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Sociality in rodents means a family-group mode of life. Factors promoting pair-bonding and biparental 
care appear to be of crucial importance for evolution towards sociality. Social species differ from 
solitary ones because of a higher rate and lasting duration of tactile contact between mates (brooding 
and grooming) and direct care of young exhibited by both parents (especially brooding, huddling over 
and grooming pups). The results of my studies support the hypothesis that additional tactile 
stimulation of pups by parents, as well as limitation of such stimulation, can lead to substantial 
alteration of their subsequent behavior, especially parental one. Behavioral alteration caused by 
limitation of tactile stimulation was found to be expressed by weakening of pair-bonds and reduced 
paternal care. Tactile stimulation is considered a proximate mechanism promoting pair-bonding and a 
higher rate of paternal care. Paternal investment expressed by direct care of young seems to be an 
essential factor responsible for the evolution towards sociality in rodents. 
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INTRODUCTION 
 
The problems posed by the evolution of the diverse forms 
of animal sociality are among the most important and 
fascinating in evolutionary biology. Over the last several 
decades, numerous studies concerning the phenomenon 
of sociality in various mammal communities, including 
those of rodents, have been carried out. Traditional views 
of evolution of sociality focus on ecological factors such 
as predation risk and physical resources integrated into 
models of the causes and consequences of sociality 
(Crook, 1970; Alexander, 1974; Clutton-Brock, 1974; 
Hoogland and Sherman 1976; Hoogland, 1981; Carr and 
Macdonald 1986; Jarvis et al., 1994; Ebensperger, 1998; 
McGuire et al., 2002). Unfortunately, very little is known 
about proximate causation of sociality, especially in 
rodents.  

In the general sense, sociality means group-living, that 
in turn may be viewed as a life-history tactic increasing 
the fitness of group members (Armitage, 1981, 1999). 
The evolution of sociality requires that individuals both 
get together in groups and cooperate within them. Among 
rodents, the most social species like alpine marmots, 
beavers, musk-rats, naked mole-rats, some voles and 
gerbils, live in family groups. Hence, the high sociality, 
and even eusociality, in rodents could  be  considered  as 

family-group mode of life. Families in turn are defined by 
the continuing interaction of offspring with their parents 
(Emlen, 1994; Jarvis et al., 1994), so family groups 
usually are composed of close kin, and breeding within 
the groups is restricted mainly to one female and one 
male (monogamous families). However, there are some 
exceptions, for example, among musk-rats Ondatra 
zibethicus (Marinelli and Messier, 1995), prairie voles 
Microtus ochrogaster (Roberts et al., 1998), Brandt’s 
voles Lasiopodomys brandti (Gromov, 2003), Mongolian 
gerbils Meriones unguiculatus (Ågren et al., 1989; 
Gromov 2008), and some other rodent species with 
female-biased populations, where family groups include 
two or three reproducing females (polygynous families). 
Besides, there are polyandrous families with two or three 
males mating with one female like in the naked mole-rat 
Heterocephalus glaber (Jarvis et al., 1994).  

As a rule, families occur when grown offspring delay 
dispersal and continue to reside with parents. Emlen 
(1994) supposed that the critical step in understanding 
the evolution of the family is to understand the causes of 
such delayed dispersal. But it is also important to 
understand the main factors promoting pair-bonding 
because the first step to formation of a monogamous pair  
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or even an extended family group is long-term 
association between female and the male mate. Another 
major factor that also seems to be involved in evolution 
towards sociality in rodents is participation of males in 
care of their offspring (Gromov, 2011). Among rodents, 
sole maternal care is the most frequent pattern 
associated with promiscuity, while biparental care is 
associated, although not always, with monogamy 
(Kleiman, 1977; Wang and Insel, 1996). Biparental care 
is relatively uncommon (Kleiman, 1977; Kleiman and 
Malcolm, 1981), hence for males this is an unusual parti-
tioning of reproductive effort. The purpose of this paper is 
to show the role of parental care, especially biparental 
one, as a factor promoting pair-bonding and evolution 
towards family-group mode of life (that is, the highest 
category of sociality) in rodents belonging to Myomorpha 
(mice, hamsters, voles, gerbils, etc). Environmental 
factors and ultimate mechanisms promoting pair-bonding 
and a higher level of parental care are out of considera-
tion in this article, but proximate mechanisms underlying 
the inter-specific differences related to various aspects of 
social organization, seem also play an important role in 
evolution towards sociality, and thus deserve special 
attention.  
 
 
THE SPATIAL- AND- ETHOLOGICAL POPULATION 
STRUCTURE, PAIR-BONDING, AND PARENTAL 
CARE 
 
Rodents belonging to Myomorpha are known to have 
particular differences in their mating systems and the 
spatial-and-ethological population structure (SEPS).  
According to previously developed classification 
(Gromov, 2005a, 2008), SEPS could be divided into four 
main types. Type I means lack of social groups in solitary 
dwellers (except of temporary and unstable aggregations 
of males competing for receptive females during the 
reproductive season only) with promiscuous mating and 
consequently very weak pair bonds like, for example, in 
the Tamarisk gerbil Meriones tamariscinus (Gromov et 
al., 1996; Gromov, 2001) or the gray hamster Cricetulus 
migratorius (Vasilieva and Surov 1984; Gromov, 2008). 
Type II represents multi-male–multi-female breeding 
colonies existing due to overlapping home ranges and 
also characterizing of promiscuous mating, weak pair 
bonds and early offspring dispersal like in bank voles 
Clethrionomys spp. (Mihok, 1976, 1979; West 1977; 
Viitala, 1977; Kawata, 1985, 1988), the meadow vole 
Microtus pennsylvanicus (Madison, 1980a, b; Ostfeld et 
al., 1988) or the Midday gerbil Meriones meridianus 
(Popov et al. 1989). Type III is characteristic of species 
with relatively stable reproducing pairs or weakly 
consolidated family groups with early offspring dispersal 
like in the common vole Microtus arvalis (Boyce and 
Boyce III, 1988; Zorenko, 1994; Langsdale and Young, 
1999), the social vole M. socialis  (Kasatkin  et  al.,  1998;  

 
 
 
 
Shilova and Kasatkin, 2000), the Libyan gerbil Meriones 
libycus (Daly and Daly, 1975; Ågren, 1979; Gromov, 
1997) or the steppe lemming Lagurus lagurus (Gromov, 
2008). Type IV represents structural family groups with 
biparental care, strong pair bonds (behavioral 
monogamy), delayed offspring dispersal, and complica-
ted social organization related particularly to differen-
tiation of behavioral roles, hierarchy of subordination, 
suppression of reproduction in offspring, etc., like in the 
Mongolian gerbil M. unguiculatus (Ågren et al., 1989; 
Gromov, 2008), the mandarin vole Lasiopodomys 
mandarinus (Smorkatcheva, 1999) or the Brandt’s vole L. 
brandti (Zhang and Zhong, 1981; Fang and Sun, 1991; 
Wan et al., 1998; Zöphel, 1999; Gromov, 2008). These 
types of SEPS could be considered as four categories of 
sociality among rodents.  

