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Abstract In most cooperatively breeding species, repro-
duction is monopolised by a subset of group members.
However, in some species most or all individuals breed.
The factors that affect reproductive success in such species
are vital to understanding why multiple females breed. A
key issue is whether or not the presence of other breeders is
costly to an individual’s reproductive success. This study
examines the factors that affect the post-parturition compo-
nent of reproductive success in groups of communal-
breeding banded mongoose (Mungos mungo), where up to
ten females breed together. Per-litter reproductive success
was low (only 18% of pups survived from birth to
independence). Whilst singular breeding was wholly un-
successful, there were costs associated with breeding in the
presence of increasing numbers of other females and in
large groups. Synchronisation of parturition increased litter
success, probably because it minimises the opportunity for
infanticide or decreases competitive asymmetry between
pups born to different females. There was no evidence of
inbreeding depression, and reproductive success was
generally higher in litters where females only had access
to related males within their group. I conclude that
communal breeding in female banded mongooses repre-
sents a compromise between the benefits of group-living
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and communal pup care on the one hand, and competition
between females to maximise their personal reproductive
success on the other. Such conflicts are likely to occur in
most communal breeding species. Whilst communal breed-
ing systems are generally considered egalitarian, negative
effects of co-breeders on individual reproductive success is
still an issue.

Keywords Cooperative breeding - Plural breeding -
Reproductive skew - Synchrony

Introduction

Within social groups, the effect of an individual’s reproduc-
tion on the fitness of other breeders is a particularly impor-
tant issue. It has serious implications for the level
of reproductive skew. In groups exhibiting high skew
(“despotic”), reproduction is monopolised by a small number
of individuals relative to the number of non-breeders in the
social group. In groups with low skew (‘egalitarian’),
reproduction is more evenly distributed, and most individu-
als breed. Theoretical models of reproductive skew generally
assume a cost to the dominant’s fitness when a subordinate
breeds (e.g. Vehrencamp 1983; Keller and Reeve 1994; Cant
1998; Reeve et al. 1998). Whilst the factors affecting repro-
ductive success in species with high reproductive skew are
well studied, studies of species with low reproductive skew
are relatively few (Lewis and Pusey 1997). Understanding
the factors that affect reproductive success in species with
low reproductive skew, in particular, whether breeding with
other females is costly is fundamental to understanding why
multiple individuals breed in such species.

In high-skew species, wherein subordinate females
sometimes breed, there is often evidence of conflict and
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direct interference between breeding females (e.g. Koenig
et al. 1995; Clutton-Brock et al. 1998). Communal breeding
species, exhibiting a form of low skew where more than
one female lays eggs or gives birth to young in the same
nest or den (“joint-nesting plural breeders”, Brown 1987)
are generally assumed to represent a particularly coopera-
tive form of reproduction. However, studies of both the
communal breeding pukeko (Porphyrio porphyrio: Jamieson
1997) and groove-billed ani (Crotophaga sulcirostris:
Vehrencamp et al. 1988) similarly provide evidence of
conflict and direct interference between breeding females.
This suggests that within communal breeders, as in species
with high reproductive skew, females may compete over
reproduction, and that communal breeding is not necessarily
adaptive to all reproductive group members. A key contrast
in evaluating whether multiple-breeding females are costly
or beneficial in communal breeding species is the reproduc-
tive success of single-breeding vs multiple-breeding female
clutches or litters.

Numerous other variables affect female reproductive
success. Ecological factors, especially climate and food
availability, are well documented (Clutton-Brock 1988).
Whilst the reproductive success of individuals generally
increases with food availability, social factors can have
positive or negative effects on an individual’s reproductive
success. In cooperative breeders (species where some
individuals contribute care to the offspring of others) with
high reproductive skew, there is a general trend of increasing
breeder reproductive success with group size, and this is
probably due to increased help, through an increasing helper-
to-young ratio (Clutton-Brock et al. 2001b). However, in
cooperative breeding species with low reproductive skew,
where the number of females that breed generally increases
with group size, the availability of help does not necessarily
also increase. In communal breeders, the negative effects of
competition for food between young may produce a negative
correlation between group size and reproductive success
as commonly found in non-cooperative social species
(e.g. Clutton-Brock et al. 1982).

