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B Annotation:

Reproductive behaviour and aspects of group dynamics in the genus Acomys were
studied in the respect to the individuals’ physical condition, life history traits and
social environment. Three of the presented studies reveal the important effect of
social environment on the behaviour of group members to the new-coming male and
reproductive behaviour of females (sex ratio of the pups and litter size). The other
two studies investigate the costs associated with group living and cooperative
breeding in Sinai spiny mice and the factors influencing alloparental behaviour.
Results of this Ph.D. thesis reveal several aspects of social and reproductive
behaviour of group-living mammals and contribute to the understanding of the

formation and maintenance of the societies in general.
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Introduction

1. Group dynamics

Many animal species form some sort of social units, from vast aggregations
through mid-sized colonies to smaller familial cooperative groups.
Aggregations and colonies consist mostly of unfamiliar and unrelated
individuals, gathering predominantly seasonally or for short time on breeding
sites, at clumped food resources or during migrations. Familial groups, to the
contrary, are more permanent and consist mostly of animals with genetic
relationships and dominance hierarchy. Formation of the breeding colonies
was recently explained through so-called by-product approach: colonies form
as a by-product of individual choice of territory and/or a mate (Wagner et al.,
2000). To the contrary, according to the traditional or functional approach,
groups form due to certain purpose: e.g. better protection against predators
(see below), during migration or due to some ecological constraints.

Proximate factor leading to the formation of family groups in mammals is
most often natal philopatry (Solomon, 2003; Ebensperger & Hayes, 2008).
Philopatric individuals are sexually maturated offspring that delay or cease
dispersal from the natal group, creating than extended families. Natal
philopatry occurs in various species of mammals and in variety of social
organizations (Woodroffe et al., 1995; Koprowski, 1996; Archie et al., 2006;
Lutermann et al., 2006; Tsai & Mann, 2012). Apart from philopatry, group
dynamics is affected by processes such as dispersal of single individuals or
cohorts. Emigration of several individuals may lead to the complete or partial
break-up of the maternal group and separated cohort may then create a
daughter group (e.g., Waterman, 2002). Single individuals who decide to
leave search for suitable breeding site (territory) and/or breeding opportunity.
In the nature, we can sometimes observe unsettled natal dispersers, described
as wanderers (e.g., Getz et al., 1993). Those individuals wander through an
area, visiting other social groups and benefiting from extra-pair copulations
(e.g., Ophir et al., 2008). Alternatively, they may attempt to establish own
social group (e.g., Lacey & Wieczorek, 2004). If the chances to do so are low
due to e.g. high resource competition or population density, and living
conditions for solitaires are unfavourable, they may join established family
groups of unrelated conspecifics.



Recruitment of a new, unrelated individual into a social unit is an
important part of social dynamics in mammalian species. It has been
suggested that dispersal is depended upon the interactions between the
members of the natal group and dispersers (e.g., Rosenberry et al. 2001).
However, it was documented that dispersal and integration into the unfamiliar
group also rely on the behaviour of residents of the new group (e.g., Griesser
et al., 2007). In most rodent species, group members are aggressive towards
adult newcomers (Crowcroft & Rowe, 1963; Butler, 1980; Adams & Boice,
1989; Blanchard et al., 1988; Brant et al., 1998; Back et al., 2002). Resident
breeding male protects its reproductive opportunity and aggressive conflicts
between resident and newcomer are frequent (e.g., Back et al., 2002). In most
cases, resident male evicts the intruding individual successfully (Blanchard et
al., 1988; Palanza et al., 1996). However, on some occasions the newcomer
male defeats and replaces the resident (Ewer, 1971; Palanza et al., 1996). To
maximize reproductive efforts and avoid costs associated with aggressive
conflicts, male dispersers of pine voles Microtus pinetorum predominantly
join the groups with no male (Solomon et al., 1998). However, elevated
aggression of the lactating females of the common house mouse against male
newcomers was reported (Palanza et al., 1996), even if dominant females are
usually more aggressive against the same sex intruders (Butler, 1980;
Parmigiani, 1989). Female aggression towards a female intruder is probably
related to competition for breeding opportunities, whereas aggression toward
a male newcomer or self-abortion (i.e. the Bruce effect) is the response to the
elevated risk of infanticide caused by a strange male (e.g., Stubbe & Janke,
1994).

Nevertheless, “immigrants” may settle in the new group, usually gaining
some of the low-ranking position in the hierarchy (e.g., Andrzejewski et al.,
1963; Griesser et al., 2007). In cooperative species, successful integration into
the new group may also depend on the group size and its composition; small
groups rather accept new member because they need additional helper(s)
(e.g., Schaffner & French, 1997).



2. Reproductive strategies of cooperative breeders

Search and comparison of the costs and benefits associated with group living
is crucial to understand mechanisms of evolution of animal societies. Among
the most highlighted costs for the particular individual living in group belong:
delayed or complete suppression of reproduction (e.g. Saltzman et al., 2009;
Pettitt & Waterman, 2011), transmission of diseases and parasites (e.g.
Altizer et al., 2003), higher competition for resources (e.g. Scott & Lockard,
2006) and increased conspicuousness in large groups (e.g. loannou & Krause,
2008). However, evolution of group living predicts that the benefits of
individuals must outweigh the costs (e.g. Emlen, 1994; Hatchwell &
Komdeur, 2000). Overriding benefits resulting from group living may be the
driving force of animal cohesion; e.g. improved defence against the predators
(e.g. Graw & Manson, 2007; Edwards & Waterman, 2011), more effective
searching for food or hunting (e.g. Creel & Creel, 1995), social
thermoregulation (e.g. Willis & Brigham, 2007) and cooperative breeding
(e.g. Clutton-Brock et al., 2001). Impact of the latter on individual fitness has
been intensively studied throughout the animal kingdom primarily due to
unequal distribution of benefits between participating individuals (Emlen,
1994; Solomon & French, 1997; Hatchwell & Komdeur, 2000).

Cooperative breeding in mammals occurs in two forms according to the
level of reproductive skew. Groups with low reproductive skew contain
several breeding individuals (plural breeders), while only one reproductively
active pair usually occurs in groups with high reproductive skew (singular
breeders). Other group members usually help with rearing of the young
(Krebs & Davies, 1997; Earley & Dugatkin, 2010). Such assistance may
include feeding of the pups, warming them, grooming, carrying, or simply
taking care of them (babysitting), while their mother forages (Riedman, 1982;
Solomon & French, 1997). Helpers often stay in the group at the expense of
their own reproduction, which may be suppressed by dominant individuals
through several mechanisms, such as behavioural (e.g. Asa & Valdespino,
1998) or physiological suppression (e.g. Creel et al., 1992), monopolization
of the resources crucial for breeding (shelter, food) (e.g. Nichols et al., 2012),
killing of subordinates’ pups and eviction from the group (e.g. Clutton-Brock
etal., 1998; Young et al., 2006).

Despite the above described costs for helpers, staying at a group is often
more beneficial than leaving. Dispersal is often connected with higher



mortality due to increased risk of predation and stress and/or energy depletion
(e.g. Greenwood, 1980). On the other hand, if the restrictions in group impose
fitness costs that outweigh the benefits, helpers are driven to leave their natal
area. In such case, dominant pair should rather loose strict control over
reproduction and concede some breeding events to subordinates creating then
plural breeders that at least to some extent, share the reproduction evenly
(Creel & Waser, 1991; Cant, 2000; Packer & Pusey, 1985). Sometimes,
sharing of reproduction may result in communal breeding (e.g. Boyce &
Boyce, 1988; Pilastro, 1992; Blumstein & Armitage, 1999; Schradin & Pillay,
2004).

