Physiology of arctic animals: Teams Bug,
Bird and Squirrel

Brian M Barnes, Institute of Arctic Biology, TFS co-
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Strategies for overwintering in the Arctic

Stay active

 Hibernate

e remain at body
temperatures > (0°C

¢ endothermy
¢ thermal refugia

*cope with body
temperatures < 0°C

**» freeze tolerance

Team Bug:

* supercooling

¢ freeze avoiding
e antifreeze



Team Bug Freeze and ice tolerant Stoneflies,
Nemoura arctica
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Fat deposition by stage in flight muscle of
migrant White-crowned Sparrow
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Pioneered use of implanted or
attached loggers for recording body
temperature, activity, and light
exposure in free-living animals.
ONSET loggers from Pocasset!
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Two year record of body temperatures of a free-
living arctic ground squirrel in northern Alaska
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LIFE STORY OF FEMALE 627

>75% of life is spent underground; 25% at body
temperatures lower than that of an ice cube
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Arctic ground
squirrels
decrease core
body
Temperature to
-3.0 °C.

Barnes BM (1989) Freeze avoidance in mammals: Body temperatures
below 0°C in an arctic hibernator. Science 244:1593-1595



Circadian, diurnal, circannual, and seasonal timing in
free-living arctic ground squirrels:
Real life in LL and DD

l\.v

arctic grbund quirreI, Urocitellus parryii






Te>38°C

Female 9839 on July 2, 2001
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Te>38°C
Female 9839 on July 2, 2001 (24 hours

of daylight)
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Te>38°C
Female 9839 on July 2, 2001
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Te<10°C

Male 9919 on July 29, 2001
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Te<10°C

Male 9919 on July 29, 2001

oo L] 1 141100

gtr)é)l}/r?dmo' b . . NN N 408 Arctic ground
1400 - -39 £  squirrels elevate
g 1600 - - 38 ‘g their bOdy
o CEL temperature
1800 - . . - 37 & pI'iOI' to
DEIOW s0ng e o V. W 36 g emerging to the
grou surface. Why?
nd DEO0 b 35

time of day (AST)



The above-ground thermal environment influences
time spent above ground by arctic ground squirrels.
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Metabolic Rate (MR) versus ambient temperature
(Scholander curve) in arctic ground squirrels.
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Distribution of environmental temperatures throughout the 24-h
cycle.
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Climate change is altering the physiology and phenology of an
arctic hibernator.

RESEARCH

HIBERNATION

Climate change is altering the physiology and
phenology of an arctic hibernator

Helen E. Chmura'2*, Cassandra Duncan®, Grace Burrell’, Brian M. Bames',

C. Loren Buck®, Cory T. Williams®*

Climate warming is rapid in the An:tl:. yet impacts to blologu:d systems are unclear because few
i with

long-term studies linking bi

conditions exist for this

data-poor region. hwrMmngSyusmhMmmmnmﬁm

climate change is affecting the timing of freeze-thaw cydles in the active layer of permafrost soils and
altering the physiology of arctic ground squirrels (Urocitellus parryii). Soil freeze has been delayed
and, in response, arctic ground squirrels have delayed when they up-regulate heat production during
torpor to prevent freezing. Further, the termination of hibernation in spring has advanced 4 days

per decade in females but not males. Continued warming and phenological shifts will alter hibernation
energetics, change the seasonal availability of this important prey species, and potentially disrupt

intraspecific interactions.

limate change is particularly rapid in the
Arctic (), where systematic warming is
reducing sea ice extent, altering hydro-
logical cycles, thawing permafrost, increas-
ing shrubs, and changing the timing of
key seasonal events (phenological shifts) (2).
Despite the rapid pace of climate change in the
Arctic, it is a relatively data-poor region (3),
and few long-term records combining phvslml

As part of a 25-year field study of arctic ground
squirrels (Urocitellus parryii) in the Alaskan
Arctic, we evaluated the impacts of climate
change on this high-latitude mammalian hi-
bernator, focusing on changes in hibemnation

7

Climate-driven changes in soil conditions cwh'g
alter hibernation
We used long-term climate records of air and
soil temperature from two field sites, Toolik
(68°38" N, 149°38° W; elevation 719 m) and
Atigun (68°27" N, 149°21' W; elevation 812 m),
in the Alaskan Arctic to document recent envi-
ronmental change. The dataset durations were
as follows: air temperatures at Toolik were
measured from fall 1993 to spring 2020, Toolik
soil temperatures from fall 1993 to spring 2019,
and Atigun soil temperatures from fall 2002 to
spnng 2019. These measures were pmmd with
jon records collected using b

(Toolik, fall 1996 to spring 2019; Atigun, fall 1999
to spring 2021) (15) to evaluate the physiological
impact of recent dimate change on arctic ground
squirrels (see the supplementary matmakl Thl:
use of biol that '
and/or skin temperature allowed us to record
detailed information about physiological and
phenological events during hibernation (Fig. 1,
fig. S1, and table S1) from 199 free-living arctic
ground squirrel individuals over 25 years.

