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Abstract

Birds respond to deterioration in environmental conditions by elevating their corticosterone levels, which can enhance
their survival. It is less clear if animals constantly living in energetically challenging environment show similar increases
in adrenocortical function. Previous work has demonstrated that under controlled conditions black-capped chickadees
(Poecile atricapilla) from northern latitudes cache more food and perform better on spatial memory tasks than their
southern conspecifics. As elevated levels of corticosterone have been shown previously to correlate with spatial memory
performance in chickadees, this study aimed to investigate whether black-capped chickadees from northern latitudes
have elevated baseline levels of corticosterone/and stronger adrenocortical stress response than their southern
conspecifics, irrespective of their immediate environment. We found no differences between Alaskan and Colorado
chickadees maintained under identical conditions for 3 months in either baseline levels of corticosterone or maximum
levels of corticosterone achieved during the stress response. Baseline corticosterone levels were negatively correlated
with relative body mass across both groups of birds. Our results suggest that the population differences in food caching
behavior and spatial memory were not related to differences in corticosterone levels. We conclude that many reported
population differences in baseline levels and in strength of adrenocortical stress response may often reflect differences
in local environmental conditions rather than population-specific physiological traits.
© 2003 Elsevier Science Inc. All rights reserved.
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1. Introduction levels of glucocorticoids and how elevated levels
of glucocorticoids affect animal behavidre.g.
Wingfield et al., 1998; Silverin, 19981t has been
demonstrated, for example, that sudden deteriora-
tions in the environmen{e.g. snow storm, air
temperature drop, efcmay result in a significant
elevation of corticosterone secretion and behavior-
al changes directed toward immediate survival in
_ _ birds (Wingfield et al., 1998. Most of the work
Ssgc_%rze_szg%’;‘f'”g author. Tel.#1-530-752-5518; fax+1- has concentrated specifically on the adrenocortical
E-mail address: vpravosudov@ucdavis.edu stress response in breeding birds and factors affect-
(V.V. Pravosudoy. ing such a respons@Vingfield et al., 1995, 1997,

It is well known that glucocorticoid hormones
may mediate various aspects of animal behavior
(e.g. Windfield et al., 1995, 1997, 1998; Silverin,
1998). Much work has been focused specifically
on how changes in environmental conditions affect
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1998; Silverin, 1998 Less attention has been paid
to the variation in levels of corticosterone during
winter although there is an indication that winter-
ing resident food caching birds may maintain
slightly elevated baseline levels of corticosterone
for extended periods of timéSilverin, 1998.
Whereas it appears that winter elevation in baseline
corticosterone levels is rather uncommon among
animals(Romero, 2002, most of the bird species
reported in Romero’¢2002 extensive review of
seasonal variation in glucocorticoids are migratory
and there are very limited data on permanent
resident birds. Resident birds do not leave breeding
areas during the winter and thus must survive
conditions characterized by limited and unpredict-
able food supplies, short day length and low
ambient temperatures. Limited and unpredictable
food supplies, in particular, appear to be respon-
sible for winter elevations in baseline levels of
corticosterone(Pravosudov et al., 2001 Eleva-
tions in baseline levels of corticosterone that are
triggered by environmental conditions may be
highly adaptive by mediating changes in energy
management. In resident food-caching birds, for
example, individuals that receive limited and
unpredictable food elevated corticosterone levels
and showed increased efficiency at cache retrieval
and enhanced performance on spatial memory
tasks when compared to those maintained on ad
libitum food (Pravosudov and Clayton, 2001; Pra-
vosudov et al., 2001 There are notable species-
specific differences in baseline levels of plasma
corticosterone, which presumably evolved to meet
a specific niche for each speciéd/ingfield et al.,
1999. Within a species, animals from different
populations also show different adrenocortical
activity (Wingfield et al., 1998. However, it is
not always clear whether differences in the adreno-
cortical activity between populations reflect current
environmental conditions or whether animals con-
stantly living in different environments develop
permanent changes in their physiology. In the latter
case we would expect the adrenocortical activity
of individuals from different populations to differ
even if immediate environmental conditions would
be similar. So, given that increased baseline levels
of corticosterone might enhance memory perform-
ance in food caching birddPravosudov and Clay-
ton, 2001; Pravosudov et al., 200we can ask
whether populations with higher selection pressure
on memory would evolve permanently elevated