2.1.Communal nesting, nursing and retrieving

Proximate factor leading to the formation of family groups in rodents and
communal nests are delayed dispersal, as mentioned above (Solomon, 2003).
In several species, philopatry occurs predominantly due to limited availability
of crucial resources such as food, shelters, mates and nesting sites, their
saturation and/or distribution (Jarvis et al. 1994; Johnson et al., 2002;
Clutton-Brock & Lukas, 2012). For instance, high local population density
leads to philopatry in most rodent species (Lambin & Krebs, 1991; Wolff
1992; Lacey & Wieczorek, 2004; Randall et al., 2005; Lucia et al., 2008). On
the other hand, occurrence of communal nests is not associated with
availability of breeding sites in fat dormice Glis glis (Pilastro et al., 1994).

It was already mentioned that communal rearing of the pups includes
grooming, thermoregulation, pup defence against predators, retrieving and
nursing of alien pups (e.g., Hayes, 2000). Retrieving and nursing are
considered to be the most costly forms of alloparental behaviour. Nursing
requires increased food intake for the female and affects her subsequent
reproductive success (e.g., Clutton-Brock et al., 1989). Retrieving of the pups
to the nest restricts female’s movement and increases predation risk (e.g.,
Gilchrist, 2004). However, benefits resulting for individuals participating in
those activities should outweigh the costs. Nevertheless, communal nursing
often occurs in species with large litters and sometimes is considered to be a
by-product of communal nesting and group living generally (e.g., Manning et
al., 1995). In larger litters, containing age-matched pups, discrimination of



own pups may be too difficult especially in less experienced females and
chasing away the alien pups may be more energetically costly than nursing
them (e.g., Packer et al., 1992). Retrieving of alien pups may imply even
higher costs than nursing due to increased risk of predation. Thus, while allo-
nursing may be result of misdirect parental care, retrieving of alien pups
should be more directed. However, in some species females retrieve (and
nurse) alien pups indiscriminately even though they are able to recognize own
pups (e.g., Jesseau et al., 2008). On the contrary, in other species females
nurse strange pups but do not retrieve them (e.g., Eberle & Kappeler, 2006).
Thus, joining in alloparental care that is associated with increased costs may
also depend upon other social factors.

Individuals participating in cooperative breeding may suffer apparent
costs (see above). Potential costs associated with cooperative breeding may
be reduced by helping the relative conspecifics and thus enhance indirect
fitness (Hamilton, 1964). Due to philopatric tendencies, social units (and/or
communal nests) consist predominantly of close kin in many rodent species
(e.g. Pilastro et al., 1994; Dobson et al., 2000; Lacey & Wieczorek, 2004).
Several studies documented, that overall reproductive success of kin co-
nesting females is higher than in non-kin ones (Kénig, 1993; 1994b; Schultz
& Lore, 1993; Dobson et al., 2000; Mappes et al., 1995). In some rodent
species, familiarity between nestmates also plays a role; it reduces aggression
and enhances formation of female alliances (D’Amato 1993; Schultz & Lore,
1993; Konig, 1994b). It is also one of the important mechanisms in the
process of recognition (e.g. Penn & Frommen, 2010), which is inseparable
part of successful kin-selected cooperation.

Reproductive success of communally nesting females is usually measured
by number of born and weaned pups, their mortality and further survival.
Communally breeding females of house mice Mus domesticus have higher
reproductive success than solitarily or singly nesting females (Sayler &
Salmon, 1969; Konig, 1993; 1994a; Manning et al., 1995). Higher survival
rate for yearling females born and reared by group-living individuals has been
found also in other rodents (Blumstein & Armitage, 1998; Lacey, 2004).
These results indicate that communal care of pups is beneficial for their
survival. On the other hand, communal nesting might be a by-product of
group living in species, where number of nesting individuals does not affect
reproductive success, such as white footed and deer mice Peromyscus
maniculatus and P. leucopus, great gerbils Rhombomys opimus or degus



Octodon degus (e.g. Wolff, 1994; Randall et al., 2005; Ebensperger et al.,
2007). Alternatively, the benefits of cooperative breeding may be exhibited in
different form than traditionally measured reproductive success; e.g.
decreased energy cost during lactation, higher amount of time spent by
foraging and other activities. In many rodent species, however, solitary
nesting seems to be better option than communal at least in terms of short-
term reproductive success (Boyce & Boyce, 1988; Schultz & Lore, 1993;
Blumstein & Armitage, 1998; Gerlach & Bartmann, 2002; Lacey, 2004;
Smorkatchewa & Orlova, 2011). Yet, communal nests in these species occur
in nature, probably due to some ecological constraints and benefits of
grouping (see above).

2.2.The effect of litter size

One of the important criterions of the reproductive success in cooperative and
non-cooperative breeders is litter size. This is apparent especially in
polycotous species where the reproductive effort is often higher than in
monocotous ones. Litter size affects future breeding success in females,
postnatal maternal care and subsequent offspring quantity and quality (Mendl,
1988; Konig, 1994a; Neuhaus, 2000; Bales et al., 2002; Oksanen et al., 2002).

Although higher litter size may imply higher reproductive success, it is
often associated to the increased costs (e.g., Oksanen et al., 2002).
Manipulative experiments with litter size showed that females with enlarged
litters decreased in body mass, delayed subsequent breeding event due to
prolonged lactation and have higher mortality during nursing in some cases
(Koskela, 1998; Huber et al., 1999; Oksanen et al., 2002). With increasing
litter size, amount of maternal investment decreases per individual, thus
leading to the production of the pups of “lower quality”. For example, pups
from larger litters exhibit lower weight at birth and/or weaning, or higher
mortality (Konig, 1988; Mendl, 1988; Koskela, 1998; Humphries & Boutin,
2000; Guerra & Nunes, 2001; Oksanen et al., 2002). Pups with higher birth
weight (i.e. born in smaller litters) are also less susceptible to diseases than
pups with lower weights (e.g., Oksanen et al., 2003). Even though females of
house mice with enlarged litters increase their milk production, energy
content of the milk did not enhance equally (e.g., Konig et al., 1988; Kenagy



et al., 1990). Higher mortality rates were, on the other hand, observed also in
very small litters (e.g. one pup) in polycotous species (Mendl, 1988; Sikes,
1995; Cantoni & Brown, 1997). Rearing only one pup may be so costly, that
females let the pup die and prepare for next reproduction (e.g., Cantoni &
Brown, 1997). Alternatively, high mortality of small litters may be caused by
decreased thermoregulation (e.g., Mendl, 1988).

Influence of the litter size on pup survival and quality has already been
mentioned. However, litter size is also affected by many various factors. For
example, litter size is limited by mothers’ body size; females with larger body
mass often give birth to larger litters (e.g., Tuomi, 1980; Konig, 1993;
Campbell & Slade, 1995; Rddel et al., 2008). Dominance status of the mother
also plays a role in several species; low-ranking females have smaller litters
(e.g., Rodel et al., 2008). Scheibler et al. (2005) even documented negative
correlation between litter size and family size. Reproductive experience
(number of delivered litters) has also great impact on litter size (e.g., Innes &
Millar, 1990; Kai et al., 1995; Tkadlec & Krej¢ova, 2001). Due to increased
costs associated with large litters, mothers may adjust litter size by infanticide
or just letting several pups die (e.g., Mendl, 1988; Poigner et al., 2000). In
this way, females may invest energy and resources to wean less pups of
higher “quality”. However, in species with precocial pups, the prenatal
investment is too high (Kam et al., 2006) and killing of pups after birth may
be too costly for these species. Better option for species with high prenatal
investment may be cooperative breeding with benefits of gaining helper.

