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Spacing and parental behavior in the Mongolian vole
(Microtus mongolicus)

Polina S. Dontsova, Antonina V. Smorkatcheva* & Yury A. Bazhenov

ABSTRACT. The relationship between parental care patterns and mating system in voles has not been fully
elucidated. Whereas mating and parental strategies have been reported for many New World arvicolines,
such information is lacking for most Palearctic voles. Nothing is known about the social organization of
Microtus mongolicus inhabiting mesic habitats of Central Asia. We investigated spacing of free-ranging M.
mongolicus in Zabaykalsky Kray using mark-recapture method, and we assessed the parental care exhibited
by Mongolian voles in laboratory. Home ranges (HR) and movement distances of overwintered males
exceeded those of other categories of voles. HR overlapped within sexes and between sexes in linear habitat
at high population density as well as in non-linear habitat at low density. The revealed pattern of spacing is
consistent with promiscuous mating system. In laboratory, both the parent-litter separation tests and
undisturbed observations of animals in large enclosures showed that most males displayed paternal
behavior at the level comparable to that of socially monogamous species. Our results demonstrate that
monogamous mating system cannot be inferred from biparental care detected in captivity.
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Пространственные отношения и родительское поведение у
монгольской полёвки (Microtus mongolicus)

П.С. Донцова, А.В. Сморкачева, Ю.А. Баженов

РЕЗЮМЕ. Связь между характером родительской заботы и брачной системой у полёвок не вполне
ясна. В то время как для многих видов полёвок Нового Света были описаны стратегии спаривания и
родительского поведения, для большинства палеарктических видов такая информация отсутствует.
О социальной организации монгольской полёвки (Microtus mongolicus), распространенной в Цент-
ральной Азии, в настоящее время ничего не известно. Мы исследовали пространственную структу-
ру популяции M. mongolicus в Забайкальском крае, используя метод повторных отловов меченых
особей, а также сравнили уровень родительского поведения самок и самцов в лабораторных
условиях. Участки обитания (УО) и суточные дистанции перемещения были больше у взрослых
самцов, чем у особей других поло-возрастных категорий. Как в линейном местообитании при
высокой плотности популяции, так и в нелинейном местообитании при низкой численности УО
особей одного пола и разных полов перекрывались. Такой характер взаимного расположения УО
согласуется с предположением о промискуитете. В лабораторных тестах и наблюдениях большин-
ство самцов демонстрировало уровень отцовского поведения, сравнимый с таковым социально
моногамных видов. Наши результаты показывают, что проявление отцовской заботы в условиях
неволи не является свидетельством социальной моногамии.

КЛЮЧЕВЫЕ СЛОВА: Microtus mongolicus, Arvicolinae, полёвки, пространственная организация,
система спаривания, отцовское поведение.
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characters. An impressive insight into Microtus Schrank,
1798, phylogeny (Conroy & Cook, 2000; Jaarola et al.,
2004; Galewski et al., 2006; Abramson et al., 2009;
Bannikova et al., 2010) generated the opportunity of
using this genus as a study system for phylogenetically
informed comparative researches. Unfortunately, such
opportunity is limited by extremely uneven availability
of data about social biology across several evolutionary
lineages of this genus. While the detailed information
has been reported for many New World species, mating
and parental strategies of most members of Palearctic
clades are little known.

The Mongolian vole, Microtus mongolicus (Radde,
1861), was first considered to be a well differentiated
subspecies within Microtus arvalis sensu lato, but cyto-
genetic and molecular studies confirmed its full species
status and revealed its affiliation to the subgenus or
genus Alexandromys (Meyer et al., 1996; Bannikova et
al., 2010). This species is widely distributed through-
out the mesic habitats of Central Asia. Literature data
on the M. mongolicus behavior are virtually anecdotal
(Nekipelov, 1935; Zorenko, 1986; Bazhenov, 2011).

The first goal of this study was to characterize the
pattern of ranging by wild Mongolian voles. Specifical-
ly, we aimed to reveal whether spacing of M. mongoli-
cus is consistent with one typical for monogamous,
polygynous or promiscuous species (Tab. 1). Our sec-
ond goal was to estimate the level of paternal behavior
under laboratory and semi-natural conditions. Using
the data obtained, we test whether there is a consistency
between the parental strategy and mating system in-
ferred from spatial data (Tab. 1).

Materials and methods

Field study of spacing
Study area and field procedures. The study was

performed 15 June – 5 July 2011 and 16 June – 8 July
2013. The study area was located in Zabaykalsky Kray,
Russia, near the small freshwater lake Butyvken in the

Introduction

Despite a progress in investigations of the genetic,
neural and endocrine mechanisms underlying social
and reproductive behavior, our understanding of the
evolution of behavioral patterns is elusive. During the
last few decades, extensive species sampling, coupled
with advances in field and laboratory techniques, re-
vealed numerous examples which are in poor agree-
ment with a traditional idea about strict evolutionary
association between monogamy and paternal care in
mammals (Storey & Snow, 1987; Gajda & Brooks,
1993; Komers & Brotherton, 1997; Buchan et al., 2003;
Fietz & Dausmann, 2003; Schradin & Pillay, 2003).

