawk et al.,
2007; Nyberg, 2012; Romero and Remage-Healey, 2000), which
helps to stimulate waking (Breuner et al., 1999; Carere et al.,
2003) and foraging (Romero and Remage-Healey, 2000).
Following morning peaks, plasma GCs usually decline and remain
low throughout the remainder of the day (Breuner et al., 1999).

In response to an increase in foraging rate, circulating triglyc-
eride (TRIG) levels, an energetic metabolite, increase (Cersale and
Guglielmo, 2006; Jenni and Schwilch, 2001; Jenni-Eiermann and
Jenni, 1994; Williams et al., 2007; Zajac et al., 2006). Increases in
TRIG at the onset of energetically demanding life-history stages
is correlated with increased rates of resource intake and fat depo-
sition (Anteau and Afton, 2008; Hennin et al., 2015; Williams et al.,
2007). Given that increases in baseline GCs stimulate foraging
behavior, there may follow a detectible, delayed peak in TRIG
secretion (see Remage-Healey and Romero, 2000) indicating
increased foraging.

Most of what is known about the proximate, environmental dri-
vers of GC and TRIG secretion is derived from studies of temperate
or tropical species; much less is known about this in polar regions.
Two potentially important environmental factors for marine polar
species are (1) the number of daylight hours an individual is
exposed to, and (2) tidal cycles which influence the availability
of marine food resources. Previous work with Antarctic-breeding
Adélie penguins (Pygoscelis adeliae), where light levels are continu-
ous during the breeding season, suggests a lack of diel rhythmicity
in baseline corticosterone secretion (CORT; Vleck and Van Hook,
2002). With near-continuous exposure to daylight, diel patterns
of foraging behavior by polar species may be less constrained rel-
ative to temperate species exposed to shorter days, which could
result in a disconnect between foraging activity and CORT secre-
tion across the day. With respect to tidal cycles, previous research
has shown that wintering common eiders (Somateria mollissima)
forage at higher rates during the low tide, when diving conditions
are presumably safer and less energetically strenuous (Heath et al.,
2010). Since tides can limit foraging behavior and thus resource
intake, we may predict a relationship between tidal cycles, base-
line CORT, and TRIG secretion.

In this paper, we examine the relationship between the time of
day, tidal trend, and baseline CORT and TRIG levels in
Arctic-nesting, pre-breeding, female common eiders. Common
eiders are capital-income breeders, which requires that females
achieve a minimum pre-breeding body mass in order to fuel follicle
development and clutch completion, and to sustain a month-long
incubation fast (Sénéchal et al., 2011). We focus exclusively on
pre-breeding hens, as successful breeding ultimately depends on
how efficiently individual females manage foraging activity upon
arrival at their Arctic breeding grounds and to ensure the interpre-
tation of physiological traits is consistent across individuals
(Hennin et al., 2015). At this stage of the breeding season, eiders
are exposed to almost continuous daylight during the late spring
arrival period, although subtle variation in light levels may influ-
ence underwater visibility of prey items while diving to the ocean
floor to forage. Drawing from a 10-year data set with blood sam-
ples from approximately 800 pre-breeding females, we predict that
eiders would not exhibit a diel pattern of CORT secretion since
foraging activity is presumably not limited by a lack of daylight.
We therefore predict that a correlated peak in TRIG secretion
would be absent when related to time of day. However, unlike light
levels, tidal cycles are predictably variable, and so the foraging
activity of females might be constrained by resource availability
resulting from tidal variation. This could result in higher foraging
rates during low tides as a means for limiting the energetic cost
of diving activity. If common eiders synchronize their foraging
activity to the tides, then we predict that patterns in CORT and
TRIG secretion will be correlated with tidal cycles, with CORT peak-
ing just prior to low tide.
2. Materials and methods