baseline levels of corticosterone. Recent studies
suggested that to fully understand whether adreno-
cortical function has evolved to meet specific niche
requirements we need to measure the levels of
corticosterone binding proteins and target tissue
receptor numbers in addition to measuring total
levels of corticosterongBreuner and Orchinik,
2002. However, measuring total plasma corticos-
terone levels remains an important first step.

One way to investigate if environmental condi-
tions can result in permanent changes in adreno-
cortical activity would be to compare different
remote populations of the same resident species,
which constantly occur under different environ-
mental conditions. For example, the black-capped
chickadee (Poecile atricapilla) occupies an
extremely broad range extending from New Mex-
ico to Alaska(Harrap and Quinn, 1995and it is
a resident food caching species that does not show
regular migration(Harrap and Quinn, 1995Birds
living in Alaska experience much more energeti-
cally stressful conditions than birds living farther
south because of long winters, short days, colder
air temperature and more snow co¥@ravosudov
and Clayton, 2002 Furthermore, when housed
under identical laboratory conditions, black-capped
chickadees from Alaska cached significantly more
food, retrieved their caches more efficiently and
performed significantly better on spatial memory
tests than chickadees from the more southerly
population in ColoraddPravosudov and Clayton,
2002. The Alaskan chickadees were found to
have significantly larger hippocampal volumes
with more neurons compared to birds from Colo-
rado, which provides at least one explanation for
superior spatial memory performan@eravosudov
and Clayton, 200R In contrast to the study of
black-capped chickadees, changes in spatial mem-
ory in mountain chickadee$Poecile gambeli)
were not associated with changes in the hippocam-
pal volume and the total neuron number in the
hippocampugPravosudov and Clayton, 2001; Pra-
vosudov et al., 2002a a result which suggests
that enlarged hippocampal volume with more neu-
rons cannot be the only explanation for enhanced
spatial memory performance. However, experi-
ments with mountain chickadees demonstrated that
birds with enhanced spatial memory performance
had significantly elevated baseline levels of corti-
costerone(Pravosudov et al., 2001 which sug-
gests that corticosterone may be mediating
memory performance even in the absence of any
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volumetric changes in the hippocampus. For these
reasons, we would predict that Alaskan chickadees
might have constantly higher baseline levels of

corticosterone than the Colorado birds, irrespective
of current environmental conditions and in addition

to enlarged hippocampus with more neurons.

Studies by Holberton and Ablg(2000 have
shown that for some species, at least, birds win-
tering in more extreme and less predictable envi-
ronments have similar baseline levels of
corticosterone to those living in more favorable
environments, but respond to acute stress by ele-
vating their plasma corticosterone to significantly
higher levels compared to conspecifics wintering
in more favorable environmental conditions. Hol-
berton and Abl€2000) suggested that the stronger
adrenocortical stress response might enable these
birds to make quicker physiological and behavioral
adjustments in response to sudden changes in the
environment. Again, the question arises whether
such population differences in the magnitude of
adrenocortical stress response are simply a result
of current local environmental conditions. Taken
together, all of these results suggest that environ-
mental conditions might affect baseline levels of
corticosterone antbr the magnitude of the adreno-
cortical response to acute stress.

