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ABSTRACT

Migration is an important event in the life cycle of many or-
ganisms, but considerable intraspecific variation may occur in
its timing and/or destination, resulting in sexual segregation
during wintering periods. In this study, we tested the body size
hypothesis, or cold tolerance hypothesis, which predicts that
body size dimorphism modulates metabolic costs associated with
cold climate. Using the Eurasian skylark, we first investigated
whether this species showed sexual differential migration. Then
we explored the body size hypothesis by experimentally testing
the effect of low ambient temperature (T,) on both metabolic rate
(MR) and body temperature (T;,). We tested for sex-related dif-
ferences in metabolism and in energy-saving mechanism (hy-
pothermia). We found clear differential migration by sex in
skylark wintering populations, with a male-biased sex ratio de-
creasing toward southern latitudes. Measurements on captive
birds at 20°, 6°, and —5°C demonstrated a significant increase in
MR when T, decreased, but there is no difference between sexes.
While both males and females reduced their T, overnight, T,
reduction was more pronounced in females exposed to the coldest
temperature treatment. In addition, we found that individuals
with the most reduced T;, lost less body weight during the night,
suggesting that T, reduction may help minimize energy expen-
diture when conditions become constraining. Our study suggests
that functional mechanisms may be involved in latitudinal seg-
regation between sexes and supports the hypothesis that sex-
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specific physiological strategies and thermal tolerance may ex-
plain segregation between sexes.
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Introduction

The phenomenon of differential migration describes how, within
a population, individuals of different sex or age classes differ in
their migration with respect to timing, distance, or both (Terril
and Abele 1988). When spatial segregation occurs in a population
during the nonbreeding season, individuals occupying different
nonbreeding sites may face contrasted food regimes, predation
risk, competition level, or climate conditions, all of which may
affect survivorship and, ultimately, population dynamics (Cristol
et al. 1999). Differential migration and sexual habitat segregation
during the nonbreeding season are widespread phenomena in
birds (Myers 1981; Sherry and Holmes 1996; Cristol et al. 1999).
For instance, 91% of 160 species from North America and Europe
show differential migration (Cristol et al. 1999). Although dif-
ferential migration is a widespread phenomenon, the underly-
ing mechanisms are still poorly understood (Cristol et al. 1999;
Berthold 2001; Jenkins and Cristol 2002) and the functional ex-
planations are actively debated, as described below.

At least three different but not mutually exclusive hypothe-
ses have been proposed to explain this pattern. First, the ar-
rival time hypothesis posits that individuals of one sex (usually
males) migrate earlier than the other sex and overwinter closer
to the breeding grounds, thus conferring a reproductive ad-
vantage on the individuals that winter closer to the breeding
grounds because they can secure high-quality territories earlier
in the breeding season (Myers 1981). Second, the dominance
hierarchy hypothesis predicts that the competition for winter
resources leads the dominant sex to exclude the subordinate
one (Gauthreaux 1978). Subordinate individuals are forced to
move to areas farther away from the breeding grounds by dom-
inant ones, which tend to move shorter distances or remain sed-
entary. Finally, the body size hypothesis, or cold tolerance hy-
pothesis (Ketterson and Nolan 1976; Myers 1981), postulates that
larger individuals are better suited to survive the colder and less
predictable climates at higher latitudes. Under cold winter con-
ditions, larger individuals are more likely to survive in compar-
ison to small conspecifics, presumably because of several advan-
tages including lower energetic cost of thermoregulation at low
temperature (Piersma 1984; McNamara et al. 2004). By selecting
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winter habitats that minimize thermoregulatory costs, small in-
dividuals are expected to reduce their energy requirements for
the benefit of other vital processes (Webb and Rogers 1988).
Hence, energetic constraints are commonly invoked to explain
the distributional patterns of small and large endotherms (John-
ston and Bennett 1996). The variations observed in migration
patterns between sexes are then often interpreted as a by-product
of variations in body size (Catry et al. 2005). Still, disentangling
the three functional hypotheses can prove difficult, because they
are not mutually exclusive and based on similar predictions. For
instance, social competition and cold tolerance hypotheses both
predict that large individuals would take shorter migratory routes
from breeding areas and therefore spend winter at higher lat-
itudes. In this context, to clarify, the physiological response to
variation in ambient temperature (T,) can provide insights into
cold environment adaptations.

When environmental temperature is low and/or food re-
sources are scarce, small endotherms typically reduce their met-
abolic rate (MR) and body temperature (T,) on a daily or seasonal
basis, a phenomenon called facultative hypothermia, or torpor
(Prinzinger et al. 1991). This physiological mechanism has evolved
independently throughout the avian phylogeny, in species rang-
ing in body mass (BM) from 3 g to 6.5 kg, and represents an
important adjustment to balance energy budgets (McKechnie
and Lovegrove 2002). Although many studies have investigated
the link between species distribution and metabolism along a
latitudinal gradient (Root 19884, 1988b; Zuckerberg et al. 2011),
few have investigated whether interindividual variation in cold
tolerance within a species may reflect its spatial distribution, and
the body size hypothesis remains largely untested (Guillemain
et al. 2009). Importantly, the physiological response to variation
in T, can provide insights into how individuals are suited to dif-
ferent environments. In addition, it should be stressed that in-
terindividual (i.e., size-related) variation in torpor or hypother-
mia may mask variation in MR. In this context, measurements
of MR and T, at low temperature are necessary to properly assess
the relationship between energetic expenditure, T,, and body size.

In this study we tested the cold tolerance hypothesis using
the Eurasian skylark Alauda arvensis as model organism. This
species is one of the most abundant and well-studied farmland
birds in Europe (Donald et al. 2001). However, relatively little
is known about the age/sex structure of wintering populations.
The skylark, which is common in Western Europe, winters in
westand south Europe in large numbers (Hegemann et al. 2010)
and exhibits a slight sexual body size dimorphism, with males
being larger than females (Cramp 1980; appendix). The sky-
lark is thought to display differential migration (Senk etal. 1972;
Cramp 1988), and among the different hypotheses evoked to ex-
plain differential migration in this species, only the arrival time
hypothesis has received some attention (Hargues et al. 2007).
Since differences in body size are often associated with differences
in MR at low temperatures (Nagy 2005), differences in energy ex-
penditure during winter may be expected to coincide with patterns
of differential migration in this sexually dimorphic species.

After empirically confirming spatial segregation between sexes
across France in winter, we experimentally exposed captive male

and female skylarks at varying levels of T, to test for sexual dif-
ferences in MR and facultative hypothermia under different
thermal treatments. We predicted that (i) females should over-
winter at lower latitudes than males and (ii) females should face
higher physiological costs than males at cold temperatures (i.e.,
higher MR) and should express a greater degree of T, decrease
than males at cold temperatures.

Material and Methods
Latitudinal Variation in Sex Ratio

The sex ratios of overwintering populations of skylarks were
obtained by analyzing hunting bags from regional hunters along
a latitudinal gradient in France. The sex of each bird was de-
termined either by molecular analyses following Eraud et al.
(2006) or by postmortem dissection. A total of 489 individuals
(128 females and 361 males) were obtained during the winters
of 2000-2001, 2009-2010, 2010-2011, and 2011-2012. To min-
imize the risk that samples included migrant birds, only the
material collected from early December to late January was used.
In addition, no sound or visual decoys were used by hunters,
ensuring that sampling was random with regard to sex.

Bird Capture and Maintenance

For laboratory experiments, we caught skylarks in the western
Atlantic flyway in France (region Poitou-Charentes) during the
fall migration, between October and November 2011. Each bird
was color ringed and weighed (+0.1g), and the tarsus and max-
imum wing chord were measured. Thereafter, birds were ran-
domly assigned to groups of 10-12 individuals and acclimatized
for2moin4 x 3 x 2-m (I x w x h) outdoor aviaries at the
Centre d’Etudes Biologiques de Chizé (CEBC-CNRS, western
France). Birds were fed ad lib. with a commercial seed mixture,
grit, green material (i.e., oilseed rape), and tap water. Birds show-
ing any sign of sickness were removed from the experiment. All
birds were released into the wild in the middle of March, during
the prenuptial migration.

