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Behavioral specialization among group members in the captive
mandarin vole, Lasiopodomys mandarinus (Rodentia, Arvicolidae)
Antonina V. Smorkatcheva & Ekaterina S. Smolnyakova
ABSTRACT. Group-living and cooperative breeding in the mandarin vole Lasiopodomys mandarinus were
proposed to be an adaptation (or preadaptation) to the fossorial mode of life (Smorkatcheva, 1999). This
hypothesis involved indirect benefits that gain offspring by helping their mother in tunnel construction among
the factors promoting cooperative breeding. Answer to the question which animals do provide the most
help? may allow us to understand whether helpers derive direct or indirect benefits from their action. In this
study we compared the contributions to nest-residence, digging, bringing objects, eating and the digging/
eating rates between different sex-age categories. We observed groups composed of pair of breeders, 1-9
weaned offspring and unweaned pups in artificial tunnel systems. Only daughters older 35 days participated
extensively (along with their fathers) in transport and burrow construction. Overall, the digging/eating rate
was greater in daughters than in mothers. This provides evidence that young females perform some excess
workload to be used up, potentially, by reproductive female. Sons, independently of their age, and daughters
under 35 days were engaged very little (lesser than other members of families) in burrow construction and
transport. Sons under 60 days, daughter older 60 days and fathers were the major baby-sitters. Sex differences
in degree of the most expensive activities are inconsistent with the kin-selection hypothesis, but can be
explained in the framework of delayed reciprocity or group augmentation hypothesis. Another (nonalternative) explanation of the revealed sex-bias is that burrow construction would be parental, not only
alloparental, investment for daughter should it attain a breeding position at natal territory.
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Ïîâåäåí÷åñêàÿ ñïåöèàëèçàöèÿ ñðåäè ÷ëåíîâ ñåìåéíûõ ãðóïï ó
êèòàéñêîé ïîëåâêè Lasiopodomys mandarinus
(Rodentia, Arvicolidae) ïðè ñîäåðæàíèè â íåâîëå
À.Â. Ñìîðêà÷åâà, Å.Ñ. Ñìîëüíÿêîâà
ÐÅÇÞÌÅ. Ãðóïïîâîé îáðàç æèçíè è êîîïåðàòèâíîå ðàçìíîæåíèå ó êèòàéñêîé ïîëåâêè ðàññìàòðèâàëèñü êàê àäàïòàöèÿ (èëè ïðåàäàïòàöèÿ) ê ïîäçåìíîìó îáðàçó æèçíè (Smorkatcheva, 1999). Ïî ýòîé
ãèïîòåçå, îäíèì èç ôàêòîðîâ, ñïîñîáñòâóþùèõ êîîïåðàòèâíîìó ðàçìíîæåíèþ, ÿâëÿåòñÿ íåïðÿìàÿ
âûãîäà, êîòîðóþ ïîòîìñòâî ïîëó÷àåò, ïîìîãàÿ ìàòåðè â íîðîñòðîåíèè. Èíôîðìàöèÿ î òîì, êòî
èìåííî è â êàêîì îáúåìå ïîìîãàåò, èíîãäà ïîçâîëÿåò îòäåëèòü ïðÿìóþ âûãîäó îò íåïðÿìîé. Â ýòîé
ðàáîòå ìû ñðàâíèâàëè çàòðàòû âðåìåíè íà íàõîæäåíèå â ãíåçäå ñ äåòåíûøàìè, êîïàíèå è åäó,
ñîîòíîøåíèå çàòðàò íà êîïàíèå è åäó (èíäåêñ D/E), à òàêæå ÷àñòîòó äîñòàâêè îáúåêòîâ â íîðó äëÿ
ðàçíûõ ïîëî-âîçðàñòíûõ êàòåãîðèé. Íàáëþäàëèñü ñëîæíûå ãðóïïû, ïîìåùåííûå â ñèñòåìó ñòåêëÿííûõ êîðèäîðîâ è êàìåð. Àêòèâíîå ó÷àñòâîâàëèâ íîðîñòðîåíèè è äîñòàâêå îáúåêòîâ òîëüêî äî÷åðè
ñòàðøå 35 äíåé è îòöû. Â öåëîì, èíäåêñ D/E áûë ó äî÷åðåé áûë âûøå, ÷åì ó ìàòåðåé. Ñëåäîâàòåëüíî,
ìîëîäûå ñàìêè ñîâðøàþò íåêîòîðóþ èçáûòî÷íóþ ðàáîòó, ðåçóëüòàòû êîòîðîé, ïîòåíöèàëüíî,
ìîãóò áûòü èñïîëüçîâàíû ðàçìíîæàþùèìèñÿ ñàìêàìè. Ñûíîâüÿ ëþáîãî âîçðàñòà è äî÷åðè ìîëîæå
36 äíåé î÷åíü ìàëî (ìåíüøå, ÷åì îñòàëüíûå ÷ëåíû ãðóïïû) ó÷àñòâîâàëè â íîðîñòðîåíèè è òðàíñïîðòå. Ñûíîâüÿ äî 60 äíåé, äî÷åðè ñòàðøå 60 äíåé è îòöû ïðîâîäèëè â ãíåçäå áîëüøå âðåìåíè, ÷åì
äðóãèå ÷ëåíû ãðóïïû. Ïîëîâûå ðàçëè÷èÿ â óðîâíå íàèáîëåå äîðîãèõ âèäîâ äåÿòåëüíîñòè ïðîòèâîðå÷àò ãèïîòåçå ðîäñòâåííîãî îòáîðà (kin-selection), íî ìîãóò áûòü îáúÿñíåíû â ðàìêàõ ãèïîòåçû
îòñðî÷åííîé ðåöèïðîêòíîñòè (delayed reciprocity or group augmentation). Äðóãîå (íå àëüòåðíàòèâíîå)
îáúÿñíåíèå íåðàâíîãî âêëàäà ïîëîâ â íîðîñòðîåíèå ñîñòîèò â òîì, ÷òî â ñëó÷àå ôèëîïàòðè÷åñêîãî
ðàçìíîæåíèÿ, âîçìîæíîãî ëèøü äëÿ ñàìîê, ýòîò âêëàä ÿâëÿåòñÿ ðîäèòåëüñêèì, à íå àëëîïàðåíòíûì.
ÊËÞ×ÅÂÛÅ ÑËÎÂÀ: Lasiopodomys mandarinus, ïîäçåìíûå ãðûçóíû, êîîïåðàòèâíîå ðàçìíîæåíèå,
ïîëîâûå ðàçëè÷èÿ â óðîâíå ïîìîùíè÷åñòâà.
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Introduction
The cooperative breeding has been documented for
at least 120 species of mammals (Krebs & Davies, 2000)
and 35 species of rodents (Solomon & Getz, 1997). A
number of hypotheses have been proposed to account
for the evolution of cooperative breeding and helping
behavior (Skutch, 1961; Hamilton, 1964; Gaston, 1978;
Ligon & Ligon, 1978; Jamieson, 1989). Cooperation
can evolve in several ways: by kin-selection, mutualism,
manipulation or reciprocity, but it is often very difficult
to distinguish between these possibilities (Krebs &
Davies, 2000; Clutton-Brock, 2002). Answer to the
question which animals do provide the most help?
may allow us to understand whether helpers derive
direct or indirect benefits from their action (Brotherton
et al., 2001). Meanwhile, almost no studies of cooperative rodents have quantified the contributions made by
different members of group.
Apparently, the best-studied examples of social rodents are bathyergid mole-rats in the genera Heterocephalus and Cryptomys. These curious subterranean
animals live in colonies composed of a reproductive pair
and a number of non-reproductive workers, which contribute to digging, searching for food, guarding or brooding young. Their most striking feature is a division of
labor between non-breeders (Jarvis, 1981; Bennett &
Jarvis, 1988; Bennett, 1989; Moolman et al., 1998). It
has been suggested that the difficulty of constructing
elaborative burrow system combined with reproductive
constraints phyloginetically determined in hystricognathous rodents was responsible for evolution towards
eusociality in these species (Burda, 1990; Burda et al.,
2000). Among sciurognathous subterranean rodents
cooperative breeding has been reported only in a few
members of subfamily Arvicolinae (Fitzgerald & Madison, 1983; Smorkatcheva et al., 1990; Power & Fried,
1992; Zorenko et al., 1994; Evdokimov, 2000; Lacey,
2000). Subterranean arvicolines might constitute a convenient model group for comparative investigations of
cooperative breeding and its relation to the fossorial
mode of life. However, to date the behaviors of helpers
have been quantified for the only species, Microtus
pinetorum (Powell & Fried, 1992).
The mandarin vole Lasiopodomys mandarinus leads
an almost completely subterranean existence and digs
extensive tunnel systems to forage for geophytes as well
as aerial parts of plants. It is a facultative cooperative
breeder. During the reproductive period, each burrow
system is occupied by a family groups, which consist of
one breeding male, one to five breeding females and
young of one to three generations, up to 22 as maximum.
Young typically remain at their natal territory at least up
to 4550 days and some of them even up to 70 days
(Smorkatcheva, 1999). Despite leading the fossorial
mode of life, the mandarin vole seems to have no marked
morphological adaptations for that. The female mandarin voles, which combine pregnancy with lactation and
have to obtain food by excavating soil, are likely ex-