The subfamily Arvicolinae Gray, 1821 (here and
hereafter we use taxonomy after Wilson & Reeder,
2005), includes more than 150 species which show
different patterns of ecological specialization, life-his-
tory, spatial and social structures. Spectrum of vole
mating systems includes polygyny with territorial males
overlapping several clumped females, promiscuity in
which non-territorial males compete for access to terri-
torial females, monogamy and even cooperative poly-
andry based on pair-bonding and group territoriality
(Ostfeld, 1985; Ims, 1987; Gaulin & FitzGerald, 1988;
Tab. 1). Although paternal care in voles is thought to
vary as a function of mating system (Dewsbury, 1985;
Oliveras & Nowak, 1986; Tab. 1), the actual nature of
the relationship between these two variables in arvi-
colines has not been fully elucidated. For two monoga-
mous species, Microtus ochrogaster (Wagner, 1842)
and Microtus pinetorum (Le Conte, 1830), the results
obtained in captive studies of parental behavior were
always completely consistent with their social and mat-
ing systems (joined nesting, pronounced paternal care).
In contrast, several promiscuous species expected to be
uniparental display both interspecies and intraspecies
variations in the level of paternal behavior (see for
review McGuire & Bemis, 2007; Gromov, 2013).

The modern comparative method provides a valu-
able tool to test the evolutionary correlations between

Intrasexual overlap Intersexual overlap 
Behavioral 

characteristics Space size 
male 

spacing 
female 
spacing 

males overlap with 
>1 females 

females overlap 
with >1 males 

Paternal care 

Promiscuity M > F yes no yes yes no 

Polygyny M > F or  
M = F no yes or no yes no sometimes 

Monogamy M = F no no no no 

Cooperative 
polyandry M = F yes no no yes 

extensive, 
sometimes 

comparable with 
maternal 

Table 1. Behavioral characteristics predicted for arvicoline species with different mating systems (Dewsbury, 1985;
Ostfeld, 1985; Oliveras & Nowak, 1986; Ims, 1987; Gaulin & FitzGerald, 1988).
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middle of a pine forest (N 50°26′16.6″, E 114°55′04.9″).
Mongolian voles inhabited shoreline with willow (Salix
sp.) and birch (Betula sp.) shrubs and high grass cover
dominated by hummocky reed grass (Calamagrostis
sp.), common reed (Phragmites sp.) and fireweed (Cha-
merion sp.). Other rodent species encountered in the
study area were Microtus (Stenocranius) gregalis (Pal-
las, 1779), Microtus (Alexandromys) fortis Büchner,
1889, and Cricetulus barabensis (Pallas, 1773). The
preliminary trapping carried out during the first decade
of June 2011 revealed the absolute prevalence of M.
mongolicus over other rodent species within the narrow
band of preferred habitat restricted from north and
south by open areas strongly avoided by Mongolian
voles. Eastern end of the trap line adjoined the shore-
line section mainly inhabited by M. gregalis. The width
of the suitable habitat varied from 5 to 15 m. The data
on the home range lengths reported for several Micro-
tus species (Miller & Getz, 1969; Abramsky & Tracy,
1980; Gaines & Johnson, 1982; FitzGerald & Madison,
1983) suggest that the configuration of this biotope
only allowed the vole home ranges to lie in a line. Thus,
we considered this habitat as linear. A 300 m trap line
was laid out with 60 Sherman live traps (5 × 6 × 16 cm)
placed of 5 m apart. During the last three days of the
study we extended the trap line by 80 m to the west in
order to estimate the home range sizes for the animals
which had been trapped at the west end of the 300 m
line.

There was a crash of rodents in 2013. Mongolian
voles were absent from the most of the lake shoreline
including the former study site. They were only found
at a limited area of about 0.3 ha on the opposite bank of
the lake. Trapping was performed on a 7 × 7 m grid
entirely covering this area.

All traps were baited with mixture of sunflower
seeds and oats, and set between 6 and 7 PM. They were
checked on the same night at 10–11 PM, the next
morning at 6–7 AM and 9–10 AM, and then left unset
until the evening because of the danger of death of
animals from overheating. Each vole was marked by
toe-clipping upon initial capture. At each capture the
number, trap location, sex, weight, and reproductive
condition (males: scrotal or nonscrotal; females: preg-
nant, lactating, open or closed vaginal opening) were
noted. All animals were released immediately at the
place of capture.

Demographic background. Population density of
the Mongolian voles was high (about 150 voles/ha in
the areas with preferred vegetation) in 2011 but very
low (less than 20–30 voles/ha in the areas of local
concentration) in 2013. We captured a total of 66 voles
in 2011 and 19 voles in 2013. The dynamics of the age
structure of population was similar in both years. Based
on the weight and pelage characteristics, two categories
of voles could be clearly identified in June: (i) fully-
grown adult, apparently overwintered animals (body
mass >27 g in females and >32 g in males at the
beginning of the study) and (ii) young of the year of the

first cohort apparently born in early May (body mass
<25 g, in most cases 12–19 g by the middle of June).
Juveniles of the second cohort born in early June ap-
peared in the end of June – beginning of July. Through
both 2011 and 2013 study periods, all overwintered
females and all young females of the first cohort were
reproductive, i.e. displayed vaginal perforation, signs
of pregnancy and/or lactation. Based on dynamics of
body masses and nipple conditions we were able to
determine the exact or approximate (±2 days) date of
deliveries for seven overwintered females and five fe-
males of the year in 2011 and for two females of the
year in 2013.