In this study, we addressed two main questions:
(1) do black-capped chickadees from Alaska have
higher baseline levels of corticosterone than chick-
adees from Colorado when maintained under the
same experimental conditions, a#) do black-
capped chickadees from Alaska show a stronger
adrenocortical response to acute stress and reach
higher maximum levels of corticosterone than
chickadees from Colorado when maintained under
the same experimental conditions. We specifically
chose to do the comparisons under identical con-
ditions to avoid confounding effects of local envi-
ronments and to establish if the differences in
cache retrieval efficiency and spatial memory
found under identical laboratory conditions could
be explained by the differences in baseline corti-
costerone levels or in the magnitude of adreno-
cortical stress response.

2. Materials and methods

In October of 2000, 15 black-capped chickadees
were caught around Anchorage, Alasiél’'10'N,
15001"W) and 12 black-capped chickadees were

caught around Windsor, Coloradq4035’N,
10508’'W) using mist nets near the feeders. With-
in a week after capture, all birds were transported
to the University of California in Davis and placed
individually in wire-mesh cage0x 42X 60 cm).

All birds were maintained on a 8:16-h light:dark
cycle at a constant 2€C temperature. Birds from
Alaska and Colorado were kept in the same room
separated only by a testing chamber and fed with
a mixture of shelled sunflower seeds, crushed
peanuts and mealworms, and given water with
vitamins ad libitum.

After all birds were maintained in captivity for
45 days, we tested their memory performance in a
cache recovery task and subsequently in three
versions of a one-trial associative learning task
(Pravosudov and Clayton 20D2After the behav-
ioral experimentg€approx. 3 months since bringing
the birds into captivity, we collected blood sam-
ples. During the entire time, both Alaska and
Colorado chickadees have been maintained in
identical conditiongsee Pravosudov and Clayton,
2002 for complete descriptionWe collected four
blood samples from a brachial vein of each bird,
one bird at a time. Each bird was captured inside
its cage and removed into a different room. The
first sample was collected within 3 min of opening
the cage, the second sample at 5 min, the third
sample at 20 min, and the fourth sample was
collected at 50 min after entering the cage. This is
a standard procedure for testing adrenocortical
stress response in a small bird with a body mass
of less than 15 dge.g. Wingfield et al., 1996 The
total amount of blood collected during the stress
series did not exceed 1.5% of bird body mass,
which should not cause an additional physiological
stress to birds. All chickadees were held in cloth
bags between sample collections. We used samples
collected within 3 min of entering the cage to
determine baseline levels of corticosterone because
it has been shown that corticosterone levels usually
do not start to elevate until 3 min after capture
(Wingfield et al., 1982; Kitaysky et al., 1999;
Pravosudov et al., 2001, 2002b, see resuBirds
from both groups were bled at the same time
during the daylight active hours of the ddgn
average approx. 1300 for both groups; Mann-—
Whitney test,n,=14, n,=10, U=67, P=0.86).

We were able to use 14 chickadees from Alaska
(nine males and five femalgsnd 10 chickadees
from Colorado(seven males and three females
for corticosterone analyses. We collected blood in
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Table 1

Effects of the population, body mass, wing length, sex and time
of day on baseline and the maximum levels of corticosterone
reached during the stress response in black-capped chickadees

Parameter Baseline Maximum
CORT CORT

df. F P F P
Body mass 1,16 9.52 <0.01 0.68 0.42
Wing length 1,16 1.36 0.26 0.28 0.60
Time of day 1,16 0.01 0.94 0.17 0.68
Population 1,16 0.18 0.68 0.02 0.88
Sex 1,16 0.12 0.73 0.27 0.61
Populationx Sex 1,16 5.32 0.03 0.27 0.61

heparinized capillary tubes and then emptied them
into 0.3 ml vials that were kept on ice. All samples
were centrifuged withi 2 h of blood collection,
the collected plasma samples were frozen-&0

°C and then shipped in dry ice to University of
Washington for radioimmunoassay analyses. After
collecting blood samples, all birds were killed and
their sex was determined.