posed to a strong energetic problem. Thus, we have
proposed the cooperative breeding system with the help
of male as well as older young to be supported as an
adaptation (possibly, preadaptation) to the fossorial
mode of life (Smorkatcheva, 1999). The performing of
most of energetically expensive works, i.e. burrow construction, by male and weaned young might result in
improving female physical condition, increasing her
productivity and/or longevity. Actually, the digging
time as well as frequency of bringing food or nest
material into the nest were found to be significantly
greater for males than for females (Smorkatcheva, 2003).
The preliminary observations showed that the older
young demonstrate all direct (brooding, grooming and
retrieving) and indirect (nest material and food providing and digging) parental behaviors (Zorenko et al.
1994; Smorkatcheva, 2002). However, their relative
investments in different activities were unknown. We
have predicted offspring to contribute more than reproductive females to digging (Smorkatcheva, 2003). More
specifically, the reproductive female should gain from
the offsprings labor only if helpers do not consume all
the food the group obtains due to their help. Ideally, this
hypothesis should be proved under field conditions by
estimation the balance between the resources furnished
and consumed for each animal. However, data from
captive colonies may provide some insights into these
problems: we can compare the eating / digging rate
between reproductive female and other members of
group.
The goal of this study was to compare the contributions of different sex and age categories of individuals to
the following behaviors: nest-residence, digging, bringing objects from the aboveground into the burrow, and
eating. We observed mandarin voles living as family
groups of 4 up to 11 individuals in the settings, which
imitated a tunnel system with several chambers and exits
leading to aboveground.