Metabolic Rates

We measured MRs of adult skylarks using multichannel open-
circuit respirometry (Sables System, Las Vegas, NV). Measure-
ments were performed on 10 males (BM = 38.51 * 1.65 g) and
10 females (BM = 33.45 =+ 1.09 g) during the first 2 wk of
February 2012. Each individual was tested at three values of T,
(—=5° 6° and 20°C) in a climatic chamber (400 DG LMS, Sev-
enoaks, Kent, UK). The last temperature (20°C) corresponds to
the lower limit of this species’ thermoneutral zone (Tieleman et al.
2002). The two other temperatures correspond either to chal-
lenging (—5°C) or mild (6°C) thermal conditions faced during
winter. For trials conducted at —5° and 6°C, birds were first
exposed and the chamber temperature was gradually decreased
(within 2 h). The sequence in trial temperatures was randomized
for each individual. Skylarks were taken from the outdoor aviaries
in the late afternoon and then transported to the laboratory at
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5:00 p.m. and acclimated to the temperature regime for 2 h. Birds
were food deprived for 3 h before measurements. For a given
session, seven individuals were weighed (*0.1 g; i.e., initial BM)
and then placed individually in an opaque test box (internal vol-
ume, 1,870 mL) in the climatic chamber set at target tempera-
ture. One test chamber was empty to provide continuous baseline
sample. Birds were kept in total darkness to measure overnight
oxygen consumption. Outside air was supplied by a Bioblock
Scientific 551 air pump to a mass-flow controller (1 mL min ™
FlowBar-8, Sable Systems) at a constant flow (415.5 + 8.9 mL
min~") to each chamber. The expelled air of each test chamber
was then sequentially sampled with a gas flow switcher (RM-
Multiplexer, Sable Systems). The air was stripped of water by
passing it through Drierite (W. A. Hammond Drierite, Xenia,
OH). Dried air was sent to the CO, analyzer (CA10A, Sable
Systems) and then to the oxygen analyzer (FC10A, Sable Systems).
Hardware outputs were simultaneously recorded with a specific
interface (UI-2, Sable Systems). We used the following respi-
rometric equations derived from Linghton (2008) and adapted
to our setup to calculate skylark Vo, (mL min~* g™ ') and Veco,
(mL min~' g™"):

VO — flow rate x (F102 - FCOZ) - F602 X (FeC02 - FlCOz)

1-— FCOZ
VCO _ flow rate x (FCCOZ X FlCOz) - FCCOZ X (FIOZ - FCOZ)
’ 1 — FeCO, ’

where FeO, is the fractional proportion of O, entering the
chamber, FiO, is the fractional proportion of O, exiting the
chamber, FeCO, is the fractional proportion of CO, entering
the chamber, and FiCO, is fractional proportion of CO, exiting the
chamber.

Measurements were carried out overnight, and trial dura-
tion was 10 h (from 8:00 p.m. to 6:00 a.m. the following morn-
ing). Each test chamber was sequentially sampled for 300 s, leading
to 10 replicates per individual throughout the night. Respiratory
values were obtained by averaging replicates collected for each
individual during stable resting periods. At the end of metabolic
measurement, birds were weighed (i.e., final BM) and the mean
BMs were obtained between initial BMs and final BMs.

Body Temperature

Our setup did not allow for simultaneous recording of MR and
T,. To test for changes in T, with T,, we recorded cloacal
temperature (considered as a proxy of Ti; Hegemann et al.
2012) at two different values of T,: —5° and 20°C. Twenty
skylarks (10 males and 10 females; different from those used in
respirometry) were used in this experimental setup. All birds
were captured from outdoor aviaries in late afternoon and
transported to a nearby laboratory at 5:00 p.m. and then placed
into a box (internal volume, 1,870 mL) in a temperature chamber.
Birds were first exposed to thermoneutral T, (20°C) for 3 h. At
8:00 p.m. the individual was removed from the box, its initial T,
was recorded, and the bird was placed back in the box in ther-
mocontrolled chamber. One hour after the first measurements,

the light was turned off, and then the birds were kept in total
darkness. For birds tested at low T, the T, was gradually (within
2 h) reduced to —5°C, whereas the chamber was set at 20°C for
the warm treatment. A second reading of T was taken during
the night (2:00 a.m.). Finally, a third and last T, recording was
performed at 8:00 a.m. T, was collected using a type T ther-
mocouple inserted about 1.2 cm deep into the cloaca and
maintained until a stable value was collected during 30 s (Nord
et al. 2011; Hegemann et al. 2012). T, was recorded within 60 s
of handling using a 21X data logger (Campbell Scientific In-
struments, Logan, UT). All measurements of T, were taken by
one person (T. Powolny). We are confident that repeated han-
dlings during the night did not bias our results since previous
studies have shown that potential disturbances inflicted by han-
dling birds and measuring their T, 4-5 h before a second T, sam-
pling does not modify the hypothermic response (Nord et al.
2011). All measurements were performed in two successive nights.
The first night, 10 birds (sex ratio, 1:1) were exposed to 20°C
and the remaining 10 were exposed to —5°C. The following
night, temperature treatments were reversed for each group.

Statistical Analysis

We investigated the sex ratio variation at nine different loca-
tions from a total of 528 individuals according to latitude (ex-
pressed in decimal degrees WGS84), years, and longitude by fit-
ting general linear models (GLMs; table 1). Following Wilson and
Hardy (2002), GLMs were fitted with the proportion of females
presentat each site as the response variable using a binomial vector
and a binomial error distribution. Quasi-likelihood estimations
were used to estimate the scale parameter, and the significance of
terms in the model was tested using F-tests (Wilson and Hardy
2002). We used general linear mixed models (GLMMs) to in-
vestigate whether oxygen consumption, BM changes, and T}, were
affected by sex, BM, and T,. T, was included as a fixed factor into
the models and bird identity as a random factor when repeated
measures were used. We started from full models to obtain the
minimally adequate model (Crawley 1993), following a backward
stepwise model selection procedure where the nonsignificant
termsat P = 0.05 were sequentially removed. Mass-corrected Vo,
and Vco, were log transformed to ensure normality and ho-
moscedasticity assumptions. To compare T, between groups, we
used t-tests after a sequential Bonferroni correction in the level
of significance had been made (Rice 1989). All analyses were
performed using SPSS 17.0 software. Means are reported = 1
standard error (SE).

Ethics Statement and Animal Welfare Information

This work was performed with governmental authorizations
from the Préfecture des Deux-Sévres (Niort, France, 10.79-219).
This study was carried out in strict accordance with the recom-
mendations in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Research. The protocol was
approved by the Committee on the Ethics of Animal Experiments
of the National Conservation Authority (permit 79349). When
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Table 1: Number of male and female skylarks collected in France during December and January in the eight localities

Region No. females No. males Total Proportion of females Latitude Longitude
Nord 0 8 8 .00 50.60 3.08
Oise 1 19 20 5.00 49.50 2.41
Indre-et-Loire 5 41 46 10.87 47.32 79
Indre 1 17 18 5.56 47.21 3.18
Deux-Sevres 45 140 185 24.32 46.23 —.38
Charente-Maritime 38 56 94 40.43 46.05 —.37
Lot-et-Garonne 3 3 6 50.00 44.37 .08
Tarn et Garonne 35 77 112 31.25 43.83 1.2

catching birds, animals showing any sign of sickness were re-
moved before entering the experiment. Bird captures were per-
formed under permit from the National Hunting and Wildlife
Agency to T. Powolny (2009-014). All experiments were in ac-
cordance with guidelines for the treatments and use of animals in
behavioral research and teaching as published by the Association
for the Study of Animal Behaviour.