We measured concentrations of corticosterone
after extraction of 5-2Qul samples in dichloro-
methane. Recovery values of the extraction aver-
aged 89.9% (range 81-100% To avoid an
inter-assay variation we analyzed all samples dur-
ing a single assay. An intra-assay variance was 4%
and sensitivity of the analysis was 7.8 /pgbe.
For details of radioimmunoassay analyses see
Wingfield and Farnef1975 and Wingfield et al.
(1992.

We used an ANCOVA to compare baseline
levels of corticosterone between the two popula-
tion groups and to assess any potential affects of
sex, time of day, size, and body mass. We used
repeated measures ANOV®PROC MIXED; SAS
Institute, 1994 to compare the adrenocortical
stress response including all four samples taken
within 50 min of entering the cage. All assump-
tions of statistical tests were upheld and the sig-
nificance level was set at 0.05. For the main
non-significant results we performed a power anal-
ysis. For the power analyses, we used previous
work on chickadees which detected a significant
increase in corticosterone levels of approximately
75% as a result of manipulations in food supply
(Pravosudov et al., 2001Thus, we calculated the
statistical power to detect a 75% difference.

3. Results
3.1. Baseline corticosterone levels

In this study, corticosterone levels did not
increase significantly in response to handling with-
in 0—3 min interval after captur@egression anal-
ysis of corticosterone concentration on time since
entering the cage;; »,=1.24,P=0.28); thus dem-
onstrating that samples collected within 3 min of
entering the cage represent baseline values.

There were no significant differences in baseline
plasma corticosterone levels between chickadees
from Alaska and Colorad@Table 1 and Fig. 1
and this result appears to be fairly robistatis-
tical power>0.7). Time of sampling had no sig-
nificant effect on the baseline corticosterone levels
(Table 1. There were no statistically significant
differences between males and femal&able 1)
but there was a significant interaction between sex
and population: Alaskan males tended to have
lower baseline levels of corticosterone than
females(Fig. 2), whereas in Colorado birds this
tendency was reverse@Fig. 3), but none of the
individual differences were statistically significant.
Relative body mas€=energy reservgsanalyti-
cally controlled for wing length(which by itself
had no significant effect, Table)lin the analysis
was negatively and significantly related to the
baseline levels of corticosterone: heavier birds
tended to have lower plasma corticosterone levels
compared to lighter bird§Fig. 4 and Table L
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Fig. 1. Adrenocortical response to acute stigasan and S.E.

in black-capped chickadees from Alaska(open circle and
Colorado @ (filled circle) at 0-3, 5, 20, and 50 min after
opening the cage. The data points are slightly offset from the
time scale to improve the clarity of the data.
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Fig. 2. Adrenocortical response to acute stfgsean and S.E.

in males(O) and female{®) black-capped chickadees from
Alaska at 0-3, 5, 20, and 50 min after opening the cage. The
data points are slightly offset from the time scale to improve
the clarity of the data.

The effect of body mass persisted whether wing
length was included in the analysis or not.

3.2. Adrenocortical stress response

Birds from Alaska and Colorado did not differ
significantly in the adrenocortical response to acute
stress(Table 2 and Fig. 1. Chickadees from both
groups increased their levels of corticosterone sig-
nificantly in response to acute streSEable 2 and
Fig. 1) but analyses of independent contrasts
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Fig. 3. Adrenocortical response to acute stigasan and S.H.

in males(O) and female{®) black-capped chickadees from
Colorado at 0-3, 5, 20, and 50 min after opening the cage.
The data points are slightly offset from the time scale to
improve the clarity of the data.
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Fig. 4. The relationship between body mass and baseline levels
of corticosterone in AlaskéO) and Coloradd @) black-cap-
ped chickadees.

revealed that the increase was significant only up
to 20 min after inducing acute stregall P's<
0.05), whereas there were no significant differenc-
es in corticosterone levels between 20 and 50 min
since entering the cagéP=0.39, Fig. 3. An
interaction between population and time since
inducing stress was not statistically significant
suggesting that both Alaskan and Colorado chick-
adees had similar adrenocortical responses to acute
stress. Consistent with these results, we also found
no statistically significant differences in maximum
reached levels of corticosterone between the two
groups of chickadeegTable 1. The statistical
power to detect a 50% and a 75% difference was
0.74 and 0.97, respectively, which is fairly robust.
Relative body mass, time of day and sex had no
significant effect on maximum reached levels of
corticosterongTable 1.

