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Abstract

The examination of raptor pellets can be used to evaluate Arctic biodiversity. We found the remains of Meadow Vole
(Microtus pennsylvanicus) and Ungava Collared Lemming (Dicrostonyx hudsonius) in pellets from Snowy Owl (Bubo scan-
diacus) nesting in the northern part of the Ungava Peninsula. We differentiated the two species by visual identification and
geometric morphometric analysis of molar shape. The results of our study combined with historical data suggest that most
commonly used range maps of Meadow Vole should be revised.

Key words: Ungava Peninsula; Meadow Vole; Microtus pennsylvanicus; Ungava Collared Lemming; Dicrostonyx hudsonius;
morphological identification

L’étude des pelotes de rejection de rapaces est utile pour évaluer la biodiversité arctique. Des restes de Campagnol de Prairie
(Microtus pennsylvanicus) et de Lemming a Collier d’Ungava (Dicrostonyx hudsonius) dans des pelotes de rejections de
Harfang (Bubo scandiacus) nichant a I’extréme nord de la péninsule d’Ungava. Les deux espéces sont séparées par identifi-
cation visuelle et par I’analyse morphométrique des molaires. Les résultats de cette étude combinés aux données historiques
suggérent que les cartes de distribution les plus communément utilisées pour le Campagnol de Prairie devraient étre révisées.

Mots clefs: Péninsule d’Ungava; Microtus pennsylvanicus; Dicrostonyx hudsonius; identification morphologique

The northern part of the Ungava Peninsula, Can-
ada, is remarkable for its low rodent diversity, with
some distribution maps (Hall 1981; Tamarin et al.
1985; Shenbrot and Krasnov 2005; Wilson et al.
2017) indicating the presence of only the endemic
Ungava Collared Lemming (Dicrostonyx hudso-
nius). This low diversity is peculiar at this latitude,
where additional rodent species are generally docu-
mented (e.g., North America: Hall [1981] and Feld-
hamer et al. [2003]; Eurasia: Ognev [1948]). How-
ever, a few records of another small rodent, Meadow
Vole (Microtus pennsylvanicus), from the northern
end of the Ungava Peninsula have not been included
in general range maps by some (e.g., Hall 1981; Feld-
hamer et al. 2003; Shenbrot and Krasnov 2005; Cas-
sola 2016; Wilson et al. 2017). Three records are in

the Canadian Museum of Nature (CMN): two juve-
nile males stored in alcohol collected before 1934
from Salliut (formerly Sugluk) on the southwest side
of Hudson Strait (CMNMA 12572 and 12573), and
a male study skin (CMNMA 31130) collected from
the same area in 1954. Banfield’s (1974: 212) range
map for the species covers the entire peninsula and
the 1954 record is mentioned in Desrosier et al.
(2002) and compiled in the CMN database, as well as
in the Global Biodiversity Information Facility data-
base (Khidas and Torgersen 2021). Additional speci-
mens were collected in 2013 by Robillard ez al. (2013,
2017) from Deception Bay, 60 km east of Salliut Inlet.
More recently, five additional specimens of Meadow
Vole were snap-trapped by Fortin and Caron (2015)
along with five Northern Bog Lemming (Synaptomys
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borealis) in the northern portion of the Ungava Pen-
insula near the Raglan Mine. Despite these previous
records, the northern part of the Ungava Peninsula
has not generally been included in widely used distri-
bution maps of Meadow Vole (e.g., Hall 1981; Feld-
hamer et al. 2003; Shenbrot and Krasnov 2005; Cas-
sola 2016; Wilson et al. 2017; but see Banfield 1974).

We visually examined the teeth of small mammals
collected from regurgitated pellets from Snowy Owl
(Bubo scandiacus) nests near Salluit, northern Que-
bec, Canada (Figure 1), in July 2013 (see Robillard et
al. 2013, 2017 for details) and used geometric mor-
phometrics to differentiate and distinguish rodent
species. Unlike traditional morphometrics, landmark-
based geometric morphometric analyses use general-
ized procrustes analysis (GPA), which removes the
effects of size, position, and orientation. Thus, only
shape parameters remain, with a minimum loss of
information (Adams et al. 2004).