Results
Effect of Latitudinal Gradient on Skylarks’ Sex Ratio

Opverall, male skylarks predominated in our sample, with 361
males and 128 females (table 1). We found no evidence that
sex ratio varied amongyears (F, 5, = 0.89,P = 0.344) or alonga
longitude gradient (F, ,, = 4.03, P = 0.02). Conversely, skylark
sex ratio varied significantly with latitude (F, , = 20.25, P <
0.0001). Specifically, the probability of finding a female de-
creased from 0.35 in southern France to less than 0.1 at more
northern latitudes (fig. 1).

Metabolic Rates

As expected, absolute oxygen consumption (Vo,) significantly
increased as T, decreased (see also table 2 for statistical results of
the full model with T, and sex as independent variables). Indi-
viduals tested under thermoneutrality (T, = 20°C) had the low-
est absolute Vo, (mean + SE, 0.042 + 0.002 mL min~* g™!).
Conversely, individuals tested under thermogenesis conditions
(T, = —5°C) presented the highest levels of Vo, (mean * SE,
0.071 = 0.006 mL min~' g~'). We observed no effect of sex or
interaction between sex and T, on Vo, (table 2). Respiratory
quotient was significantly influenced by T, (F,; = 6.5, P =
0.004) but was not different between sexes (F, 3, = 2.4, P =
0.141) or affected by interaction between T, and sex (F,, ;s = 1.4,
P = 0.264).

Body Temperature Profile

T, measured in early evening (8:00 p.m.) and the following
morning (8:00 a.m.) was similarly independent of sex and tem-
perature treatment (fig. 2). A global decrease in T}, was detected
during the night (mean AT,: —3.2° = 0.3°C, n = 40; fig. 2); AT,
was related to initial T}, and was more pronounced in individuals

with higher initial T, values (table 2). Also, AT, differed between
temperature treatments and sexes (sex x T, F, ;s = 9.94, P =
0.005; table 2). At 20°C, AT, was not different between males
and females (respectively, —2.6° = 1.6°C and —3.03° + 1.7°C;
post hoc t-test, t = 0.736, df = 18, P = 0.471; fig. 2A). The AT,
was significantly higher in females than in males (respectively,
—4.4° + 0.5°Cand —2.9° £ 0.3°C; posthoc t-test, t = 2.143,df =
18, P = 0.012; fig. 2B), while for males, AT, was similar between
temperature treatments (paired t-test, t = 0.816, df = 18, P =
0.408; fig. 2).

Change in Body Mass

Initial BMs did not differ between temperature treatments, but
males were heavier than females at the onset of the experiment.
Specifically, at 20° and —5°C, initial masses were, respectively,
38.7 £ 0.8and 39.0 = 0.8 gfor malesand 33.6 + 0.9and 33.7 =

0.25 0.30 0.35
1 1 1

Proportion of females
0.20
1

T T T T T T T T

44 45 46 47 48
Latitude

Figure 1. Proportion of females present at each site in relation to
latitudinal gradient in France (at nine different locations, from a total
of 489 individuals). General linear models were fitted with the pro-
portion of females as the response variable using a binomial vector and
abinomial error distribution. Lines represent the estimations obtained
from the model and the 95% confidence interval.
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Table 2: Results from generalized linear mixed models of oxygen consumption, body temperature (T,),

and body mass changes in skylarks

Dependent variable and fixed factor Estimates F df p
Oxygen consumption:
Intercept .304 122 1,18 728
T, (—5°C) 1.22 229.03 2,18 <.0001
T, (6°C) .64 17.01 2,18 <.0001
Sex (female) —.001 1.768 1,18 .092
Date 277 872 1,18 .356
Mass .058 2.021 1,22 .164
T, X sex 1.229 1,18 .305
Ty:
Intercept 37,711 868.6 1,18 <.0001
Date —.255 1.15 1,33 291
Initial T, —.121 1.24 1,32 273
Mass .072 2.01 1,22 171
Sex (female) .164 5.53 1,18 .03
T, (—5°C) —.314 19.88 1,18 <.0001
Sex x T, 9.94 1,18 .005
Sex x mass 3.92 1,18 .056
ABody mass:
Intercept —.202 .041 1,25 .842
Date 255 3.99 1,18 .061
Sex (female) —.179 482 1,18 496
T, (—5°C) .075 284 1,18 .6
Initial body mass .093 13.156 1,22 .001
AT, —.133 6.471 1,37 015
AT, x sex 975 1,33 331

Note. Ambient temperature (T,) and sex were included as fixed factors in the models. Models were fitted with bird identity as a

random factor. Results from the full models are provided. A backward selection procedure was used, with least significant variables
being removed sequentially, until a minimum adequate model was reached in which all variables were retained at P = 0.05. Bold

indicates significant P values.

0.6 g for females. All birds experienced BM loss overnight. This
change in BM was not influenced by temperature treatment but
was inversely related to initial BM in females (table 2). On
average, maleslost3.1 = 0.1 g(n = 20),0r8.1% = 0.3% of their
initial BM. In females, these values were 2.4 = 0.1 g (n = 20), or
7.0% = 0.4%. The analysis further shows that mass loss was
negatively related to AT, overnight (F, ;;, = 6.471, P = 0.015;
table 2). This relationship is well illustrated for birds exposed
toa T, of —5°C (fig. 3; table 2; F = 8.46, P = 0.006).

Discussion
Skylark Latitudinal Distribution

We provide clear evidence for a winter spatial segregation be-
tween sexes at the scale of France, with a strongly biased male
sex ratio at high latitudes and a more balanced sex ratio in the
south. Probably due to the small range of longitude in our study,
we observed no effect of longitudes on wintering skylark sex
ratio. Assuming a balanced sex ratio on breeding grounds,
females therefore migrate farther than males, supporting earlier
reports of differential migration in skylarks in southern France
(Hargues et al. 2007) and Italy (Scebba 2001). Despite an overlap

in wing length and BM between sexes (Hegemann et al. 2012),
analyses of morphological measurements demonstrated that male
skylarks are larger than females (Cramp 1980; appendix).

The body size hypothesis (Ketterson and Nolan 1976; Myers
1981) postulates that larger individuals are better suited to sur-
vive the colder and less predictable climates at higher latitudes.
Cumulative effects of declining temperatures, increased energy
costs of thermoregulation (Jackson et al. 2001), and declines in
food availability may generate morphological, behavioral, or phys-
iological adaptations that enhance winter survival. At high lat-
itudes, birds typically face food limitation during winter imposed
by a short photoperiod and obligate overnight fasting. Among
major environmental factors impacting energy expenditure, tem-
perature is a crucial parameter influencing metabolic level and
energy requirements in endotherms (McNab 2002).

Metabolic Rate Does Not Differ between Males and Females

The body size hypothesis posits that under cold winter con-
ditions, larger individuals have energetic cost of thermoreg-
ulation (Piersma 1984; McNamara et al. 2004). In small birds,
wintering elevation of MR is often correlated with an improve-
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Figure 2. Change in body temperature of skylarks overnight for the
various ambient temperatures (T,). A, T, = 20°C; B, T, = —5°C. Means
are presented = SE. One asterisk, P = 0.01; three asterisks, P = 0.

ment in cold tolerance (Liknes et al. 2002; Liknes and Swanson
1996). However, using three different thermal treatments, we ob-
served an increasing consumption rate of oxygen with a decreas-
ing T,. Males had a higher MR than females at all temperatures.
However, MR was positively related to BM; hence, analyses based
on mass-corrected MR revealed similar patterns of energetic ex-
penditure between sexes (see Gillooly et al. 2001). These results
suggest no additional energetic costs at low temperature for fe-
males, contradicting one of the main predictions derived from the
body size hypothesis.