2.1. Study site and sampling methods

Our study took place in June and July at Mitivik Island (64�020N,
81�470W), East Bay Migratory Bird Sanctuary, Nunavut, Canada
from 2003 to 2013. Mitivik Island is considered a sub-Arctic field
site and as such, light levels vary only slightly when the sun dips
below the horizon, with a lack of complete night time darkness.
Consequently eiders experience 24 h periods of light with rela-
tively little variation in brightness. Eiders breeding at Mitivik
Island winter largely off the coast of Western Greenland, or along
the coast of Labrador and Newfoundland, Canada (Mosbech et al.,
2006). Duration of migration to the breeding grounds varies across
individuals, with birds initiating migration from the wintering
grounds between late-April and early-May with most females
arriving in early June with 2–4 stopovers en route (Mosbech
et al., 2006). We captured pre-breeding female eiders using flight
nets from June 10 to July 3 in the study years, coinciding with
the timing of arrival at the breeding grounds (Love et al., 2010).
Upon capture each eider was blood sampled, weighed, measured,
banded and marked with a unique set of shaped and colored nasal
tags. This allowed us to follow individuals and determine lay dates,
incubation behaviors and reproductive success (Hennin et al.,
2015).

During a 10-year period running from 2003 to 2004 and 2006 to
2013, we collected 828 blood samples from pre-breeding female
eiders. Blood samples were collected as part of a larger on-going
project at East Bay focussing specifically on female eiders.
Therefore, only females were included in this study. From 2006
to 2013 blood was collected from tarsal veins using 23G
thin-wall needles attached to a 1 mL syringe, and stored in hep-
arinized eppendorf tubes and kept cool (5–10 �C) until centrifuga-
tion. All samples were collected within 3 min of capture to obtain
baseline physiological values of CORT (Romero and Reed, 2005). In
2003 and 2004, blood samples were taken within 10 min of cap-
ture using either a 26G needle to puncture the tarsal vein and hep-
arinized 75 lL capillary tubes (2003) or a heparinized vacutainer
with a 26G butterfly needle (2004). Thus samples from 2003 to
2004 were only used for TRIG analyses (n = 134). All blood samples
were centrifuged at 10,000 rpm for 10 min, the plasma was sepa-
rated from the red blood cells, and both stored separately at
�80 �C until analysis.
2.2. Physiological assays

We measured baseline CORT using a commercially-available
enzyme immune-assay (EIA; Assay Designs, Ann Arbor, MI, USA),
previously validated in common eiders breeding at East Bay
(Hennin et al., 2015). All samples were run in triplicate at a 1:20
dilution with 1.5% steroid displacement buffer by volume, and
samples were randomized (i.e., samples were not run in the order
in which they were collected). Each plate included a control of
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serially diluted laying hen plasma (Sigma–Aldrich Canada,
Oakville, Ontario, Canada) and a kit-provided standard curve
(200,000 pg/mL). Plates were read at 405 nm using a Biotek
Powerwave HT microplate reader, and the inter- and intra-assay
coefficient of variation was 8.54% and 5.87%, respectively.

We quantified plasma triglycerides (TRIG) using a commercially
available assay kit previously validated in East bay common eiders
(Sigma Aldrich, USA, #TR0100-1KT; Hennin et al., 2015). Samples
were run in duplicate with a control of laying hen plasma
(Sigma–Aldrich Canada, Oakville, Ontario, Canada) and serially
diluted glycerol standard (2.54 mmol/L; Sigma Aldrich, USA).
Samples were run either at a 1:2 or 1:10 dilution (Williams et al.,
1999), then added to 96-well microplates with Reagent A to mea-
sure free glycerol, followed by Reagent B to measure total glycerol.
After the addition of each reagent, the plates were shaken for
10 min at 37 �C. Samples were read using a Biotek Powerwave
HT microplate reader for the concentration of total and free glyc-
erol. The free glycerol value was subtracted from the total glycerol
value to obtain the final TRIG concentration (mmol/L). Plasma TRIG
levels were corrected for body mass to estimate physiological fat-
tening rate (Williams et al., 1999). Inter- and intra-assay coeffi-
cients of variation were 11.27% and 4.42% for total TRIG,
respectively, and 5.51% and 6.29% for free glycerol, respectively.