Material and Methods
Animals and housing
Animals used in these experiments were laboratoryreared descendants of stock originally captured in Buryatia (South Siberia) in 19902002. All animals were
maintained on 16L: 8D photoperiod (light on at 0700 h).
Carrots and oats were provided at lib. Additionally, oat
shoots, willow twigs and sunflower seeds were provided
in small amounts. The toilet paper served as nest material. Voles in the breeding colony were housed in glass
aquariums (25 by 50 by 30 cm) half-filled with wood
shavings.
A week before the beginning of observation, a study
group was placed in a setting which represented a system
of glass tunnels (40 x 450 x 50 mm) linking 3 chambers
(15 x 18 x 10). Chambers served as a nest and food
stores. One or two opening allowed animals to exit from
the tunnel system aboveground  into the glass arena
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Table 1. Age limits and reproductive characteristics of the age stages in male and female mandarin voles.
stage

age (days)

females

males

I

2335

Show vaginal estrus when exposed to a strange male.
Non-fertile

Non-fertile

II

3647

III

4860

Show vaginal estrus when exposed to a strange male.
Fertile

IV

>60

Some individuals show vaginal estrus spontaneously

(1400 x 390 x 300 mm) located above burrow system.
The floor of the aboveground compartment was covered by wood shavings. The food as well as nest material
was put at lib into the aboveground compartment. We
were able to observe voles everywhere except a nest
chamber, which usually was filled up by the nest material.
Immediately before introduction of a group into an
observation setting members of group were marked by
cutting the fur on different parts of body or/and by
cutting tails, thus providing a unique mark. Marks were
refreshed after each molt.