Cross-species comparison (Gromov, 2008, 2011) 
showed that there is a pronounced tendency towards 
both reinforcement of pair bonds and increasing rate of 
direct parental care (brooding and grooming pups), 
especially paternal one, when solitary or gregarious 
species (Types I and II) are compared with those living in 
family groups (Types III and IV). In solitary dwellers (Type 
I), like many hamsters or some voles and gerbils, spacing 
behavior only operates among adult individuals that are 
usually intolerant of conspecifics of both sexes. Non-
aggressive interactions between males and females 
occur during relatively short mating periods only, and 
males usually do not contact with pregnant and lactating 
females (Gromov, 2008). A very high proportion (up to 
95%) of agonistic behaviors (attacks, chases, wrestling, 
offensive and defensive postures, avoidance) in dyadic 
encounters of opposite-sex individuals reflects the 
weakest pair-bonds in essentially solitary species. Cross-
species comparison of four Meriones gerbils with different 
types of SEPS (M. tamariscinus, M. meridianus, M. 
libycus, M. unguiculatus) revealed that this proportion 
declines when solitary (M. tamariscinus) or gregarious 
species (M. meridianus) are compared with those living in 
family groups (Gromov, 2008): maximum values (76 to 
95%) were found in M. tamariscinus (Type I) and 
minimum ones (9 to 11%) – in M. unguiculatus (Type IV) 
(Figure 1). In other words, a lower proportion of agonistic 
acts in male-female interactions could be used as a 
suitable predictor of pair-bonding.  

For estimation of the reinforcement of pair-bonding in 
rodents one can use some other behaviors, for example, 
nest cohabitation of parents rearing the young, and 
grooming of their mate. Cross-species comparison of 
seven cricetid rodents (C. migratorius, Clethrionomys 
rutilus, M. arvalis, M. socialis, Lagurus lagurus, L. brandti 
and M. unguiculatus) with different types of SEPS shows 
that time spent in the nest by both parents (Figure 2) as 
well as duration of grooming (licking) of the mate (Figure 
3) significantly correlated with the type of SEPS: for all 
three variables, Spearmen R > 0.546, t(N-2) > 5.408, p < 
0.001.   The   minimum  values  of  these  variables  were 
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Figure 1. Proportions (%) of overt aggressive, (1) ritualized agonistic (2) and peaceful interactions 
(4) as well as avoidance (3) in dyadic encounters of males and females of four Meriones species 
with different types (I-IV) of the spatial-and ethological population structure. The data are obtained 
due to visual observations of the animals in the natural habitats and the large outdoor enclosures 
(Gromov, 2008). 

 
 
 

 
 
Figure 2. Variation in time spent in the nest with the mate (mean duration in minutes 
per 1 h ± SE) among rodents with different types of the spatial-and-ethological 
population structure (I-IV). To carry out this comparative analysis, samples of species 
belonging to the same type of SEPS (that is, M. arvalis, L. lagurus and M. socialis, type 
III, as well as L. brandti and M. unguiculatus, type IV) were united. 

 
 
 
found in C.rutilus (Type II) and the maximum ones – in L. 
brandti and M. unguiculatus (Type IV). In other words, the 
weakest pair bonds are characteristic of C. migratorius 
(Type I) in which males nearly do not have contact with 
pregnant and lactating females. Males of species living in 
family groups (especially that ones belonging to Type IV 
like M. unguiculatus) display a higher rate of activity 
related to the female mate’s grooming than do males of 
C. rutilus (Type II). Besides, the breeding pairs of species 

living in family groups (Type III and Type IV) spend 
significantly longer time together in the nest than do 
males and females of C. rutilus (Type II). These inter-
specific differences reflect reinforcement of pair bonds in 
rodents living in family groups (Types III and IV) com-
pared to solitary (Type I) or gregarious ones (Type II).  

Perhaps, for such a cross-species comparison it would 
be better to use samples of closely related species of one 
systematic group, for instance voles of family  Arvicolinae  
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Figure 3. Variation in the mate grooming (mean duration in seconds per 1 h ± SE) 
exhibited by females (open bars) and males (closed bars) among rodents with 
different types of the spatial-and-ethological population structure (I-IV).  

 
 
 

 
 
Figure 4. Variations in total nest attendance (mean duration in minutes per 1 h ± 
SE) in females (open bars) and males (closed bars) among species with different 
types of the spatial-and ethological population Structure (I-IV).  

 
 
 
(for example, the montane vole, the meadow vole, the 
common vole, and the Brandt’s vole). Unfortunately, I do 
not have the baseline data for the first two species 
collected under uniform conditions, using uniform 
sampling methods, like for the last two ones. 

Direct parental care seems also to play an essential 
role in evolution towards sociality among rodents. Cross-
species comparison showed that such direct care-giving 
activities as nest attendance of both parents related to a 
higher rate of brooding pups (Figure 4), as well as pup 
grooming (Figure 5), especially the ones exhibited by 
males, were also expressed in a significantly larger 
extent in species with family-group mode of life (M. 
arvalis, M. socialis, L. lagurus, L. brandti, and M. 
unguiculatus, Types III and IV) compared with C. rutilus 
(Type II) or C. migratorius (Type I). This tendency is 
clearly supported by the correlation analysis that revealed 
a pronounced relationship between the types of SEPS 
and nest attendance in females (Spearmen R = 0.454, t(N-

2) = 4.232, p < 0.001) and males (Spearmen R = 0.624, 
t(N-2) = 6.636, p < 0.001). Besides, males of species with 
family-group mode of life (Types III and IV) were found to 
groom their pups much longer than do males of 
gregarious ones (Type II). This conclusion is also 
supported by the correlation analysis: Spearmen R = 
0.690, t(N-2) = 7.910, p < 0.001.  On the contrary, the 
relationship between the types of SEPS and pup 
grooming by females was revealed to be insignificant. 

The present findings show that there is an obvious 
relationship between the four aforementioned categories 
of sociality and both pair-bonding and parental respons-
iveness, especially that one related to the direct paternal 
care. In essentially solitary dwellers (Type I) like the gray 
hamster, males do not display care-giving activities. The 
same seems to be typical of many other representatives 
of subfamilies Cricetinae, for example, the golden ham-
ster Mesocricetus auratus (Rowell, 1961; Daly, 1972), 
and Microtinae,  for  example,  the montane vole Microtus 
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Figure 5. Variations in pup grooming (mean duration in seconds per 1 h ± SE) in females (open 
bars) and males (closed bars) among species with different types of the spatial-and ethological 
population structure (I-IV).  