There were no significant differences between
the sexes in their adrenocortical response to acute

Table 2
Effects of the population, time since capture, and sex on the

entire adrenocortical stress response in black-capped
chickadees

Parameter d.f. F P

Population 1,20 0.06 0.81

Time 3,56 27.31 <0.001

Sex 1,20 0.33 0.57
Populationx Sex 1,20 0.79 0.38
TimeX Sex 3,56 3.73 0.02
TimeX Population 3,56 0.86 0.47
Population< Timex Sex 3,56 2.20 0.09
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stress(Table 2 and an interaction between popu-
lation group and sex was also not significéfable

2). An interaction between time since inducing
acute stress and sex, however, was statistically
significant (Table 2. Independent contrasts anal-
yses revealed that females from Colorado reached
significantly higher levels of corticosterone by 20
min since inducing stress compared to Colorado
males (P<0.01, Fig. 3, whereas there were no
significant differences between the sexes in Alaska
chickadee<Fig. 2).

4, Discussion

Our results demonstrate that black-capped chick-
adees from Alaska and Colorado that are main-
tained in identical conditions do not differ in their
baseline levels of corticosterone or in their adreno-
cortical response to acute stress. There was a
negative relationship between relative body mass
and baseline corticosterone lev@hile no signif-
icant relationship between relative body mass and
maximum reached levels of corticosterone during
a response to acute stresIhe only population
difference was seen in a populatitimex sex
interaction in which Colorado females reached
significantly higher levels of corticosterone by 20
min after inducing stress than Colorado males
whereas there were no significant differences
between the sexes for Alaskan birds. The statistical
power of the main tests was fairly robust minimiz-
ing a possibility that we failed to detect a signifi-
cant difference because of insufficient sample size.

Our results suggest that the differences in food
caching behavior and performance on spatial mem-
ory tasks between northern and southern black-
capped chickadees reported in Pravosudov and
Clayton (2002 were not influenced by either
differences in baseline corticosterone levels or in
the magnitude of adrenocortical response to acute
stress. This result is particularly intriguing in view
of our previous demonstration that temporal chang-
es in spatial memory performance in mountain
chickadees were correlated with differences in
baseline levels of corticosterone; i.e. birds main-
tained on limited and unpredictable food schedule
had significantly elevated baseline levels of corti-
costerone and they demonstrated better perform-
ance on spatial memory tasks when compared to
the birds maintained on unlimited food schedule
(Pravosudov and Clayton, 2001; Pravosudov et
al., 2002. Another important detail of the moun-
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tain chickadee study was that these changes in
memory performance and baseline corticosterone
levels were not accompanied by differences in
volume of the hippocampus or total nhumber of
hippocampal neuronéPravosudov et al., 2002a

One way of interpreting the difference between
the two studies is to suggest that enhanced per-
formance on tasks that require a highly accurate
spatial memory, such as efficient cache recovery,
might be mediated in the short term by increases
in baseline levels of corticosterone, whereas in the
long term they might be mediated by more per-
manent neuroanatomical changes such as an
increase in the total number of neurons and volume
of specific brain regions. Thus, for birds that
constantly live in harsher environments where food
supply is both limited and unpredictable over long
periods of time, as is the case with black-capped
chickadees in Alaskdvs. Coloradd, one might
argue that the evolutionary selection pressure on
caching intensity, cache retrieval efficiency and
spatial memory accuracy is greater than for those
living in milder conditions, and that under such
conditions birds may develop larger hippocampal
volumes with more neurons to support the
increased cognitive demand@ravosudov and
Clayton, 2002.