Among males, all overwinters were mature (scrotal)
while most of young of the year had abdominal testes
through the study periods.

Data analysis. For the purpose of this study we
analyzed the data on ranging and movements for four
age-sex vole categories: overwintered male and female,
male and female voles of the first cohort of the year. We
classified each vole as resident or non-resident. An
animal was classified as “resident” based on two crite-
ria: (i) the minimum number of captures of 6, and (ii)
the minimum duration of residence (= interval between
the first and the last captures) of 10 days (McGuire &
Getz, 1998).

We used several parameters to estimate the differ-
ences in space use between age-sex categories. Because
of limited sample sizes in 2013, only the data obtained
in 2011 were statistically analyzed. First, we calculated
proportions of resident individuals for each age-sex
category. We used a Fisher’s exact test of indepen-
dence to test whether in 2011 the proportion of resi-
dents depended on age-sex category. Second, we as-
sessed home range sizes for the resident voles of each
age-sex category. Because of the difference in habitat
configuration, different indexes of home range size
were used for the data obtained in 2011 and 2013. In
2011, we found home range length (hereinafter — HRL)
for each resident as maximum distance in meters be-
tween capture points (Gaines & Johnson, 1982; Puse-
nius & Viitala, 1995). The number of captures for each
HRL value varied from 6 to 35 (mean 17.5). To esti-
mate the effect of age-sex category on HRL, the one-
way ANCOVA with a number of captures as a covari-
ate was used. Post-hoc comparisons were performed
using unequal N HSD test. In 2013, trapping was per-
formed in a non-linear habitat. Home ranges were plot-
ted according to the Minimum Convex Polygon (MCP)
method using recapture data. Third, we calculated daily
movement distances (hereinafter — DMD) as the dis-
tances between trap locations visited no more than 24
hours apart. We used a Mann-Whitney test to estimate
the significance of pairwise differences between age-
sex categories in average and maximum DMD in 2011.
Only the data for the individuals with three or more
DMD values were included into this analysis. For each
resident vole, the number of male and female residents
and non-residents captured within its home range dur-
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ing its residence period was found. We report these
data as median and limits for each age-sex category,
and plot home ranges of resident voles for visualiza-
tion. In addition, we calculated the number of overwin-
tered (=reproductive) males known to overlap female
home range during the period encompassing the pre-
sumed day of delivery (followed by postpartum estrus
in all Microtus species, see Hasler, 1975) ± 1 day.

Laboratory study of parental behavior
Animals and housing. Voles used in these experi-

ments were first and second generation laboratory-reared
outbred animals derived from voles caught in Zabaykal-
sky Kray in 2011. Breeding pairs were housed in glass
aquaria (25 × 60 × 30 cm) half-filled with wood shav-
ings and provided with a wooden box for nesting.
Toilet paper served as nesting material. Carrot, apples
and oats were provided ad lib. In addition, small
amounts of fresh grass and sunflower seeds were pro-
vided. The voles were maintained on a 16/8-h light/
dark cycle (lights on at 7 AM) at an ambient tempera-
ture of 19–23°C.

Assessment of parental responsiveness in stan-
dard tests. We used the widely applied parent-litter
separation paradigm (Storey & Joice, 1995; Lonstein &
De Vries, 1999; Parker & Lee, 2001; de Jong et al.,
2009) to estimate and compare the parental responsive-
ness of M. mongolicus sires and dams in the absence of
their mates. We formed 15 breeding pairs using unrelat-
ed males and females at the age of 90–180 days which
had no parental experience. Animals were then left
undisturbed except to inspect females weekly until late
pregnancy. After that time, we inspected the nest every
other day for birth of pups. Males were not removed
from the nest after pup’s appearance. We determined
the pup’s exact age by the external signs (skin pigmen-
tation and auricle condition). Paternal responsiveness
was assessed through standard behavioral tests on day
3–5 after birth of the first litter (day 0 = day of birth). A
mother and a father were tested 1 hour apart with
different pups. Order of testing had no effect on paren-
tal responsiveness. All tests were conducted between 9
AM and 1 PM. Testing procedure is described in details
elsewhere (Smorkatcheva et al., 2010). Briefly, an adult
vole was moved from the home cage into a clean cage
for 30 minutes, after which time the subject was placed
into the testing aquarium. The testing aquarium was of
similar dimensions to the subject’s home cage (25 ×
60 × 30 cm). A clean wooden semi-open box (10 × 15 ×
7 cm) was put into a corner of the aquarium to provide
a shelter. After a 15-min habituation period, one pup
from the subject’s litter was put in the farthest corner of
the aquarium from where the male was sitting (usually
the corner with the box), and the parental behaviors
directed towards pups were continuously recorded for
the next 20 min.

Licking and being in tactile contact with pup (while
performing any activities or not) were collected by scan
sampling (Altmann, 1974) at 5-s intervals, providing

240 data points per testing period. For pup retrieval, the
number of occurrences per 20-min period was recorded
(all occurrence sampling, Altmann, 1974). We also
recorded latency (number of scans) in approaching the
pup. Subjects that did not approach the pup during the
20-min test were arbitrarily assigned a latency of 240
scans. All animals were returned back to the home cage
in the end of the test.

