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The snowpack can insulate animals from cold temperature

© Kristin Link 2010 3



Lemmings play an essential role in the Arctic ecosystem

Gauthier et al. 2011, Legagneux et al.2012, Therrien et al. 2014, Bêty et al. 2012, Lamarre et al. 2017
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Lemmings have cyclic fluctuation of their population
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© ColdSideOfTheEarth

© Clément Chevalier

Bottom-up (food)

Top-down (predators) 

Oksanen 2000

Legagneux 
et al. 2012
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Lemmings remain active throughout the winter

Lemming winter nest

Lemming tunnel
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A deep snowpack keeps lemming warm during the winter

Reid et al. 2012 (Oecologia), Bilodeau et al. 2013 (J. Mammal.)
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Wind slab 
(hard)

Depth hoar
(soft)

T°-

T°+

The typical arctic snowpack 

Domine et al. 2002 (Atmos. Environ.)
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Rain-on-snow and melt-freeze events create hard melt-freeze crusts in the High Arctic snowpack

Figure from Peeters et al. 2012 (ERL)
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Use of the 

snowpack

Determining the impact of snow physical properties on lemming 

winter ecology 

Digging 

behavior

Demographic 

parameter
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Study site

Bylot Island (73°N, 80°W)
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Collared lemming Brown lemming

Lemmings of Bylot Island

- Less abundant
- More morphological adaptation to winter

- More abundant
- Less morphological adaptation to winter 13



Determining the impact of snow physical properties on the 

use of the snowpack  by lemmings.
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Digging into fox attack traces to find lemming tunnels

The crime scene!

© National Geographic
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Characterization of lemming tunnels

Max. depth 
hoar

Max. melt-
freeze

Max. 
tunnel

Density of snow 
(mass/volume)
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Lemmings systematically dig into the depth hoar layer

Lemming tunnel

Depth hoar

Poirier et al. 2019 (J. Mammal.)
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Lemmings systematically dig into the depth hoar layer

Above

Tunnel

Below

200

250

300

350

400

Snow layer

D
e
n
s
it
y
k

g
m

3


Below In Above

(A)

0.05

0.10

0.15

0.20

 

T
h
e
rm

a
l 
c
o
n
d
u
c
ti
v
it
y
 (

W
/(

m
·K

))

Below In Above

(B)

Snow layer

0

100

200

300

400

Snow layer

S
h
e
a
r 

s
tr

e
n
g
th

 (
P

a
)

Below In Above

(C)

Snow layer

Below AboveTunnel

D
e
n
s
it
y
 (

k
g

/m
3
)

18
Poirier et al. 2019 (J. Mammal.)



Lemmings dig higher than ground level

Lemming tunnel

Depth hoar
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Poirier et al. 2019 (J. Mammal.)



Lemmings dig higher than ground level: strategy to avoid tunnels from collapsing

Lemming tunnel

Depth hoar

Wind 
slab
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Poirier et al. 2019 (J. Mammal.)



Determining the impact of snow physical properties on 

lemming digging behavior.
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Study site: Ikaluktutiak (Cambridge Bay), Nunavut
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Lemming digging observatory box

Conception and fabrication: 
Frederick Ross & Jean-Marie Trudeau 23



Sampling snow of different hardnesses

Hard Rain-On-Snow (ROS)Soft
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Course of the experiment

63 
tests

3

4

3

Hard ROSSoft
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Lemming digging observatory box 

Digging speed

Tunnel length

Behavior
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Snow hardness negatively impact lemming digging speed

±𝟗𝟓% 𝑪𝑰

Collared lemming
Brown lemming
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Poirier et al. 2021 (Ecosphere)



Snow hardness negatively impact lemming tunnel length

Type of snow 

Collared lemming
Brown lemming

Hard ROSSoft

ഥ𝑿 ± 𝑺𝑬
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Poirier et al. 2021 (Ecosphere)



Collared lemming
Brown lemming

Hard ROSSoft

ഥ𝑿 ± 𝑺𝑬

Lemmings spend more time digging in snow indurated from rain-on-snow (ROS)

29
Poirier et al. 2021 (Ecosphere)



Determining the impact of snow physical properties on 

lemming demographic parameters
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Proportion of nests with reproduction

Winter growth
- Spring density / fall density (t-1)
- Capture-mark-recapture (CMR)

© Guillaume Slevan-Tremblay

© Don Reid

Demographic monitoring of lemmings
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Estimation of meteorologic events in beginning of winter leading to hard snow basal layers

Melt-freeze

෍
𝐻𝑜𝑢𝑟𝑠 𝑤𝑖𝑡ℎ 𝑇 > 0°

𝑎𝑛𝑑 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 < 95%

Rain-on-snow (ROS)

෍
𝐻𝑜𝑢𝑟𝑠 𝑤𝑖𝑡ℎ 𝑇 > 0°
𝑎𝑛𝑑 ℎ𝑢𝑚𝑖𝑑𝑖𝑡𝑦 > 95%

Freezing rain

෍
𝐻𝑜𝑢𝑟𝑠 𝑤𝑖𝑡ℎ 𝑓𝑟𝑒𝑒𝑧𝑖𝑛𝑔 𝑟𝑎𝑖𝑛

(𝑟𝑒𝑎𝑛𝑎𝑙𝑦𝑠𝑖𝑠)

After snow onset:
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Winter reproduction is negatively affected by rain-on-snow (ROS) and melt-freeze events

R2 = 0.36

33

ROS 

(°h with humidity >95%)

R2 = 0.34

Melt-freeze 

(°h with humidity <95%)



Brown lemming winter growth is relatively impacted by rain-on-snow (ROS) and melt-freeze events 

34

Our findings support : collared lemming have better adaptation to cope with harder snow condition



Lemmings used depth hoar to dig 

their tunnels

Decrease in efficiency to dig in 

harder snow layers

ROS and melt-freeze negatively impact winter 

reproduction and growth
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