Sex Difference in Nightly Hypothermia

Under unfavorable environmental conditions, such as obligate
overnight fasting, many bird species significantly decrease their
rest-phase T\, below normothermic values. This state, depend-
ing on its depth, is called rest-phase hypothermia (T, lowered
by 3°-10°C) or torpor (T, lowered by more than 10°C; Mc-
Kechnie and Lovegrove 2002), though the distinction between
rest-phase hypothermia and torpor remains controversial (Prin-
zinger et al. 1991). Contrary to hypothermia, in which only a
decrease in T, is described, torpor is characterized by a state of
inactivity and a reduced responsiveness, usually characterized by

a reduced T, and rate of metabolism. In this study, birds had a
lower Ty, in T, of —5°C (but still above 30°C), but their MR was
higher and thus could not be considered in torpor but rather night
hypothermia. Our results demonstrate that both male and female
skylarks decreased their T, during the night. Temperature de-
crease was more pronounced when T, was lower, indicating a
mechanism for reducing energy expenditure when thermoregu-
lation imposes a high demand (Cooper and Gessaman 2005).
Minimizing the difference between T, and T, also reduces the
metabolic demand for heat production (McNab 2002). However,
T, alone may not fully explain the use of hypothermia (McKechnie
and Lovegrove 2003) since this physiological adjustment is also
dependent on the level of body reserves (see Hohtola et al. 1991).
Importantly, we detected a significant sex difference in night hy-
pothermia at —5°C: females decreased their T, by more than 4° at
2:00 a.m., in contrast to males, which maintained a T, reduction
close to that observed at 20°C (fig. 2B). This adjustment suggests
that energy constraints imposed by the low T, are greater for
females than for males. Such sexual difference may result from
various processes. First, differences between sexes in plumage in-
sulation could lead to differences in heat loss and energy budgets,
resulting in different energy management strategies. Feather molt
in autumn allows birds to increase body insulation before winter
(Swanson 1991), but individual variation in winter plumage in-
sulation is presumably associated with differences in perception
of cold between individuals for a given set of ambient conditions
(Vézina et al. 2009). Individuals experiencing greater heat loss for
a given T, could consequently rely more on hypothermia as a
means for balancing their energy budget than individuals ex-
pressing high levels of thermal insulation. Second, individuals may
differ in their use of thermal microhabitats, which may be de-
pendent on their sex, age, and/or position in the social hierarchy.
Skylarks flock in winter (Powolny et al. 2012), and differences in
social dominance could result in differences in monopolizing the
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Figure 3. Relationship between body temperature decrease and body
mass change for captive skylarks exposed to —5°C overnight. Lines
represent the least square regression slope and 95% confidence interval
(F = 1581, P = 0.0003, r* = 0.29).
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best food sources (Piper 1990) or nocturnal roosts (Koivula et al.
1995). Thus, dominant individuals (males) could take advantage
of shelters or microhabitats where heat gain might reduce their
thermoregulation costs, which in turn would be reflected in indi-
vidual variation in hypothermia.

We also found a negative relationship between the magni-
tude of body temperature decrease (AT,) and BM loss (AT,,),
suggesting that decreasing T, allowed the maintenance of body
condition when the environment becomes thermally costly. There-
fore, female skylarks showed physiological compensation to low
temperatures, in response to thermal environmental changes, while
males did not. Although T, was not measured during MR tests
here, we suggest that the apparent similarity in mass-specific MRs
was related to variation in T, during overnight measurements. In
particular we predict that when the temperature becomes chal-
lenging, females use more pronounced hypothermia to maintain
their energetic balance.

Passive Hypothermia and Segregation

If females modulate their T}, to reduce their energetic expen-
diture to alevel similar to males, why do females winter at more
southern latitudes than males? While hypothermia is wide-
spread in endotherms to minimize energy expenditure and spare
body reserves, the relative decrease in T;, associated with low T,
may also incur costs (Boyles et al. 2007; Nord et al. 2009). For
example, the decrease in internal temperature may compromise
physiological fitness-related processes that are temperature de-
pendent, such as immune function (Canale and Henry 2011) or
somatic repair (Larkin and Heller 1999). Moreover, such physi-
ological costs may be further amplified by ecological costs, such
as increased predation risk (Laurila and Hohtola 2005) or failure
to access food resources (Palchykova et al. 2006). Such constraints
are widely viewed as one of the major disadvantages of hypo-
thermia (Pavey and Geiser 2008). Consequently, energetic bene-
fits from hypothermia could be directly dependant on the costs
of rewarming. Rewarming to the normothermic T, can involve
two not mutually exclusive mechanisms: a passive rewarming or a
metabolic rewarming (Pavey and Geiser 2008). Previous studies
demonstrated that passive rewarming either by the increase in T,
or by basking in the sun appears to be common in heterothermic
mammals and birds (Geiser and Drury 2003) and provides a clear
benefit to reduce energy expenditure during rewarming (Geiser
etal. 2004). The solar energy reaching the ground in France during

winter increases southward, and it is thus possible that female
distribution during winter reflects the potential passive rewarm-
ing or basking due to increase in T, in the morning (Geiser and
Pavey 2007), thus decreasing the cost of hypothermia. In this
way, female skylarks may reduce the metabolic costs of rewarming
by benefiting from sun basking and optimize the benefits of
hypothermia by wintering at southern latitudes in France.
Overall, our study on the skylark demonstrates (i) clear spatial
segregation, (ii) dynamic physiological response to low tempera-
tures, and (iii) sex differences in physiological compensation, with
females reducing their T;, more than males. Size-related differ-
ences in thermal tolerance and thermoregulatory costs may well
provide explanation for the observed winter distribution pattern.
Yet, the understanding of sexual segregation may involve multiple
causes, and disentangling competing hypotheses remains difficult.
Notably, variation in body size may affect multiple ecological (i.e.,
competition for food and breeding territories) and physiological
(thermal tolerance, risk of starvation, MR) aspects. Studying sys-
tems where sexes are of equal size or exhibit reversed sexual size
dimorphism may provide significant insights in this matter.
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Figure Al. Relative percentage of male (open bars) and female (filled bars) skylarks (n = 584) in function of two morphological body
measures: body mass (g; A) and wing length (mm; B). Mean comparisons confirmed sexual differences for body mass (¢-test, t = —17.07,df =
584, P < 0.0001) and wing length (t = —30.33, df = 584, P < 0.0001).

Literature Cited

Berthold P. 2001. Bird migration: a general survey. 2nd ed.
Oxford University Press, Oxford.

Boyles J.G., M.B. Dunbar, J.J. Storm, and V.J. Brack. 2007.
Energy availability influences microclimate selection of hi-
bernating bats. fukacaeigy 210:4345-4350.

Canale C.I. and P.Y. Henry. 2011. Energetic costs of the im-
mune response and torpor use in a primate. Eiiiaiiead 25:
557-565.

Catry P., M. Lecoq, A. Araujo, G. Conway, M. Felgueiras,
J.M.B. King, S. Rumsey, H. Salima, and P. Tenreiro. 2005.
Differential migration of chiffchaffs Phylloscopus collybita and
P. ibericus in Europe and Africa. gl 36:184-190.

This content downloaded from 128.135.181.111 on February 08, 2016 07:50:28 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?pmid=18055623&crossref=10.1242%2Fjeb.007294
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1365-2435.2010.01815.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.0908-8857.2005.03445.x

Cold Tolerance and Sex-Dependent Hypothermia 000

Cooper S.J. and J.A. Gessaman. 2005. Nocturnal hypothermia

length for sexing skylarks Alauda arvensis: a critical evaluation.

in seasonally acclimatized mountain chickadees and juniper
titmice. aadar 107:151-155.
Cramp S. 1980. The birds of the western Palearctic. Vol. 5.

i 27:7-12.
Hohtola E., R. Hissar, A. Pyornila, H. Rintamaki, and S.
Saarela. 1991. Nocturnal hypothermia in fasting Japanese

Oxford University Press, Oxford.