The percentages of mothers and fathers acting pa-
rentally (i.e. making any contact with a pup) and the
percentages of mothers and fathers licking pups were
compared with a Fisher’s Exact Probability test. The
significance of sex differences in latency in approach-
ing the pup, the number of pup retrievals and duration
of the remaining pup-oriented behaviors was estimated
with nonparametric Wilcoxon matched-pairs test.

Assessment of parental behavior in semi-natural
setting. In captive rodents housed in small cages, pater-
nal behavior may be an artifact resulting from space
limitation and forced living of males together with
nursing females and pups (Hartung & Dewsbury, 1979;
Xia & Millar, 1988; Schradin & Pillay, 2005). Thus, we
quantified the care-giving behavior of animals housing
in large pen where members of a pair had opportunity to
share nests or to use separate shelters. The observation
pen was a square enclosure of 9 m2 with a tile floor and
70-cm-high sides of aluminum sheets. Each pen con-
tained two metal cylindrical nest boxes (height = 50 cm,
diameter = 30 cm) with one side entry. The cameras
with infrared backlight were installed into the box roofs.
This arrangement allowed us to observe behavior with
minimal interference. Temperature, photoperiod and
diet remained unchanged, but the voles in the pens had
access to water.

Food as well as water was provided in dishes ad lib.
The floor of the pen was powdered by sand mixed with
small amounts of wood shavings. Multiple narrow strips
of dark polyethylene were stretched above the pen in
order to make uneven shading imitating to some extent
shading from vegetation in natural environment. No
nest material was provided in pens as elaborated nests
would obscure videotaping of parental-pups interac-
tions.

By the time when this experiment was carried out,
the number of breeding pairs was limited. We used 4
pairs which had previously reared a litter without being
observed. Members of a pair were moved into the pen
after the female had showed a drastic gain in weight and
embryos could be detected by abdominal palpation.
One member of a pair was marked by fur cutting to
easily distinguish male from the female.

Videotaping were performed on 1–2 and 5–6 days
after delivery (day 0 = day of birth) on the following
schedule: 2:00–2:40 AM, 5:00–5:40 AM, 8:00–8:40
AM, 11:00–11:40 AM, 2:00–2:40 PM, 5:00–5:40 PM,
8:00–8:40 PM, 11:00–11:40 PM, providing 32 obser-
vation sessions for each pair.

The following parameters were analyzed for both
the mother and the father: time spent in the brood nest;
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time spent in tactile contact with at least one pup; time
spent on licking pups; retrieving pups. Duration of each
behavior except retrieval was measured in seconds per
a 40-minute session. For pup retrieval, the number of
occurrences was recorded. Within each pair, we com-
pared the behavior of two parents using 32 observation
sessions as data points. Sex differences in nest-resi-
dence, tactile contact and grooming were estimated
with Wilcoxon matched-pairs tests. We used the Chi-
square test of goodness-of-fit to compare the total num-
ber of instances of retrieving by male and female voles.
Statistical significance in all cases was p < 0.05.

Results

Spacing in free-living Mongolian voles
Proportion of residents. In 2011, four of 10 over-

wintered males (40%), eight of 19 males of the year

(42%), eight of 11 overwintered females (72%) and 13
of 18 females of the year (72%) were classified as
residents. There was significant association between
age-sex category and the proportion of residents (χ2 =
8.65; df = 3; p = 0.034). The pairwise comparisons did
not reveal significant difference between sexes within
any age group or between ages within each sex. Howev-
er, when two age categories within each sex were pooled,
the difference between males and females was signifi-
cant (χ2 = 5.69; df = 1; p = 0.017).

In 2013, three of five overwintered males, none of
four males of the year, two of three overwintered fe-
males and the same number of females of the year were
classified as residents.

Home ranges sizes and daily movement distances.
In 2011, the number of recaptures did not influence
HRL of resident voles (F1, 28 = 0.857; p = 0.362), while
the effect of age-sex category was highly significant
(F3, 28 = 7.60; p = 0.001). HRL of overwintered males
were longer than those of overwintered females (p =
0.001), females of the year (p = 0.009) and males of the
year (p = 0.006) (Fig. 1). Adult males had significantly
higher average and maximum DMD than overwintered
females (average: Z = 2.31; p = 0.021; maximum: Z =
2.09; p = 0.037) and females of the year (average: Z =
2.04; p = 0.041; maximum: Z = 2.23; p = 0.026). All
other differences were insignificant (Fig. 2).

In 2013 the estimated home range sizes for three
overwintered males ranged from 773.2 m2 (n of cap-
tures=24) to 1402.9 m2 (n of captures = 15). Two
overwintered females had home range size of 125.3 m2

(n of captures = 9) and 199.9 m2 (n of captures = 15)
while these values in two females of the year were
250.0 m2 (n of captures=8) and 852.8 m2 (n of captures =
22). The average DMD determined for three adult resi-
dent males ranged from 13.9 m to 35.0 m, and the
maximum DMD — from 30.0 to 67.1 m. Two resident
overwintered females had average DMD of 10.7 m and
23.3 m, and the maximum DMD — 15.8 and 41.2 m.