In social groups where more than one female breeds, the
synchrony of parturition can have major implications for the
success of the component litters. Selection pressures acting
on parturition synchrony include infanticide, interlitter
competition, and predation dilution (Bertram 1975; Ims
1990; Mennella et al. 1990). Whether synchronisation
benefits all breeders, or particular individuals at a cost to
others, determines the distribution of reproductive success
within communal litters.

Reproductive success can be affected, not only by
extrinsic factors, but also by the genetic quality of offspring.
Inbreeding depression occurs where offspring fitness is
compromised when close relatives breed. Numerous studies
provide evidence for fitness costs to offspring of inbreeding

(Jimenez et al. 1994; Brown and Brown 1998; Coulson et al.
1998; Keller 1998; Slate et al. 2000). In contrast, inbreeding
without cost has been recorded in the dwarf mongoose
Helogale parvula (Keane et al. 1996), and naked mole rat
Heterocephalus glaber (Reeve et al. 1990).

This paper evaluates the effects of social and environ-
mental factors on post-parturition reproductive success in
groups of communal-breeding banded mongoose (Mungos
mungo). Factors affecting fecundity (whether or not a
female gives birth and carries to term, inter-birth interval,
and how many foetus she gestates) are dealt with elsewhere
(Gilchrist et al. 2004). Banded mongooses are small
(<2 kg), insectivorous, group-living mammals that live in
equatorial Africa. This species shows extremely low repro-
ductive skew for a cooperatively breeding species, partic-
ularly with regard to the other social mongoose species: the
meerkat and dwarf mongoose (Cant 2000; De Luca and
Ginsberg 2001; Gilchrist et al. 2004). Within groups,
females come into behavioural oestrus approximately
synchronously and usually copulate with multiple males
within their group (Cant 2000). Females breed three to four
times a year, and up to ten females give birth approximately
synchronously in the same den. If plural breeding is
detrimental to individual reproductive success, pup produc-
tion will be lower when multiple females breed than when a
single female breeds, and will decrease with increasing
number of breeding females. If synchrony reduces infanti-
cide or competitive asymmetry, litters where all females give
birth on the same day will have higher pup production than
litters where females give birth on different days. If food
availability is an important predictor of reproductive success,
pup production will be greater (1) with increasing rainfall
(invertebrate prey abundance generally increases with
rainfall), and (2) in groups with access to supplemental
food. Finally, if inbreeding is detrimental to reproductive
success, pup production of litters produced by females
breeding in groups with unrelated males will be higher than
natal females breeding in groups with only natal males.

Materials and methods
Study area and population

Fieldwork was carried out in an 8-km? area, on and around
Mweya peninsula, Queen Elizabeth National Park, southwest
Uganda 0°12' S and 27°54" E, from March 1997 to February
2000. The vegetation of the study site was predominantly
short and medium fire climax grassland with numerous
dense thickets (Lock 1977). The climate was equatorial, with
little annual fluctuation in day length or temperature. Daily
rainfall data were collected via a rain gauge sited in a central
location within the study site.
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Banded mongoose groups comprise individuals that
forage together as a cohesive unit during the day and sleep
communally in a den at night. Groups are stable on a day-to-
day basis and are territorial. Data on reproductive success
were collected on 11 groups of banded mongoose. Three
groups had access to supplemental food from human
garbage dumps (Gilchrist and Otali 2002; Otali and Gilchrist
2004). Group size varied from three to 36, and the number of
reproductive females within a group varied from one to ten
(Gilchrist 2001). Individuals were trapped, anaesthetised,
marked and located according to methods outlined elsewhere
(Cant 2000; Cant et al. 2001). Procedures were licensed by
the Uganda National Council for Science and Technology
and the Uganda Wildlife Authority, and followed the
guidelines of the Association for the Study of Animal
Behaviour (ASAB 1991).