Behavioral observations
Each group was under study during 24 months,
throughout which time groups were typically observed
once a week for 100-min period between 9.00 and 12.00
p.m. The observer was able to record behavioral acts of
up to 5 animals during the same observation period.
Seven behaviors that had an appreciable duration
were categorized as state behaviors and were collected
by scan sampling (Altmann, 1974). Scan samples were
taken at 1-min intervals, providing 100 data-points for
each individual per an observation period.
For other seven behaviors that did not have appreciable duration (the event behaviors) a number of occurrences per 100-min period was recorded. These were
different types of interaction between individuals and
bringing objects (food or nest material) into the burrow
from the aboveground.
For the purpose of this work the data on only three
state behaviors (nest-residence, digging and eating) and
one event behavior (bringing objects) were used. Only
the data for families with unweaned pups (1-22 days)
were included. Overall, the behavioral data for 40 individuals from 7 family groups based on 39 observation
periods were included.

Data analysis
Non-reproductive individuals were divided into four
age groups to reflect the physiological changes during
sexual maturation both in males and females (Zorenkoet
al., 1994; Smorkatcheva, 2002) (Tab. 1), providing 8
sex-age  categories (daughters at stages IIV, sons at
stages IIV). Other two categories constituted mothers
and fathers.

Non-fertile
Non-fertile, but some males are able to induce vaginal
estrus in females. In nature, apparently some disperse
Fertile. In nature, apparently most disperse

Digging/eating index (D/E) was calculated for each
individual for each observation period by dividing the
number of scans spent in digging be the number of scans
spent in eating.
As most variables werent distributed normally, the
Mann-Whitney U test was used to assess the significance
of differences between age-sex categories. Statistical
significance was indicated in all cases by p<0.05.

Results
Nest residence
Fathers spent a significantly greater number of scans
than did mothers in the nest (Tab. 2; Fig. 1). For
offspring at stage I, there were no sex differences in the
number of scans spent in the nest. Their nest-residence
measures were similar to one of fathers and greater
(statistically significantly for daughters) than one of
mothers (Tab. 2). Nest-residence time slightly declined
in female offspring and, by contrary, slightly increased
from stage I to III sons (Fig. 1). As a result of this
tendency, daughters at stage III spent in nest significantly greater number of scans than did males at the same
stage (Fig. 1) and than did their fathers. Sons at stage III
spent in nest significantly greater number of scans, than
did their mothers (Tab. 2). In daughters at stage IV this
measure increased whereas in even-aged sons, on the
contrary, it decreased (Fig. 1). All age differences in
nest-residence were non-significant. Therefore, in the
oldest age category the direction of sex differences
alternated though their level was not significant. Daughters spent significantly greater number of scans in nest
than did their mothers (Tab. 2). Overall, sons spent a
greater number of scans than did their mothers in the nest
(Tab. 2). All other differences were not statistically
significant. Thus, among 10 sex-aged categories, fathers, sons at stages IIIII and daughters at stage IV
demonstrated the greatest contribution to nest-residence.

Digging
Fathers tended to spend the greater number of scans
engaged in digging than did mothers, though this difference did not attain the level of significance (Tab. 2).
Across all ages of offspring the number of scans spent in
digging was greater in females than in males (Fig. 2). Sex
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Table 2. Statistical behavioral comparisons between female
and male reproductive mandarin vole, between weaned offspring and their mother, and between weaned offspring and
their father.

Table 2 (continued).
behavior

class of animals
fathers

P
<0.001



I

0.007

0.302

II

0.254

0.003

III

0.200

0.018

IV

0.055

0.072

all stages

0.010

0.004

daughters at stage:
behavior

class of animals
fathers

P
0.009



daughters at stage:

Nest-residence

I

0.038

0.759

II

0.589

0.168

sons at stage:

III

0.935

0.036

I

0.006

0.574

IV

0.048

0.738

II

0.017

0.574

all stages

0.101

0.140

III

0.038

0.489

IV

0.009

0.895

Eating

sons at stage:
I

0.098

0.912

all stages

<0.001

0.864

II

0.072

0.975

fathers

<0.001



III

0.012

0.426

daughters at stage:

IV

0.503

0.354

I

0.948

0.016

all stages

0.016

0.835

II

0.131

0.070

fathers

0.082



III

0.030

0.305

IV

0.065

0.232

I

0.151

0.021

all stages

0.057

0.020

II

0.396

0.638

III

0.147

0.948

I

0.075

0.003

IV

0.311

0.723

II

0.458

0.008

all stages

0.558

0.238

III

0.597

0.006

IV

0.391

<0.001

I

0.003

<0.001

all stages

0.122

<0.001

II

0.109

0.016

III

0.062

0.012

IV

0.023

0.002

daughters at stage:

Digging

sons at stage:

all stages

<0.001

<0.001

fathers

0.011



I

0.334

0.108

II

0.080

0.520

daughters at stage:

Bringing
objects into
the burrow

III

0.602

0.134

IV

0.014

0.930

all stages

0.042

0.183

I

0.808

0.093

II

0.261

0.311

sons at stage:

III

0.138

0.008

IV

0.735

0.041

all stages

0.926

0.005

Digging:
eating rate

sons at stage:

differences were statistically significant for all age categories but the youngest ones. Independent of their age,
sons, on average, spent more scans in digging than did
their parents (Tab. 2); there were statistically significant
differences between males at stage IIV and fathers, and
between males at stage IIIII and mothers. When all age
categories were pooled, the differences between sons
and both parents were also significant (Tab. 1). There
were not significant differences in the number of scans
spent in digging between daughters (independently of
their age) and mothers (Tab. 2), though on average this
measure in daughters at stage III was twice as that in
mothers. The number of scans spent in digging was
significantly lesser in daughters at stage I than in fathers,
whereas no difference was evident between older daughters and fathers in this measure (Fig. 2; Tab. 2). When
data for all age stages were pooled, daughters did not
differ from neither father nor mother. Thus, fathers as
well as older (at stages IIIV) daughters seem to play the
major role in burrow construction and maintenance. The
contribution of sons to this activity was miserable.
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Figure 1. Nest residence (number of scans out of 100) by parents and offspring of different age/sex categories (*, significant
sex difference, p<0.05). Error bars represent 1 SE. The figures at the base of each bar are the numbers of observations.

Bringing objects to the burrow from the
aboveground
Among parents, fathers brought objects from the
surface to the burrow almost 4 times as often as mothers
did (the difference was highly significant, Tab. 2). For
sons, there were no differences in the frequency of
bringing between any two categories. Sons did not differ
from mothers by this measure at any age stage, nor when
data for all ages were pooled (Fig.3; Tab. 2). On average,
the frequency of bringing was much lower in sons at each
age stage than in fathers (Fig. 3), but only for sons at
stages IIIIV these differences were significant (Tab. 2).
Daughters at stages IIII did not differ significantly from
their parents, or from brothers (Fig.3; Tab. 2). Daughters
at stage IV brought objects more frequently than any other
categories of offspring, and much more frequently, than
mothers (Fig. 3; Tab. 2). Thus, both fathers and daughters
older 60 days contributed to food and nest material
transport more than other members of family groups.

Eating
Among parents as well as among offspring females
ate more than did males. Sex differences were signifi-

cant for parents and for offspring at stages II (Fig. 4).
The number of scans mothers spent in eating were
especially great, about 3 times as great as males of any
categories (all differences between mothers and males
were significant). For sons, there were no changes in this
measure with age (Fig. 4), and there were no differences
between any age categories of sons and fathers (Tab. 2).
In daughters, rate of eating slightly increased at stage II
and exhibited decline at stages IIIIV (age differences
were not significant) (Fig. 4). Daughters at each stage ate
lesser than did mothers, and these differences were
significant for all age categories of daughters, overall
(Tab. 1).

Digging/eating rate (D/E index)
D/E index was much greater in fathers than in mothers (Tab. 2). Offspring demonstrated the same direction
of sex difference (Fig. 5; Tab. 2) though it was significant only when all ages were pooled (Z=3.04; p=0.020).
Independent of the stage, sons had a lower D/E index
than their fathers had (the difference is significant for all
stage) and did not differ from their mothers in this
measure (Fig. 5; Tab. 2). In daughters at stage I D/E
index was significantly lesser than one in fathers, whereas at stages III and IV as well as in daughters overall it
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Figure 2. Contributions to digging (number of scans out of 100) by parents and offspring of different age/sex categories (*,
significant sex difference, p<0.05). Error bars represent 1 SE. The figures at the base of each bar are the numbers of observations.