Fig. 1. The mean (± SD) home range length measured as the
largest distance between capture points of a given resident
Mongolian vole in 2011. OM — overwintered males (n = 4);
YM — males of the year (n = 8); OF — overwintered females
(n = 8); YF — females of the year (n =13).

Fig. 2. The daily average (A) and maximum (B) movement distances of the Mongolian voles in 2011. Medians and first and
third quartiles are presented. Abbreviations for age-sex categories as in Fig. 1 (OM: n = 4; YM: n = 9; OF: n = 6; YF: n = 13).
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Fig. 3. Spatial organization of resident Mongolian voles as revealed by live-trapping: A) lengths of home ranges in 2011; B)
home ranges plotted as Minimum Convex Polygons in 2013. Overwintered male home ranges are depicted in solid black lines
without background, home ranges of males of the year — in solid black lines with oblique hatch; overwintered female home
ranges are depicted in dashed lines without background, home ranges of females of the year — in shaded background without
hatch. Identical letters indicate the members of the same supposed cluster of females.

Intrasexual and intersexual home range overlap.
In high-density population (2011) the residents of each
age-sex category displayed intrasexual and intersexual
overlapping (Fig. 3A, Tab. 2). The pattern of female
spatial distribution with overlapping of home ranges by
as much as 90–100% for some dyads suggests the
presence of clusters consisting of one-two overwin-
tered and several females of the year (cluster A: two
overwintered and at least two females of the year;
cluster B: at least two overwintered and at least five
females of the year; cluster C: two overwintered and at
least one female of the year; cluster D: at least one
overwintered and four females of the year, Fig. 3A).
Not only had reproductive (pregnant and/or lactating)
members of each cluster broadly overlapping home
ranges, they also frequently visited the same traps dur-
ing the same day, and were sometimes captured togeth-
er. Voles within most of these clusters were apparently

of the same ages, judging by their weights at the begin-
ning of the study (cluster A: 10.5–11.5 g; cluster B:
14.5–16.5 g; cluster C: 16.5–17 g, cluster D: 14.5–
17.5 g).

In 2011, one of four resident males occupied an
exclusive home range, 77% of which overlapped with
only one female group. Each of the remaining three
males displayed extensive intrasexual overlapping and
visited females from two or three different clusters
(Fig. 3A). Of 12 females known to give birth during the
study period five overlapped by two reproductive males
and one female was overlapped by three males just
before and/or after presumed postpartum estrous.

Despite the small number of trapped individuals,
the general pattern of spacing appears to be the same in
low-density population of 2013 (Fig. 3B). The home
ranges of three resident males broadly overlapped. Al-
though two resident overwintered females displayed
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only marginal overlapping, one of them was repeatedly
found in the traps visited during the same period by the
third overwintered female categorized as non-resident.
Two females of the year overlapped and were once
captured together and with an overwintered resident
female. It is worth noting that all five females captured
in 2013 were pregnant or lactating. Each of two deliver-
ing females was overlapped by two males during the
period around the birth.

Parental behavior in laboratory
Parental responsiveness in standard tests. Fathers

did not significantly differ from mothers by any mea-
sure of parental responsiveness. Eleven of 15 females
(73%) and 10 of 15 males (67%) made contact with
pups. Among these voles, 11 females and nine males
retrieved pups into shelter and did not transport them
anymore. Nine females (60%) and eight males (53%)
licked pups. Sex differences in time to approach pups,
duration of tactile contact with pups, and duration of
licking were nonsignificant (Tab. 3).

Parental behavior in semi-natural setting. The ob-
served pairs differed dramatically by the pattern of
nesting and the relative amounts of direct paternal care
(Tab. 4). Two pairs exhibited permanent nest cohabita-
tion. For these pairs, there were no differences between
fathers and mothers in nest-residence time or time spent
in tactile contact with pups, but mothers devoted signif-

icantly more time to licking pups than did fathers. Sex
difference in retrieving was statistically significant for
one of these pairs (Tab. 4). The male of the third pair
used both available shelters and spent significantly less
time in the natal nest than did his female. He also spent
less time in tactile contact with pups and devoted less
time to licking in comparison with the female (Tab. 4).
These three parental males spent in the natal nest 53.6–
80.5% of time, spent in tactile contact with pups 51.8–
80.1% of time, and licked pups 1.3–8.3% of time. The
fourth male spent most of the time in the shelter that did
not contain the natal nest (Tab. 4). He was observed at
the natal nest entry very infrequently. In only two cases
out of 14 did the female aggression prevent him from
getting into the nest. In other cases, the mother was
absent (four instances) or did not display aggressive
behavior (eight instances). This male approached pups
and sniffed them only once, and was not engaged in any
form of direct parental care.