2.3 Sex ratio adjustment in cooperative breeders

Direct fitness of the breeding individuals in cooperative groups is also
affected by the number of the helpers in the group (e.g., Russell et al., 2003).
If the assistance of the helping individual is essential for the survival of
breeders’ offspring and their reproductive efforts, breeders should try to
enhance the number of the helpers in the group. If only one sex is helpful,
cooperative breeders should overproduce the helping sex (Griffin et al.,
2005).

According to the helper repayment hypothesis (e.g., Emlen et al., 1996)
sex helping with rearing of the breeders’ offspring become less costly to



produce and partially repay the costs associated with its production. Fisher’s
principle of equal investment in the sexes then predicts the production of
helping sex because it is less costly (Fisher, 1930). Moreover, production of
the helpers pays off only in the case that their contribution to the breeders’
fitness outweighs the direct fitness loss connected with the production of the
helpers (Koenig & Walters, 1999). For example in Alpine marmots (Marmota
marmota), the species with social thermoregulation during winter hibernation,
increased number of subordinate males enhances the juvenile survival
(Allainé et al., 2000). Indeed, the sex ratio at birth and weaning across the
Alpine marmots population is biased in favour of the males. Nevertheless,
even in cooperative species with clearly defined contribution of the helpers,
sex ratio is not consistent in the whole population. Several studies show that
greater sex ratio adjustment is connected to the extent of the benefits provided
by the helpers and the number of the helpers in the group (e.g., Penn &
Weissing, 2000; Griffin et al., 2005).

Although these factors seem to be crucial in the sex ratio adjustment,
several other factors may play a role. For instance, females should produce an
excess of the more profitable sex in accord to their own phenotypic condition
(Trivers & Willard, 1973). If mothers vary in their condition, the helping sex
may not be always the profitable one. Alternatively, production of the helping
sex may be dependent upon the environmental conditions. For example in
Seychelles warblers (Acrocephalus sechellensis), sex ratio is biased in favour
of helping sex only in territories of high quality (Komdeur 1996; Komdeur et
al., 1997). Some studies considered also life-history traits of the breeders and
social factors such as dominance status, population density, group size, and
group composition that may affect sex ratio adjustment (e.g., Emlen et al.,
1986; Lambin, 1994; Russell et al., 2003; Scheibler et al., 2005).

Research on reproductive strategies and group dynamics of the social
species significantly contributes to the understanding of the social
relationships within societies and mechanisms of their formation,
maintenance and perishing. Higher reproductive success associated with
enhanced survival in communal dens may be the driving force of evolution of
sociality in many mammalian species. However, reproductive success may be
affected by many social and life history factors, such as kinship and
familiarity between co-nesting females, litter size and sex ratio. Thus,
revealing of the factors that influence reproductive behaviour and group
dynamics in social mammals may elucidate to what purpose sociality serves.



3. Genus Acomys as a model species

Spiny mice are highly social rodents, living in family groups in rocky areas,
arid woodlands, semi-deserts and/or savannahs of the Middle East and
Northern Africa (Nowak, 1999). Most of the species are primarily nocturnal
and omnivorous, but see Shargal et al. (2000). Their activity peaks in the
early morning and at dusk. These small rodents do not build nests; they use
rocky crevices and other rodents’ burrow as a shelter. In the arid
environments with low resources, group-living individuals may benefit from
social thermoregulation and communal care of pups in the families (e.g.,
Porter et al., 1980).

The Sinai spiny mice (Acomys dimidiatus) was previously considered a
subspecies of the Cairo spiny mice (A. cahirinus) and even synonymised with
it, but it is now considered a distinct species according to Musser & Carleton
(2005) and Volobouev et al. (2007). Natural social structure of the Sinai spiny
mice is unknown, but Cairo spiny mice live in small family groups composed
of a dominant male, several breeding females and their offspring (Delany &
Happold, 1979; Grzimek, 2003). Due to similarity in biology of the both
species and our observation from the captivity (living in large groups and
communal nesting), it is likely that Sinai spiny mice have similar social
system to that of Cairo spiny mice in the wild. The body mass of adult Sinai
spiny mice range from 45 to 60 g (Frynta et al., 2011). Reproduction is
continual and females have postpartum oestrous (Cizkova, unpubl. data). If
fertilization is not successful, copulation re-occurs in 9 to 11 days, similar to
Cairo spiny mice (Peitz, 1981). After long gestation period contrary to other
muroid rodents, females Sinai spiny mice deliver small litters with one to six
precocial pups (Frynta et al., 2011). Pups are weaned at 3-4 weeks of age and
reach sexual maturity at about two months.

Sinai spiny mice are a suitable model species for studying reproductive
behaviour and group dynamics owing to their high level of sociality and
cooperative behaviour. Despite extensive knowledge on the physiology and
recognition abilities of the genus Acomys (predominantly Cairo spiny mice)
(e.g., Kam & Degen, 1993; Degen et al., 2009; Porter, 1988), studies on their
social behaviour are rare. However, aspects of cooperative behaviour during
parturition in Cairo spiny mouse was firstly described by Dieterlen (1962).
Mostly reproductively experienced females or males of Cairo spiny mice
assist in delivery by grabbing the half-expelled foetus facilitating the delivery



and licking it. Assistance of the males is not so surprising knowing that males
exhibit high level of paternal care; they huddle with the pups, groom and lick
them (Makin & Porter, 1984). According to our observation, Sinai spiny mice
always nest communally, gathering the pups in one nest (Cizkova, unpubl.
data). Communally nesting Cairo spiny mice participate in nursing and
retrieving of the alien pups (Porter et al., 1980; Porter & Doane, 1978). Porter
& Doane (1978) reported that cooperative care is affected by the dominance
hierarchy; dominant females nurse own pups and those from subordinate
female trying to chase her away by aggressive behaviour. These studies
indicate that group living and cooperation is typical in spiny mice. However,
the factors affecting cooperative breeding and sociality in these species are
mostly unknown. Similarly, information on other aspects of reproductive
behaviour such as factors affecting litter size or sex ratio is still lacking.

Although spiny mice breed easily in captivity, studies on social
relationships among group members and overall group dynamics of the
families are mostly lacking. Porter (1976) shows that females are more
dominant than males in their home ranges. However, studies on dominance
relationships, recruitment of the group members and their dispersal in
established families are lacking. Anecdotal observation on captive animals
(e.g., breeding males chase young males; young males are more aggressive to
each other after removal of the breeding male) indicates that male is the
dispersive sex in Sinai spine mice. Due to harsh living condition (arid
regions), we may suppose that dispersing males may attempt to join an
established family group of unrelated conspecifics.
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Aim of the PhD. thesis

Aim of this PhD. thesis is to clarify various aspects of the reproductive and
social behaviour of the group-living spiny mice species and gain information
on the factors influencing formation and maintenance of the mammalian
societies and contribution to the evolution of sociality in general. Specific
objectives of the PhD. thesis are following:

1) Determination of the effects of the life history and intra-social
parameters on the ability of the male newcomer to successfully
integrate into the established family group in Sinai spiny mice.

