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ABSTRACT. One aim in animal behaviour is to explain why and when animals live in groups. The main approach
has been to compare closely related gregarious and solitary species. Here, I discuss data of a medium sized, diurnal
muroid rodent, the striped mouse, which demonstrates a high level of intraspecific variability of its social system. In
the arid Succulent Karoo, the social structure of the striped mouse is best described as a territorial group living solitary forager with communal breeding and helpers at the nest. Groups can consist of up to 30 adult mice, i.e. four
breeding females, one breeding male and their adult offspring. In contrast, the striped mouse is solitary in the mesic
grasslands of South Africa, with females inhabiting intrasexually exclusive territories and male territories overlapping those of several females. Association between the sexes is limited to mating, and offspring leave their mother’s
territory as juveniles. Home ranges in the grasslands are much larger than in the Succulent Karoo. I suggest that the
main ecological reasons for these differences in social organization are food abundance, the availability of suitable
nesting sites, and the possibility of sun-basking. Whether these ecological differences acted as selection pressures in
the past that caused genetic differences and finally speciation (as proposed by a recent study), or whether these ecological differences lead to behavioural differences via an ontogenetic pathway, remains a topic for further research.
KEY WORDS : social flexibility, Rhabdomys, striped mouse, ecological determinants of sociality.

INTRODUCTION
The striped mouse (Rhabdomys pumilio) is a medium
sized (adult body weight 30-70g) muroid rodent, which is
active mainly during mornings and afternoons (KRUG,
2002; SCHRADIN & PILLAY, 2004). It is widely distributed
in southern Africa, inhabiting many different habitats,
such as grasslands, marshes, forests, semi-deserts and
deserts (KINGDON, 1974). The social organization of the
striped mouse differs dramatically in correlation with the
habitat it occupies. In moist grasslands, both sexes have
territories that overlap with territories of several individuals of the opposite but not the same sex (BROOKS, 1974;
CHOATE, 1972; PERRIN, 1980a; SCHRADIN & PILLAY, 2005
b; WILLAN, 1982; WILLAN & MEESTER, 1989; WIRMINGHAUS & PERRIN, 1993), females raise their young alone,
and associations between males and females are only for
mating (BROOKS, 1974; WILLAN, 1982). In sum, the
striped mouse in the grasslands is a solitary species
(SCHRADIN & PILLAY, 2005 b). In contrast, studies conducted in xeric habitats indicate that the striped mouse is
a social species here, e.g. in the Kalahari (NEL, 1975; own
observ.). A detailed study revealed that the striped mouse
is social in the Namib desert, with groups consisting of
one breeding female, her offspring that sometimes remain
within the maternal territory even after reaching adulthood, and sometimes one adult breeding male that is permanently associated with one female and her offspring,
(KRUG, 2002). This is similar to the situation in the Succulent Karoo, a desert in the north west of South Africa,

where groups are even larger and more complex (SCHRADIN & PILLAY, 2004). In the Succulent Karoo, groups normally consist of one breeding male, up to four breeding
females and their non-reproducing adult offspring of both
sexes which remain in their natal territory (SCHRADIN &
PILLAY, 2004). Males are permanently associated with
groups of breeding females and participate in parental
care (SCHRADIN & PILLAY, 2003). However, whereas mice
of one group sleep in the same nest, have the same group
territory and interact highly amicably with one another,
they forage alone (SCHRADIN, published online May 2005,
DOI : 10.1007/s10164-005-0158-2) and react highly
aggressive towards mice from other groups (SCHRADIN,
2004; SCHRADIN & PILLAY, 2004). These differences in
social organization between striped mice from the xeric
areas and the moist grasslands lead to the question of
whether there is only one single species, R. pumilio (WILSON & REEDER, 1993). In fact, there appears outbreeding
depression between different populations, which also
show assortative mate choice decisions in captivity, i.e.
females prefer males of their own population (PILLAY,
2000a; PILLAY, 2000b). An allozyme study of 23 different
populations revealed significant differences between populations, with genetic distance being correlated with geographical distance (MAHIDA et al., 1999). Whereas this
study suggested the existence of different subspecies, no
evidence for different species was found. However, recent
studies using mitochondrial DNA proposes the existence
of two different species, with R. pumilio representing the
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social species living in the xeric deserts and semi-deserts,
and R. dilectus representing the closely related solitary
sister species living in the mesic grasslands (RAMBAU &
ROBINSON, 2003). These two branches have separated less
than three millions years ago and further studies will have
to test whether the new species R. dilectus will be recognized (RAMBAU & ROBINSON, 2003).
