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Abstract
As evidenced by animal sign (scat, active nests, nesting materials, rodent runways) observed across five stabilized retrogressive 
thaw slumps and two areas of undisturbed upland tundra, Arctic birds and mammals on Herschel Island, Canada, use stabilized 
thaw slumps differently than undisturbed tundra. Rodent winter nests and scat were found exclusively in undisturbed tundra and 
at a 250-year-old stabilized thaw slump site, whereas rodent runways and Semipalmated Plover (Charadrius semipalmatus) nests 
were found exclusively at 10- and 20-year-old stabilized thaw slump sites. Bird scat was found in each tundra type, but was most 
common in the youngest sites, and the number of observations decreased with increasing site age. Caribou (Rangifer tarandus 
granti) scat was found at all sites, whereas Muskox (Ovibos moschatus) scat was not found at 20-year-old sites and was most 
common in undisturbed tundra. To our knowledge, these observations are the first examples of birds and mammals using 
stabilized thaw slump habitat of different ages, and they provide new avenues of research for Arctic wildlife biologists concerned 
with the adaptation of these animals to permafrost disturbance and the resulting changes in vegetation cover.
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Introduction
Retrogressive thaw slumps are among the most 

wide spread thermokarst forms in the western Arctic, 
and each slump changes the physical and biotic charac-
teristics of hectares of land (Mackay 1963; Cray and 
Pollard 2015). On Herschel Island, Yukon, Canada 
(69°36'N, 139°04'W, an area of 108 km2), there are 
over 100 active thaw slumps, and, since the 1950s, thaw 
slumps in the western Arctic have been increasing in 
both area and number (Lantuit and Pollard 2008; Lantz 
and Kokelj 2008). Permafrost disturbances and related 
changes in flora may affect the spatial extent of fauna 
disproportionately by creating habitat heterogeneity 
that may alter how animals use the landscape (Forbes et 
al. 2001). By creating numerous large, discrete distur-
bances with distinct vegetation communities caused 
by the different age classes of the stabilized slumps 
(Cray and Pollard 2015), retrogressive thaw slumping 
and the associated stages of revegetation alter the tundra 
landscape; as the incidence and extent of these slumps 
increase, it becomes increasingly important to assess 
the potential consequences for wildlife. 

Study Area
Part of the Yukon Coastal Plain, Herschel Island’s 

mosaic of terrestrial, wetland, and littoral habitats is vis-
ited by diverse populations of migrating and nesting 
waterfowl, passerines, shorebirds, and raptors, as well 
as Porcupine Caribou (Rangifer tarandus granti) and 
Muskox (Ovibos moschatus). Of the 121 bird species 
recorded on Herschel Island, 46 use it as a breeding site 

(Yukon Bird Club 2015). The island is especially im-
portant as breeding habitat, as numerous Arctic-breeding 
species, particularly shorebirds, are in dramatic popu-
lation decline (Gratto-Trevor et al. 2011). The four com-
mon small mammals recorded there are Northern Col-
lared Lemming (Dicrostonyx groenlandicus), Brown 
Lemming (Lemmus trimucronatus), Tundra Vole (Mi-
crotus oeconomus), and Arctic Ground Squirrel (Sper-
mophilus parryii; Krebs et al. 2011, 2012). These spe-
cies are a fundamental part of the Arctic food web, as 
they are a food source for various avian and mamma-
lian predators (Krebs et al. 2012). Small portions of the 
Porcupine Caribou herd spend time on Herschel Island, 
particularly from late April through August, with herds 
ranging in size from 21 to 75 individuals including 
bulls, cows, calves, and yearlings; in some years, Cari-
bou have also been observed calving on the island 
(Cooley et al. 2012). 