Data collection and analysis

I evaluated mean reproductive success per female per litter
using communal pup counts and the number of females that
gave birth. It was not possible to ascribe young to specific
breeders because females generally mate with multiple males
and give birth together underground (Cant 2000). I define a
communal litter as the litter born to the group, i.e. the litter
produced by all the females that gave birth in a breeding
event (one to ten females) within a 30 day period (Gilchrist
2004). Parturition was detected when a pregnant female’s
abdomen size changed from swollen to flaccid. Litters where
all females gave birth on the same day were classified as
synchronous. Litters where females gave birth on different
days were classified as asynchronous. It was impossible to
directly count communal litter size at birth because pups
were usually born in inaccessible subterranean dens. I,
therefore, estimated communal litter size at birth by
summing the foetus counts made during gestation on all
females that subsequently gave birth in a communal litter.
By trapping and anaesthetising females 2 to 4 weeks after
oestrus (gestation is approximately 8 weeks, Cant 2000), it
was possible to detect pregnancy and count the number of
foetuses by palpation. There is no evidence that trapping and
palpating pregnant females affected the probability that they
aborted (x*=2.37, df=1, p=0.12, n=264). For females that
had given birth but for whom foetal litter size was not
counted, foetal litter size was estimated using the predictive
equation from a General Linear Model with age as the fixed
effect and foetus count as the variate (age being a significant
correlate of foetus count, Gilchrist et al. 2004). Results in
subsequent analyses were consistent on comparing against
analyses restricted to females with foetus counts.

Between birth and emergence, pups spend approximately
their first 30 days in the den (Rood 1974; Cant 2003). Pups
were defined as ‘emergent’ from the first date that they were

@ Springer

observed travelling with a foraging group. The maximum
number of emergent pups was counted within a few days of
first emergence. After emergence, pups are dependent on
older group members for food and protection, and usually
form stable associations with ‘escorts’ until approximately
90 days of age (Gilchrist 2004; Gilchrist and Russell, in
preparation). Pup number at independence was counted at
90 days after birth.

Group size (the number of individuals more than 90 days
of age) was counted when a litter was born. All group mem-
bers more than 6 months are capable of contributing care to
the communal litter (Gilchrist 2001; Gilchrist and Russell, in
preparation), with males tending to make higher contribu-
tions than females through babysitting and escorting (Rood
1974; Cant 2003; Gilchrist 2004; Gilchrist and Russell, in
preparation). As an index of care, the number of group
members (and males) more than 6 months was counted.

I tested whether reproductive success is correlated with
whether females (giving birth) had access to related or
unrelated males within the group. In the absence of genetic
data, I use group residence status as a surrogate. Group his-
tory was known from 1994, and in no case did an individual
immigrate into an established group (Cant et al. 2001;
Gilchrist 2001). Therefore, females that conceived within
their natal group did not have access to ‘unrelated’ males
within the group (n=11 litters, two groups), and females that
conceived within a group formed by fusion of male and
female subgroups from different natal groups had access to
‘unrelated’ males within the group (n=24 litters, six groups).
The incidence of extra-group copulations was extremely low
(Gilchrist et al. 2004). I restrict analysis only to litters where
all females were natal or all females were non-natal.