 
 
 
vole Microtus montanus (McGuire and Novak, 1986). 
Primarily uniparental care is also characteristic of 
gregarious rodents (Type II) like C. rutilus (Gromov, 
2009a) as well as Peromyscus leucopus (Xia and Millar, 
1988), M. pennsylvanicus (McGuire and Novak, 1984; 
Oliveras and Novak, 1986) or C. gapperi (McGuire, 1997) 
in which males display parental responsiveness partially 
or occasionally only; besides, males of gregarious spe-
cies exhibit maximum variability of direct parental care 
(Hartung and Dewsbury, 1979; McGuire, 1997; Gromov, 
2009a, 2011). Among rodents living in family groups, 
there are species with relatively weak pair bonds and a 
medial level of paternal responsiveness (Type III) like M. 
arvalis and L. lagurus (Gromov, 2010, 2011) or, for exam-
ple, Peromyscus californicus (Gubernick and Alberts, 
1987). Species with structural family groups (Type IV), 
like L. brandti or M. unguiculatus (Gromov, 2005b, 
2009b), exhibit resistant pair bonds and a higher level of 
biparental care. The same seems to be characteristic of 
the prairie vole Microtus ochrogaster (McGuire and 
Novak, 1984; Oliveras and Novak, 1986; Solomon, 
1993), pine vole M. pinetorum (McGuire and Novak, 
1984; Oliveras and Novak, 1986) and mandarin vole L. 
mandarinus (Smorkatcheva, 2003).  

Thus, one can say about a continuum of pair-bonding 
and care-giving activities associated with the four main 
types of SEPS, that is, four categories of sociality. This 
continuum reflects progressive reinforcement of pair 
bonds and an increase of level of direct parental care, 
especially paternal one providing for a higher rate of 
tactile stimulation  of  pups  due  to  huddling  over  them,  

side-by-side contacts, brooding and grooming (licking). 
 
 
Behavioral and physiological effects of biparental 
care and tactile stimulation 
 
A study carried out by McGuire (1988) has shown that 
young of the meadow vole reared by prairie-vole parents 
received more parental contacts than pups fostered to 
meadow-vole parents. When tested in adulthood, cross-
fostered females spent more time in the nest and exhi-
bited more brooding and grooming pup than in-fostered 
females, cross-fostered males often entered the natal 
nest and engaged in more pup contact behavior than in-
fostered males, in that number brooding and grooming 
pups. In terms of sociality, experimental groups of the 
meadow vole, in which males exhibited paternal care, 
could be regarded as more social ones.  

In my recent study (Gromov, 2009b) young males of 
the Mongolian gerbil reared in incomplete family groups 
(without sires) exhibited a lower rate of subsequent 
parental responsiveness related to nest attendance and 
hence a lower rate of brooding pups as well as grooming 
pups; besides, these males groomed their female mates 
significantly less frequently than the males of the control 
group. In terms of sociality, the experimental groups of 
the Mongolian gerbil, in which both males and females 
exhibited a lower rate of pair-bonding and parental 
behaviors, could be considered as less social ones. 

The results of both studies suggest that pair-bonding 
and development of  parental  behavior,  especially  paternal  
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one, are subjects to influence by characteristics of the 
early environment, or, in other words, is very important 
for acquiring patterns of paternal care. It is evident that 
young males can ‘inherit’ to an extent the stereotype of 
parental behavior of their sires: if the adult male exhibits 
increased parental care, the ‘careful father’ behavioral 
stereotype is in a manner fixed in young males, and vice 
versa (McGuire, 1988; Roberts et al., 1998). In my 
experiments with Mongolian gerbils (Gromov, 2009b), a 
quite expected effect was obtained: young males that had 
no contact with their sires, after reaching sexual maturity, 
cared for their own pups to a lesser degree than “normal” 
males that grew in families with both parents. Similar 
transformation of parental behavior that occurs not only in 
males but in females also can fix and intensify within 
generations. This phenomenon undoubtedly has an 
epigenetic nature: variations in parental behavior related 
to different levels of tactile stimulation of offspring appear 
to serve as a mechanism for the nongenomic transmis-
sion of individual differences in parental responsiveness 
across generations. 

Tactile stimulation is known to be an important 
influence in ontogeny of rodents (Russell, 1971; 
Vandenbergh, 1967). Licking young, which are 
considered as part of grooming (McGuire and Novak, 
1984, 1986; Solomon, 1993), facilitates blood circulation 
of infants and in turn supports thermoregulation and 
activates the infants (Eilam and Smotherman, 1998). 
Besides, physical contact may affect parent-infant bon-
ding and subsequent social interactions (Gubernick and 
Alberts, 1987). Although pup grooming decreased during 
postnatal development, it did not disappear entirely at 
weaning in species with the family-group mode of life 
(Gromov, 2005b, 2007, 2009b), when the aforementioned 
functions were no longer required. Therefore, pup 
grooming probably plays an additional, social role, in 
maintaining the bond between parents and their offspring. 
The direct parental care of males is mainly related to 
brooding and licking pups that provide additional tactile 
stimulation of infants.  

The role of tactile stimulation in the formation of compli-
cated social organization of rodents has almost not been 
studied. However, the data concerning neurobiological 
basis of parental care indicate the critical importance of 
tactile stimulation for understanding inter-specific 
differences in parental behavior and pair bonds. In 
particular, numerous thermoregulatory behaviors that are 
typical of some gregarious species during the non-
breeding season and especially of species living in family 
groups suggest that huddling by the male with his mate 
and young may be an important factor in the evolution of 
social monogamy (Rathbun and Rathbun, 2006).  

Recent research showed that female offspring or 
adopted, cross-fostered pups that had early experiences 
with mothers who licked and brooded a lot showed higher 
levels of licking as adults as compared to females raised 
with mothers who licked and crouched less  (Francis  and  

 
 
 
 
Meaney, 1999; Francis et al., 1999). This research 
additionally highlights the role of tactile stimulation as a 
major factor contributing to normal development of phy-
siological, behavioral and neuroendocrine responses in 
the rat neonate and perhaps neonates of other rodents.  

Another recent study assessed the effects of complete 
maternal deprivation and the ‘replacement’ of maternal 
behaviors by the addition of simulated maternal-licking 
(with a soft paint brush) on the development of adult 
maternal behaviors (Gonzalez et al., 2001). The results of 
this study indicate that, how infants were reared can 
affected both later maternal and emotional behavior. In 
comparison to mother-reared females, artificially reared 
animals showed fewer frequencies and shorter durations 
of a number of maternal responses towards their pups 
after they gave birth in adulthood, artificially reared 
animals showed reduced levels of retrieving, licking, and 
crouching over pups; besides, they spent less time in the 
nest. But artificially reared neonates that were provided 
with additional tactile stimulation that mimicked the 
effects of mothers' licking have shown patterns of 
behavior more similar to mother-reared females. Hence, 
additional licking-like stimulation was able to ameliorate 
the effects produced by maternal deprivation.  