2.3. Statistical analyses

We categorized time of day into six, four-hour categories based
on patterns of eider activity in the colony and previous research on
diel variation in the physiological traits of interest (Romero and
Remage-Healey, 2000; Breuner et al., 1999): ‘‘night’’ 0000–
0359 h, ‘‘early morning’’ 0400–0759 h, ‘‘late morning’’ 0800–
1159 h, ‘‘early afternoon’’ 1200–1559 h, ‘‘late afternoon’’ 1600–
1959 h and ‘‘evening’’ 2000–2359 h. Based on the time of day
and the tidal cycle at capture, individuals were also placed into
one of four tidal categories: ‘‘low tide’’, ‘‘rising tide’’, ‘‘high tide’’
and ‘‘falling tide’’. We obtained tidal data for Coral Harbour,
Southampton Island, Nunavut (60 km from Mitivik Island) from
WWW Tide/Current Predictor, and added 50 min to tidal times to
account for differences between high tide in Coral Harbour and
Mitivik Island. High tides were on average 12 h, 24 min apart and
low tides 6 h, 12 min from high tides. To categorize tidal trend
we determined the times for high and low tides, and split them
into four 3 h, 6 min segments. As such, high tide was considered
1 h, 33 min before and after peak tide heights, falling tides were
the 3 h, 6 min between high and low tides, low tide was considered
1 h, 33 min before and after the lowest tide height and rising tides
were the 3 h, 6 min between low and high tides.

To test for the effect of time of day and tidal trends on variation
in (a) baseline CORT and (b) TRIG we ran generalized linear mixed
models with random effects using restricted maximum likelihood
(REML). We controlled for variables known to influence CORT
and TRIG secretion in all models by including body mass at arrival,
capture date (i.e. arrival at colony), breeding status (see below),
and year (random effect) as independent variables. Previous
research at this colony has shown that correcting body mass for
size only enhanced the predictability of condition by 1% compared
to using body mass alone (Descamps et al., 2010). Therefore, we
use uncorrected body mass as our metric of body condition.

Previous studies have shown that there are temporal changes in
both CORT and TRIG secretion during the period of rapid follicle
growth (RFG) in which females recruit their follicles in preparation
for ovulation (Hennin et al., 2015). Since the interpretation of the
role of these physiological traits differs between the
pre-recruiting and RFG stages (Hennin et al., 2015), we focused
only on pre-recruiting females. If pre-recruiting females did not
breed that year they were categorized as ‘‘non-breeding’’. We
included ‘‘breeding status’’ in our analyses as an independent vari-
able to control for any potential differences in CORT or TRIG that
may occur between our pre-recruiting and non-breeding groups.
In instances where females were caught multiple times across or
within years, we only included the first capture (occurring in <30
birds). Although sample sizes from 2011 to 2013 were smaller
due to two separate manipulations occurring in the colony
(Hennin and Love, unpubl. data), only control individuals were
included in our analyses. All data met the assumptions for a para-
metric test. Baseline CORT was log transformed to meet the
assumptions for normality and all analyses were run in JMP (ver-
sion 10, SAS Institute Inc., Cary, NC).
3. Results

Across all years 724 birds were sampled for CORT and 828 were
sampled for TRIG (Table 1), although sample sizes were variable
across years. Neither time of day (Figs. 1A and 2A), nor tidal trend
(Fig. 3A) explained variation in secretion of baseline CORT,
although body mass and breeding status were related to variation
in baseline CORT (Tables 2 and 3). Variation in plasma TRIG was
not explained by time of day (Figs. 1A and 2B), nor tidal trend
(Fig. 3B) however, it was explained by capture date (Tables 2 and
3). Although the time of day did not show a significant relationship
with TRIG, there is a potential trend suggested by the parameter
estimates in which females had slightly higher TRIG during the
‘‘evening’’ (i.e., 2000–2359 h) relative to the other time categories.
4. Discussion