2) Revealing ability of the mothers to regulate the sex ratio of the pups
by analysis of the effect of the mother condition and social
environment in four species of the genus Acomys.

3) Assessment of the influence of the life history and social parameters
on the litter size in four species of the genus Acomys.

4) Determination of the costs and benefits of communal and single
nesting, and analysis of the effect of kinship and familiarity between
co-nesting females on the reproductive success of the females.

5) Assessment of the contribution of the communally nesting females in
alloparental behaviour in dependency on the kinship and familiarity
of the females and other social factors.

Summary of the results and conclusions

According to our study I (Cizkova et al., 2011), the settlement of dispersing
male of Sinai spiny mice relies mainly on the actual reproductive situation in
the group. Presence of the pregnant or lactating females caused increased
aggression toward new-coming male from the family members. If the resident
breeding male was present, he was the initiator of the most aggressive
contacts toward newcomer. Nevertheless, even in the absence of the resident
male, the settlement of the newcomer was no easier due to high aggression
from the breeding females and young adult males (sexually matured
offspring). Comparison of the situations in the families before arrival of the
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newcomer, immediately and one month after it shows that after all newcomer
male is able to settle in the new group; number of aggressive and non-
aggressive contacts of the family members to the newcomer before and one
month after addition was similarly low. Our study indicates that acceptance of
the new-coming male into the established family does not rely only on the
composition of the group (absence or presence of the breeding male), but also
on the actual reproductive state of the breeding females.

Similarly, composition of the group and actual social environment has the
main effect on the sex ratio of spiny mice and litter size in study Il and 111
(Novakova et al., 2010; Frynta et al., 2011). Sex ratio in four species of
spiny mice is affected by number of immature males, number of immature
females and number of breeding males. Nevertheless, the results are not
consistent for all four studied species (Acomys dimidiatus, A. cahirinus, A.
cilicicus and A. sp.) and the same factor show even opposite effect in separate
analyses of particular species. No significant effect of the factors associated
with condition of the mother (e.g., age, social status, parity and postpartum
oestrous) and sex ratio close to 1:1 (only Acomys sp. showed female-biased
sex ratio) may be connected to the long period of breeding in laboratory (see
stable) environment. Spiny mice are used to live in pretty harsh and
unpredictable environment with seasonally unavailable resources. Thus, they
may regulate their breeding (e.g., sex ratio, litter size) only in accord with
actually unfavourable environment.

Besides social environment (number of immature females) results of
study 111 (Frynta et al., 2011) also revealed the significant effect of maternal
condition (body weight) on the litter size. Heavier females (i.e., in better body
condition) have larger litters. Positive effect of immature females on the litter
size may correspond to the advantages of the cooperative breeding. Spiny
mice are known for communal nursing, assistance in delivery (see above) and
huddling of the whole group that indicates social thermoregulation. Thus,
larger group size with more assisting females has positive effect on
reproductive success.

On the contrary, results of study 1V (Cizkova & Sumbera, in prep)
indicate that in terms of reproductive success, monogamy is more beneficial
for females than communality; monogamously nesting females had higher
production of the pups than those nesting communally. In the case of
communally nesting females, kinship and familiarity between females play a
role; the lowest reproductive success was observed in non-kin unfamiliar
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females. The dominance status (defined according the weight of the mother
and production of the pups) in co-nesting females also has a significant effect
on the reproductive success; subordinate females have higher mortality of the
pups and smaller litters. However, communal nesting, kinship and familiarity
have no beneficial effect on weight gain of pups. Despite some costs
associated to communal breeding, group living in Sinai spiny mice may be
beneficial in terms of social thermoregulation or other features of cooperative
behaviour (e.g., assistance in delivery).

These conclusions are consistent with study V (Tu¢kova et al., in prep).
Results of this study indicate that communal nursing and retrieving alien pups
is a by-product of communal nesting and group living generally. Co-nesting
females nurse and retrieve alien pups predominantly if they lack breeding
experience and/or their litters are age-matched. This may indicate low ability
of pup recognition in some situations. We suppose that Sinai spiny mice are
able to discriminate between own and alien pups if the costs associated with
certain behaviour are too high. This suggestion corresponds with other results
of this study: females rather nurse than retrieve alien pups and have a
tendency to retrieve own pup faster than the alien one.

13



References

Adams, N. & Boice, R. (1989). Development of dominance in domestic rats
in laboratory and semi-natural environments. Behav Process 19: 127-142

Allainé D., Brondex F., Graziani L., Coulon J., Till-Botraud I. (2000). Male-
biased sex ratio in litters of Alpine marmots supports the helper
repayment hypothesis. Behav Ecol 11: 207-514

Altizer S., Nunn C. L., Thrall P. H., Gittleman J. L., Antonovics J.,
Cunningham A. A., Dobson A. P., Ezenwa V., Jones, K. E., Pedersen A.
B., Poss M. & Pulliam J. R. C. (2003). Social organization and parasite
risk in mammals: Integrating theory and empirical studies. Annu. Rev.
Ecol. Evol. Syst. 34: 517-547

Andrzejewski, R., Petrusewicz, K. & Walkowa, W. (1963). Absorption of
newcomers by a population of white mice. Ekologia Polska — Seria A, 11:
223-239

Archie E. A., Moss C. J. & Alberts S. C. (2006). The ties that bind: genetic
relatedness predicts the fission and fusion of social groups in wild African
elephants. Proc R Soc Lond B 273: 513-522

Asa C. S. & Valdespino C. (1998). Canid reproductive biology: an integration
of proximate mechanisms and ultimate causes. Amer Zool 38: 251-259

Back, S.R., Beeler, L.A., Schaefer, R.L. & Solomon, N.G. (2002). Testing
functional hypotheses for the behaviour of resident pine voles, Microtus
pinetorum, toward non-residents. Ethology 108: 1023-1039.

Bales K., French J. A. & Dietz J. M. (2002). Explaining variation in maternal
care in a cooperatively breeding mammal. Anim Behav 63: 453-461

Blanchard, R.J., Flannelly, K.J. & Blanchard, D.C. (1988). Life-span studies
of dominance and aggression in established colonies of laboratory rats.
Physiol Behav 43: 1-7.

Blumstein D. T. & Armitage K. B. (1998). Life history consequences of
social complexity: a comparative study of ground-dwelling sciurids.
Behav Ecol 9(1): 8-19

Boyce C. C. K. & Boyce J. L. (1988). Population biology of Microtus arvalis.
I. Lifetime reproductive success of solitary and grouped breeding females.
J Anim Ecol 57: 711-722

Brant, C.L., Schwab, T.M., Vandenbergh, J.G., Schaeffer, R.L. & Solomon,
N.G. (1998). Behavioral suppression of female pine voles after
replacement of the breeding male. Anim Behav 55: 615-627

14



Butler, R.G. (1980). Population size, social behaviour and dispersal in house
mice: a quantitative investigation. Anim Behav 28: 78-85

Campbell M. T. & Slade N. A. (1995). The effect of maternal mass on litter
size and offspring survival in the hispid cotton rat (Sigmodon hispidus).
Can J Zool 73: 133-140

Cant M. A. (2000). Social control of reproduction in banded mongooses.
Anim Behav 59: 147-158

Cantoni D. & Brown R. E. (1997). Paternal investment and reproductive
success in the California mouse, Peromyscus californicus. Anim Behav
54: 377-386

Clutton-Brock T. H. & Lukas D. (2012). The evolution of social philopatry
and dispersal in female mammals. Mol Ecol 21: 472-492