The regurgitated pellets of undigested material
from birds of prey are commonly used to assess the
diversity of small to medium sized animals around the
world (e.g., Chaline et al. 1974; Ba et al. 2000; Meek
etal 2012; McDonald et al. 2014; Heisler et al. 2016;
Linchamps et al. 2021). Cranial and dental remains
in pellets can be confidently identified to the species
level, hence determining prey diversity in the envi-
ronment of a predator (Chaline ef al. 1974; Andrews
1990). The circumpolar Snowy Owl is a key predator in
the Arctic tundra ecosystem. Its summer diet includes
a diversity of small to medium sized animals, such as
birds and hares, but generally consists mainly of rodents
(e.g., Watson 1957; Gilg et al. 2006; Therrien et al.
2014; Robillard et al. 2017; Royer et al. 2019).

In July 2013, 12 Snowy Owls were captured near
Salluit, Ungava Peninsula (Figure 1) and equipped
with global positioning system tracking transmitters
(Robillard et al. 2013). The transmitters were pro-
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Figure 1. Distribution of Ungava Collared Lemming (Dicrostonyx hudsonius) and Meadow Vole (Microtus pennsylvanicus)
according to Hall (1981). The black square (in a) indicates the Ragalan Mine sector from which all pellets were obtained.
Specific movement ranges of the three Snowy Owl (Bubo scandiacus) that captured Meadow Voles are shown as ovals in b.
The areas where Robillard ez al. (2017) collected blood samples are within the owl home ranges. The dotted line indicates
the erroneous northern limit of Meadow Vole (Hall 1981). Map created using the “rnaturalearth” package v.0.2.0 in R (R

Core Team 2020).



grammed to communicate position every 4.5 days.
Summer tracking showed that owls’ movements were
limited to their nesting areas. Regurgitated pellets—
10 sets from 10 different nests—were collected from
Snowy Owl nests a few days after the owls were cap-
tured and released (Table 1). Each pellet was dried
and analysed to assess prey items from undigested
materials (bones and teeth) at the Biogéosciences lab-
oratory in Dijon, France.

Based on current distribution maps (e.g., Hall
1981; Feldhamer et al. 2003; Shenbrot and Krasnov
2005; Wilson et al. 2017; but see Banfield 1974),
five rodent species can be expected throughout the
entire Ungava Peninsula: Ungava Collared Lemming,
Meadow Vole, Southern Red-backed Vole (Myo-
des gapperi), Northern Bog Lemming, and Eastern
Heather Vole (Phenacomys ungava), with Ungava
Collared Lemming the only species in the northern
part of the peninsula. Rock Vole (Microtus chrotor-
rhinus) is mentioned at the very southern limits of the
Ungava Peninsula by Desrosiers et al. (2002).

We identified rodent species from the owl pel-
lets based on the morphology of the lower and upper
molars following Guilday (1982), Semken and Wal-
lace (2002), Lupien (2002), and Fauteux et al. (2014).
Ungava Collared Lemming molars lack cementum
in the re-entrant angles, unlike the four other gen-
era (see Meadow Vole and Ungava Collared Lem-
ming in Figure 2). The first lower molar has seven

triangles on the occlusal surface, in contrast with
Microtus spp. with five or six closed triangles (Fig-
ure 2), P. ungava with five closed asymmetrical tri-
angles, M. gapperi with four closed triangles on the
occlusal surface, and Synaptomys spp. with only two
closed triangles on the internal side. The most reliable
criterion for separating the two Microtus species is the
presence of an additional small “button-shaped” ele-
ment at the posterior part of the second upper molar
for Meadow Vole, which is always absent in M. chro-
torrhinus (Tamarin 1985; Semken and Wallace 2002).
The occlusal pattern of the third upper molar can
also be a distinguishing feature, as M. chrotorrhinus
always has a complex posterior loop, which is rare
in Meadow Vole (Guilday 1982; Semken and Wallace
2002). One last criterion is the number of closed trian-
gles on the lower second molar: M. chrotorrhinus has
two while Meadow Vole has four.