Figure 3. Frequency of bringing objects into the burrow from aboveground (number of occurrences per 100-min period) by
parents and offspring of different age/sex categories (*, significant sex difference, p<0.05). Medians, interquartile ranges and
limits are shown. The figures above each bar are the numbers of observations.
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Figure 4. Eating (number of scans out of 100) by parents and offspring of different age/sex categories (*, significant sex
difference, p<0.05). Error bars represent 1 SE. The figures at the base of each bar are the numbers of observations.

Figure 5. Digging/eating indexes in parents and offspring of different age/sex categories (*, significant sex difference, p<0.05).
Medians, interquartile ranges and limits are shown. The figures above each bar are the numbers of observations.
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was greater than one in mothers (this difference reached
the level of significance only at stage III) (Fig. 5; Tab. 2).

Discussion
This study revealed that all individuals in the mandarin vole family participate in all analyzed activities.
However, there were strong quantitative differences
among group members in the contribution to these
behaviors.
In breeding groups fathers seem to play the major
role in the most expensive (in terms of energy or risk)
forms of labor, as burrow construction and maintenance
and transporting food and nest material. They also were,
along with young males, the primary baby-sitters. In
comparison with older daughters, which participate extensively in the maintenance activities too, fathers ate
lesser and consequently, their net contribution appears
to be greater.
In this study reproductive males spent significantly
more time in the nest than did reproductive females. In
our recent investigation of parental care in the adult
mandarin voles we could not find significant sex differences in nest-residence (Smorkatcheva, 2003). The earlier study differed in several respects: (i) voles were
observed in small cages; 2) pairs reared their first litter;
3) the observed families did not include individual other
than parents. Further research is needed to determine
which factors are responsible for this discrepancy. However, the relative amount of indirect parental care is
unlikely to depend of the same factors.
The relative investments of offspring to different
activities were influenced primarily by their sex and, to
some extent, by their age.
Young voles at stage I spent a lot of time in the nest.
They contributed little to digging as well as bringing
objects from aboveground. At this stage sexual differences were expressed slightly, but daughters tended to
dig more than sons, and spent almost as much time in
digging as their mothers did. Nevertheless, it unlikely
that offspring under 35 days do provide significant help
to mother by participating in tunnel construction as have
been suggested (Smorkatcheva, 1999, 2003). Though
weaned at about 2123 days, mandarin voles seem to be
very infantile, both physically and behaviorally, at least
up to 3035 days. In nature, offspring at this stage are
hardly able to survive independently, without older
individuals.
The degree of differences between sons and daughters in the amount of nest-residence, digging, eating and
bringing objects increased with the age. The directions
of sex differences in nest-residence were age-specific:
among offspring of 3660 days age males spent more
time in nest than females did, whereas after 60 days (by
which age both sexes attain reproductive maturity) the
reverse situation was observed. Daughters were engaged more than sons were in other behaviors, though
the degrees of these differences were age-dependent.
Overall, older daughters are likely to be the primary
participants in tunnel constructing and maintenance as