. 1988. Handbook of the birds of Europe, the Middle
East and the North Africa: the birds of the western Pale-
arctic. Vol. 5. Oxford University Press, New York.

Crawley M.J. 1993. GLIM for ecologists. Blackwell Scientific,
Oxford.

Cristol D.A., M.B. Baker, and C. Carbone. 1999. Differential

quail: the effect of ambient temperature. il 43
563-567.

Jackson D.M., P. Trayhurn, and J.R. Speakman. 2001. Asso-
ciations between energetics and over-winter survival in the
short-tailed field vole Microtus agrestis. iniusininaad 70:
633-640.

Jenkins K.D. and D.A. Cristol. 2002. Evidence of differential

migration revisited: latitudinal segregation by age and sex

migration by sex in white-throated sparrows (Zonotrichia

class. - 15:33-88.

Donald P.F., R.E. Green, and M.F. Heath. 2001. Agricultural
intensification and the collapse of Europe’s farmland bird
populations. Hnssnsel 268:25-29.

Eraud C., J. Lallemand, and H. Lormee. 2006. Sex-ratio of
skylark Alauda arvensis in relation to timing of breeding:

albicollis). Auk 119:539-543.
Johnston LA. and A.F. Bennett. 1996. Animals and temperature:
phenotypic and evolutionary adaptation. Society for Experi-

mental Biology Seminar Series 59. Cambridge University Press,
Cambridge.
Ketterson E.D. and V.J. Nolan. 1976. Geographic variation

capsule earlier broods tend to be more male biased than

and its climatic correlates in sex-ratio of eastern wintering

53:319-322.
Gauthreaux S.A.J. 1978. The ecological significance of behavioral

later broods. R

dark-eyed juncos (Junco hyemalis hyemalis). Eeglagy 57:
679-693.

dominance. Pp. 17-54 in P.P.G. Bateson and P.H. Klopfer, eds.

Koivula K., M. Orell, S. Rytkonen, and K. Lahti. 1995. Fatness,

Perspective in ethology. Vol. 3. Plenum, New York.
Geiser F. and R.L. Drury. 2003. Radiant heat affects ther-

sex and dominance: seasonal and daily body mass changes

in willow tits. ikt 26:209-216.

moregulation and energy expenditure during rewarming

Larkin J.E. and H.C. Heller. 1999. Sleep after arousal from

from torpor. ] Comp Biol B 173:55-60.

Geiser F., R.L. Drury, G. Kortner, C. Turbill, C.R. Pavey, and
R.M. Brigham. 2004. Passive rewarming from torpor in mam-
mals and birds: energetic, ecological and evolutionary impli-
cations. Pp. 209-219 in B.M. Barnes and H.V. Carey, eds. Life
in the cold: evolution, mechanisms, adaptation, and application.
Institute of Arctic Biology, University of Alaska, Fairbanks.

Geiser F. and C.R. Pavey. 2007. Basking and torpor in a rock-

hibernation is not homeostatically regulated. pusiiismsind
276:522-529.

Laurila M. and E. Hohtola. 2005. The effect of ambient tempera-
ture and simulated predation risk on fasting-induced nocturnal
hypothermia in pigeons in outdoor conditions. jisasusteiiel
30:392-399.

Liknes E.T., S.M. Scott, and D.L. Swanson. 2002. Seasonal
acclimatization in the American goldfinch revisited: to what

dwelling desert marsupial: survival strategies in a resource-

extent do metabolic rates vary seasonally? Candar 104:548-

poor environment. ] Comp Biol B 177:885-892.

Gillooly J.F., ].H. Brown, G.B. West, V.M. Savage, and E.L.
Charnov. 2001. Effects of size and temperature on meta-
bolic rate. Sgigngg 293:2248-2251.

Guillemain M., R. Hearn, R. King, M. Gauthier-Clerc, G. Simon,
and A. Caizergues. 2009. Differential migration of the sexes
cannot be explained by the body size hypothesis in Teal.
Iiaiiaal 150:685-689.

Hargues R., P. Girardot, F. Ibanez, P. Mourguir, and J. Recarte.
2007. Migration of the skylark Alauda arvensis along the

557.

Liknes E.T. and D.L. Swanson. 1996. Seasonal variation in
cold tolerance, basal metabolic rate, and maximum capacity
of thermogenesis in white breasted nuthatches Sitta caro-
linensis and downy woodpeckers Picoides pubescens, two
unrelated arboreal temperate residents. uisiitiaitiad 27:179-
288.

Linghton J. 2008. Measuring metabolic rates: a manual for sci-
entists. Oxford University Press, Oxford.

McKechnie A.E. and B.G. Lovegrove. 2002. Avian facultative

southern French Atlantic coast. Wildl Biol Pract 3:93-104.
Hegemann A., K.D. Matson, M.A. Versteegh, and B.1. Tieleman.
2012. Wild skylarks seasonally modulate energy budgets but
maintain energetically costly inflammatory immune responses
throughout the annual cycle. Rinfaiadbi 7:¢36358.
Hegemann A., H.P. Van der Jeugd, M. de Graaf, L.L. Ooste-

hypothermic response: a review. aaadas 104:705-724.

. 2003. Facultative hypothermic responses in an Afro-
tropical arid-zone passerine, the red-headed finch (Amadina
erythrocephala). ] Comp Biol B 173:339-346.

McNab B.K. 2002. The physiological ecology of vertebrates: a
view from energetics. Cornell University Press, Ithaca, NY.

brink, and B.I. Tieleman. 2010. Are Dutch skylarks partial

McNamara].M.,, J. Ekman, and A.I. Houston. 2004. The effect of

migrants? ring recovery data and radio-telemetry suggest local

thermoregulatory substitution on optimal energy reserves of

co-existence of contrasting migration strategies. Ardea 98:
135-143.
Hegemann A., R. Voesten, K. van Eerde, M. van der Velde, and B.1.

small birds in winter. Qikgg 105:192-196.
Myers J.P. 1981. A test of three hypotheses for latitudinal
segregation of the sexes in wintering birds. (miiiakmtaal 59:

Tieleman. 2012. The use of tongue spots for aging and wing

1527-1534.