Methods
We recorded animal sign (scat, nests, rodent runways) 

in July 2011 from a total of 579 1 m × 1 m quadrats 
(Table 1) used in a vegetation community development 
study on slump stabilization (see Cray and Pollard 
2015). Study sites on Herschel Island (Figure 1) includ-
ed two stable upland tundra areas and five stabilized ret-
rogressive thaw slumps representing three age classes: 
10 years (two sites), 20 years (two sites), and 250 years 
(one site) since stabilization. For the 10- and 20-year-
old stabilized thaw slumps, the year of stabilization was 
established by identifying the season in which there was 
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no further headwall exposure or melt; the 250-year-old 
stabilized site was dated through sedimentological, geo-
chemical, and accelerator mass spectrometry radiocar-
bon dating analyses by Lantuit et al. (2012). 

Any recognizable scat was recorded; therefore, our 
observations likely consider droppings from multiple 
years. The number of quadrats sampled for each study 
site was scaled to 1% of the total area of each stabilized 
retrogressive thaw slump; 80% of these quadrats were 
spaced evenly along a transect perpendicular to the sta-
bilized headwall, and the remaining 20% were distrib-
uted randomly within the stabilized area (for additional 
details see Cray and Pollard 2015). To maintain sam-
pling uniformity, undisturbed areas were sampled with 
both transects and random quadrats in the same way as 
the other sites, where the median number of sample 
quadrats and the mean transect length were used for 
both undisturbed areas and the boundaries were assigned 
as a rectangle surrounding the transect (Figure 1). 

Results
Rodent scat was observed only in the 250-year-old 

and undisturbed sites, whereas Caribou scat was ob-
served in small amounts at every site (Table 1). Muskox 
scat was observed most frequently in the undisturbed 
sites and was not observed in the 20-year-old stabilized 
sites. Piles of dried grass and sedge material from rodent 
winter nests, 15–20 cm in diameter, likely representing 
complete nests (Krebs et al. 2012), were recorded at 
both the undisturbed and 250-year-old sites, although 
they were more frequent in undisturbed tundra. Nesting 
materials at the 250-year-old site were most frequently 
located near the headwall of the stabilized thaw slump. 
Surface grass tunnels, often referred to as runways 
(Krebs et al. 2012), were observed at the four 10- and 
20-year-old stabilized slumps and were most common 
in the 20-year-old stabilized thaw slumps.

Although bird droppings were observed at every age 
class of tundra in this study, they were most frequent at 
the 10-year-old sites and decreased as site age increased. 
Of the five active bird nests we recorded, one was a 
Common Eider (Somateria mollissima) in the centre 
of the 250-year-old site and four were Semipalmated 
Plover (Charadrius semipalmatus) located in the ap-
proximate centre of the 20-year-old slump floors.

During the active period of a thaw slump and in the 
first few years following stabilization, animal tracks are 
readily observable in the soft mud of the slump floor 
(H.A.C. pers. obs.). Although not particularly useful for 
comparison between slump age classes, Muskox, Sand-
hill Crane (Grus canadensis), and Caribou tracks were 
also common in the slump floors of both 10- and 
20-year-old sites.

Discussion
Based on our observations of animal signs, tundra 

birds and mammals appear to use stabilized slump sur-
faces and undisturbed tundra differently. Although our 
observations are limited to a small area and only one t
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field season, these differences in rodent and bird habitat 
choice may be of interest to wildlife biologists for future 
study. 

The occurrence of rodent burrows and winter nests 
near the headwall of the 250-year-old site could be be-
cause of the residual concave and steep morphology of 
long-stabilized thaw slumps, which leads to greater 
snow accumulation and, thus, thermal insulation for 
lemmings (Reid and Krebs 1996; Lantz et al. 2009; le 
Roux et al. 2011; Reid et al. 2011). As no rodent winter 
nesting materials were observed at the stabilized thaw 
slump sites, we suspect that the deposited dry, flat mi-
crotopography of the 10- and 20-year-old slumps is not 
preferred as winter nest sites. As all stabilized sites 
studied and many of the other more than 100 active and 
stabilized thaw slumps on Herschel Island are located 
in smooth or sloping uplands previously characterized 
by Arctic Willow/Dryas-vetch or cottongrass/moss 
vegetation type (Smith et al. 1989; Lantuit and Pol-
lard 2008; Lantz and Kokelj 2008; Cray 2010, 2012), 
which is good year-round lemming habitat (Ale et al. 
2011), the lack of burrows, rodent scat, or old nesting 
material at the 10- and 20-year-old sites suggests that an 
increase in the number and density of new thaw slumps 
may negatively impact rodent nesting habitat in the 
short term. However, rodent runways through the tall 
grasses were observed at all of the 10- and 20-year-old 
sites. In each area where there was a large percentage 
cover and height of grasses (i.e., 50% or more of the 
plant cover was >15 cm high), rodent runways were 
observed (Figure 2). Although no burrows or winter 
nests were found, rodents are likely making regular use 
of the 10- and 20-year-old sites as evidenced by the 
consistently trampled runways. Specific uses likely vary 