To what extent can genetic differences between social
and solitary striped mouse populations explain the
observed social differences ? An answer to this question
is not apparent, but males from the solitary populations
in the grasslands show highly-developed paternal care in
captivity (SCHRADIN & PILLAY, 2003), for which no evidence exists from the field (SCHRADIN & PILLAY, 2005
b ; WILLAN, 1982). Also, there is no difference in paternal response in captivity between males from the Succulent Karoo, where the striped mouse is highly social, and
the grasslands (SCHRADIN & PILLAY, 2003). In this paper
I discuss how ecological differences between the Succulent Karoo and the grasslands can explain the extreme
differences in social organization between striped mice
from the two localities. Whether these ecological differences lead to genetic or to ontogenetic differences causing population typical social structures remains hereby
unknown.
The Ecological Model
Basic ecological differences
The main difference between the two habitats is the
pattern of rainfall. The grasslands in the eastern part of
South Africa are a mesic habitat, obtaining more than
1000 mm of rainfall per annum, which occurs mainly during summer (ACOCKS, 1988). In contrast, the Succulent
Karoo is an arid habitat, situated in a winter rainfall
region, and receives only 50-400 mm rain per annum
(ACOCKS, 1988; COWLING et al., 1999) and 160 mm at my
field site. Differences in rainfall pattern lead to dramatic
difference in plant cover. In grasslands, the entire area is
covered by a sea of grasses and herbs, whereas shrubs are
the dominant growth form in the Succulent Karoo, with in
between open areas inhabited by succulents and in spring
wildflowers (COWLING et al., 1999). The Succulent Karoo
is rich in endemic plant species (COWLING et al., 1999)
and regarded as one of 20 global biodiversity hotspots
(MYERS et al., 2000). In the following sections, the ecological consequences of these differences in rainfall and
by this vegetation are discussed. The ecological model for
the Succulent Karoo is shown in Fig. 1a, for the grasslands in Fig. 1b. Different critical points are marked
within the figures, and their importance is outlined below
in a chronically order for both habitats.
Succulent Karoo (Fig. 1a)
1) Food abundance is high in spring after the winter
rains. Wildflowers are particularly important food
resources during spring (unpubl. data), and together with

other newly-emerged plant material and insects are
important protein sources. Since protein is essential for
the onset and maintenance of reproduction (PERRIN,
1980a), breeding occurs during spring and lasts for three
months (SCHRADIN & PILLAY, 2005a). Striped mice reach
sexual maturity at two months of age (BROOKS, 1982),
such that the first pups born during a particular breeding
season could reproduce during the season of their birth.
However, this would be at the end of the breeding season,
with already declining food abundance, and offspring survival may be compromised then. Also, investing energy
into reproduction would reduce the survival probability of
young parents, since energy could alternatively be
invested in somatic development or stored as fat to buffer
the effects of poor food supply during summer. (SCHRADIN & PILLAY, 2005 a). This could explain why adult offspring stay at home and invest in personal survival until
the next breeding season rather than into reproduction
during the season of their birth.
2) Whereas protein rich food occurs primarily during
spring, overall food abundance is high throughout the
year. The dominant plant species, such as Zygophyllum
retrofractum shrubs and several succulents are available
year round and provide a stable food supply. Nevertheless, the mice show considerable loss in body weight during the hot, dry summer (SCHRADIN & PILLAY, 2005 a).
Plant growth starts again in autumn when the rain falls
again (COWLING et al., 1999), and food availability
improves and reaches a peak in spring. It appears that
striped mice in the Succulent Karoo do not need large territories and can share their territories including resources
with up to 30 other group members (SCHRADIN & PILLAY,
2004), without experiencing severe competition for food.