To support this descriptive, visual identification,
geometric morphometric analysis was used on the
first lower molars following the protocol of Navarro
et al. (2018) and Montuire et al. (2019). All teeth
were first photographed using a macro objective lens
(MP-E 65 mm /2.8 on a Canon EOS6D mark II cam-
era, Canon, Inc., Tokyo, Japan) and saved in jpg for-
mat at a resolution of 72 dots per inch. Outlines were
then extracted from pictures using Image] v.1.52a
(free software with a Public Domain License available
on GitHub; Schneider ef al. 2012). Two-dimensional

Table 1. Counts of Ungava Collared Lemming (Dicrostonyx hudsonius) and Meadow Vole (Microtus pennsylvanicus)
remains found in 10 sets of Snowy Owl (Bubo scandiacus) pellets from Ungava Peninsula, Quebec, Canada.

I?OV_VI COngetlon Rodent species MNTI* mljgéiliebﬁs nlje:)nc{ll}:g)lh; s No. skulls
2 8 July 2013 Dicrostonyx hudsonius 3 3 2 3
3 9 July 2013 D. hudsonius 17 14 17 6

Microtus pennsylvanicus 4 4 0 2

4 4 July 2013 D. hudsonius 12 12 12 9
M. pennsylvanicus 2 2 1 0

5 8 July 2013 D. hudsonius 1 1 1 0
14 July 2013 D. hudsonius 14 10 14 5

g 13 July 2013 D. hudsonius 8 8 7 6
M. pennsylvanicus 2 1 2 1

9 — D. hudsonius 5 5 4 2
M. pennsylvanicus 2 1 2 2

10 13 July 2013 D. hudsonius 2 2 2 2
11 July2013 D. hudsonius 3 3 1 2

Total 75

Dicrostonyx 65 (86.7%)

Microtus

10 (13.3%)

*MNI = minimum no. individuals contained in the pellet, calculated for each pellet based on counts of the max-

illary and left or right mandible for each species.
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Figure 2. Characteristics of rodent teeth collected from Snowy Owl (Bubo scandiacus) pellets from Ungava Peninsula,
Quebec. a and b. First lower molar of Meadow Vole (Microtus pennsylvanicus). c. First lower molar of Ungava Collared
Lemming (Dicrostonyx hudsonius). d and e. Second upper molar of Meadow Vole. f. Second upper molar of Ungava Collared
Lemming. g and h. Third upper molar of Meadow Vole. i. Third upper molar of Ungava Collared Lemming. Black arrows
indicate the diagnostic supplementary “button shape” element in second upper molar of Meadow Vole, and the simplicity of
the loop of the third upper molar of Meadow Vole. Scale bar: 1 mm. Photos: Louis Arbez.




landmark placement is automated by first standardiz-
ing the orientation of the molar by manually marking
four landmarks (white circles in Figure 3a) enabling
the automatic detection of 14 additional landmarks
defined as extreme tips of salient and re-entrant tri-
angles and loop tips (Navarro et al. 2018). GPA and
principal component analyses (PCA) were performed
in R version 4.0.3 (R Core Team 2020) using the “geo-
morph” package, version 3.2.0 (Adams et al. 2019).
Tooth length was estimated using the Euclidean dis-
tance between landmarks 1 and 13 (Figure 3a,b).
The minimum number of individual (MNI) ro-
dents was calculated for each pellet based on the
most numerous skeletal component (i.e., left and

right mandible or teeth). For example, a pellet with
two left mandibles and five right mandibles has an
MNI of 5.