by species and may include foraging for graminoids 
and seeds and collecting nesting material.

On Herschel Island, Collared Lemmings have been 
shown to select dry habitat dominated by Entire-leaved 
Mountain Avens (Dryas integrifolia Vahl; Ale et al. 
2011) and to have a diet of mainly willow (Salix spp. 
L.), D. integrifolia, and Mountain Cranberry (Vaccini-
um vitis-idaea L.; Batzii and Jung 1980; Rodgers and 
Lewis 1986). Although D. integrifolia is most preva-
lent in the undisturbed tundra sites (present at 92% of 
sites, average cover 9%), it is also present at the 250- 
year-old site (present at 43% of sites, average cover 3%; 
Cray 2012), and various species of Salix are common at 
all sites studied (Cray 2012), particularly Arctic Willow 
(Salix arctica Pallas), which is highly preferred by Col-
lared Lemmings (Rodgers and Lewis 1986).

Brown Lemmings may also benefit from foraging in 
the vegetation community that establishes following 
thaw slump stabilization. Although Brown Lemming 
has a pronounced preference for wet meadow habitat, 
compared with Tundra Vole and Collared Lemming, it 
is a habitat generalist (Batzli and Lesieutre 1995; Ale et 
al. 2011) whose diet is dominated by monocots, par-
ticularly sedges such as Water Sedge (Carex aquatilis 
Wahlenberg) and cottongrass (Eriophorum spp. L.) as 
well as mosses (Batzli and Jung 1980). Although too 
dry to support C. aquatilis and too recently disturbed to 
have established Eriophorum, the stabilized thaw slump 
sites do support both higher frequencies and a higher 
percentage cover of mosses than undisturbed tundra 
(Cray 2012), and the graminoid-rich communities of 
10- and 20-year-old sites likely provide suitable forage 
for Brown Lemmings.

Figure 1. Locations of the seven study sites on Herschel Island, Yukon, Canada, including areas and age class of stabilized 
thaw slumps.
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In contrast, although Tundra Voles have been shown 
to have a flexible diet including a variety of grasses, 
sedges, and forbs (e.g., lousewort [Pedicularis L.]) typ-
ical of the stabilized thaw slumps (Batzli and Jung 
1980; Cray and Pollard 2015), this species is rarely 
found outside Pauline Cove, 3 km away from the study 
sites (Krebs et al. 2012); on Herschel Island, it has been 
shown to prefer very wet habitat dominated by Erio-
phorum spp., Carex spp., and Salix spp. (Ale et al. 
2011), more characteristic of undisturbed tundra. There-
fore, it is unlikely that Tundra Voles are responsible for 
the animal sign found in stabilized slumps.

Tundra bird species also use stabilized thaw slump 
floors, certainly as nesting sites which were directly 
observed, and possibly as foraging areas as well. As the 
quadrat method we used is not ideal for observing bird 
nests and observations were made during only one field 
season, our nest observations likely underrepresent the 
true use of these stabilized surfaces by bird species. 
Also, as we did not identify bird scat to species, it is 
difficult to determine potential preferences of specif-
ic birds for certain cover types or vegetation commu-
nities. Because distinct vegetation communities were 
found to be associated with each age of stabilized thaw 
slump in the study by Cray and Pollard (2015), forage 
opportunities (arthropods, seeds) and nesting habitat 
would be expected to differ as well.