3) The patchily distributed plant cover makes it possible for mice to sun bask. In the morning and afternoon,
the mice of one group sit together in front of their nest,
which is typically situated in a large Zygophyllum bush,
and warm themselves up in the sun (SCHRADIN & PILLAY,
2004). The time when the sun starts shining on their nest
has a significant effect on the initiation of activity
(unpubl. data; KRUG, 2002). Sun basking might work as a
method of energy saving and as thus leads to reduced
demand of food intake, reduced foraging activity and as
thus small territory size.
4) Striped mice preferably nest inside dense and thorny
Zygophyllum shrubs (SCHRADIN & PILLAY, 2004). However, the number of bushes of this species that are big
enough for a striped mouse group is limited, and there is
strong competition between striped mice and syntopic
bush karoo rats (Otomys unisulcatus) for access to these
nesting sites (SCHRADIN, published online May 2005,
DOI : 10.1007/s10164-005-0158-2). As bush karoo rats
weigh more than double that of striped mice, they typically win all encounters. The limited number of nesting
sites might also promote staying at home at a good nesting site instead of leaving the natal nest and nesting alone
at a suboptimal place.
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Fig. 1. – A model proposed for the connections between rainfall, protein content of food, food abundance and cover availability, and the social structure of the striped mouse in (a) the Succulent Karoo, and (b) the grasslands of southern Africa.
For detailed descriptions see text.
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5) Individuals that are present in early summer after the
breeding season have a chance of 30% to survive until the
next breeding season (SCHRADIN & PILLAY, 2005 a). This
survival probability is very high compared to that of
grasslands, where it is less than 3% (BROOKS, 1982). It
can be explained by the investment of energy into survival instead of reproduction (1), the overall good food
supply (2), and benefits of group living. As striped mice
in the Succulent Karoo forage alone, but share one nest,
benefits of group living must be related to nest sharing :
1. Communal infant care (SCHRADIN & PILLAY, 2004)
including paternal care (SCHRADIN & PILLAY, 2003); 2.
Thermoregulatory benefits through huddling during the
night (ANDREWS & BELKNAP, 1986; CONTRERAS, 1984;
temperatures can drop below zero in winter and spring
and are even in summer typically below 15 degrees C and
thus clearly below the thermal neutral point which might
be around 30 degrees, CANALS et al., 1998); 3. Increased
vigilance during the night towards potential predators
approaching the nest (which is built aboveground using
hay). Support for points 2 and 3 is available through
unpublished results of videotaping inside two natural
nests, in which mice were sleeping closely huddled
together, and quickly left the nest during the middle of the
night after a disturbance. In conclusion, the high survival
probability leads to a high population density of over 50
mice/ha at the start and 200 mice/ha after the breeding
season (SCHRADIN & PILLAY, 2005 a). The resulting habitat saturation might then force offspring to stay at home,
as no vacant territories are available for emigration.
Grasslands (Fig. 1b)
1) The main protein-rich food sources in the grasslands
are grass seeds and insects. These food sources are available throughout the entire spring and summer, and the
breeding season stretches over this period of six to seven
months (BROOKS, 1974; PERRIN, 1980a; PERRIN et al.,
2001). Thus, mice born at the beginning of the breeding
season can potentially reproduce in the season of their
birth for several months. In the grasslands, mice do not
stay at home, but emigrate as juveniles and breeding
occurs in young individuals weighing less than 30g (WILLAN, 1982); this does not occurs in the Succulent Karoo
(SCHRADIN & PILLAY, 2005 b).
2) Whereas the green grasslands give the impression of
high food abundance, this may not be the case. In contrast
to other syntopic rodents like vlei rats (Otomys irroratus),
the striped mouse does not feed on grass (PERRIN, 1980b).
Its main food comprises seeds, berries and herbs (CURTIS
& PERRIN, 1979; PERRIN, 1980b). These food sources are
patchily distributed and scarce. The low abundance of
food sources may explain why striped mice have 6 times
(females) or even 10 times (males) larger home ranges in
the grasslands than in the Succulent Karoo (SCHRADIN &
PILLAY, SUBM-B). This difference is even greater when one
takes into account that home ranges are exclusive in the
grasslands, i.e. overlap only to a small extent with other
individuals, but overlap with 5 to 30 other group members
in the Succulent Karoo (SCHRADIN & PILLAY, 2005 b).