Discussion

Spacing of free-living Mongolian voles
The first goal of this study was to characterize the

space use by male and female Mongolian voles in the
middle of the reproductive period. We conducted two
trapping sessions, both at the same population, during
the same period of summer, but under two contrast

Overlapper 

resident non-resident Age-sex category of focal 
overlapped animal (n) 

OM YM OF YF OM YM OF YF 

OM (4) 2 
(1–3) 

4 
(1–7) 

5 
(2–7) 

9 
(2–11) 

1.5 
(0–3) 

3 
(2–4) 

1 
(0–2) 

1.5 
(1–4) 

YM (8) 2 
(1–3) 

5 
(0–5) 

3 
(2–3) 

6 
(1–8) 

2 
(0–2) 

2 
(1–4) 

1 
(0–1) 

0 
(0–2) 

OF (8) 2 
(1–3) 

3 
(1–6) 

1.5 
(1–3) 

5 
(1–9) 

0.5 
(0–2) 

1.5 
(0–4) 

0.5 
(0–1) 

1 
(0–3) 

YF (13) 2 
(1–3) 

2 
(1–7) 

3 
(2–5) 

4 
(1–6) 

1 
(0–2) 

2 
(1–4) 

0 
(0–2) 

1 
(0–3) 

Table 2. The number of individuals (median and limits in parentheses) overlapping resident Mongolian vole
home ranges in 2011. OM — overwintered males; YM — males of the year; OF — overwintered females;

YF — females of the year.

Behavioral parameters Males Females Z-score, p 

Latency 143 (10–240) 111 (33–240) Z = 0.6; p = 0.55 

Tactile contact 14 (0–70) 42 (0–76) Z = 0.94; p = 0.35 

Licking pup 1 (0–3) 4 (0–8) Z = 0.28; p = 0.78 

Table 3. Latency to approach a pup and duration of two parental behaviors (number
of scans) exhibited by male and female Mongolian voles in tests. Medians with first

and third quartiles in parentheses.
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density conditions and at different habitat configura-
tions. Only the data obtained in 2011 were possible to
analyze statistically. Reproductive males had larger
daily movement distances, and occupied larger home
ranges in comparison with females and non-reproduc-
tive males. The larger proportion of resident individu-
als among females than among males suggests that
females exhibit stronger site tenacity. Thus, males ap-
pear to seek multiple females for mates. The patterns of
overlapping observed in 2011 and 2013 were similar.
Female home ranges were extensively overlapped by
several males, and each adult resident male visited
home ranges of several reproductive females. Male
home ranges also broadly overlapped. This set of home
range characteristics is considered to be indicative of
promiscuous mating system (Tab. 1).

The lack of male territoriality in the high density
population trapped in 2011 is rather unexpected, given
the distribution of reproductive females and taking into
account habitat linearity. In most studied arvicolines,
promiscuity and male non-defense reproductive strate-
gy are associated with and considered to be resulted
from female territoriality (Microtus breweri (Baird,
1857) — Zwicker, 1990; M. canicaudus Miller, 1897 —
Wolff et al., 1994; M. oeconomus (Pallas, 1976) —
Gliwicz, 1997; M. pennsylvanicus (Ord, 1815) — Madi-
son, 1980). However, the spatial relationships among

female Mongolian voles in 2011 suggest the presence
of clusters consisting of several reproductive individu-
als. The overlapping young females may be littermates
which became established as breeders within older fe-
male’s (mother’s?) home range. The formation of fe-
male kin aggregations at high densities, usually at the
end of reproductive period, is typical for many Micro-
tus species (Microtus agrestis (Linnaeus, 1761) —
Myllymaki, 1977; Agrell, 1994; M. arvalis — Boyce &
Boyce, 1988a, b; M. californicus (Peale, 1848) —
Ostfeld, 1986; Heske, 1987; M. oeconomus — Tast,
1966; Lambin et al., 1992). In some species, female
philopatry does not modify the distribution of female
breeders as daughters do not mature while living with
dams (Microtus montanus (Peale, 1848) — Jannett,
1978; M. pennsylvanicus — Madison, 1980; Ostfeld et
al., 1988). In those species that do not display repro-
ductive suppression of philopatric females, males seem
to exhibit the predicted response to clumped female
distribution: they became territorial (Microtus agrestis —
Myllymaki, 1977; Agrell, 1994; M. californicus —
Ostfeld, 1986; M. oeconomus — Tast, 1966; Lambin et
al., 1992; Gliwicz, 1997). Female aggregations visited
by multiple overlapping males has been reported for
Neotoma cinerea (Ord, 1815) (Topping & Millar, 1996)
and may be characteristic of M. arvalis (Boyce & Boyce,
1988a, b; Borkowska & Ratkiewicz, 2010; Smorkatche-

Pair number Behavior Nest residence Tactile contact Licking Retrieving 

male 2400 
(1520–2400) 

2227 
(1619–2400) 

175 
(86–290) 22 

female 2311 
(1471–2400) 

1903 
(1295–2361) 

244 
(135–411) 85 Pair 1 

Z-score, p Z = 0.01; 
p = 0.99 

Z = 1.07; 
p = 0.280 

Z = 2.21; 
p = 0.027 

χ2 = 35.9; 
p < 0.001 

male 1685 
(1148–2369) 

1651 
(1058–2350) 

167 
(62–251) 16 

female 1528 
(1061–2045) 

1512 
(1041–1991) 

350 
(242–418) 29 Pair 2 

Z-score, p Z = 0.73; 
p = 0.47 

Z = 0.53; 
p = 0.6 

Z = 3.49; 
p < 0.001 

χ2 = 3.2; 
p = 0.074 

male 2118 
(37–2400) 

2081 
(16–2400) 

12 
(0–38) 0 

female 2259 
(1355–2400) 

2251 
(1257–2400) 