Other recent cross-fostering studies using populations 
of female laboratory rats that naturally vary in their 
maternal behavior indicated that the maternal behavior of 
adopted offspring is highly correlated with that of adoptive 
mothers (Francis et al., 1999) although the adopted 
mothers did not gestate the offspring and had no genetic 
relationship to them. The mechanism through which this 
early experience affects the animal's later maternal 
behavior is not known yet. However, there are a number 
of potential mechanisms. Maternally deprived animals do 
not receive the same olfactory and somatosensory 
stimulation that is necessary for normal development of 
responses to social cues later on. Under normal 
circumstances, the young learns about mother’s odors 
and that learning along with tactile stimulation can 
influence later behavior. This early experience of 
olfactory-somatosensory associations is encoded by the 
brain and produces long-lasting changes in brain. In par-
ticular, formation of the association between licking and 
maternal odor produces changes in the olfactory bulbs, 
altering their neurochemical and structural properties 
(Wilson and Sullivan, 1994; Najbauer and Leon, 1995), 
and depends on the activation of the noradrenergic sys-
tem that originates in the midbrain locus coereleus and 
terminates in the olfactory bulbs (Wilson and Sullivan, 
1994). Besides, additional environmental manipulations 
during the preweaning period, including somatosensory 
stimulation, produce changes in cortex, hippocampus, 
and other limbic areas, and considerably affect the 
development of the hypothalamic-pituitary-adrenal axis 
(Cramer, 1988; Pascual and Figueroa, 1996; Rosenzweig 
and Bennett, 1996; Liu et al., 1997; Post et al., 1998). 
Early   deprivation  from  the  mother  seems  to  alter  the  



 
 
 
 
development of the medial preoptic system or its afferent 
(amygdala, bed nucleus of stria terminalis) or efferent 
(midbrain tegmentum) connections (Numan, 1994). Or, 
more likely, that it alters the development of receptor 
systems and related neurotransmitter systems that reside 
in the maternal circuit such as oxytocin and dopamine 
(Noonan et al., 1994; Numan, 1994; Bridges, 1996; Insel, 
1997; Nelson and Panksepp, 1998; Panksepp et al., 
1994; Stern and Keer, 1999; Keer and Stern, 1999; 
Numan et al., 2006).  

Maternal deprivation, which effects negatively on the 
hypothalamic-pituitary-adrenal axis, is also known to pro-
duce pups that have enhanced corticosterone response 
to various stressors, increased c-Fos expression in the 
paraventricular nucleus, altered metabolism, down 
regulation of mineralocorticoid and glucocorticoid mRNA 
receptors in the hippocampus, and serum growth 
decreases. However, by reinstating critical components 
of the dams' nurturing behavior some of the negative 
physiological responses due to maternal deprivation can 
be reversed (Suchecki et al., 1993; Vasquez et al., 1996; 
Kuhn and Schanberg, 1998; Van Oers et al., 1998).  

Thus, maternal behavior is critical, not only because 
the mother provides nutrients, warmth, and protection to 
the altricial pups, ensuring that the pups can survive past 
weaning, but it also serves to provide the offspring with 
experiences that promote their behavioral development 
and the appropriate expression of their maternal behavior 
when they grow up. The current evidences suggest that 
tactile stimulation that effects on the development of 
receptor systems and related neurotransmitter systems 
such as oxytocin, dopamine, and vasopressin, also 
contributes to regulation of different aspects of pair-
bonding (Numan and Insel, 2003). These neuropeptides 
and dopamine are known to be released by the activation 
of somatosensory afferents in response to social contact 
and grooming. For example, experimental studies carried 
out primarily on the prairie vole show that mating induces 
dopamine release, and released dopamine acts in a 
region- and receptor-specific manner to regulate pair-
bonding behavior (Liu and Wang 2003). Arginine vaso-
pressin increases the time spent grooming, contacting, 
and brooding pups, and vasopressin gene expression 
increases in both males and females of the prairie vole 
postpartum (Wang et al., 2000). Besides, central oxytocin 
manipulation also alters partner preference formation in 
both male and female prairie voles (Cho et al., 1999). In 
addition, a specific role for the ventral tegmental area, the 
bed nucleus of the stria terminalis, the lateral septum, 
and the medial nucleus of the amygdala in partner 
preference formation is confirmed (Wang and Aragona, 
2004; Curtis and Wang, 2005). The results of these 
studies suggest that tactile stimulation might be expected 
to have specific physiological effects in the infant with 
predictable outcomes on development of their parental 
responsiveness as well as pair-bonding behavior.  

Moreover, these effects might be expected in the infants 
of both sexes. 
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Additional tactile stimulation and evolution towards 
sociality in rodents 
 
Studies carried out on a number of species with a family-
group mode of life (Elwood, 1975, 1983; McGuire and 
Novak, 1984; Solomon, 1993; Clark et al., 1997; 
Smorkatcheva, 2003; Gromov, 2005b, 2007, 2009b, 
2010) indicate that infants reared by two parents receive 
additional tactile stimulation from males, whereas the 
offspring nourished by female only in essentially solitary 
rodents is devoid of such extra stimulation. Bearing in 
mind the results of the experiments on artificial rearing 
and cross-fostering of infants (McGuire, 1988; Roberts et 
al., 1998; Gonzalez et al., 2001), as well as the ex-
periments with Mongolian gerbils (Gromov, 2009b), one 
may conclude that participation of males in rearing their 
offspring is the important factor of subsequent develop-
ment in individuals of the same sex of the ‘careful father’ 
behavioral stereotype that is so typical of many rodent 
species with a family-group mode of life. Moreover, 
additional tactile stimulation of infants promotes reinforce-
ment of social bonds and peaceful relationships in family 
groups. Although experimental studies indicate the 
special role of grooming (licking) pups in formation of 
their subsequent parental behavior, the tactile stimulation 
of pups with the participation of the male provides the 
combined effect of grooming and brooding. 

I think that the role of supplementary tactile stimulation 
in evolution towards sociality among small rodents could 
be clearer if compare with paternal responsiveness, for 
example, social vole or the Mongolian gerbil with that of 
social marmots. Current knowledge suggests that, for in-
stance, the Olympic marmot (Marmota olympus) is highly 
social, living in extended family groups usually composed 
of one adult male, two females and their offspring 
(Barash, 1973, 1974; Armitage, 1981, 1999). Group 
members live in a common home range and always 
hibernate together in one hibernaculum. The Olympic 
marmot is referred to as highly tolerant concerning 
interactions between members of the family group, but 
pregnant and lactating females are known to occupy 
separate nest burrows and aggressively respond to 
approach of the adult male to the burrow until weaning of 
the young. Thus, in spite of the family-group mode of life, 
sole maternal care is rather typical of the Olympic 
marmot, and males do not exhibit direct paternal care like 
huddling over or grooming young before weaning as it is 
characteristic of many social mice, voles and gerbils. 
Primarily aggressive interactions of pregnant and 
lactating females with the male mate in family groups of 
the Olympic marmot suggest relatively weak pair bonds 
in this species as well.  