This content downloaded from 128.135.181.111 on February 08, 2016 07:50:28 AM
All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?pmid=9950933
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1650%2F7597
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1080%2F03078698.2012.691000
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.0030-1299.2004.12188.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2F978-1-4757-4901-4_2
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2Fj.jtherbio.2005.04.001
http://www.journals.uchicago.edu/action/showLinks?pmid=11567137&crossref=10.1126%2Fscience.1061967
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1650%2F0010-5422%282002%29104%5B0705%3AAFHRAR%5D2.0.CO%3B2
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2F0031-9384%2891%2990281-R
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1139%2Fz81-207
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1936182
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1650%2F0010-5422%282002%29104%5B0548%3ASAITAG%5D2.0.CO%3B2
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs10336-009-0375-5
http://www.journals.uchicago.edu/action/showLinks?pmid=22570706&crossref=10.1371%2Fjournal.pone.0036358
http://www.journals.uchicago.edu/action/showLinks?pmid=12123294&crossref=10.1098%2Frspb.2000.1325
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1046%2Fj.1365-2656.2001.00518.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3677321
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F3677259
http://www.journals.uchicago.edu/action/showLinks?crossref=10.5253%2F078.098.0202
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1080%2F00063650609461448
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1642%2F0004-8038%282002%29119%5B0539%3AEODMBS%5D2.0.CO%3B2
https://www.researchgate.net/publication/288592667_Nocturnal_hypothermia_in_seasonally_acclimatized_Mountain_Chickadees_and_Juniper_Titmice?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/288592667_Nocturnal_hypothermia_in_seasonally_acclimatized_Mountain_Chickadees_and_Juniper_Titmice?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/288592667_Nocturnal_hypothermia_in_seasonally_acclimatized_Mountain_Chickadees_and_Juniper_Titmice?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233820782_The_Birds_of_The_Western_Palearctic?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233820782_The_Birds_of_The_Western_Palearctic?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216768957_Differential_migration_revisted_Latitudunal_segergation_by_age_and_sex_class?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216768957_Differential_migration_revisted_Latitudunal_segergation_by_age_and_sex_class?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216768957_Differential_migration_revisted_Latitudunal_segergation_by_age_and_sex_class?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/283996269_Agricultural_intensification_and_the_collapse_of_Europe's_farmland_bird_populations?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/283996269_Agricultural_intensification_and_the_collapse_of_Europe's_farmland_bird_populations?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/283996269_Agricultural_intensification_and_the_collapse_of_Europe's_farmland_bird_populations?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233102306_Sex-ratio_of_Skylark_Alauda_arvensis_broods_in_relation_to_timing_of_breeding_Capsule_Earlier_broods_tend_to_be_more_male_biased_than_later_broods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233102306_Sex-ratio_of_Skylark_Alauda_arvensis_broods_in_relation_to_timing_of_breeding_Capsule_Earlier_broods_tend_to_be_more_male_biased_than_later_broods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233102306_Sex-ratio_of_Skylark_Alauda_arvensis_broods_in_relation_to_timing_of_breeding_Capsule_Earlier_broods_tend_to_be_more_male_biased_than_later_broods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233102306_Sex-ratio_of_Skylark_Alauda_arvensis_broods_in_relation_to_timing_of_breeding_Capsule_Earlier_broods_tend_to_be_more_male_biased_than_later_broods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285163659_The_Ecological_Significance_of_Behavioral_Dominance?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285163659_The_Ecological_Significance_of_Behavioral_Dominance?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285163659_The_Ecological_Significance_of_Behavioral_Dominance?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/8208511_Radiant_heat_affects_thermoregulation_and_energy_expenditure_during_rewarming_from_torpor_J_Comp_Physiol_B?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/8208511_Radiant_heat_affects_thermoregulation_and_energy_expenditure_during_rewarming_from_torpor_J_Comp_Physiol_B?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/8208511_Radiant_heat_affects_thermoregulation_and_energy_expenditure_during_rewarming_from_torpor_J_Comp_Physiol_B?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/6165387_Basking_and_torpor_in_a_rock-dwelling_desert_marsupial_Survival_strategies_in_a_resource-poor_environment?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/6165387_Basking_and_torpor_in_a_rock-dwelling_desert_marsupial_Survival_strategies_in_a_resource-poor_environment?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/6165387_Basking_and_torpor_in_a_rock-dwelling_desert_marsupial_Survival_strategies_in_a_resource-poor_environment?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11781257_Effects_of_Size_and_Temperature_on_Metabolic_Rate?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11781257_Effects_of_Size_and_Temperature_on_Metabolic_Rate?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11781257_Effects_of_Size_and_Temperature_on_Metabolic_Rate?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/226708881_Differential_migration_of_the_sexes_cannot_be_explained_by_body_size_hypothesis_in_Teal?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/226708881_Differential_migration_of_the_sexes_cannot_be_explained_by_body_size_hypothesis_in_Teal?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/226708881_Differential_migration_of_the_sexes_cannot_be_explained_by_body_size_hypothesis_in_Teal?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/226708881_Differential_migration_of_the_sexes_cannot_be_explained_by_body_size_hypothesis_in_Teal?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/26497801_Migration_of_the_Skylark_Alauda_arvensis_Along_the_Southern_French_Atlantic_Coast?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/26497801_Migration_of_the_Skylark_Alauda_arvensis_Along_the_Southern_French_Atlantic_Coast?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/26497801_Migration_of_the_Skylark_Alauda_arvensis_Along_the_Southern_French_Atlantic_Coast?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/224926598_Wild_Skylarks_Seasonally_Modulate_Energy_Budgets_but_Maintain_Energetically_Costly_Inflammatory_Immune_Responses_throughout_the_Annual_Cycle?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/224926598_Wild_Skylarks_Seasonally_Modulate_Energy_Budgets_but_Maintain_Energetically_Costly_Inflammatory_Immune_Responses_throughout_the_Annual_Cycle?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/224926598_Wild_Skylarks_Seasonally_Modulate_Energy_Budgets_but_Maintain_Energetically_Costly_Inflammatory_Immune_Responses_throughout_the_Annual_Cycle?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/224926598_Wild_Skylarks_Seasonally_Modulate_Energy_Budgets_but_Maintain_Energetically_Costly_Inflammatory_Immune_Responses_throughout_the_Annual_Cycle?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232694328_Are_Dutch_Skylarks_Partial_Migrants_Ring_Recovery_Data_and_Radio-Telemetry_Suggest_Local_Coexistence_of_Contrasting_Migration_Strategies?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232694328_Are_Dutch_Skylarks_Partial_Migrants_Ring_Recovery_Data_and_Radio-Telemetry_Suggest_Local_Coexistence_of_Contrasting_Migration_Strategies?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232694328_Are_Dutch_Skylarks_Partial_Migrants_Ring_Recovery_Data_and_Radio-Telemetry_Suggest_Local_Coexistence_of_Contrasting_Migration_Strategies?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232694328_Are_Dutch_Skylarks_Partial_Migrants_Ring_Recovery_Data_and_Radio-Telemetry_Suggest_Local_Coexistence_of_Contrasting_Migration_Strategies?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232694328_Are_Dutch_Skylarks_Partial_Migrants_Ring_Recovery_Data_and_Radio-Telemetry_Suggest_Local_Coexistence_of_Contrasting_Migration_Strategies?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/238595397_The_use_of_tongue_spots_for_aging_and_wing_length_for_sexing_Skylarks?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/238595397_The_use_of_tongue_spots_for_aging_and_wing_length_for_sexing_Skylarks?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/238595397_The_use_of_tongue_spots_for_aging_and_wing_length_for_sexing_Skylarks?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/238595397_The_use_of_tongue_spots_for_aging_and_wing_length_for_sexing_Skylarks?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/223754685_Nocturnal_hypothermia_in_fasting_Japanese_quail_the_effect_of_ambient_temperature_Physiol_Behav?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/223754685_Nocturnal_hypothermia_in_fasting_Japanese_quail_the_effect_of_ambient_temperature_Physiol_Behav?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/223754685_Nocturnal_hypothermia_in_fasting_Japanese_quail_the_effect_of_ambient_temperature_Physiol_Behav?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/223754685_Nocturnal_hypothermia_in_fasting_Japanese_quail_the_effect_of_ambient_temperature_Physiol_Behav?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228585565_Associations_between_energetics_and_over-winter_survival_in_short-tailed_field_vole_Microtus_agrestis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228585565_Associations_between_energetics_and_over-winter_survival_in_short-tailed_field_vole_Microtus_agrestis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228585565_Associations_between_energetics_and_over-winter_survival_in_short-tailed_field_vole_Microtus_agrestis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228585565_Associations_between_energetics_and_over-winter_survival_in_short-tailed_field_vole_Microtus_agrestis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232681474_Evidence_of_Differential_Migration_by_Sex_in_White-Throated_Sparrows_Zonotrichia_albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232681474_Evidence_of_Differential_Migration_by_Sex_in_White-Throated_Sparrows_Zonotrichia_albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232681474_Evidence_of_Differential_Migration_by_Sex_in_White-Throated_Sparrows_Zonotrichia_albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271682756_Geographic_Variation_and_Its_Climatic_Correlates_in_the_Sex_Ratio_of_Eastern-Wintering_Dark-Eyed_Juncos_Junco_Hyemalis_Hyemalis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271682756_Geographic_Variation_and_Its_Climatic_Correlates_in_the_Sex_Ratio_of_Eastern-Wintering_Dark-Eyed_Juncos_Junco_Hyemalis_Hyemalis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271682756_Geographic_Variation_and_Its_Climatic_Correlates_in_the_Sex_Ratio_of_Eastern-Wintering_Dark-Eyed_Juncos_Junco_Hyemalis_Hyemalis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271682756_Geographic_Variation_and_Its_Climatic_Correlates_in_the_Sex_Ratio_of_Eastern-Wintering_Dark-Eyed_Juncos_Junco_Hyemalis_Hyemalis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/230739582_Fatness_Sex_and_Dominance_Seasonal_and_Daily_Body_Mass_Changes_in_Willow_Tits?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/230739582_Fatness_Sex_and_Dominance_Seasonal_and_Daily_Body_Mass_Changes_in_Willow_Tits?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/230739582_Fatness_Sex_and_Dominance_Seasonal_and_Daily_Body_Mass_Changes_in_Willow_Tits?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/13338228_Sleep_after_arousal_from_hibernation_is_not_homeostatically_regulated?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/13338228_Sleep_after_arousal_from_hibernation_is_not_homeostatically_regulated?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/13338228_Sleep_after_arousal_from_hibernation_is_not_homeostatically_regulated?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/222201407_The_effect_of_ambient_temperature_and_simulated_predation_risk_on_fasting-induced_nocturnal_hypothermia_of_pigeons_in_outdoor_conditions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/222201407_The_effect_of_ambient_temperature_and_simulated_predation_risk_on_fasting-induced_nocturnal_hypothermia_of_pigeons_in_outdoor_conditions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/222201407_The_effect_of_ambient_temperature_and_simulated_predation_risk_on_fasting-induced_nocturnal_hypothermia_of_pigeons_in_outdoor_conditions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/222201407_The_effect_of_ambient_temperature_and_simulated_predation_risk_on_fasting-induced_nocturnal_hypothermia_of_pigeons_in_outdoor_conditions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/281201036_Seasonal_acclimatization_in_the_American_Goldfinch_revisited_To_what_extent_do_metabolic_rates_vary_seasonally?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/281201036_Seasonal_acclimatization_in_the_American_Goldfinch_revisited_To_what_extent_do_metabolic_rates_vary_seasonally?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/281201036_Seasonal_acclimatization_in_the_American_Goldfinch_revisited_To_what_extent_do_metabolic_rates_vary_seasonally?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/281201036_Seasonal_acclimatization_in_the_American_Goldfinch_revisited_To_what_extent_do_metabolic_rates_vary_seasonally?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232677261_Avian_facultative_hypothermic_responses_A_review?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/232677261_Avian_facultative_hypothermic_responses_A_review?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216812908_The_Pysiological_Ecology_of_Vertebrates_A_View_From_Energetics?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216812908_The_Pysiological_Ecology_of_Vertebrates_A_View_From_Energetics?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/229562237_The_effect_of_thermoregulatory_substitution_on_optimal_energy_reserves_of_small_birds_in_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/229562237_The_effect_of_thermoregulatory_substitution_on_optimal_energy_reserves_of_small_birds_in_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/229562237_The_effect_of_thermoregulatory_substitution_on_optimal_energy_reserves_of_small_birds_in_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/237989077_A_test_of_three_hypotheses_for_latitudinal_segregation_of_the_sexes_in_wintering_birds_Can_J_Zool?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/237989077_A_test_of_three_hypotheses_for_latitudinal_segregation_of_the_sexes_in_wintering_birds_Can_J_Zool?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/237989077_A_test_of_three_hypotheses_for_latitudinal_segregation_of_the_sexes_in_wintering_birds_Can_J_Zool?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==