150 
(76–255) 2 Pair 3 

Z-score, p Z = 2.31; 
p = 0.021 

Z = 2.28; 
p = 0.023 

Z = 4.35; 
p < 0.001 ns 

male 0 
(0–3) 0 0 0 

female 2260 
(1906–2400) 

2142 
(1696–2400) 

241 
(0–419) 27 Pair 4 

Z-score, p Z = 4.94; 
p < 0.001 

Z = 4.94; 
p < 0.001 

Z = 4.7; 
p < 0.001 

χ2 = 3.2; 
p < 0.001 

Table 4. Amounts of parental care (duration in sec per 40 min for nest residence, tactile contact and
licking pups; total number of cases for retrieving pups) exhibited by male and female Mongolian

voles in semi-natural conditions. Medians and first and third quartiles are presented.
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va, unpublished data), but generally this pattern of
spacing appears to be rather uncommon for rodents,
including arvicolines.

Other things being equal, the defensibility of a home
range should be higher in a linear than in a non-linear
habitat, because of lower number of neighbors and
shorter border lines between neighboring territories
(Fauske et al., 1997). In accordance with this proposi-
tion, male root voles living within a narrow fenced area
displayed totally exclusive home ranges (Fauske et al.,
1997). In our study, the strip inhabited by Mongolian
voles (5–15 m) was not fenced and was an order of
magnitude wider than a linear habitat in the study of
Fauske and co-workers (1.5 m). Probably, the decreas-
ing of border lines in our population was not sufficient
to make territory defense more feasible.

Rodent spacing and mating strategies are thought to
be connected with abundance, renewability and distri-
bution of food, and hence its defensibility by, and
spacing of, females (Ostfeld, 1985, 1990). Briefly, Os-
tfeld’s model predicts that in species feeding on fast-
growing, abundant, and evenly distributed herbs, fe-
males would not need to exhibit territoriality. The diet
of M. mongolicus is little known, though our prelimi-
nary observations suggest that the Mongolian voles
feed mainly on monocots (Bazhenov, 2011). If it is
true, then the overlapping between some overwintered
females as well as between reproductive females of the
year fits the Ostfeld’s predictions.

Paternal behavior under laboratory conditions
Rearing pups in covered nests or subterranean bur-

rows precludes observation and measurement of arvi-
coline parental behavior in nature. Several laboratory
methods are used for revealing species, sexual or other
differences in the level of parental care. Often there are
some discrepancies in the results obtained by different
ways, and the interpretation of the findings should de-
pend on the experimental conditions (Dewsbury, 1985;
McGuire & Bemis, 2007). Thus, the data obtained with
parent-litter separation paradigm and the results of un-
disturbed observation of animals in large enclosures
will be discussed separately.

Most male Mongolian voles living in small cages
with dams and pups of the first litters displayed pro-
nounced paternal behavior in standard tests. Moreover,
we did not found significant sex difference in any mea-
sure of parental responsiveness. A number of arvicoline
rodents exhibits paternal behavior under similar hous-
ing conditions. The list includes several monogamous
species (Microtus guentheri (Danford & Alston, 1880) —
Libhaber & Eilam, 2004; M. ochrogaster — Hartung &
Dewsbury, 1979; Solomon, 1993; M. socialis (Pallas,
1773) — Gromov, 2010), those living in communal/
cooperative family groups (Lasiopodomys brandti (Rad-
de, 1861) — Gromov, 2010; Lasiopodomys mandari-
nus (Milne-Edwards, 1871) — Smorkatcheva, 2003),
and a few promiscuous species that do not form pair
bonds (M. montanus — Hartung & Dewsbury, 1979;
M. pennsylvanicus — Hartung & Dewsbury, 1979;

Storey & Snow, 1987, Parker & Lee, 2001; Dicrost-
onyx richardsoni Merriam, 1900 — Shilton & Brooks,
1989). In common with M. mongolicus, most of these
species showed no sex difference in nest-attendance or
contact with pups, but fathers were usually reported to
spend less time than females licking pups. However,
this difference decreased, disappeared or even inverted
when the authors estimated the same behavior in the
absence of another parent using separation paradigm
(M. arvalis, M. socialis, L. brandti, L. mandarinus —
Smorkatcheva et al., 2011; M. ochrogaster — Lonstein
& De Vries, 1999; M. pennsylvanicus — Hartung &
Dewsbury, 1979). Proximately, sensory cues from pups
and dam may induce parental responsiveness in both
monogamous males and males of those species that do
not display paternal behavior in their natural environ-
ment (e.g., Elwood, 1985; Storey & Joyce, 1995; Terle-
ph et al., 2004). It should be though noted that the
pattern where fathers living with dams and pups in
small cages exhibit the level of parental responsive-
ness/direct care similar to that of mother does not hold
true for all voles. For example, in promiscuous Myodes
rutilus (Pallas, 1779) (Gromov, 2009) and Myodes
glareolus (Schreber, 1780) (Gromov & Osadchuk,
2013), the pronounced sex differences in parental re-
sponsiveness along with high individual variability of
pup-oriented behavior has been revealed even in small
cages. Strong sex differences in at least one measure of
direct parental care, licking pups, were found for steppe
lemmings (Eolagurus luteus (Eversmann, 1840) —
Smorkatcheva et al., 2011; Lagurus lagurus (Pallas,
1773) — Gromov, 2010; Smorkatcheva et al., 2011),
using both undisturbed observations in small home
cages and parent-litter separation paradigm. Although
the characteristics of mating system of steppe lemmings
are poor known, there are some evidences of pair-
bonding and living in family groups (Malkova et al.,
2004; Evsikov et al., 2006; Smorkatcheva et al., 2009).
Given together, these data hint that phylogeny rather
than mating system may affect the sex differences in
parental responsiveness (Smorkatcheva et al., 2011),
and that promiscuous voles of genus Microtus readily
exhibit paternal care, at least after the short period of
exposure to pups. The results of our study of M. mon-
golicus are consistent with this idea.