Clutton-Brock T. H., Albon S. D. & Guinness F. E. (1989). Fitness costs of
gestation and lactation in wild mammals. Nature 337: 260-262

Clutton-Brock T. H., Brotherton P. N. M., O’Riain M. J., Griffin A. S,
Gaynor D., Kansky R., Sharpe L. & Mcllrath G. M. (2001). Contributions
to cooperative rearing in meerkats. Anim Behav 61: 705-710

Clutton-Brock T. H., Brotherton P. N. M., Smith R., Mcllrath G. M., Kansky
R., Gaynor D., O'Riain M. J. & Skinner J. D. (1998). Infanticide and
expulsion of females in a cooperative mammal. Proc R Soc Lond B 265:
2291-2295

Creel S. & Creel N. M. (1995). Communal hunting and pack size in African
wild dogs, Lycaon pictus. Anim Behav 50: 1325-1339

Creel S. R. & Waser P. M. (1991). Failures of reproductive suppression in
dwarf mongooses (Helogale parvula): accident or adaptation? Behav Ecol
2:7-15

Creel S., Creel N., Wildt D. E. & Monfort S. L. (1992). Behavioural and
endocrine mechanisms of reproductive suppression in Serenge dwarf
mongooses. Anim Behav 43: 231-245

Crowcroft, P. & Rowe, F.P. (1963). Social organization and territorial
behaviour in the wild house mouse (Mus musculus L.). Proc Zool Soc
Lond 140: 517-541

D’Amato F. R. (1993). Effect of familiarity with the mother and kinship on
infanticidal and alloparental behaviour in virgin house mice. Behaviour
124: 3-4

15



Degen A. A., Khokhlova I. S., Kam M. & Snider 1. (2009). Energy
requirements during reproduction in female common spiny mice (Acomys
cahirinus). J Mammal 83: 645-651

Delany, M. J. & Happold, D. C. D. (1979). Ecology of African mammals. —
Longman, London.

Dieterlen F. (1962). Geburt und Geburtshilfe bei der Stachelmaus, Acomys
cahirinus. Z Tierpsychol 19: 191-222

Dobson F. S., Jacquot C. & Baudoin C. (2000). An experimental test of kin
association in the house mice. Can J Zool 78: 1806-1812

Earley R. & Dugatkin L. (2010). Social organization in Evolutionary
behavioral ecology (Westneat D. F. & Fox C. W., eds.), Oxford
University Press, USA, 664 pp.

Ebensperger L. A. & Hayes L. D. (2008). On the dynamics of rodent social
groups. Behav Process 79: 85-92

Ebensperger L. A., Hurtado M. J. & Le6n C. (2007). An experimental
examination of the consequences of communal versus solitary breeding
on maternal condition and the early postnatal growth and survival of
degu, Octodon degus, pups. Anim Behav 73: 185-194

Eberle M. & Kappeler P. M. (2006). Family insurance: kin selection and
cooperative breeding in a solitary primate (Microcebus murinus). Behav
Ecol Sociobiol 60: 582-588

Edwards S. & Waterman J. M. (2011). Vigilance and grouping in the
southern African ground squirrel (Xerus inauris). Afr J Ecol 49: 286-291

Emlen S. T. (1994). Benefits, constraints and the evolution of the family.
TREE 9: 282-285

Emlen S. T., Emlen M. & Levin S. A. (1986). Sex ratio selection in species
with helpers-at-the-nest. Am Nat 127: 1-8

Ewer R. F. (1971). The biology and behaviour of a free-living population of
black rats (Rattus rattus). Anim Behav Mon 4: 127-174

Fisher R. A. (1930). The genetical theory of natural selection. Oxford, UK:
Clarendon.

Frynta, D., Frankova, M., Cizkova, B., Skarlandtova, H., Galestokova, K.,
Pragova, K., Smilauer, P. & Sumbera, R. (2011). Social and life history
correlates of litter size in captive colonies of precocial spiny mice. Acta
Theriol 56: 289-295

16



Gerlach G. & Bartmann S. (2002). Reproductive skew, costs, and benefits of
cooperative breeding in females wood mice (Apodemus sylvaticus).
Behav Ecol 13: 408-418

Getz L. L., McGuire B., Pizzuto T., Hofmann J. E. & Frase B. (1993). Social
organization of the prairie vole (Microtus ochrogaster). J Mammal 74:
44-58

Gilchrist J. S. (2004). Pup escorting in the communal breeding banded
mongoose: behavior, benefits, and maintenance. Behav Ecol 15: 952-960

Graw B. & Manson M. B. (2007). The function of mobbing in cooperative
meerkats. Anim Behav 74: 507-517

Greenwood P. J. (1980). Mating systems, philopatry and dispersal in birds
and mammals. Anim Behav 28: 1140-1162

Griesser M., Nystrand M., Eggers S. & Ekman J. (2008). Social constraints
limit dispersal and settlement decisions in a group-living bird species.
Behav Ecol 19: 317-324

Griffin A. S., Sheldon B. C. & West S. A. (2005). Cooperative Breeders
Adjust Offspring Sex Ratios to Produce Helpful Helpers. Am Nat 166:
628-632

Grzimek, B. 2003. Grzimek’s animal life encyclopedia, 2nd edn., Vols 12—
16: mammals -V (Hutchins, M., Kleiman, D. G., Geist, V. & McDade,
M. C., eds). — Gale Group, Farmington Hills, MI.

Guerra R. F. & Nunes C. R. D. (2001). Effects of litter size on maternal care,
body weight and infant development in golden hamsters (Mesocricetus
auratus). Behav Process 55: 127-142

Hamilton W. D. (1964). The genetical evolution of social behaviour. 1. J
Theor Biol 7: 1-16

Hatchwell B. J. & Komdeur J. (2000). Ecological constraints, life history
traits and the evolution of cooperative breeding. Anim Behav 59: 1079-
1086

Hayes L. D. (2000). To nest communally or not to nest communally: a review
of rodent communal nesting and nursing. Anim Behav 59: 677-688

Huber S., Millesi E., Walzl M., Dittami J. & Arnold W. (1999). Reproductive
effort and costs of reproduction in female European ground squirrels.
Oecologia 121: 19-24

Humphries M. M. & Boutin S. (2000). The determinants of optimal litter size
in free-ranging red squirrels. Ecology 81: 2867-2877

17



Innes D. G. L. & Millar J. S. (2004). Maternal age drives seasonal variation in
litter size of Peromyscus leucopus. J Mammal 85: 940-947

loannou C. C. & Krause J. (2008). Searching for prey: the effects of group
size and number. Anim Behav 75: 1383-1388

Jarvis J. U. M., Oriain, M. J., Bennett, N. C. & Sherman, P. W. (1994).
Mammalian eusociality: a family affair. Trends Ecol Evol 9 : 47-51

Jesseau S. A., Holmes W. G. & Lee T. M. (2009). Communal nesting and
discriminative nursing by captive degus, Octodon degus. Anim Behav 78:
1183-1188

Johnson D. D. P., Kays R., Blackwell P. G. & Macdonald D. W. (2002). Does
the resource dispersion hypothesis explain group living? Trends Ecol
Evol 17(12): 563-570

Kai O., Sakemi K., Suzuki Y., Sonoda Y. & Imai K. (1995). Effects of age at
first-pairing on the reproductive performance of Mongolian gerbils
(Meriones unguiculatus). Exp Anim 44: 307-313