However, because the two studies were con-
ducted on two different species, the possibility
remains that the results of these studies could be
attributed to a difference between the two species
in the way they respond to these stressors. This
explanation seems unlikely as black-capped and
mountain chickadees are closely related species
that are biologically very similar(Harrap and
Quinn, 1995. Another alternative explanation is
that although there were no significant differences
in total corticosterone levels, there could still be
differences between experimental birds in the lev-
els of corticosterone binding proteins or in the
number of corticosterone receptors in the hippo-
campal formation(Breuner and Orchinik, 2002
Future studies will be able to test this alternative
explanation while the current study only concludes
that total corticosterone levels could not explain
the differences found in caching behavior and in
spatial memory between the two populations of
black-capped chickadees.

It is well known that birds respond to temporal
changes in the environment by elevating their
levels of corticosterondWingfield et al., 1998;
Silverin, 1998 and that birds temporarily living
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in harsher conditions show a stronger response to
acute streséHolberton and Able, 2000 Our study
suggests that these differences are probably trig-
gered on a temporal basis by local environmental
conditions and, in the absence of environmental
differences, there may often be no permanent
changes in adrenocortical activity. More data on
other species and on levels of corticosterone bind-
ing proteins, however, would be necessary to fully
verify this claim (Breuner and Orchinik, 2002

Many studies have found that body condition
correlates negatively with the strength of the
adrenocortical response to stréssy. Wingfield et
al., 1999. Contrary to these findings, we did not
detect any significant effects of relative body mass
on maximum levels of corticosterone reached dur-
ing the response to acute stress. However, we
found that birds with relatively smaller energy
reserves had significantly higher baseline levels of
corticosterone than birds with relatively large ener-
gy reserves. Whereas, it appears that mainly one
bird with lowest body mass and highest corticos-
terone levelgFig. 3) could have influenced statis-
tical significance of this relationship, removing
this point from the analysis did not change the
results. All experimental birds were given suffi-
cient food to maintain desired levels of body fat
so the variance in body fat levels was likely due
to individual strategieqcaused by different per-
ception of food supply, predation risk, etcPer-
haps birds with low energy reserves maintained
slightly higher baseline levels of corticosterone to
be able to quickly restore energy balance if con-
ditions were to change suddenly.

Supporting our previous studies on mountain
chickadees(Pravosudov et al., 2001, 200Rkwve
found that female black-capped chickadees from
Colorado elevate their corticosterone levels signif-
icantly faster than males whilst Alaskan birds did
not show significant differences between males
and females. It is not clear why females from more
southern areas should respond more strongly to
acute stress than males, as it is not clear why
females in general would have a stronger adreno-
cortical stress response. We have speculated earlier
(Pravosudov et al., 2001, 200Rbthat parid
females are always in more subordinate social
status than males within winter groups and as a
result their environment may be more unpredicta-
ble than that of males. If that is true, then it may
be beneficial for females to have a stronger adreno-
cortical response to stress. It is also possible that
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in southern populations the difference in the pre-
dictability of the environment between males and
females could be more drastic. In northern popu-
lations, the environment could be more energeti-
cally challenging during the wintetshorter day
length, lower ambient temperature, more snow
cover, eto so that the difference between males
and females may be smaller, resulting in males
and females responding equally to acute stress. In
our experiment, all birds were maintained in iden-
tical conditions so the differences found between
Colorado males and females cannot be due to
differences in their current environment, but the
extent to which these sex differences are heritable
or result from differences between sexes in their
previous environmental exposure remain to be
tested experimentally.

