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Strategies for overwintering in the Arctic
• Stay active

• Hibernate
• remain at body 

temperatures > 0oC
v endothermy
v thermal refugia

•cope with body 
temperatures < 0oC

v freeze tolerance

v freeze avoiding • supercooling

• antifreeze

Team Bug:



Freeze and ice tolerant Stoneflies, 
Nemoura arctica

Walters Jr, K, Sformo, T, Barnes, BM and Duman, JG, 2009. Freeze 
tolerance in an arctic Alaska stonefly. Journal of Experimental 
Biology, 212(2), pp.305-312.
Duman JG, VA Bennett, R. Hochstrasser, T Sformo, BM Barnes (2004) 
Antifreeze proteins in Alaskan insects and spiders. J Insect Physiol 
50:259-266.
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West Fork of the North 
Fork Chandalar River

First report of 
freeze 
tolerance in 
aquatic 
invert. Last 
instar 
nymphs 
survive 
encased in 
ice to -15 C; 
thaw in 
spring, 
synchronized 
emergence 
as adults 
within one 
month.
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Fig. 3

JC Wingfield et al. High expression 
of heat shock 
protein in brain 
enhances stress 
response.



Fat deposition by stage in flight muscle of 
migrant White-crowned Sparrow

Winter Prealtenate molt

Spring depart Spring arrive

Fall depart Fall  arrive

Ramenofsky, M., Campion, A.W., Hwee, D.T., 
Wood, S.K., Krause, J.S., Németh, Z., Pérez, J.H. 
and Bodine, S., 2024. Comparison of the 
Phenotypic Flexibility of Muscle and Body 
Condition of Migrant and Resident White-
Crowned Sparrows. Ecological and Evolutionary 
Physiology, 97(1), pp.11-28.

Pectoral muscle histology



Toolik Field Station

Institute of Arctic 
Biology

Team Squirrel: 
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Oivind Toien  Brian Barnes
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Pioneered use of implanted or 
a@ached loggers for recording body 
temperature, acCvity, and light 
exposure in free-living animals.   
ONSET loggers from Pocasset!



314 female arctic ground squirrel
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Two year record of body temperatures of a free-
living arctic ground squirrel in northern Alaska



LIFE STORY OF FEMALE 627

Wilbur Sarah, Deane Cody…Barnes BM et al. "Survival estimates of free-living 
arctic ground squirrels (Urocitellus parryii): effects of sex and 
biologging." Canadian Journal of Zoology 100.4 (2022): 251-260.

Dec 2007 Dec 2008 Dec 2009 Dec 2010

>75% of life is spent underground; 25% at body 
temperatures lower than that of an ice cube



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

Arctic ground 
squirrels 
decrease core 
body 
temperature to   
-3.0 oC.



arctic ground squirrel, Urocitellus parryii

Circadian, diurnal, circannual, and seasonal timing in 
free-living arctic ground squirrels: 

Real life in LL and DD



UAF ug Ryan Long at the          
Toolik Field Station, Alaska

Deployed light-sensitive 
radiotransmitters on free-
living arctic ground 
squirrels together with body 
temperature loggers



Female 9839 on July 2, 2001
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Female 9839 on July 2, 2001
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Female 9839 on July 2, 2001
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Male 9919 on July 29, 2001

time of day (AST)
  00   04   08   12   16   20   00

bo
dy

 te
m

pe
ra

tu
re

 (o
C

)

35

36

37

38

39

40

41

Te<10oC



Male 9919 on July 29, 2001
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Arctic ground 
squirrels elevate 
their body 
temperature 
prior to 
emerging to the 
surface. Why?



The above-ground thermal environment influences 
time spent above ground by arctic ground squirrels.
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Tes (oC)

-20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50

%
 o

f T
im

e 
A

bo
ve

 G
ro

un
d

0

20

40

60

80

100

R Long, T Martin, BM Barnes, J. Mammal (2006)



ambient temperature (oC)
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Hour of Day
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arctic ground squirrels – timing of body temperature peaks May-Aug 
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Climate change is altering the physiology and phenology of an 
arctic hibernator. 

Science 380:846-849 May 2023



ArcCc ground squirrel burrow #22, Toolik Lake Alaska. Soil temperature loggers. 



Chmura et al. Science 380:846-849     26 May 2023



Chmura et al. 2023 Science

annual air 
temperature

minimum 
winter soil 
temperatures

date of soil 
freeze

onset of 
thermogenic 
torpor

Climate change over 25 years at the Toolik 
Field Station in northern Alaska

+ 1.5oC
due to 
winter 
and fall 
only

+ 5oC

delayed 
by 10 
days

delayed 
by 35 
days
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30 day period when 
males remain at high 
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burrows



spermatogenesis 
stage

days relative to end of 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.  

mating
s

in male ground squirrels, gonadal growth and 
spermatogenesis require 30 days after the end of 
heterothermy



In females, ripening 
of eggs takes 2-3 
days after ending 
hibernation; 
ovulation occurs 
only after females 
choose to copulate.

This sex difference in 
how long it takes for 
gametogenesis 
results in much 
higher flexibility in 
reproductive timing 
in females vs. males. 



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.

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



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



Photo by R. Flanders