Kam M. & Degen A. A. (1993). Effect of dietary preformed water on energy
and water budgets of two sympatric desert rodents, Acomys russatus and
Acomys cahirinus. J Zool 231: 51-59

Kam M., Khokhlova I. S. & Degen A. A. (2006). Partitioning of
metabolizable energy intake in sucking altricial and precocial rodent
pups. J Zool 269:502-505

Kenagy G. J., Masman D., Sharbaugh S. M. & Nagy K. A. (1990). Energy
Expenditure During Lactation in Relation to Litter Size in Free-Living
Golden-Mantled Ground Squirrels. J Anim Ecol 59: 73-88

Koenig, W. D. & Walters, J. R. (1999). Sex-ratio selection in species with
helpers at the nest: the repayment model revisited. Am Nat 153: 124-130

Komdeur J. (1996). Facultative sex ratio bias in the offspring of Seychelles
warblers. Proc R Soc Lond B 263: 661-666

Komdeur J., Daan S., Tinbergen J. & Mateman C. (1997). Extreme adaptive
modification in sex ratio of the Seychelles warbler’s eggs. Nature 385:
522-525

Koskela E. (1998). Offspring growth, survival and reproductive success in the
bank vole: a litter size manipulation experiment. Oecologia 115: 379-384

Konig B. (1993). Maternal investment of communally nursing female house
mice (Mus musculus domesticus). Behav Process 30: 61-73

18



Konig B. (1994a). Components of lifetime reproductive success in
communally and solitarily nursing house mice - a laboratory study. Behav
Ecol Sociobiol 34: 275-283

Konig B. (1994b). Fitness effects of communal rearing in house mice: the
role of relatedness versus familiarity. Anim Behav 48: 1449-1457

Konig B., Riester J. & Markl H. (1988). Maternal-Care in House Mice (Mus-
Musculus) .11. The Energy-Cost of Lactation as a Function of Litter Size.
J Zool 216: 195-210

Koprowski L. J. (1996). Natal philopatry, communal nesting, and kinship in
fox squirrels and gray squirrels. J Mammal 77: 1006-1016

Krebs J. R. & Davies N. B. (1997). Behavioural ecology: An evolutionary
approach, 4th edn., Wiley-Blackwell, Cambridge, 456 pp.

Lacey E. A. & Wieczorek J. R. (2004). Kinship in colonial tuco-tucos:
evidence from group composition and population structure. Behav Ecol
15: 988-996

Lacey E. A. (2004). Sociality reduces individual direct fitness in a
communally breeding rodent, the colonial tuco-tuco (Ctenomys
sociabilis). Behav Ecol Sociobiol 56: 449-457

Lambin X. & Krebs C. J. (1991). Spatial organization and mating system of
Microtus townsendii. Behav Ecol Sociobiol 28: 353-363

Lambin X. (1994). Sex ratio variation in relation to female philopatry in
Townsend’s voles. J Anim Ecol 63: 945-953

Lucia K. E., Keane B., Hayes L. D., Lin Y. K., Schaefer R. L. & Solomon N.
G. (2008). Philopatry in prairie voles: an evaluation of the habitat
saturation hypothesis. Behav Ecol 19: 744-783

Lutermann H., Schmelting B., Radespiel U., Ehresmann P. & Zimmermann
E. (2006). The role of survival for the evolution of female philopatry in a
solitary forager, the grey mouse lemur (Microcebus murinus). Proc R Soc
Lond B 273: 2527-2533

Makin J W. & Porter R. H. (1984). Paternal behavior in the spiny mouse
(Acomys cahirinus). Behav Neural Biol 41: 135-151

Manning C. J., Dewsbury D. A., Wakeland E. K. & Potts W. K. (1995).
Communal nesting and communal nursing in house mice, Mus musculus
domesticus. Anim Behav 50: 741-751

Mappes T., Ylonen H. & Viitala J. (1995). Higher reproductive success
among kin groups of bank voles (Clethrionomys Glareolus). Ecology 76:
1276-1282

19



Mendl M. (1988). The effects of litter size variation on mother-offspring
relationships and behavioral and physical development in several
mammalian species (principally rodents). J Zool 215: 15-34

Musser, G. G. & Carleton, M. D. (2005). Superfamily muroidea. Mammals
species of the world: a taxonomic and geographic reference, 3rd edn.
(Wilson, D.E. & Reeder, D.M., eds). - Johns Hopkins University Press,
Baltimore, MD, 2142 pp.

Neuhaus P. & Pelletier N. (2001). Mortality in relation to season, age, sex,
and reproduction in Columbian ground squirrels (Spermophilus
columbianus). C J Zool 79: 465-470

Nichols H. J., Bell M. B. V., Hodge, S. J. & Cant M. A. (2012). Resource
limitation moderates the adaptive suppression of subordinate breeding in
a cooperatively breeding mongoose. Behav Ecol 23: 635-642

Nowak, R.M. 1999. Walker’s mammals of the world, 6th edn., Vol. 2. - Johns
Hopkins University Press, Baltimore, MD.

Oksanen T. A., Jokinen I., Koskela E., Mappes T. & Vilpas H. (2003).
Manipulation of offspring number and size: benefits of large body size at
birth depend upon the rearing environment. J Anim Ecol 72: 321-330

Oksanen T. A., Koskela E. & Mappes T. (2002). Hormonal manipulation of
offspring number: maternal effort and reproductive costs. Evolution 56:
1530-1537

Ophir A. G., Phelps S. M., Sorin A. B. & Wolff, J. O. (2008). Social but not
genetic monogamy is associated with greater breeding success in prairie
voles. Anim Behav 3: 1143-1154

Packer C. & Pusey A. (1985). Asymmetric contests in social mammals
respect, manipulation and agespecific aspects in Evolution - Essays in
honour of John Maynard Smith (Greenwood J. J. & Slatkin M., eds.),
Cambridge university press, Cambridge, 173-186

Packer C., Lewis S. & Pusey A. (1992). A comparative analysis of non-
offspring nursing. Anim Behav 43: 265-281

Palanza, P., Mainardi, D., Brain, P.F. & Parmigiani, S. (1996). Male and
female competitive strategies of wild house mice pairs (Mus musculus
domesticus) confronted with intruders of different sex and age in artificial
territories. Behaviour 133: 863-882

Parmigiani, S. (1989). Inhibition of infanticide in male house mouse (Mus
domesticus): is kin recognition involved? Ethol Ecol Evol 1: 93-98

20



Peitz, B. (1981). The estrous cycle of the spiny mouse (Acomys cahirinus). J
Reprod Fertil 61: 453-459

Penn D. J. & Frommen J. G. (2010). Kin recognition: an overview of
conceptual issues, mechanisms and evolutionary theory in Animal
behaviour: Evolution and mechanisms (Kappeler P., ed.), 55-85

Penn I. & Weissing F. J. (2000). Sex-ratio optimization with helpers at the
nest. Proc R Soc Lond B 267: 539-543

Pettitt B. A. and Waterman J. M. (2011). Reproductive delay in the female
Cape ground squirrel (Xerus inauris). J Mammal 92: 378-386

Pilastro A. (1992). Communal nesting between breeding females in a free-
living population of fat dormouse (Glis glis L.). Bolletino di zoologia 59:
63-68

Pilastro A., Gomiero T. & Marin R. (1994). Factors affecting body mass of
young fat dormice (Glis glis) at weaning and by hibernation. J Zool Lond
234:13-23