The difference in paternal responsiveness and pair-
bonding in the Olympic marmot and some voles or gerbils 
living in family groups is in accordance with my 
hypothesis of the fundamental role of the supplementary 
tactile stimulation in evolution towards sociality among 
rodents. Infants of the Olympic marmot do not  receive  extra 
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stimulation from their fathers that is necessary for 
adequate transformations in the neurobiological basis of 
parental responsiveness and social bonds. 
Consequently, weak pair bonds and lack of direct 
paternal care (that is, brooding and grooming infants) are 
typical of the species. Nevertheless, the Olympic marmot 
as many other representatives of the genus Marmota, for 
example, M. marmota, M. sibirica and M. bobac, live in 
family groups (Barash, 1976; Suntsov, 1981; Arnold, 
1990; Rymalov, 1994). But, in contrast to many social 
mice, voles and gerbils, marmots are relatively large 
rodents. It is hypothesized that prolonged toleration of off-
spring is a means of preventing dispersal of undersized 
young (Barash, 1974) or continued parental investment 
(Armitage, 1981, 1987). For example, Olympic marmots 
achieve less than 25% of their adult weight during the 
year of birth, and the young of this species need to 
remain in the family with their mothers. As yearlings, 
Olympic marmots are still only 30% mature and, accor-
dingly, they remain closely associated with their mothers 
until they are 2 years old. At this point, having achieved 
70% of adult weight, the Olympic marmots finally 
disperse and bear their first litter following (their third) 
year (Barash, 1974). Similar peculiarities of offspring 
development are characteristic of the alpine marmot, 
after emerging from hibernation, yearlings averaged 
about 40% and 2 year-olds about 80% of adult mass 
(Arnold, 1990a). The large body mass and some other 
factors (for example, short active season, long develop-
mental time, benefits from the subordinates’ presence for 
rearing young, fitness effect of social hibernation) seem 
to establish the main basis for the evolution of sociality in 
marmots (Barash, 1974; Arnold, 1990a, b; Armitage, 
1999). This basis, however, does not include such a 
proximate mechanism as biparental care providing the 
additional tactile stimulation of infants, and this appears 
to be true for other large rodents whose males do not 
exhibit the direct paternal care.  
 
 
Conclusion 
 
Field and experimental studies suggest that evolution 
towards sociality in rodents is under control of various 
ultimate and proximate mechanisms and factors. I hypo-
thesize that in small rodents, like many representatives of 
Myomorpha, biparental care and additional tactile 
stimulation of pups by means of brooding and grooming, 
play an essential role in evolution of sociality that in turn 
could be imagined as transition to family-group mode of 
life, or in other words a progressive evolutionary transfor-
mation of SEPS of Type I into Type IV. The significance 
of such a proximate mechanism in the evolution of 
sociality of rodents is underestimated so far.  

I would like to emphasize that evolution of family-group 
mode of life do not means evolution of monogamy, but 
evolution of various types of families – monogamous, 
polygamous or extended ones, because formation of  any  

 
 
 
 
of them starts from a reproducing pair. Ultimate factors 
that promote pair-bonding and biparental care – a special 
topic that deserves separate consideration (not in this 
article). I do not consider the effect of paternal care on 
the general fitness and survival of offspring as well, be-
cause this is also a special topic. Moreover, experimental 
studies on different rodent species provide conflicting 
information concerning the effect of presence of the sires 
on the development and survival of the offspring. For 
example, male parental investment has been found to 
increase pup survival in P. californicus (Gubernick et al., 
1993; Cantoni and Brown, 1997; Gubernick and Teferi, 
2000) or M. unguiculatus (Gerling and Yahr, 1979), and 
to accelerate pup development in M. ochrogaster (Wang 
and Novak, 1992, 1994) and M. pennsylvanicus (Storey 
and Snow, 1987) but no effect was revealed in some 
other species or under different environmental conditions 
(Elwood and Broom, 1978; Priestnall and Young, 1978; 
Wuensch, 1985; Shilton and Brooks, 1989). 

Considering the phenomenon under study, I would like 
to note that there is no definite, ‘standard’ level of 
sociality that would be characteristic of any rodent 
species. Experimental studies show that a relatively high 
level of intra-specific variability is typical of the pair-bond 
and parental behaviors (McGuire, 1997; Gromov, 2007, 
2009a). It means that within populations of any grega-
rious or polygamous as well as so-called monogamous 
rodent species there are breeding pairs or family groups 
that could be regarded as more social and less social 
(Roberts et al., 1998). These intra-specific differences in 
social attachment between members of particular 
breeding units, as well as in their parental responsive-
ness, according to my hypothesis, could be explained by 
the influence of the early environment, or, in other word, 
by the degree of participation of males in care of their 
offspring. Ultimate causation of the family-group mode of 
life is out of consideration in this article, but I can assume 
the ecological circumstances whereby family groups 
could evolve are evidently the ones promoting co-
operation in foraging, territory defense or communal care 
of offspring, so that individuals living in family groups will 
have higher fitness than those living as solitary dwellers. 
Direct paternal care by means of tactile stimulation of 
young is one of the factors (mechanisms) promoting 
formation of long-lasting pair bonds as well as develop-
ment of paternal behaviors in offspring. This 
phenomenon has an epigenetic nature and could be 
considered as ‘stimulation of similar to the similar’. 
 
 
ACKNOWLEDGEMENT 
 
This work was supported by the Russian Foundation for 
Basic Research (grants # 07-04-00142, # 11-04-00162). 
 
 
REFERENCES 
 
Ågren G (1979). Field observations  of  social  behaviour  in  a  Saharan  



 
 
 
 

gerbil, Meriones libycus. Mammology, 43: 135-146. 
Ågren G, Zhou Q, Zhong W (1989). Ecology and social behaviour of 

Mongolian gerbils, Meriones unguiculatus, at Xilinhot, Inner Mongolia, 
China. Anim. Behav., 37: 11-27.  

Alexander RD (1974). The evolution of social behavior. Ann. Rev. Ecol. 
Syst., 5: 325-383.  

Armitage KB (1981). Sociality as a life-history tactic of ground squirrels. 
Oecologia, 48: 36-49.  

Armitage KB (1987). Social dynamics of mammals: reproductive 
success, kinship and individual fitness. Tr. Ecol. Evol., 2: 279-283.  

Armitage KB 1999. Evolution of sociality in marmots. J. Mamm., 80: 1-
10.  

Arnold W (1990a). The evolution of marmot sociality: I. Why disperse 
late? Behav. Ecol. Sociobiol., 27: 229-237.  

Arnold W (1990b). The evolution of marmot sociality: II. Costs and 
benefits of joint hibernation. Behav. Ecol. Sociobiol. 27: 239-246.  

Barash DP (1973). The social biology of the Olympic marmot (Marmota 
olympus). Anim. Behav. Monogr. 6: 171-245.  

Barash DP (1974). The evolution of marmot societies: A general theory. 
Science, 185: 415-420.  

Barash DP (1976). Social behavior and individual differences in free-
living alpine marmots (Marmota marmota). Anim. Behav. 24: 27-35.  

Boyce CCK, Boyce III JL (1988). Population biology of Microtus arvalis. 
J. Anim. Ecol., 57: 711-754. 

Bridges R S (1996). Biochemical basis of parental behavior in the rat. 
Adv. Study Behav.. 25: 215–242. 