For Semipalmated Plover, which prefer to nest in an 
open area with little to no plant growth, disturbed patch-
es may actually increase their breeding habitat, which 
otherwise mainly consists of beaches or open pebbled 
areas (Nguyen et al. 2003). Indeed, the Semipalmated 
Plover is among the few plovers whose numbers in-

creased between 1974 and 2009 and are currently stable 
(Andres et al. 2012), perhaps owing to its versatility 
in food choice or habitat expansion in the low Arctic 
as a result of disturbance (Nol and Blanken 2014).

Caribou scat was observed at every study site, sug-
gesting that Caribou are at least travelling over if not 
grazing in every slump age class. Although the resil-
ience of Caribou to vegetation change is contentious 
(Gunn and Skogland 1997; Callaghan et al. 1998; IPCC 
2007), productivity of Caribou populations is strongly 
related to the quality and abundance of forage (Lenart 
et al. 2002) and the Porcupine Caribou Herd is known 
to forage extensively in the Tussock Grass (Eriophorum 
vaginatum L.) meadow community (cottongrass/moss) 
in the pre-calving and calving periods when Eriopho-
rum heads are some of the first fresh vegetation avail-
able with significant biomass, cell solubles, nitrogen, 
and phosphorus (Russell et al. 1993). Although the cot-
tongrass/moss vegetation type is generally considered 
stable (Smith et al. 1989), four of the five stabilized 
sites studied were located in this vegetation communi-
ty, where thaw slumping initiated by coastal erosion 
progressed inland. Because Eriophorum does not re-
colonize stabilized thaw slumps even after 250 years 
(Cray and Pollard 2015), the significant increase in 
permafrost degradation expected with further climate 
change (Maxwell 1997) may affect the local availabil-
ity of this vegetation type on Herschel Island and other 
upland areas prone to thaw slump activity, particularly 
areas adjacent to coastlines, lakes, and rivers. 

Reductions in upland vegetation communities may 
also affect Muskox. The diet of Muskox consists mainly 
of graminoids, particularly sedges (e.g., Carex spp. and 

Figure 2. a. Photo of a quadrat in the 20-year-old stabilized thaw slump age class showing rodent surface grass tunnelling 
(runways). b. Lateral view of rodent runways through grass; note the tented canopy of grass obscuring the overhead view 
and the slight depression into the soil surface from repeated use. Photo and illustration: Heather Cray. 
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Eriophorum spp.) and willows (Salix spp.; Ihl and Klein 
2001; Larter and Nagy 2004), which are characteristic 
of undisturbed tundra sites on Herschel Island. Although 
stabilized thaw slumps are colonized by graminoid spe-
cies within a few decades, the relative paucity of sedge 
and willow species at these sites (Cray and Pollard 2015) 
may explain the scarcity of Muskox scat observed at 
stabilized thaw slumps. With respect to winter forage, 
the increased snow accumulation within thaw slumps 
may also limit the availability of this food source for 
overwintering herds (Ihl and Klein 2001; Gustine et al. 
2011).

Although our study indicates that mammals and birds 
appear to use recently stabilized thaw slumps, further 
investigation would be required to account for the com-
plex biotic interactions and to predict consequences of 
the future, widespread permafrost disturbances expect-
ed with climate warming. As thaw slumps are expected 
to continue to increase in both area and number, the al-
tered wildlife use associated with them present an in-
teresting avenue for future research, particularly as the 
morphology, soil conditions, and vegetation communi-
ty of stabilized slumps remain distinct from undisturbed 
tundra for over 250 years. To our knowledge, these ob-
servations are the first examples of birds and mammals 
using stabilized thaw slump habitat of different ages. 
We encourage all researchers working in these systems 
to record and report supplementary wildlife observa-
tions, as these observations play a useful role in build-
ing the larger wildlife and ecosystem knowledge base. 
Last, we suggest that long-term wildlife monitoring of 
stabilized thaw slumps would shed light on Arctic spe-
cies’ ability to adapt to permafrost disturbance and the 
resulting changes in vegetation cover.
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