Pilastro A., Missiaglia E. & Marin R. (1996). Age-related reproductive
success in solitarily and communally nesting female dormice (Glis glis). J
Zool Lond 239: 601-608

Poigner J., Szendro Zs., Lévai A., Radnai |. & Bir6-Németh E. (2000). Effect
of birth weight and litter size on growth and mortality in rabbits. World
Rabbit Sci 8: 17-22

Porter R. H. & Doane H. M. (1978). Studies of maternal behavior in spiny
mice (Acomys cahirinus). Z Tierpsychol 47: 225-235

Porter R. H. (1976). Sex differences in agonistic behavior of spiny mice
(Acomys cahirinus). Z Tierpsychol 40: 100-108

Porter R. H. (1988). The ontogeny of sibling recognition in rodents —
superfamily Muroidea. Behav Genet 18: 483-494

Porter R. H., Cavallaro S. A. & Moore J. D. (1980). Developmental
parameters of mother-offspring interactions in Acomys cahirinus.
Z Tierpsychol 53: 153-170

Randall J. A., Rogovin K., Parker P. G. & Eimes J. A. (2005). Flexible social
structure of a desert rodent, Rhombomys opimus: philopatry, kinship, and
ecological constraints. Behav Ecol 16: 961-973

Riedman M. L. (1982). The evolution of alloparental care and adoption in
mammals and birds. Q Rev Biol 57: 405-435

21



Rodel H. G., Prager G., Stefanski V., von Holst D. & Hudson R. (2008).
Separating maternal and litter-size effects on early postnatal growth in
two species of altricial small mammals. Physiol Behav 93: 826-834

Rosenberry C. S., Conner M. C. & Lancia R. A. (2001). Behavior and
dispersal of white-tailed deer during the breeding season. Can J Zool 79:
171-174

Russell A. F., Brotherton P. N. M., Mcllrath G. M., Sharpe L. L. & Clutton-
Brock T. H. (2003). Breeding success in cooperative meerkats: effects of
helper number and maternal state. Behav Ecol 14: 486-492

Saltzman W., Thinda S., Higgins A. L., Matsumoto W. R., Ahmed S.,
McGeehan L. & Kolb, E. M. (2009). Effects of siblings on reproductive
maturation and infanticidal behavior in cooperatively breeding Mongolian
gerbils. Dev Psychobiol 51: 60-72

Sayler A. & Salmon M. (1969). Communal nursing in mice: influence of
multiple mothers on the growth of the young. Science 164: 1309-1310

Schaffner C. M. & French J. A. (1997). Group size and aggression:
»recruitment incentives” in a cooperatively breeding mammal. Anim
Behav 54: 171-180

Scheibler E., Weinandy R. & Gattermann R. (2005). Social factors affecting
litters in families of Mongolian gerbils, Meriones unguiculatus. Folia
Zool 54: 61-68

Schradin C. & Pillay N. (2004). The striped mouse (Rhabdomys pumilio)
from the succulent karoo of South Africa: a territorial group living
solitary forager with communal breeding and helpers at the nest. J Comp
Psychol 118: 37-47

Schultz L. A. & Lore R. K. (1993). Communal reproductive success in rats
(Rattus norvaegicus): Effects of group composition and prior social
experience. J Comp Psychol 107: 216-222

Scott J. & Lockard J. S. (2006). Captive female gorilla agonistic relationships
with clumped defendable food resources. Primates 47: 199-209

Shargal E., Kronfeld-Schor N. & Dayan T. (2000). Population biology and
spatial relationships of coexisting spiny mice (Acomys) in lsrael. J
Mammal 81: 1046-1052

Sikes R. S. (1995). Costs of lactation and optimal litter size in northern
grasshopper mice (Onychomys leucogaster). J Mammal 76: 348-357

22



Smorkatcheva A. V. & Orlova D. V. (2011). Effect of polygyny on female
reproductive success in the Mandarin vole, Microtus mandarinus
(Rodentia, Arvicolinae). Biol Bull 38: 699-708

Solomon N. G. & French J. A. (1997). Cooperative breeding in mammals
(eds). Cambridge: Cambridge University Press

Solomon N. G. (2003). A reexamination of factors influencing philopatry in
rodents. J Mammal 84: 1182-1197

Solomon N. G., Vandenbergh J. G. & Sullivan W. T. (1998). Social
influences on intergroup transfer by pine voles (Microtus pinetorum). Can
J Zool 76: 2131-2136

Stubbe A. & Janke S. (1994). Some aspects of social behaviour in the vole
Microtus brandti (Radde, 1861). Pol Ecol Stud 20: 449-457

Tkadlec E. & Krejcova P. (2001). Age-specific effect of parity on litter size in
the common vole (Microtus arvalis). J Mammal 82: 545-550

Trivers R. L. & Willard D. E. (1973). Natural selection of parental ability to
vary the sex ratio of offspring. Science 179: 90-92

Tsai Y. J. & Mann J. (2012). Dispersal, philopatry, and the role of fission-
fusion dynamics in bottlenose dolphins. Marine Mammal Science, online
publication: DOI: 10.1111/j.1748-7692.2011.00559.x

Tuomi, J. 1980. Mammalian reproductive strategies: A generalized relation of
litter size to body size. Oecologia, 45, 39-44

Volobouev, V., Auffray, J. C., Debat, V., Denys, C., Gautun, J. C. & Trainier,
M. (2007). Species delimitation in the Acomys cahirinus-dimidiatus
complex (Rodentia, Muridae) inferred from chromosomal and
morphological analyses. Biol J Linn Soc 91: 203-214

Wagner R. H., Danchin E., Boulinier T. & Helfenstein F. (2000). Colonies as
by-products of commaodity selection. Behav Ecol 11: 572-573

Waterman J. M. (2002). Delayed maturity, group fission and the limits of
group size on female Cape ground squirrels (Sciuridae: Xerus inauris). J
Zool Lond 256: 113-120

Willis C. K. R. & Brigham R. M. (2007). Social thermoregulation exerts
more influence than microclimate on forest roost preferences by a cavity-
dwelling bat. Behav Ecol Sociobiol 62: 97-108

Wolff J. O. (1992). Parents suppress reproduction and stimulate dispersal in
opposite-sex juvenile white-footed mice. Nature 359: 409-410

Wolff J. O. (1994). Reproductive success of solitarily and communally
nesting white-footed mice and deer mice. Behav Ecol 5: 206-209

23



Woodroffe R., Macdonald D. W. & da Silva J. (1995). Dispersal and
philopatry in the European badger, Meles meles. J Zool 237: 227-239
Young A. J., Carlson A. A., Monfort S. L., Russell A. F., Bennett N. C., &
Clutton-Brock T. (2006). Stress and the suppression of subordinate
reproduction in cooperatively breeding meerkats. PNAS 103: 12005-

12010

24



Study |

Cizkova B., Sumbera R. & Frynta D. (2011). A new
member or intruder: how do Sinai spiny mouse (Acomys
dimidiatus) families respond to a male newcomer?
Behaviour 148: 889-908

25



A new member or an intruder: how do Sinai spiny
mouse (Acomys dimidiatus) families respond
to a male newcomer?

Barbora Cizkova'?, Radim Sumbera" & Daniel Frynta'-?