The selective pressures acting on a female’s post-
parturition reproductive success (through pup survival) will
be quite different between the two distinct stages of a pup’s
life. Before emergence, pups remain in the den and are
reliant upon suckling. After emergence, until the pups attain
independence, they travel with the group and are fed by
group members. Therefore, I independently evaluate the
factors that affect reproductive success across these two
periods: (1) birth to emergence and (2) emergence to inde-
pendence. The data on pup counts were non-normally dis-
tributed and robust to transformation. To meet the assumptions
of parametric statistical analysis, I divided analyses of
reproductive success into two subcomponents (Vehrencamp
et al. 1988): (a) litter failure/success (all pups died/one or more
pups survived), (b) mean number of pups per female in
successful litters (for litters where one or more pups survived).
In analyses, I excluded four litters that were born during group
fission events (Cant et al. 2001), because observations sug-
gested that litter failure was caused by the conflict and
confusion of the fission event (three litters failed pre-
emergence and one litter produced only one emergent pup).
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Statistical analyses were performed using GenStat 6.
Normally distributed data were analysed using the General
Linear Model (GLM) procedure. Binomial data were
analysed using the Generalised Linear Model procedure
with logit link function and binomial error distribution.
Group identity was fitted as a random term in equivalent
Restricted Estimate Maximum Likelihood Models, and
Iterated Reweighted Restricted Maximum Likelihood Mod-
els but was estimated as a negative or zero component of
variance, confirming that litters can be considered statisti-
cally independent data points. The statistical independence
of communal litters was expected, as group membership and
environmental conditions differed between litters within
groups. Dispersion was estimated where dispersion >1,
and fixed at 1 otherwise. In each analysis, I tested whether
reproductive success differed between litters where a single
female gave birth (n=8 single-female litters from five
groups) and litters where more than one female gave birth
(n=54 multiple-female litters from nine groups, with three
groups producing single and multiple-female litters during
the study). I also fitted social and environmental variables
(see Table 1) and relevant two-way interactions as fixed
effects. Forward elimination was used to select fixed terms
for the minimal model (Sokal and Rohlf 1995), which

Table 1 Variables used as fixed effects in models of reproductive success

comprised only those parameters that contributed signifi-
cantly (»p<0.05) to the explanatory power of the model. All
means are expressed as =1 standard error.

For the period between pup birth and emergence, I
investigated the factors that affect the probability of a litter
emerging by fitting litter survival (0=no pups survived to
emergence, 1=one or more pups survived to emergence) as
the response variate in a Generalised Linear Model with
binomial denominator 1. The factors that affect the mean
number of emergent pups per breeding female (excluding
litters that failed to emerge) were investigated by fitting
mean number of emergent pups per female that gave birth as
the response variate in a GLM. These analyses were repeated
for the period between pup emergence and independence
(excluding litters that failed before emergence and those that
failed before independence from the GLM).

Results
Overall litter success: pup independence

Only 54.7% of litters born produced one or more pups at
independence (35 litters produced one or more pups at

Variable
Social

Summary: mean (range) or factor levels

No. of @s that gave birth!

No. of @s that gave birth (categorized)'

Single-female or multi-female litter'

No. of reproductive 9s that did not give birth
Whether or not all females that gave birth were parous

Group size (number of individuals aged>90 days)”
Group size (categorized)?

Carer no. (number of adults and sub-adults)®

& carer number?

Number of pups from previous cohort surviving
Communal litter size at birth (estimated)®

Communal litter size at ems:rgence4

Q access to unrelated s within group

Synchrony of parturition
Environmental

Access to garbage dumps

Proportion of days with rain in 30 days post-parturition’
Mean daily rain in 30 days post-parturition®

Proportion of days with rain in 90 days post-parturition®
Mean daily rain in 90 days post-parturition®

3.57 (1-10)

Low (1)/medium (2—4)/high (5-10)
Single-female (1)/multi-female (2—10)

0.82 (0-7)

All @s that gave birth were parous/one or more {s that
gave birth were nulliparous

16.53 (7-34)

Small (7-11)/medium (12-23)/large (24-34)
15.28 (7-52)

9.18 (4 to 18)

1.68 (0-15)

6.12 (1-18)

11.9 (1-39)

Natal (no access)/non-natal (access)
Asynchronous/synchronous

Non-refuse-feeding/refuse-feeding
0.35 (0-0.7)

2.72 (0-6.37) mm

0.29 (0-0.63)

2.49 (0-6.31) mm

1:2:3:6 T each case, terms sharing the same superscript were not included in models together due to collinearity: the more significant term

was retained

? Fitted to model for proportion of pups surviving from birth to emergence
*Fitted to model for proportion of pups surviving from emergence to independence

>Fitted to models for birth to emergence
® Fitted to models for emergence to independence
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independence, 18 litters failed before emergence and 11
failed between emergence and independence). The mean
estimated communal litter size at birth (for the 60 communal
litters of which the number of pups was estimated at birth
and counted at independence) was 11.70+0.98 pups
(total=702 pups), and the mean number of pups to survive
to independence was 2.17+0.38 per communal litter
(total=130 pups). The mean proportion of pups to survive
from birth to independence was 0.18+0.028 per communal
litter.