Cantoni D, Brown R E (1997). Paternal investment and reproductive 
success in the California mouse, Peromyscus californicus. Anim. 
Behav., 53: 377-386.  

Carr GM, Macdonald DW (1986). The sociality of solitary foragers: a 
model based on resource dispersion. Anim. Behav. 34: 1540-1549.  

Cho MM, De Vries AC, Williams JR, Carter CS (1999). The effects of 
oxytocin and vasopressin on partner preferences in male and female 
prairie voles (Microtus ochrogaster). Behav. Neurosci., 113: 1071–
1079. 

Clark M, Desous D, Vonk J, Galef BG (1997). Parenting and potency: 
alternative routes to reproductive success in male Mongolian gerbils. 
Anim. Behav., 54: 635–642.  

Clutton-Brock T (1974). Why do animals live in groups? New Sci. 11: 
72-74. 

Cramer CP (1988). Experience during suckling increases weight and 
volume of rat hippocamps. Brain Res., 470: 151–155.  

Crook JH (1970). Social organization and the environment: Aspects of 
contemporary social ethology. Anim. Behav., 18: 197-209.  

Curtis JT, Wang Z (2005). Ventral tegmental area involvement in pair 
bonding in male prairie voles. Physiol. Behav., 86: 338-346.  

Daly M (1972). The maternal behaviour cycle in golden hamsters 
(Mesocricetus auratus). Z. Tierpsychology, 31: 289-299. 

Daly M, Daly S (1975). Socio-ecology of Saharan gerbils, especially 
Meriones libycus. Mammology, 39: 298-311. 

Ebensperger LA (1998). Sociality in rodents: The New World fossorial 
hystricognaths as study model. Rev. Chil. Hist. Nat., 71: 65-77.  

Eilam D, Smotherman WP (1998). How the neonatal rat gets to the 
nipple: Common motor modules and their involvement in the 
expression of early motor behavior. Dev. Psychobiol., 32: 57–66.  

Elwood RW (1975). Paternal and maternal behaviour in the Mongolian 
gerbil. Anim. Behav. 23: 766-772.  

Elwood RW (1979). Maternal and paternal behaviour of the Mongolian 
gerbil: A correlation study. Behav. Neural Biol., 25: 555-562.  

Elwood RW (1983). Paternal care in rodents. In: Paternal Behaviour of 
Rodents (Ed. by R.W. Elwood), Chichester: Wiley and Sons Ltd. pp. 
235-257. 

Elwood RW, Broom DM (1978). The influence of litter size and parental 
behaviour on the development of Mongolian gerbil pups. Anim. 
Behav., 26: 438-454. 

Emlen ST (1994). Benefits, constraints and the evolution of the family. 
Tr. Ecol. Evol., 9: 282-284.  

Fang J, Sun R (1991). Seasonal dynamics of the spatial patterns of 
Brandt’s voles. Acta. Ecol. Sinica, 11: 111-116. 

Francis D, Meaney MJ (1999). Maternal care and the development of 
stress responses. Curr. Opin. Neurobiol., 9: 128-134. 

Francis D, Diorio J, Liu D, Meany MJ (1999). Nongenomic  transmission 

Gromov     41 
 
 
 
across generations of maternal behavior and stress responses in the 

rat. Sci., 286: 1155–1158.  
Gerling S, Yahr P (1979). Effect of the male parent on pup survival in 

Mongolian gerbils. Anim. Behav., 27: 310-311. 
Gonzalez A, Lovic V, Ward GR, Wainwright PE, Fleming AS (2001). 

Intergenerational effects of complete maternal deprivation and 
replacement stimulation on maternal behaviour and emotionality in 
female rats. Dev. Psychobiol., 38: 11–32.  

Gromov VS (1997). [Spatial relationships and social structure in gerbils 
of genus Meriones]. Zhurn. Obshch. Biol., 58: 35-54 (in Russian). 

Gromov VS (2001). Environmental heterogeneity and spatial structure 
of gerbil colonies (Rodentia, Gerbillinae). Entomol. Rev., 81 (suppl.): 
161-166. 

Gromov VS (2003). [Territorial structure and social organization in 
Brandt vole (Lasiopodomys brandti) under semi-natural conditions]. 
Zool. Zh., [in Russian with English summary]. 82: 852-861. 

Gromov VS (2005a). [Types of the spatial-and-ethological population 
structure in rodents]. Zool. Zh., [in Russian with English summary]. 
84: 1003-1014. 

Gromov VS (2005b). Parental care in captive Brandt vole 
(Lasiopodomys brandti). Russ. J. Theriol., 4 (2): 137-145. 

Gromov VS (2007). [Parental care in captive social vole (Microtus 
socialis)]. Zool. Zh., [in Russian with English summary]. 86: 1389-
1397. 

Gromov VS (2008). [The spatial-and-ethological population structure in 
rodents]. Moscow: KMK Press. p.592. 

Gromov VS (2009a). Parental care in captive red-backed vole 
(Clethrionomys rutilus). Cont. Prob. Ecol. 2(3): 11-18.  

Gromov VS (2009b). Interactions of partners in family pairs, care of the 
offspring, and the role of tactile stimulation in formation of parental 
behaviour of the Mongolian gerbil (Meriones unguiculatus) under 
laboratory conditions. Biol. Bull., 36 (5): 479-488.  

Gromov VS (2010). Interactions in family pairs and parental care in 
captive steppe lemming (Lagurus lagurus). Cont. Prob. Ecol. 3(1): 
133-139.  

Gromov VS (2011). Pair-bonding and parental care in cricetid rodents: 
A comparative study. Acta. Theriol., 56: 23-33.  

Gromov VS, Tchabovsky AV, Paramonov DV, Pavlov AN, (1996). 
[Seasonal dynamics of demographic and spatial structures of a 
population of the Tamarisk gerbil (Meriones tamariscinus) in the 
Kalmykia semi-desert]. Zool. Zhurn., [in Russian with English 
summary]. 75: 413-428 

Gromov VS, Surov AV, Ryurikov GB (2006). Maternal care in captive 
grey hamster Cricetulus migratorius (Rodentia, Cricetidae). Russ. J. 
Theriol., 5(2): 73-77. 

Gubernick DJ, Alberts JR (1987). The biparental care system of the 
California mouse, Peromyscus californicus. J. Comp. Psychol., 101: 
169-177.  

Gubernick DJ, Teferi T (2000). Adaptive significance of male parental 
care in monogamous mammal. Proc. Royal Soc. Lond. B. Biol. Sci., 
267: 147-150.  

Gubernick DJ, Wright S L, Brown RE (1993). The significance of 
father’s presence for offspring survival in the monogamous California 
mouse, Peromyscus californicus. Anim. Behav., 46: 539-546.  

Hartung TG, Dewsbury DA (1979). Paternal behavior of six species of 
muroid rodents. Behav. Neural Biol., 26: 446-478.  

Hoogland JL (1981). The evolution of coloniality in white-tailed and 
black-tailed prairie dogs (Sciuridae: Cynomys leucurus and C. 
ludovicianus). Ecology, 62: 252-272.  