(! Department of Zoology, Faculty of Science, University of South Bohemia,
Branigovskd 31, CZ-370 05, Ceské Budgjovice, Czech Republic; 2 Department of Zoology,
Faculty of Science, Charles University, Vini¢na 7, CZ-128 44, Prague, Czech Republic)

(Accepted: 7 June 2011)

Summary

Recruitment of unrelated individuals into a group plays an important role in the social life of
the group living animals. The main goal of our study was to analyze the reactions of estab-
lished, breeding families of the Sinai spiny mouse, Acomys dimidiatus (Muridae, Rodentia),
a social species with precocial pups, to male newcomers in the presence and the absence of
a breeding resident male. We compared the behaviour of family members of different sex or
age to the presence of a new male. The number of non-aggressive and aggressive interactions
with the focal male (resident/newcomer male) was recorded during three periods: before,
during and one month after the addition of the newcomer. Only a few aggressive and/or non-
aggressive types of contacts occurred before and one month after the addition of the new
male. During the experiment, both types of contacts arose, but the results were highly vari-
able. Increased aggressive behaviour of the family toward the intruder was explained mainly
by the presence of pregnant or lactating females, which suggests that aggression towards
a male newcomer is associated with the reproductive status of females. This phenomenon is
most likely connected with the counter-infanticide strategy.

Keywords: Sinai spiny mouse, family dynamics, immigration, social behaviour, aggression,
Acomys, familiarity.
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Secondary sex ratios do not support maternal manipulation:
extensive data from laboratory colonies of spiny mice

(Muridae: Acomys)
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Klara PriiSova - Petr Smilauer - Radim Sumbera - Daniel Frynta
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Abstract Spiny mice of the genus Acomys (Muridae)
represent a very suitable mammalian model for studying
factors influencing the secondary sex ratio (SSR). The
maternal effort in these rodents is extremely biased in
favour of the prenatal period and, therefore, maternal
manipulation of the SSR is potentially more advantageous.
We studied the SSR in four populations/species of spiny
mice kept in family groups consisting of two closely related
females, one non-relative male and their descendants. The
groups were established from founding animals aged about
3 months (maturing age) and were allowed to breed freely
for several months. Each litter was sexed after birth, and
relevant data were thoroughly recorded. Altogether, data
were collected on 1684 litters: 189 of Acomys sp. from Iran,
203 of A. cilicicus, 875 of A. cahirinus, and 417 of A.
dimidiatus. We recorded the sex of 4048 newborns of
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which 1995 were males and 2053 were females. The overall
sex ratio was close to 1:1 (49.2%). Generalized linear
mixed models and/or generalized linear models were
constructed to evaluate the effect of four life history and
eight social variables on the sex ratio. No consistent effects
of these variables on the sex ratio were found and,
interestingly, none of the variables associated with maternal
life history had any effect on the sex ratio. Three factors
associated with group composition (i.e. the number of
immature males, the number of immature females and the
number of breeding females) did have significant effects on
the sex ratio, but these effects were not consistent across the
studied species. In conclusion, our evaluation of this large
dataset revealed that the sex ratio in spiny mice is
surprisingly stable.

Keywords Parental effort - Rodents - Sex allocation - Sex
ratio - Social behaviour
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(2011). Social and life history correlates of litter size in
captive colonies of precocial spiny mice (Acomys). Acta
Theriologica 56: 289-295
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Abstract Litter size is an important component of life
history contributing to reproductive success in many
animals. Among muroid rodents, spiny mice of the genus
Acomys are exceptional because they produce large preco-
cial offspring after a long gestation. We analyzed data on
1,809 litters from laboratory colonies of spiny mice from
the cahirinus-dimidiatus group: Acomys cahirinus, Acomys
cilicicus, Acomys sp. (Iran), and Acomys dimidiatus.
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Poland 2011

Generalized mixed-effect models revealed that litter size
increased with maternal body weight and/or number of
immature females present in the family group. Thus, both
maternal body reserves and presence of immature descend-
ants demonstrating previous reproductive success enhance
further reproduction in this social rodent.

Keywords Acomys - Rodents - Litter size - Maternal
investment - Precocial life history
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Cizkova B. & Sumbera R. (in prep). Costs and benefits of
communal breeding in Sinai spiny mouse (Acomys
dimidiatus): Effect of relatedness and familiarity.

This study will be submitted in a few months in Animal Behaviour.
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Costs and benefits of communal breeding in Sinai spiny mouse
(Acomys dimidiatus): Effect of relatedness and familiarity

Barbora Cizkovéa and Radim Sumbera

Department of Zoology, Faculty of Science, University of South Bohemia,
BraniSovska 31, CZ-370 05, Ceské Budéjovice, Czech Republic

Abstract

In group living mammals, communal breeding may provide apparent advantages
to the participating individuals, but it could be also connected with some
remarkable costs. In our study we compared reproductive success (humber of
pups born and weaned, number of litters, litter size, mortality of the pups and
pups weight gain) of singly (female and male) and communally (two females
and male) nesting females of Sinai spiny mice (Acomys dimidiatus). We
analyzed their reproductive success also with respect to the kinship and
familiarity and supposed dominance between communally nesting females. We
also investigated influence of several other factors on female’s reproductive
success. Mortality of the pups and litter size were influenced by mother’s
identity group age and family identity in all females. Heavier females had larger
litters. We found that singly nesting females gave birth and weaned a higher
number of pups and delivered more and larger litters, whereas pups weight gain
and mortality were comparable between the single and communal females. In
communally breeding females, kinship, familiarity and dominance between
females marginally affected reproductive success; the lowest reproductive
success was observed in non-kin unfamiliar females and subordinate females.
Thus, we assume that communal breeding in this species may be only a by-
product of group living due to the enhanced costs of reproductive success related
probably to competition between co-nesting females. It seems that advantages of
Sinai Spiny mice sociality are probably associated with other forms of
cooperation (e.g., social thermoregulation).

Keywords: spiny mice, communal breeding, kinship, familiarity, reproductive
success
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This study will be submitted in a few months in Behavioural Ecology
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Alloparental behaviour in Sinai spiny mice Acomys dimidiatus: The
case of misdirect parental care?

Vladimira Tu¢kova, Radim Sumbera & Barbora Cizkova
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Abstract

Communal breeding, when reproducing females share a nest and take care of
their pups mutually, occurs in several mammalian species. According to the kin
selection theory, alloparental behaviour should appear predominantly between
related conspecifics. However, familiarity between females, a prerequisite for
reciprocal altruism, plays also a role. The aim of our study was to analyse the
effect of the kinship and familiarity on the occurrence of two types of
alloparental care (nursing of pups and retrieving them to the nest) in
cooperatively breeding Sinai spiny mice Acomys dimidiatus. In addition, the
effect of other social factors influencing alloparental care was tested. The
kinship and familiarity had no significant effect on the alloparental care. Nursing
of alien pups depended on the reproductive experience of females measured as a
number of weaned litters and the age difference between litters of both females.
Less experienced females nursed alien pups more often than experienced ones.
With increasing age difference between litters, females nursed preferentially
their own pups. Similarly, retrieving of alien pup was affected by the age
disparity between litters; with increased difference, the females retrieved rather
own pup. These results indicate that occurrence of alloparental care in Sinai
spiny mouse is probably more related to the difficulties of the pup recognition in
communal nests and misdirected parental care than kin selection strategy.
However, females Sinai spiny mice rather nursed alien pups than retrieved them.
It indicates higher energy expenditure associated with retrieving and ability to
recognize own pups if the costs associated with alloparental behaviour is too
high.

Keywords: spiny mice, alloparental behaviour, nursing, retrieving, pup
recognition
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