well as in bringing food and nest material. On average,
their contribution to work was greater than their mothers contribution, while the time they were engaged in
eating was much lesser than one in their mother. This
data provide evidence that phylopatric young females
perform some excess workload (with respect to their
own needs) to be used up, potentially, by reproductive
female. Unlike daughters, sons were revealed to play
rather passive role in burrow constructing and transport
of objects. Their participation in alloparental care seems
to be restricted by such inexpensive forms as brooding
and grooming.
Strong sex differences in the degree of maintenance
activities could not be explained in the framework of
indirect fitness benefits hypotheses (Hamilton, 1964),
because male and female offspring should have the same
level of relatedness to their younger sibs. These forms of
helping are unlikely be unselected by-product of innate
individuals parental response (Jemieson, 1989) or simply by-product of non-synchronous hormonal processes, accompanying sexual maturation, because they are
costly. The only hypotheses consistent with the revealed
sex bias in the level of labor performed, seems to be one
which involves benefits of delayed reciprocity or group
augmentation (Ligon & Ligon, 1978; Woolfenden &
Fitzpatric, 1978; Brotherton, 2001). This hypothesis
would predict that individuals that are most likely to
associate with the pups in the future should help most.
Actually, the field data provide evidence for the natal
dispersion of male mandarin voles to be obligate whereas some of daughters may reproduce staying at natal
territory (Smorkatcheva, 1999). The similar sex differences in the feeding pups, corresponding to the female
tendency to philopatry, have been found in brown hyaenas Hyaena brunnea (Owens & Owens, 1984) and
meerkats Suricata suricata (Brotherton et al., 2001). By
helping pups and their mother, female helpers potentially have more to gain by increasing the number of
potential future helpers.
Regarding tunnel construction, another ultimate explanation based on sex-biased dispersal may account for
a high rate of digging in daughters and laziness of sons.
Our field data indicate that burrows remain and are in use
for the long time (often for months), though they may
grow up and change their shape (Smorkatcheva et al.,
1990). The contribution of young individual to burrow
construction and maintenance would be its parental, not
alloparental investment should it attain a breeding position in this burrow. Apparently, only daughters, not
sons, have this chance. If this is true, then we can expect
the rate of digging in female offspring (unlike the rate of
digging in reproductive male) would not depend on the
presence of their mother as well as pups.
Unlike digging and bringing, helping behavior in the
form of baby-sitting does not seem to be promoted in the
mandarin vole by future benefits of delayed reciprocity
or group augmentation, because, overall, there werent
significant sex differences in the amount of nest-residence. Apart from this conclusion, our data do not refute
nor confirm any other explanation put forward to ac-
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count for helping behavior. From the literature data
(Wang, 1991, cited by Solomon & Getz, 1997; Gubernick & Laskin, 1994), it seems to be unlikely that
alloparental behavior in rodents may be a means of
gaining parental skills that are of great importance for
the survival of pups (Scutch, 1961; Lancaster, 1971).
Two general questions remain to be answered.
1) Whether baby-sitting (brooding, grooming or,
may be, guarding) performed by older offspring (and by
both parents, too) is associated with any costs? Apparently, this form of helping is not so expensive as digging
or bringing food. The time each member of family
spends in nest may simply correspond to its physiological need. It is possible that the observed age-related
changes in duration of nest residence are the results of
the hormonal shifts, accompanying sexual maturation
or/and (in male offspring) dispersal phase. The possible
way to verify this proposition in laboratory is to investigate the effect of social environment on the time each
member of group spends in nest. The design of such
experiments should allow us to distinguish between
socially coordinated behavior and cooperated behavior
(Clutton-Brock, 2002).
2) Whether older offspring gain indirect benefits
from their assistance in baby-sitting? Helpers may accrue their indirect fitness by freeing parental energy to
enable breeders to produce the next litter sooner (compensatory parental care) or by increasing the number or
quality of pups produced (supplemental parental care)
(Solomon & Getz, 1997). The results of several laboratory studies in voles provide some support for these
hypotheses. Both in pine voleMicrotus pinetorum (Fried,
1987, cited by Solomon & Getz, 1997) and in prairie
voles M. ochrogaster (Solomon, 1991) fathers appear to
benefit most (in terms of increased time outside the nest)
from the presence of alloparents. In M. pinetorum maintained in outdoor enclosures, families with three helpers
had shorter interlitter intervals than families with 0-2
helpers (Powell & Fried, 1992). Similarly, in prairie
voles the presence of alloparents resulted in more rapid
production of the subsequent litter (Solomon, 1991).
Neither presence of alloparents nor increased number of
alloparents affected litter size in both these species
(Solomon, 1991; Powell & Fried, 1992) as well as in
Mongolian gerbils Meriones unguiculatus (French,
1994). However, positive effect of alloparents on pup
growth has been found when prairie voles were housed
at environmentally challenging temperatures (Solomon,
1991). Whether the same is true for the mandarin voles,
remain to be revealed.
To summarize, this study provides the further evidence that males extensively participate in costly activities. This contribution may be of great importance for
female reproductive success, though this proposition is
difficult to prove. The second conclusion which arises
from our results, is their inconsistency with the hypothesis involving indirect benefits helpers gain by digging
as one of the factors supporting cooperative breeding in
the subterranean voles (Smorkatcheva, 1998, 2003).
Clearly, it is not the case in the mandarin vole. Thus, the
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cooperative breeding in this species seems to evolve via
individual selection for delayed dispersal, as it was
argued forMicrotus pinetorumby Powell & Fried (1992).
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