Hoogland JL, Sherman PW (1976). Advantages and disadvantages of 
bank swallow (Riparia riparia) coloniality. Ecol. Monogr. 46: 33-58.  

Hutchison JB, Steimer T (1984). Androgen metabolism in the brain: 
Behavioral correlates. Progr. Brain Res., 61: 23–51.  

Insel TR (1990). Oxytocin and maternal behaviour. In: Mammalian 
parenting (Ed. by N.A. Drasnegor and R.S. Bridges), New York: 
Oxford University Press. pp. 260–280. 

Insel T (1997). A neurobiological basis of social attachment. Am. J. 
Psychiatr., 154: 726–735.  

Jarvis JUM, O'Riain MJ, Bennett NC, Sherman PW (1994). Mammalian 
eusociality: a family affair. Tr. Ecol. Evol., 9: 47-51.  

Kasatkin MV, Isaev SI, Savinetskaya LE (1998). [Some features of 
ecology of the social vole (Microtus socialis) in Kalmykia desert at  



42        J. Evol. Biol. Res. 
 
 
 

high density of the population]. Zool. Zhurn. [in Russian with English 
summary]. 77: 582-592 

Kawata M (1985). Mating system and reproductive success in  a  spring 
population of the red-backed vole, Clethrionomys rufocanus 
bedfordiae. Oikos. 45: 181-190.  

Kawata M (1988). Mating success, spatial organization, and male 
characteristics in experimental field populations of the red-backed 
vole C. rufocanus bedfordiae. J. Anim. Ecol., 57: 217-235.  

Keer SE, Stern JM (1999). Dopamine receptor blockade in the nucleus 
accumbens inhibits maternal retrieval and licking, but enhances 
nursing behavior in lactating rats. Physiol. Behav., 67: 659-669. 

Kleiman DG (1977). Monogamy in mammals. Q. Rev. Biol., 52: 39-69.  
Kleiman DG, Malcolm JR (1981). The evolution of male parental 

investment in mammals. In: Parental Care in Mammals (Ed. by 
D.Gubernick and P. Klopfer), New York: Plenum Press. pp. 347-387. 

Kuhn CM, Schanberg SM (1998). Responses to maternal separation: 
Mechanisms and mediators. Int. J. Dev. Neurosci., 16: 261-270. 

Langsdale A, Young V (1999). Social organisation and territoriality in 
the Orkney vole (Microtus arvalis orcadensis). Proc. 3rd European 
Congress of Mammalogy, Finland. p.171. 

Liu Y, Wang ZX (2003). Nucleus accumbens oxytocin and dopamine 
interact to regulate pair bond formation in female prairie voles. 
Neurosci. 121: 537-544.  

Liu D, Diorio J, Tannenbaum B. et al. 1997. Maternal care, hippocampal 
glucocorticoid receptors, and hypothalamic-pituitary-adrenal 
responses to stress. Science, 277: 1659–1662.  

Madison DM (1980a). Space use and social structure in meadow voles, 
Microtus pennsylvanicus. Behav. Ecol. Sociobiol. 7: 65-71.  

Madison DM (1980b). An integrated view of the social biology of 
Microtus pennsylvanicus. Biologist, 62: 20-33. 

McGuire B (1988). Effects of cross-fostering on parental behaviour of 
meadow voles (Microtus pennsylvanicus). J. Mamm., 69: 332-341.  

McGuire B (1997). Influence of father and pregnancy on maternal care 
in red-backed voles. J. Mamm., 78: 839-849.  

McGuire B, Novak M (1984). A comparison of maternal behaviour in the 
meadow vole (Mictotus pennsylvanicus), prairie vole (M. ochrogaster) 
and pine vole (M. pinetorum). Anim. Behav., 32: 1132-1141.  

McGuire B, Novak M (1986). Parental care and its relation to social 
organization in the montane vole. J. Mamm., 67: 305-311.  

McGuire B, Getz LL, Oli MK (2002). Fitness consequences of sociality 
in prairie voles, Microtus ochrogaster: influence of group size and 
composition. Anim. Behav., 64: 645-654.  

Marinelli L, Messier F (1995). Parental care strategies among muskrats 
in a female-biased population. Can. J. Zool., 73: 1503-1510.  

Mihok S (1976). Behaviour of subarctic red-backed voles 
(Clethrionomys gapperi athabascae). Can. J. Zool. 54: 1932-1945.  

Mihok S (1979). Behavioral structure and demography of subarctic 
Clethrionomys gapperi and Peromyscus maniculatus. Can. J. Zool., 
57: 1520-1535. 

Najbauer J, Leon M (1995).Olfactory experience modulates apotoptosis 
in the developing olfactory bulb. Brain Res., 674: 245-251. 

Nelson E, Panksepp J (1998). Brain substrates of infant-mother 
attachment: contributions of opioids, oxytocin and norephinephrin. 
Neurosci. Biobehav. Rev., 22: 437–452.  

Noonan LR, Caldwell JD, Li L, Walker CH, Pedersen CA, Mason GA 
(1994). Neonatal stress transiently alters the development of 
hippocampal oxytocin receptors. Dev. Brain. Res., 80: 115-120. 

Numan M (1994). Maternal Behavior. In: The Physiology of 
Reproduction (Ed. by E. Knobil and J.D. Neill),. New York: Raven 
Press. pp. 221–302. 

Numan M, Insel T (2003). The Neurobiology of Parental Behavior. New 
York: Springer. p.418. 

Numan M, Fleming AS, Levy F (2006). Maternal Behavior. In: Knobil 
and Neill's Physiology of Reproduction (Third Edition). pp: 1921-
1993.  

Oliveras D, Novak M (1986). A comparison of paternal behavior in the 
meadow vole, Microtus pennsylvanicus, the pine vole, Microtus 
pinetorum, and prairie vole, Microtus ochrogaster. Anim. Behav., 34: 
519-526. 

Ostfeld RS, Pugh SR, Seamon JO, Tamarin RH (1988). Space use and 
reproductive success in a population of meadow voles. J. Anim. 
Ecol., 57: 385-394. 

 
 
 
 
Panksepp J, Nelson E, Siviy S (1994). Brain opiods and mother-infant 

social motivation. Acta Paeditr., 397: 40-46. 
Pascual R, Figueroa H (1996). Effects of preweaning sensorimotor 

stimulation on behavioral and neuronal development in motor and 
visual cortex of the rat. Biol. Neonate, 69: 399-404. 

Popov SV, Tchabovsky AV, Shilova SA, Shchipanov NA (1989). 
[Mechanisms of formation of the spatial-and-ethological population 
structure in the Midday gerbil. In: Fauna and ecology of rodents]. 
Issue 17. pp. 5-57. Moscow: Nauka Press (in Russian).  

Post RM, Weiss SRB, Li H, Smith MA, Zhang LX, Xing G, Osuch EA, 
McCann UD (1998). Neural plasticity and emotional memory. Dev. 
Psychopathol., 10: 829–855.  