In conclusion, our results suggested that corti-
costerone was not involved in mediating the dif-
ferences in food caching and spatial memory
detected between the two populations living under
constantly different environmental conditions. Our
study attempted to isolate the comparison of
adrenocortical stress response from confounding
effects of local environmental conditions and
showed that significant differences in behavior
found under identical laboratory conditions were
not accompanied by significant differences in bas-
eline corticosterone levels or in magnitude of
adrenocortical stress response. These results sug-
gest that many population differences in either
baseline levels of corticosterone or in magnitude
of adrenocortical stress response commonly report-
ed in literature could be mainly due to differences
in local environmental conditions and not due to
permanent physiological differences between the
populations. Certainly, many more comparisons of
different species need to be made to verify our
suggestion. As our experiments were performed
with captive birds, it is possible that captivity had
an effect on adrenocortical activity of experimental
birds (Marra et al., 1995; Romero and Wingfield,
1999. But because we have tested birds of the
same species from different populations and both
groups spent considerable amount of time in iden-
tical laboratory environment3 monthg, it seems
unlikely that our results were confounded by pos-
sible differences between the populations in a way
they adjust to captive conditions. Most importantly,
we did find the differences in caching behavior
and in spatial memory performance between the
two groups of chickadee&Pravosudov and Clay-
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ton, 2002 and this study demonstrated that these

differences were not associated with differences in

either baseline corticosterone levels or in the mag-
nitude of adrenocortical stress response under the
same conditions.

Clearly we need more data on adrenocortical
activity of animals of the same species but from
different populations under natural and controlled
identical conditions to better understand the evo-
lution of adrenocortical responses to stress, but
this study emphasizes the importance of comparing
the role of ecological and phylogenetic factors and
the interplay between them. Whereas this and
many other studies only address total levels of
plasma corticosterone, to fully understand the evo-
lution of adrenocortical function we also need to
start measuring levels of corticosterone binding
proteins and tissue receptor numbéBseuner and
Orchinik, 2002.

Acknowledgments

V.V.P. was supported by National Research Ser-
vice Award Postdoctoral Fellowship from National
Institute on Drug Abuse at the National Institutes
of Health and by a K01 grant from National
Institute of Mental Health(MH65984). N.S.C.
was supported by grants from the National Insti-
tutes of Health NS 35465-05 and MH2602, and
BBSRC grant S16565. ASK was supported by the
NPMR University of Fairbanks and by the Exxon
Valdez Oil Spill Trustee Counci{restoration pro-
ject 00479 and JCW was supported by the Nation-
al Science Foundatiofigrant OPP9530826 We
would like to thank Colleen Handel who kindly
helped to trap chickadees in Anchorage, Alaska
and David Gammon who provided invaluable help
trapping chickadees near Windsor, Colorado.
Zhenya Kitaiskaia conducted the radioimmunoas-
say analyses. Reseda and Viktor Naumov and
Collen Handel kindly provided accommodation to
VVP during his stay in Alaska. Birds were col-
lected under US Federal permit MB022532-0,
State of Alaska permit 00-051, and State of Col-
orado permit 00-TR885. All experiments were
performed in accordance with University of Cali-
fornia Davis animal care protocol 8812. All exper-
imentation complied with the current laws of the
USA.

V.V. Pravosudov et al. / Comparative Biochemistry and Physiology Part A 137 (2004) 95-103

References

Breuner, C.W., Orchinik, M., 2002. Plasma binding proteins
as mediators of corticosteroid action in vertebrates. J. Endo-
crinol. 175, 99-112.

Harrap, S., Quinn, D., 1995. Chickadees, Tits, Nuthatches and
Treecreepers. Princeton, NJ, Princeton University Press.

Holberton, R.L., Able, K.P., 2000. Differential migration and
an endocrine response to stress in wintering dark-eyed
juncos (Junco hyemalis). Proc. R. Soc. Lond. B 267,
1889-1896.

Kitaysky, A.S., Wingdfield, J.C., Piatt, J.F., 1999. Dynamics of
food availability, body condition and physiological stress
response in breeding black-legged kittiwakes. Funct. Ecol.
13, 577-584.

Marra, P.P., Lampe, K.T., Tedford, B.L., 1995. Plasma corti-
costerone levels in two species of Zonotrichia sparrows
under captive and free-living conditions. Wilson Bull. 107,
189-248.