4.1. Time of day and light levels

In contrast to temperate species that exhibit marked diel pat-
terns of baseline CORT (Breuner et al., 1999; Romero and
Remage-Healey, 2000; Mohawk et al., 2007), Arctic-nesting com-
mon eiders exhibited relatively consistent levels of baseline
plasma CORT across a 24-h cycle. Our findings are consistent with
previous research conducted in Antarctic-breeding Adélie pen-
guins that showed a lack of diel patterns in baseline CORT secretion
under similarly near-constant light conditions during summer
breeding (Vleck and Van Hook, 2002). This lack of variation may
result from suppression of melatonin secretion (Yamada et al.,
1988), which requires periods of darkness and inactivity in order
to establish circadian rhythmicity in endocrine activity
(Brandstätter, 2003; Steiger et al., 2013). For example, when light
levels are held constant, the resultant suppression of melatonin
disrupts the gene expression responsible for the secretion of
adrenocorticotropic hormone (ACTH) from the pituitary gland
(Park et al., 2013), which in turn regulates CORT secretion from
the adrenal glands. We might therefore predict a diel pattern of
hypothalamic–pituitary–adrenal axis activation and GC secretion
(Christiansen et al., 2012) to be driven by light–dark cycles
(Breuner et al., 1999; Romero, 2002), but these are largely absent
in polar springs and summers.

Our inability to detect a temporal pattern of baseline CORT
secretion may be the underlying reason for the lack of a correlated
relationship with TRIG levels. Although our data suggest that TRIG
secretion may be slightly elevated during the ‘‘evening’’ hours
(2000–2359 h) relative to other times of day (see model parameter
estimates in Table 3), the overall effect in our model was weak
(Table 2). Generally, elevated levels of plasma TRIG in
pre-breeding eiders are indicative of high fattening rates (Hennin
et al., 2015; Williams et al., 2007). Given the lack of a diel CORT
pattern it is not surprising that we could not detect a diel pattern
of TRIG secretion. There are two possible, related reasons for this



Table 1
Summary of sample sizes of non-breeding and pre-recruiting female common eiders
assayed for baseline corticosterone (CORT) and triglycerides (TRIG) split by breeding
status from 2003 to 2013 at Mitivik Island, Nunavut. In 2003 and 2004 CORT samples
were not collected, and no physiological samples were collected in 2005.

Year Non-breeding Pre-recruiting

CORT TRIG CORT TRIG

2003 n/a 19 n/a 23
2004 n/a 64 n/a 28
2005 n/a n/a n/a n/a
2006 70 59 52 50
2007 78 70 55 52
2008 91 92 17 17
2009 122 120 17 16
2010 116 118 9 9
2011 34 33 17 12
2012 12 10 1 1
2013 26 28 7 7
Total 549 613 175 215
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lack of relationship. First, because pre-breeding female eiders are
at a life history stage where gaining fat stores quickly is essential
for successful reproduction (Sénéchal et al., 2011; Hennin et al.,
2015), individuals must forage efficiently and intensely throughout
the 24-h day to ensure optimal pre-breeding condition (sensu
Descamps et al., 2011). Secondly, to achieve this goal, females
likely have individually-optimized foraging strategies, wherein dif-
ferent females may target their effort to specific times of day,
although repeated measures would be required to test this.
Future studies that attempt to link individual baseline CORT secre-
tion with foraging behavior should pay special attention to the
Fig. 1. Daily variation in baseline corticosterone (A) and triglyceride (B) secretion by tim
0359 h, ‘‘early morning’’ 0400–0759 h, ‘‘late morning’’ 0800–1159 h, ‘‘early afternoon’’ 1
potentially correlated effects of TRIG secretion and the effects on
fattening rates.