000 T. Powolny, V. Bretagnolle, A. Dupoué, O. Lourdais, and C. Eraud

Nagy K.A. 2005. Field metabolic rate and body size. jukucaniad
208:1621-1625.
Nord A, J.F. Nilsson, and J.A. Nilsson. 2011. Nocturnal body

Scebba, S. 2001. Biometrics and sex ratios of skylarks Alauda
arvensis during migration in southern Italy. Reibgabdig 20:
364-370.

temperature in wintering blue tits is affected by roost-site

temperature and body reserves. Qeaalagia 167:21-25.

Nord A.,].F. Nilsson, M.I. Sandell,and J.A. Nilsson. 2009. Patterns
and dynamics of rest-phase hypothermia in wild and captive

Senk R., A. Senk, and H. Wormer. 1972. Zur Frage: tber-
wintern nur mannliche Feldlerchen (Alauda arvensis) in
Westdeutschland? Die Vogelwarte 26:314.

Sherry T.W. and R.T. Holmes. 1996. Winter habitat quality,

blue tits during winter. ] Comp Biol B 179:737-745.
Palchykova S., F. Crestani, P. Meerlo, and I. Tobler. 2006.

population limitation, and conservation of Neotropical-
Nearctic migrant birds. 77:36-48.

Sleep deprivation and daily torpor impair object recogni-

Swanson D.L. 1991. Seasonal adjustments in metabolism and

tion in Djungarian hamsters. 87:144-153.
Pavey C.R. and F. Geiser. 2008. Basking and diurnal foraging
in the dasyurid marsupial Pseudantechinus macdonnellensis.

il 56:129-135.

Piersma T. 1984. Estimating energy reserves of great crested

insulation in the dark-eyed junco. gandas 93:538-545.

Terrill S.B. and K.P. Abele. 1988. Bird migration terminology.
Auk 105:205-208.

Tieleman LR., J.B. Williams, and M.E. Buschur. 2002. Phys-
iological adjustments to arid and mesic environments in

grebes (Podiceps cristatus) on the basis of body dimensions.

larks (Alaudidea). [ 75:305-3 13,

Ardea 72:119-126.
Piper W.H. 1990. Exposure to predators and access to food in

Vézina F., A. Gustowska, K.M. Jalvingn, O. Chastel, and T.
Piersma. 2009. Hormonal correlates and thermoregulatory

wintering white-throated sparrows Zonotrichia albicollis.

consequences of molting on metabolic rate in a northerly

i 112:284-298.
Powolny T., C. Eraud, and V. Bretagnolle. 2012. Group size

wintering shorebird. 82:129-142.

Weeb D.R. and C.M. Rogers. 1988. Nocturnal energy expen-

modulates time budget and foraging efficiency in captive sky-

diture of dark-eyed juncos roosting in Indiana during winter.

larks, Alauda arvensis. olidibagd 153:485-490.

Prinzinger R., A. Pressmar, and E. Schleucher. 1991. Body tem-

saiadar 90:107-112.

Wilson K. and L.C.W. Hardy. 2002. Statistical analysis of sex ra-

perature in birds. ] Comp Physiol A 99:499-506.
Rice W.R. 1989. Analyzing tables of statistical tests. EazakiiiaE
43:223-225.
Root T. 1988a. Energy constraints on avian distributions and
69:330-339.
. 1988b. Environmental factors associated with avian
distributional boundaries. RiggaaE 15:489-505.

abundances.

tios: an introduction. Pp. 48-92 in .C.W. Hardy, ed. Sex ratios:
concepts and research methods. Cambridge University Press,
Cambridge.

Zuckerberg B., D.N. Bonter, W.M. Hochachka, W.D. Koenig, A.T.
DeGaetano, and J.L. Dickinson. 2011. Climatic constraints
on wintering bird distribution are modified by urbanisation

and weather. juisiiiiaiiagd 80:403-413.