The low food abundance in the grasslands would make it
more costly to live in groups, as sharing the territory with
other mice that use the same food resources would force

territories to become even bigger, thereby increasing the
energetic costs of traveling.
3) In the grasslands, the vegetation covers the entire
area. Thus, here it is impossible for mice to come out of
the cover and perform sun basking to reduce energetic
demands by passive warming up. Instead, mice have to
increase their body temperature by metabolic heat, for
which they have to find more food, and thus need larger
territories to fulfill this need.
4) Nest sites in the grasslands are abundant, particularly in areas of dense grass (own observ.).
5) Survival probability of juveniles in the grasslands is
only about two months and annual survival probability is
only 2.3% (BROOKS, 1974). Low food abundance (PERRIN, 1980b) and low ambient temperatures during winter
probably lead to high mortality. Cold weather is a critical
factor, as mice are solitary and thus do not benefit from
the advantage of huddling in a group. Early dispersal of
juveniles is probably another important factor influencing
survival probability, as dispersal into unknown habitat is
likely to reduce survival probability. Furthermore, young
adults do not invest in survival (accumulating resources
such as fat to survive the winter), but immediately invest
into reproduction. In the grasslands, mice of both sexes
start reproducing with a body weight below 30g, whereas
in the Succulent Karoo offspring of both sexes remain at
home without reproducing, reaching body weights above
40g before reproducing (SCHRADIN & PILLAY, SUBM-B).
The low population density, which results from the low
survival probability, means that territories are vacant into
which offspring can immigrate when reaching adulthood.
DISCUSSION
The model described here is no more than a plausible
explanation for the observed patterns of sociality in freeliving striped mice. However, it shows associations
between abiotic variables (level and season of rainfall),
the biotic environment (plant cover, food availability and
protein content of food) and social organization in one
species (Rhabdomys pumilio). Other factors than the ones
described in the model might also have effects. One such
factor could be predation pressure, which is very difficult
to estimate.
A model is only good if it can do two things : First it
has to describe the phenomena observed in nature. Above
I outlined how the model describes the patterns observed
in the Succulent Karoo and the grasslands. One test would
be to determine if it also can describe patterns observed in
the Namib (described by KRUG, 2002). The main social
difference between striped mice in the Succulent Karoo
and the Namib is that groups are smaller in the Namib and
no cooperative breeding occurs. This is in accordance
with the ecological difference that availability of protein
rich food is lower (1 in Fig. 1a), but more constant over
time (2 in Fig. 1a), such that a clear breeding season is
absent (1 in Fig. 1a; KRUG, 2002). As in the Succulent
Karoo, good possibility for basking exists (3 in Fig. 1a)
and does occur (KRUG, 2002), good nesting sites are
extremely limited (4 in Fig. 1a), and the habitat is saturated in the Namib with sometimes extremely high population densities (5 in Fig. 1a), which can explain group
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living as a result of the lack of emigration possibilities
(KRUG, 2002). Thus, it seems that the model is also suitable for the Namib, although the unique environmental
parameters for this habitat would have to be included.
The second prerequisite for the usefulness of a model is
that it makes predictions that can be tested. Below I state
the predictions made by the model for both habitats, again
referring to the important aspects pointed out in Fig. 1.
Hereby it is not expected that a single factor will “cause”
group living or a solitary lifestyle, but that it is the combination of factors and predictions that are important, as
illustrated in Fig. 1.

sberg) because of a lower energy need due to the higher
ambient temperature.
4. Providing super-optimal nesting sites should lead to
increased sociality. The obvious option for this would be
to present nest boxes, but pilot studies with artificial nest
boxes were not successful (unpubl. data).
5. Increased survival probability by providing food in
the field should lead to a higher degree of sociality, as
pointed out in point 3.

Predictions in Succulent Karoo

The striped mouse is a convenient model for studying
the environmental determinants of sociality. Hereby, it is
not of crucial importance, whether the striped mouse is
one or two closely related sister species (see Introduction). In this paper, the intention was to point out the ecological differences that explain differences in sociality.
Whether these ecological differences acted as selection
pressures in the past that caused genetic differences and
finally speciation, or if these ecological differences lead
to behavioural differences via an ontogenetic pathway,
remains a topic for further highly interesting and important research. Further studies should experimentally test
the predictions outlined in this paper to test the model
described.