To help put our pre-breeding into a broader context, it is useful
to review what is known about the biology of common eiders and
other Arctic-breeding bird species across the whole year. Common
eiders nesting on Mitivik Island spend their winters either off the
coast of Western Greenland or in Canada along the coasts of
Newfoundland and Labrador (Mosbech et al., 2006). Depending
on the latitude of nesting and of overwintering locations, different
birds will experience different and highly variable daily light levels
throughout the year, ranging from periods of near complete dark-
ness in the winter to periods of constant light in the summer. As
such, it is possible that female eiders may exhibit a diel pattern
of baseline CORT/TRIG secretion only at certain times of year when
night-day periods are more equal. However, previous research in
Arctic-breeding semipalmated sandpipers (Calidris pusilla) demon-
strated that individuals do not exhibit a predictable pattern of
activity during the pre-breeding period, but then switch to pre-
dictable schedules during incubation that are synchronized to their
mates’ activity (Steiger et al., 2013). In this example, environmen-
tal photoperiod is perhaps a less important driver of foraging activ-
ity in a species characterized by bi-parental care. Unlike
sandpipers, female eiders are solely responsible for incubation
and the rearing of chicks, and so the flexibility to forage continually
during the pre-breeding period, irrespective of time of day, may
increase the likelihood of successful breeding, via optimal repro-
ductive investment strategies and timing of laying. But at other
times of year, we do not know whether eiders maintain a pattern
of CORT/TRIG secretion and/or activity levels that are driven prin-
cipally by environmental conditions. Given the highly variable
e of day. Times correspond to the time of day categories as follows: ‘‘night’’ 0000–
200–1559 h, ‘‘late afternoon’’ 1600–1959 h and ‘‘evening’’ 2000–2359 h.



Fig. 2. Daily variation in log transformed corticosterone (A) and residual TRIG (fattening rate) (B) secretion categorized by time of day. Data are presented as model-corrected
least square means and standard errors. Sample sizes for each time category in (A) are n = 74, n = 450, n = 137, n = 6, n = 4 and n = 55, respectively. Sample sizes in (B) are
n = 74, n = 480, n = 178, n = 25, n = 11, and n = 58, respectively.

Fig. 3. Daily variation in log transformed corticosterone (A) and residual TRIG
(fattening rate) (B) secretion by tidal trend. Data are presented as model-corrected
least square means and standard errors. Sample sizes for each time category in (A)
are n = 270, n = 152, n = 164 and n = 140, respectively. Sample sizes in (B) n = 300,
n = 164, n = 195 and n = 167, respectively.
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environmental conditions that they can experience in winter as
well as summer, however, it is possible that no clear links exist,
as is the case for Antarctic-breeding Adélie penguins (Vleck and
Van Hook, 2002) and Arctic-breeding lapland longspur (Calcarius
lapponicus; Steiger et al., 2013). Although wintering eiders typically
forage diurnally, they are in fact capable of adjusting their behavior
to forage at twilight and even in complete darkness in order to
avoid predation by white-tailed eagles (Haliaeetus albicilla,
Merkel and Mosbech, 2008). Studies in other Arctic species like
reindeer (Rangifer tarandus platyrhunchus) have shown that more
northern populations are more likely to forage throughout the
entire day relative to more southerly populations (van Oort et al.,
2007). Although principally an Arctic breeder, common eiders
can in fact breed in temperate areas as far south as
Massachusetts (Goudie et al., 2000). To our knowledge, it has not
been determined whether temperate-breeding eiders, exposed to
an obvious day/night zeitgeber, exhibit diel patterns of baseline
CORT or TRIG secretion. If this were the case, it would suggest that
populations are locally adapted to light levels. Comparative studies
Table 2
Variation in baseline corticosterone (CORT) and triglycerides (TRIG) in relation to time
of day, tidal trend, capture date, body mass and breeding status (non-breeding vs pre-
recruiting) in female common eiders. Significant relationships are bolded.