All in-text references underlined in blue are ”mﬂ?\%E%H‘émi88&%838&3%?%i%?%@ﬁsf?ﬂ%}ﬁ%ﬁ%ﬁ%i%%%wmediately'

All use subject to University of Chicago Press Terms and Conditions (http://www.journal s.uchicago.edu/t-and-c).


http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2409177
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F341998&pmid=12177833
http://www.journals.uchicago.edu/action/showLinks?pmid=21118200&crossref=10.1111%2Fj.1365-2656.2010.01780.x
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1163%2F156853990X00248
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1940431
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2265652
http://www.journals.uchicago.edu/action/showLinks?pmid=16253296&crossref=10.1016%2Fj.physbeh.2005.09.005
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F596512&pmid=19199554
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1007%2Fs10336-011-0764-4
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2845278
http://www.journals.uchicago.edu/action/showLinks?pmid=15855393&crossref=10.1242%2Fjeb.01553
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1368185
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1071%2FZO08032
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1368439
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1080%2F03078698.2001.9674264
http://www.journals.uchicago.edu/action/showLinks?pmid=21448732&crossref=10.1007%2Fs00442-011-1972-6
https://www.researchgate.net/publication/50908226_Nocturnal_body_temperature_in_wintering_Blue_Tits_is_affected_by_roost-site_temperature_and_body_reserves?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/50908226_Nocturnal_body_temperature_in_wintering_Blue_Tits_is_affected_by_roost-site_temperature_and_body_reserves?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/50908226_Nocturnal_body_temperature_in_wintering_Blue_Tits_is_affected_by_roost-site_temperature_and_body_reserves?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/24263568_Patterns_and_dynamics_of_rest-phase_hypothermia_in_wild_and_captive_Blue_Tits_during_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/24263568_Patterns_and_dynamics_of_rest-phase_hypothermia_in_wild_and_captive_Blue_Tits_during_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/24263568_Patterns_and_dynamics_of_rest-phase_hypothermia_in_wild_and_captive_Blue_Tits_during_winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/7514175_Sleep_deprivation_and_daily_torpor_impair_object_recognition_in_Djungarian_hamsters?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/7514175_Sleep_deprivation_and_daily_torpor_impair_object_recognition_in_Djungarian_hamsters?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/7514175_Sleep_deprivation_and_daily_torpor_impair_object_recognition_in_Djungarian_hamsters?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228502072_Basking_and_diurnal_foraging_in_the_dasyurid_marsupial_Pseudantechinus_macdonnellensis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/228502072_Basking_and_diurnal_foraging_in_the_dasyurid_marsupial_Pseudantechinus_macdonnellensis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/267218995_Estimating_energy_reserves_of_Great-crested_Grebes_Podiceps_cristatus_on_the_basis_of_body_dimensions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/267218995_Estimating_energy_reserves_of_Great-crested_Grebes_Podiceps_cristatus_on_the_basis_of_body_dimensions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/267218995_Estimating_energy_reserves_of_Great-crested_Grebes_Podiceps_cristatus_on_the_basis_of_body_dimensions?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/249575935_Exposure_To_Predators_and_Access_To_Food_in_Wintering_White-Throated_Sparrows_Zonotrichia_Albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/249575935_Exposure_To_Predators_and_Access_To_Food_in_Wintering_White-Throated_Sparrows_Zonotrichia_Albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/249575935_Exposure_To_Predators_and_Access_To_Food_in_Wintering_White-Throated_Sparrows_Zonotrichia_Albicollis?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/257495615_Group_size_modulates_time_budget_and_foraging_efficiency_in_captive_Skylarks_Alauda_arvensis_J_Ornithol?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/257495615_Group_size_modulates_time_budget_and_foraging_efficiency_in_captive_Skylarks_Alauda_arvensis_J_Ornithol?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/257495615_Group_size_modulates_time_budget_and_foraging_efficiency_in_captive_Skylarks_Alauda_arvensis_J_Ornithol?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271557401_Body_temperature_in_Birds?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/271557401_Body_temperature_in_Birds?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216814065_Energy_Constraints_on_Avian_Distributions_and_Abundances?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216814065_Energy_Constraints_on_Avian_Distributions_and_Abundances?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233249899_Biometrics_and_sex_ratios_of_Skylarks_Alauda_arvensis_during_migration_in_Southern_Italy?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233249899_Biometrics_and_sex_ratios_of_Skylarks_Alauda_arvensis_during_migration_in_Southern_Italy?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/233249899_Biometrics_and_sex_ratios_of_Skylarks_Alauda_arvensis_during_migration_in_Southern_Italy?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216770990_Winter_Habitat_Quality_Population_Limitation_and_Conservation_of_Neotropical-Nearctic_Migrant_Birds?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216770990_Winter_Habitat_Quality_Population_Limitation_and_Conservation_of_Neotropical-Nearctic_Migrant_Birds?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/216770990_Winter_Habitat_Quality_Population_Limitation_and_Conservation_of_Neotropical-Nearctic_Migrant_Birds?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/270404410_Seasonal_Adjustments_in_Metabolism_and_Insulation_in_the_Dark-Eyed_Junco?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/270404410_Seasonal_Adjustments_in_Metabolism_and_Insulation_in_the_Dark-Eyed_Junco?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11209144_Physiological_Adjustments_to_Arid_and_Mesic_Environments_in_Larks_ITALAlaudidaeITAL?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11209144_Physiological_Adjustments_to_Arid_and_Mesic_Environments_in_Larks_ITALAlaudidaeITAL?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/11209144_Physiological_Adjustments_to_Arid_and_Mesic_Environments_in_Larks_ITALAlaudidaeITAL?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/23987053_Hormonal_Correlates_and_Thermoregulatory_Consequences_of_Molting_on_Metabolic_Rate_in_a_Northerly_Wintering_Shorebird?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/23987053_Hormonal_Correlates_and_Thermoregulatory_Consequences_of_Molting_on_Metabolic_Rate_in_a_Northerly_Wintering_Shorebird?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/23987053_Hormonal_Correlates_and_Thermoregulatory_Consequences_of_Molting_on_Metabolic_Rate_in_a_Northerly_Wintering_Shorebird?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/23987053_Hormonal_Correlates_and_Thermoregulatory_Consequences_of_Molting_on_Metabolic_Rate_in_a_Northerly_Wintering_Shorebird?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/274445890_Nocturnal_Energy_Expenditure_of_Dark-Eyed_Juncos_Roosting_in_Indiana_during_Winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/274445890_Nocturnal_Energy_Expenditure_of_Dark-Eyed_Juncos_Roosting_in_Indiana_during_Winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/274445890_Nocturnal_Energy_Expenditure_of_Dark-Eyed_Juncos_Roosting_in_Indiana_during_Winter?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285061716_Statistical_analysis_of_sex_ratios_an_introduction_In_Hardy_I_C_W_ed_Sex_ratios_concepts_and_research_methods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285061716_Statistical_analysis_of_sex_ratios_an_introduction_In_Hardy_I_C_W_ed_Sex_ratios_concepts_and_research_methods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285061716_Statistical_analysis_of_sex_ratios_an_introduction_In_Hardy_I_C_W_ed_Sex_ratios_concepts_and_research_methods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==
https://www.researchgate.net/publication/285061716_Statistical_analysis_of_sex_ratios_an_introduction_In_Hardy_I_C_W_ed_Sex_ratios_concepts_and_research_methods?el=1_x_8&enrichId=rgreq-e638d400-cd1e-495e-9558-1634aa1c1a05&enrichSource=Y292ZXJQYWdlOzI5MzE5MjA3MTtBUzozMjcxNzM1OTc2MTQwODVAMTQ1NTAxNTY3MjMzOQ==