Our observations of breeding pairs housed under
standard conditions in large enclosures revealed strong
individual variation in the pattern of male-female as
well as father-young interactions. Our sample size was
too small to attempt to correlate these differences with
any specific factor (current or previous litter size, age
of parents, body mass, etc.). McGuire (1997: 839–849)
reported the similar variation in nest-attendance by
male red-backed voles, Myodes gapperi (Vigors, 1830),
and proposed the female behavior to determine whether
males spent time in nest and contacted with young. The
same may be true for M. mongolicus although accord-
ing to our observations, the “non-paternal” male did not
exhibit much interest to the pups independently on the
female presence and reaction. In the McGuire’s study,
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Myodes gapperi males did not display direct parental
care during their nest attendance. In contrast, those
male Mongolian voles which shared the nests with
dams and pups were intimately involved in raising the
offspring. Judging by the amount of time devoted to
tactile contact and licking pups, their contributions to
the parental care during the first week postpartum were
higher than the average male’s contributions in two mo-
nogamous voles (contact: M. ochrogaster — 30–35%,
M. pinetorum — 10–20%; grooming: M. ochrogaster —
1–4%, M. pinetorum — less than 2%; values for M.
ochrogaster and M. pinetorum are calculated from the
data presented in Fig. 1 in Oliveras & Nowak, 1986).

M. mongolicus is not the only promiscuous vole
which displays pronounced paternal care under semi-
natural conditions. Besides Myodes gapperi, three ap-
parently promiscuous species have been examined for
nesting pattern and parental behavior with similar meth-
ods. Among them, only the M. montanus males invari-
ably displayed separate nesting and no parental behav-
ior (McGuire & Nowak, 1986), while male collared
lemmings, Dicrostonyx richardsoni, provided a great
deal of parental care (Gajda & Brooks, 1993). Microtus
pennsylvanicus’ behavior dramatically varied depend-
ing on the population (McGuire & Nowak, 1984; Oliv-
eras & Nowak, 1986; Storey & Snow, 1987). While the
care-giving behavior exhibited by male rodents housed
in small cages may be artifacts of forced coexistence
with dams and pups, the same behavior observed in
semi-natural settings is thought to reflect the male’s
reproductive option occurring in field under particular
circumstances. In both collared lemming and meadow
vole, pair nesting and biparental care are supposed to
be associated with winter breeding. In cold environ-
ment, male-female cohabitation and paternal care should
be advantageous in terms of energy conservation: mates
might reduce their thermoregulatory costs by staying
together in the nest, and the male could keep the pups
warm whenever the female left the nest to feed (Storey
& Snow, 1987; Gajda & Brooks, 1992). To date, there
is no evidence of winter reproduction for M. mongoli-
cus, and our preliminary data suggest it to be unlikely
(Bazhenov, 2011). Alternatively, the enormous density
fluctuations creating dramatic variations in social envi-
ronment might result in the selection for behavioral
flexibility or coexistence of several behavioral pheno-
types. Under extremely low or high densities, male
deserting is unlikely to be rewarded by the encounter of
getting access to a new receptive female, and higher
paternal motivation might be favored. In our laboratory
experiments, the isolation of the focal breeding pairs
from other conspecifics might imitate the low-density
conditions and thus predispose males to care-giving
behavior.

The present work is the first one to examine the
spatial structure and parental strategy of the Mongolian
vole. Though limited in the sample sizes and duration
of the trapping period, our field study provides good
indication of the promiscuous mating system. It is im-
portant that the spacing pattern consistent with this type

of sexual relationships, in particular the tendency for
individual home ranges to overlap with multiple poten-
tial reproductive partners, was observed under different
habitat configuration and population density. Obvious-
ly, our proposition should be verified using genetic
analyses of paternity and reproductive success. Any-
way, we are confident that M. mongolicus is not a
monogamous species. The pattern of copulatory behav-
ior, specifically, high ejaculation frequency reported
for the Mongolian vole by Zorenko (2013: 541) pro-
vides some additional support for this conclusion.

Due to the limitations of the capture-mark-recapture
method we could not examine the nesting pattern of
free-living Mongolian voles. Based on our laboratory
data, sharing nests by males and reproductive females
appears to be quite possible for this species. Although
paternal care may not represent the predominant strate-
gy in free-living males, our observations demonstrate a
capacity of males to exhibit a very high parental re-
sponsiveness comparable to that of socially monoga-
mous species. Taken together, our results show that male
parental responsiveness and care-giving behavior do not
consistently vary with mating system across vole species,
and that monogamous mating system cannot be inferred
from observations of biparental care in captivity.
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