Nine of the 10 sets of owl pellets contained small
vertebrate remains that did not show a high degree
of digestion and in which teeth were found (Figure
2). A total of 75 individual rodents were identified
to the species level, including 65 Ungava Collared
Lemmings (86.6% of the MNI) and 10 voles (Micro-
tus spp.; 13.3% of the MNI; Table 1). All vole sec-
ond upper molars possessed a supplementary “button
shaped” element at the anterior part, no third upper
molar exhibited a complex posterior loop morphol-
ogy, and all second lower molars had four closed
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Figure 3. a. Landmarks for lemming (Dicrostonyx spp.) and vole (Microtus spp.) first lower molar (m1). White circles
indicate manually applied landmarks, black circles are automatically detected landmarks, dotted line shows tooth length. b.
Boxplot of m1 length of Meadow Vole (Microtus pennsylvanicus) and Ungava Collared Lemming (Dicrostonyx hudsonius).
c. Principal component analysis (PC 1 and PC 2 planes) of Meadow Vole (Microtus pennsylvanicus) and Ungava Collared
Lemming (Dicrostonyx hudsonius) ml, including percentage of shape variation explained by each PC.



triangles, indicating that they were all Meadow Voles.
These two species were the only rodent remains in
the owl pellets and no juvenile lemmings or voles
were found.

PCA (Figure 3c) showed that the morphological
distribution of the specimens from the owl pellets was
not uniform (PC 1: 40.3%; PC 2: 12.6%), but fell into
two homogeneous groups; this confirms the presence
of two species. These two distinct groups can be iden-
tified along the PC 1 axis, one attributed to Ungava
Collared Lemming on the positive side and the other
to a vole species, confidently identified as Meadow
Vole, on the negative side. This difference is also
shown by tooth length: Ungava Collared Lemmings
have longer teeth than Meadow Voles (Figure 3b).
Variability of Meadow Vole tooth length (range 2.4—
3.2 mm) is commonly found among adults in other
populations (e.g., Wallace 2006).

The distribution range maps for North Ameri-
can rodents generated by Hall (1981) are widely
used in many studies (e.g., Barnosky 1990; Feld-
hamer et al. 2003; Spaeth 2009; Jackson and Cook
2020). According to Hall (1981), Ungava Collared
Lemming is the only lemming species inhabiting
the Ungava Peninsula. Meadow Vole is widespread
across North America; it occupies humid grassland,
marsh, and riparian areas (Tamarin 1985) and is one
of the most common Microtus species in subarctic
taiga and tundra areas in Alaska and northern Canada
(Tamarin 1985). Meadow Vole is also widespread in
the south and centre of the Labrador Peninsula and its
distribution is thought to be limited northward by the
Ungava trough (Tamarin 1985). However, few occur-
rences of this species have been reported beyond
this limit: two specimens in the Canadian Museum
of Nature collected before 1934 (CMNMA 12572
and 12573), another individual collected near Sal-
luit in 1954 (CMNMA 31130), and five more speci-
mens snap-trapped by Fortin and Caron (2015). Rob-
illard et al. (2013) also mentioned the presence of
carcasses of Meadow Voles in Snowy Owl nests. We
analysed the owl pellets collected in such nests and
report once again the presence of Meadow Vole in
the region. Several individuals (at least 10 of vari-
ous sizes) were detected in Snowy Owl pellets, sug-
gesting that the species is part of the owl’s food web,
although nearly 90% of the rodent individuals in the
owl pellets were Ungava Collared Lemmings.

Will the abundance of Meadow Voles in the
Ungava Peninsula increase with climate change?
The species’ presence has been known for some
time (two specimens were found in 1934) and more
specimens have been found since 2013, although
few animals have been collected. In both our study
and the one by Fortin and Carron (2015), Meadow

Voles represented approximately 10% of the iden-
tified individuals. The Labrador Peninsula is cur-
rently experiencing the effects of climate change
with the southern part of Ungava Peninsula getting
dryer because of a decrease in precipitation and an
increase in summer temperatures (Furgal ef al. 2002;
Barrette et al. 2020). These changes will most likely
impact marshes and meadows, habitats sought pref-
erentially by Meadow Voles, and could disadvantage
the vole. Continuous field monitoring will increase
understanding of how climate change could affect
the dynamics of the Meadow Vole-Ungava Collared
Lemming community in the area.

In conclusion, our results suggest that the current
widely used range maps for rodents should always be
interpreted with caution and the one for Meadow Vole
should be revised to include the northern tip of the
Labrador Peninsula, namely the Ungava Peninsula.
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