Priestnall R, Young S (1978). An observational study of caretaking 
behavior of male and female mice housed together. Dev. Psychobiol., 
11: 23-30. 

Rathbun GB, Rathbun CD (2006). Social monogamy in the noki or 
dassie-rat (Petromus typicus) in Namibia. Mammal. Biol., (Z. 
Saugetierk.) 71: 203-213. 

Roberts RL, Williams JR, Wang AK, Carter CS (1998). Cooperative 
breeding and monogamy in prairie voles: Influence of the sire and 
geographic variation. Anim. Behav., 55: 1131-1140.  

Rosenzweig MR, Bennet EL (1996). Psychobiology of plasticity: Effects 
of training and experience on brain and behavior. Behav. Brain Res., 
78: 57–65.  

Rowell TE (1961). Maternal behaviour in non-lactating golden hamsters. 
Anim. Behav., 9: 11-15.  

Russell PA (1971). ‘Infantile stimulation’ in rodents: A consideration of 
possible mechanisms. Psychol. Bull., 75: 192-202.  

Rymalov IV (1994). On social structure and behavior of steppe marmots 
during breeding period. In: Actual Problems of Marmots Investigation 
(Ed. by V.Yu. Rumiantsev), Moscow: ABF Publishing House. pp. 225-
235. 

 Shilolva SA, Kasatkin MV (2000). A comparative analysis of the 
population structure of the social vole (Microtus socialis Pall., 1773, 
Cricetidae, Rodentia) in different parts if its area. Ekologia, 4: 287-
294 (in Russian). 

Shilton CM, Brooks RJ (1989). Paternal care in captive collared 
lemmings (Dicrostonyx richardsoni) and its effect on development of 
the offspring. Can. J. Zool., 67: 2740-2744. 

Smorkatcheva AV (1999). The social organization of the mandarin vole, 
Lasiopodomys mandarinus, during the reproductive period. Z. 
Säugetierk, 64: 344-355. 

Smorkatcheva AV (2003). Parental care in the captive mandarin vole, 
Lasiopodomys mandarinus. Can. J. Zool., 81: 1339-1345.  

Solomon NG (1993). Comparison of parental behaviour in male and 
female prairie voles (Microtus ochrogacter). Can. J. Zool., 71: 434-
437.  

Stern JM, Keer SE (1999). Maternal motivation of lactating rats is 
disrupted by low dosages of haloperidol. Behav. Brain Res., 99: 231-
239. 

Storey AE, Snow DT (1987). Male identity and enclosure size effect 
paternal attendance of meadow voles, Microtus pennsylvanicus. 
Anim. Behav., 35: 411-419. 

Suchecki D, Rosenfeld P, Levine S (1993). Maternal regulation of the 
hypothalamic-pituitary-adrenal axis in the infant rat: The roles of 
feeding and stroking. Dev. Brain Res., 75: 185-192. 

Suntsov VV (1981). [The territorial structure of the population, and inter-
specific relationships in the Siberian marmot (Marmota sibirica) in the 
Tuva region]. Zool. Zh., [in Russian with English summary]. 60: 1394-
1405. 

van Oers HJJ, de Kloet ER, Whelan T, Levine S. (1998). Maternal 
deprivation effect on the infant's neural stress markers is reversed by 
tactile stimulation and feeding but not by suppressing corticosterone. 
J. Neurosci. 18: 10171-10179. 

Vandenbergh JG (1967). Effects of the presence of a male on the 
sexual maturation of female mice. Endocrinology 81: 345-349.  

Vasilieva NY, Surov AV (1984). [The spatial population structure and 
behaviour of the gray hamster in the TransBaikal Gobi desert. In: 
Ecology and communication of mammals and birds]. Moscow: Nauka 
Publ. [In Russian]. pp. 113-120. 

Vasquez DM, Von Dours H, Levine S, Akil H. (1996). Regulation of the 
glucocorticoid and mineralo-corticoid receptor mRNA in the  



 
 
 
 

hippocampus of the maternally deprived infant rat. Brain Res., 131: 
79-90. 

Viitala J (1977). Social organization in cyclic subarctic populations of the 
voles Clethrionomys rufocanus (Sund.) and Microtus agrestis (L.). 
Ann. Zool. Fennici. 14: 53-93. 

Wan X, Wang M, Zhong W, Wang G (1998). The social structure and 
mating system of the Brandt vole (Microtus brandti). Intern. Conf. on 
Rodent Biology and Management. Oct. 5-9, 1998. Beijing, China. P. 
89. 

Wang ZX, Aragona BJ (2004). Neurochemical regulation of pair bonding 
in male prairie voles. Physiol. Behav., 83: 319-328. 

Wang ZX, Insel TR (1996). Parental behavior in voles. Adv. Stud. 
Behav., 25: 361-384.  

Wang ZX, Novak MA (1992). Influence of the social environment on 
parental behavior and pup development of meadow voles (Microtus 
pennsylvanicus) and prairie voles (Microtus ochrogaster). J. Comp. 
Psychol., 106: 163-171. 
Wang ZX, Novak MA (1994). Alloparental care and the influence of 
father presence on juvenile prairie voles, Microtus ochrogaster. Anim.  
Behav. 47: 282-288. 

Wang ZX, Liu Y, Young LJ, Insel TR (2000). Hypothalamic vasopressin 
gene expression increases in both males and females postpartum in 
a biparental rodent. J. Neuroendocrinol. 12: 111–120.  

 
 
 
 
 
 
 
 
 
 
 

Gromov     43 
 
 
 
West SD (1977). Midwinter aggregation in the northern red-backed vole, 

Clethrionomys rutilus. Can. J. Zool., 55: 1404-1409. 
Wilson SC (1982). Contact-promoting behavior, social development, 

and relationship with parents in sibling juvenile degus (Octodon 
degus). Dev. Psychobiol., 15: 257-268.  

Wilson DA, Sullivan RM (1994). Neurobiology of associative learning in 
the neonate: Early olfactory learning. Behav. Neural Biol., 61: 1-18. 

Wuensch KL (1985). Effects of early paternal presence upon nonhuman 
offsprings’ development. Am. Zool., 25: 911-923. 

Xia X, Millar JS (1988). Paternal behavior by Peromyscus leucopus in 
enclosures. Can. J. Zool., 66: 1184–1187.  

Zhang J, Zhong W (1981). On the colonial structure of Brandt’s vole in 
burrow units. Acta. Theriol. Sinica, 1: 51-56.  

Zöphel U (1999). Social organization of the vole Microtus brandti 
inhabiting steppes of Central Asia. Proc. 3rd Europ. Cong. of 
Mammology, Finland, p.242. 

Zorenko TA (1994). [Ethology. In: The common vole: sibling species 
Microtus arvalis Pallas, 1779 and M. rossiaemeridionalis Ognev, 
1924.] Moscow: Nauka Publ. [In Russian]. pp. 289-297. 

 
 
 
 
 
 
 
 

 
 
 
 
 

  
 
 
 
 

 