Average annual air temperatures increased 4
from 1994 to 2020 (B = 0.070, ¢ = 2552, P =

and Unlike | 0.02; Fig. 2A). This was driven by increases in
in most or re- | winter because seasonal analyses
gions, which h in if revealed i in winter ®B=
that remain above freezing, arctic ground squir- | 0.119, ¢ = 2.375, P = 0.025; fig. S2), but no

records of climate change and physiol

responses of organisms exist [but see (4, 5)].
Further, although changes in the spring and
summer have received i

rels overwi in frozen soils must defend

annual trends for spring, summer, or fall (see

themselves against large thermal i (or
differences between ambient and body tem-

recent work has called for more research into
the consequences of warmer and wetter win-
ters (6). Winter conditions shape life histories,
because many animal species have evolved strat-
egies such as seasonal migration or dormancy
to cope with prolonged periods of low food
availability (7). In resident species that hiber-
nate, climate change could lead to changes
in energy expenditure and overwinter sur-
vival. Energy requirements increase markedly
when hibernacula temperatures drop below
an animal's thermal set point [near freezing
for ground squirrels (8)], because animals
must produce heat to prevent tissue damage
and death (9). Winter temperatures may also
contribute to the regulation of spring life his-
tory events (10, 1I), and phcnologucal shlﬁs

can have imp
if they result in msmatchm such that histor-
ically jons within or among

species are no longer temporally aligned (12, 13).
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) while torpid using nonshivering
thermogenesis (thermogenic torpor) (9, 14)
(Fig. 1). We demonstrate that significant warm-
ing in ambient air and soil (hibernacula) tem-
peratures is altering hibernation phenology
and the duration of thermogenic torpor in
this arctic species.

Fig. 1. Seasonal changes

in arctic ground squirrel
body temperature and soil
temperature of the hiber-
naculum. Abdominal body
temperature of a hibernating
arctic ground squirrel (biue
line) and temperature of the
surrounding hibernaculum
(soil temperature at I-m
depth adjacent to the burrow
entrance, dashed brown line)
from a site near Toolik Field
Station. Squirrels expend
energy to maintain their body
temperature above that of the
hibernaculum (“thermogenic
torpor”) such that their brain
temperatures never drop
below 0'C (9).
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the ials and fig. S2). Dates
of soil freeze, measured at 1-m depth adjacent
to hibernacula, shifted to be ~4 days/decade
later in the fall (n = 446, f = 0.409, f = 2.851,
df = 383, P = 0.0045; Fig. 2B), and minimum
soil temperatures in winter increased by al-
most 2°C/decade (n = 366, p = 0.185, ¢ = 6.922,
P < 0.001; Fig. 2C). Further, dates of soil thaw
in summer advanced by ~0.3 days/decade
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Arctic ground squirrel burrow #22, Toolik Lake Alaska. Soil temperature loggers.
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Climate change over 25 years at the Toolik
Field Station in northern Alaska
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in male ground squirrels, gonadal growth and

spermatogenesis require 30 days after the end of - 2.
Sperm in Epididymis
heterothermy ‘
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Barnes BM, Kretzmann M, Licht P, and Zucker I (1986) Influence of hibernation on testis growth and spermatogenesis in
the golden-mantled ground squirrel, Spermophilus lateralis. Biol Reprod 35:1289-1297.






o

Temperature (°C)

[
o
.

L]
o
.

In snowy springs, female ground squirrels repeatedly assess
the above ground environment and only emerge for good
once snow free ground appears.

>90% snow
cover

i

Williams, C.T., Buck, C.L., Sheriff, M.J., Richter, M.M., Krause, J.S. and Barnes,
B.M., 2017. Sex-dependent phenological plasticity in an arctic hibernator. The
American Naturalist, 190(6), pp.854-859.



Life down under for
arctic ground
squirrels; mysteries of
the size, architecture,
age, and use of
burrows.
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