1. Offspring born at the end of the breeding season
have a lower survival probability. Heavier mice (i.e.
greater body fat) of the same age group have a higher survival probability.
2. Territory size should increase during seasons with
poor food supply. In areas with a lower food supply,
smaller groups are expected.
3. The body temperature of mice increases significantly
when basking (to be measured by implants) and energy
expenditure is lower during periods of good sun basking
opportunities (summer compared to winter; to be measured by doubled labeled water).
4. Removal of bush karoo rats should lead to striped
mice occupying their abandoned nest sites.
5. Low population density leads to a more solitary lifestyle. Removal of groups should lead to adult offspring of
other groups leaving their group and taking over these
vacant territories.
Many of these predictions might be testable in future.
The Succulent Karoo is known to have a low, but highly
predictable rainfall pattern (COWLING et al., 1999) and as
such predictable food abundance for the striped mouse.
However, the Succulent Karoo is currently (2003) experiencing the severest drought since many years. Thus,
while my model indicates high survival probability and
high population density in the Succulent Karoo, these are
unlikely in 2003. This dramatic drought will thus offer the
opportunity to study the effects of a reduced population
density on the social organization of the striped mouse. It
will be possible to test which individuals survived (prediction 1), and it will be interesting to see if there are
changes to the social structure (i.e. are the mice solitary,
prediction 2 and 5). At the same time, bush karoo rats
became nearly locally extinct at my field site, making it
possible to test prediction 4.
Predictions in grasslands
1. Mice born at the end of the breeding season should
stay longer in their natal territory.
2. Experimental increase of food availability should
lead to larger population density (shown by PERRIN &
JOHNSON, 1999), smaller home ranges, increased survival
probability, and eventually to habitat saturation and
finally to a higher level of sociality.
3. Striped mice in warmer grassland habitats (e.g. in the
area of Pretoria) should have smaller home ranges than
mice in colder grassland habitats (e.g. high in the Draken-
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Rhabdomys intermedius was described from Cradock and Port Elizabeth in the Eastern Cape, as well as Deelfontein in the Northern
Cape; this species mostly represents the central clade, when R. pumilio was split into three geographically distinct groups (du Toit et al.
2012).Â Since different species of the complex have different ecological requirements, they may be used as bio-indicators of changes in
aridity. Rhabodmys dilectus is thought to rely strongly on water and vegetation cover, unlike R. bechuanae.Â Table 2. Threats to the
Four-striped Grass Mouse (Rhabdomys spp.) ranked in order of severity with corresponding evidence (based on IUCN threat categories,
with regional context). Rank Threat description 1 11.1 Habitat Shifting & Alteration Where will be the best places to live in a future
troubled by climate change? Here are some location criteria to consider and the best places to live.Â In the U.S., upstate New York and
Pacific Northwest locales like Portland and Seattle are also viable. Places that are in grave danger include any developing nations,
including Haitiï»¿ï»¿ and some African nations. These countries are vulnerable to ravages of nature such as droughts and severe heat.
If one were to pick the single biggest factor in choosing a place to live in 2050 and later, it would be the distance from an ocean. Areas
away from the coast but near lakes are ideal. Elevation can be helpful. Reproductive competition and ecological constraints determine
sociality in the African striped mouse (Rhabdomys pumilio). J Anim Ecol. 2012 May;81(3):649-56. doi: 10.1111/j.13652656.2011.01939.x.Â 1. While the reasons for group-living have been studied for decades, little is known about why individuals become
solitary. 2. Several previous experimental studies could demonstrate that group-living can arises as a consequence of ecological
constraints.Â 4. Using a socially flexible species, the African striped mouse (Rhabdomys pumilio), we tested experimentally in the field
whether dispersal and solitary-living are more likely to occur when reproductive competition is present. When to live alone and when to
live in groups : ecologi- cal determinants of sociality in the African striped mouse (Rhabdomys pumilio, Sparrman, 1784). 2005. 1 Author
(Carsten Schradin).Â Variation in measures of fitness (i.e. survival and reproduction) has been linked to various aspects of sociality in
humans and animals alike, and variability in individual health and condition has been recognized as a key mediator of these
relationships. Viewed from a broad evolu more. 105 Citations.