Pravosudov, V.V., Clayton, N.S., 2001. Effects of demanding
foraging conditions on cache retrieval accuracy in food-
caching mountain chickaded®oecile gambeli). Proc. R.
Soc. Lond. B 268, 363-368.

Pravosudov, V.V, Kitaysky, A.S., Wingfield, J.C., Clayton,
N.S., 2001. Long-term unpredictable foraging conditions
and physiological stress response in mountain chickadees
(Poecile gambeli). Gen. Comp. Endocrinol. 123, 324-331.

Pravosudov, V.V,, Clayton, N.S., 2002. A test of the adaptive
specialization hypothesis: population differences in caching,
memory, and the hippocampus in black-capped chickadees
(Poecile atricapilla). Behav. Neurosci. 116, 515-522.

Pravosudov, V.V, Lavenex, P., Clayton, N.S., 2002a. Changes
in spatial memory mediated by experimental variation in
food supply do not affect hippocampal anatomy in mountain
chickadeeq Poecile gambeli). J. Neurobiol. 51, 142-148.

Pravosudov, V.V,, Kitaysky, A.S., Saldanha, C.J., Wingdfield,
J.C., Clayton, N.C., 2002b. The effect of photoperiod on
adrenocortical stress response in mountain chickadaes
cile gambeli). Gen. Comp. Endocrinol. 126, 242-248.

Romero, L.M., Windfield, J.C., 1999. Alterations in hypotha-
lamic-pituitary-adrenal function associated with captivity in
Gambel’s white-crowned sparroWZonotrichia leucophrys
gambelii). Comp. Biochem. Physiol. B 122, 13-20.

Romero, L.M., 2002. Seasonal changes in plasma glucocorti-
coid concentrations in free-living vertebrates. Gen. Comp.
Endocrinol. 128, 1-24.

SAS Institute 1994. SASSTAT Software. Release 6.09 and
Release 6.08 maintenance enhancements for PROC MIXED.
Cary, North Carolina: SAS Institute, Inc.

Silverin, B., 1998. Stress responses in birds. Poult. Avian Biol.
Rev. 9, 153-168.

Wingfield, J.C., Farner, D.S., 1975. The determination of five
steroids in avian plasma by radioimmunoassay and compet-
itive protein bindings. Steroids 26, 311-327.

Wingfield, J.C., Smith, J.P., Farner, D.C., 1982. Endocrine
responses of white-crowned sparrows to environmental
stress. Condor 84, 399-409.

Wingfield, J.C., Vleck, C.M., Moore, M.C., 1992. Seasonal
changes of the adrenocortical response to stress in birds of
Sonoran desert. J. Exp. Zool. 264, 419-428.



V.V. Pravosudov et al. / Comparative Biochemistry and Physiology Part A 137 (2004) 95-103 103

Wingfield, J.C., O'Reilly, K.M., Astheimer, L.B., 1995. Mod- vey, S., Etches, R.JEds), Perspectives in Avian Endocri-
ulation of the adrenocortical responses to acute stress in nology. J. Endocrinol. Ltd, Bristol, pp. 267-278.
arctic birds: a possible ecological basis. Am. Zool. 35, Wingfield, J.C., Maney, D.L., Breuner, C.W.,, Jacobs, J.D.,
285-294. Lynn, S., Ramenofsky, M., 1998. Ecological bases of hor-
Wingfield, J.C., Breuner, C., Jacobs, J., 1997. Corticosterone mone-behavior interactions: the ‘emergency life history

and behavioral responses to unpredictable events. In: Har- stage’. Am. Zool. 38, 191-206.



	No latitudinal differences in adrenocortical stress response in wintering black-capped chickadees (Poecile atricapilla)
	Introduction
	Materials and methods
	Results
	Baseline corticosterone levels
	Adrenocortical stress response

	Discussion
	Acknowledgements
	References