Analysis Variable F df p

Baseline CORT Time of day 0.71 5, 695.5 0.62
Tidal trend 0.39 3, 704.5 0.75
Capture date 1.98 1, 303.2 0.16
Body mass 51.15 1, 704.7 <0.0001
Breeding status 7.77 1, 703.4 0.006

TRIG Time of day 1.71 5, 811.8 0.13
Tide trend 0.31 3, 808.0 0.82
Capture date 3.94 1, 805.2 0.05
Mass 0.00 1, 810.5 0.95
Breeding status 2.94 1, 811.6 0.09



Table 3
Summary of parameter estimates of fixed effects on secretion of baseline corticosterone and triglycerides. Significant relationships are bolded.

Variable Corticosterone Triglycerides

Estimate ±95% CI t p Estimate ±95% CI t p

Intercept �3.45 �0.02 �1.97 0.05 �16.21 0.1756 �1.94 0.05
Time of day (early morning) �0.17 0.0848 �1.33 0.193 �0.28 0.6608 �0.59 0.55
Time of day (late morning) �0.27 0.024 �1.83 0.07 0.31 1.388 0.56 0.57
Time of day (early afternoon) 0.27 1.0148 0.7 0.48 �0.88 1.178 �0.83 0.41
Time of day (late afternoon) 0.38 1.3012 0.82 0.41 �1.37 1.57 �0.91 0.36
Time of day (evening) �0.09 0.2628 �0.53 0.6 1.92 3.4096 2.53 0.01
Tide trend (high) 0.02 0.1768 0.25 0.8 �0.16 0.5848 �0.42 0.68
Tide trend (falling) 0.04 0.1576 0.65 0.52 0.21 0.8372 0.67 0.51
Tide trend (low) 0.02 0.1768 0.27 0.79 0.19 0.9348 0.49 0.62
Capture date 0.01 0.0296 1.41 0.16 0.09 0.1684 1.98 0.05
Body mass 0 0 7.15 <0.0001 0 0 �0.07 0.95
Breeding status (non-breeder) 0.14 0.238 2.79 0.006 �0.43 0.06 �1.71 0.09
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across a range of populations, spanning a range of latitudes and
times of year, would be required to test this hypothesis.

4.2. Tidal trends and resource availability

In winter, common eiders are known to forage in high-current
polynyas but generally at the start and end of the tidal cycle, which
presumably reduces the energetic demands of high diving activity
(Heath et al., 2010). However, in our pre-breeding birds, we found
no relationship between baseline CORT or TRIG secretion with tidal
patterns in spring. Again, this lack of a relationship may indicate a
requirement for females to forage continually throughout the day,
regardless of either time of day or tidal trend. Our analyses only
explore population-level trends rather than individually-
optimized strategies, however, so studies of individual variation
and repeated measures would be required to test for optimization.
Furthermore, the tidal dynamics between open-water polynyas in
winter and the near shore areas and ice floe edges at Mitivik
Island in spring are strikingly different. Eiders foraging in
open-water polynyas experience extreme variation in current
strength, so individuals tend to synchronize their diving and forag-
ing activity to coincide with the start and end of the tidal cycle,
when currents are at their slackest, to maximize foraging success
while minimizing energetic loss and the risk of being swept under
the ice (Heath et al., 2010). In contrast, eiders arriving at Mitivik
Island in springtime forage in shallow, protected and productive
near-shore areas (Sénéchal et al., 2011), where tidal variation is rel-
atively small (max heights of 3 m in spring and summer). These
comparatively benign spring tides may not be variable enough to
warrant foraging at only the low tide. Coupled with the shallow,
productive waters around the island, eiders may experience only a
negligible energetic cost of foraging, irrespective of tidal trends,
which may explain the lack of correlation between baseline CORT
and TRIG secretion. Future studies would benefit from the direct
measurement of foraging behavior and tidal trends/strength, and
linking this to variation in baseline CORT and TRIG.
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