Litter success/failure from birth to emergence

Twenty six percent of communal litters died before
emergence (n=17/65 litters). The probability that a litter pro-
duced one or more pups at emergence did not differ between
single-female and multiple-female litters [F(1,58)=1.22,
p=0.12, n=60 litters], but increased with the number of
females that gave birth [F(1,58)=4.88, p=0.031, n=60 litters,
percentage variance accounted for (+%)=6.1%; probability of
litter success ranged from 0.51+0.13 for one female to 0.98+
0.05 for ten females]. Within multiple-female litters, syn-
chronous litters were more likely to produce one or more
pups at emergence (1.00+0.00, n=10 litters) than asynchro-
nous litters [0.69+0.09, n=25; F(1,33)=6.28, p=0.012,
n=35 litters, *=14.2%].

Number of pups at emergence

The mean number of emergent pups (excluding failed litters)
was 6.13+£0.53 per communal litter (n=48 litters), and 1.93+
0.18 per female that gave birth (n=43 litters). The number of
emergent pups per female was higher in single-female litters
(4.00+0.58, n=3 litters) than multiple-female litters [1.75+
0.16, n=40; F(1,41)=13.94, p=0.001, n=43 litters,
*=23.6%). Within multiple-female litters, the number of
pups at emergence per female decreased as the number of
females that gave birth increased [F(1,38) =7.94, p=0.008,
n=40 litters, *=15.1%, Fig. 1], and was higher in groups
where all females that gave birth were natal (2.67+0.33,
n=6 litters) than in groups where all the females that gave
birth had formed the group via fusion with unrelated males
[1.72+0.24, n=11; F(1,15)=5.48, p=0.033, n=17 litters,
=21.9%).

Litter success/failure from emergence to independence

Twenty four percent of emergent litters failed before pup
independence (n=11/46 litters). The probability that an
emergent litter produced one or more pups at independence
was higher for multiple-female litters (0.82+0.06, n=38
litters) than single-female litters (0.00+0.00, n=3 litters;
x*=9.25, df=1, p=0.002, n=41 litters, r*=18.3%). Within
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multiple-female litters, the probability that an emergent
litter produced one or more pups at independence increased
with the mean daily rainfall in the 90 days post-parturition
(X*=7.66, df=1, p=0.006, n=38 litters, r*=18.9%; predicted
probability of litter success increasing from 0.43+0.18 for
0 mm rain to 1.00+0.01 for 6 mm rain).

Considering the factors affecting litter success/failure
from birth to independence, multi-female litters had a higher
probability of producing one or more pups at independence
(0.60+0.08, n=52 litters) than single-female litters (0.00+
0.00, n=7 litters; F(1,57)=9.33, p=0.003, n=59 litters,
*=12.6%), and synchronous litters had a higher success
probability (0.92+0.10, »=10 litters) than asynchronous
litters (0.44+0.12, n=24 litters; F(1,32)=6.19, p=0.018,
n=34 litters, r*=15.4%).

Number of pups at independence

The mean number of pups at independence (excluding
litters that failed before independence) was 3.91+0.49 per
communal litter (n=35 litters). The mean number of pups at
independence per female was 1.09+0.12 per communal
litter (n=31 litters). The number of pups at independence
per female decreased with increasing number of adults
[F(1,29)=5.19, p=0.030, n=31 litters, *=12.3%, Fig. 2]. In
addition, there was a tendency for the number of pups at
independence to increase with the number of pups from the
previous cohort still surviving [F(1,28)=3.58, p=0.069,
n=31 litters]. The mean number of pups at independence
per female tended to be higher in groups with natal-only
females (1.63+0.25, n=5 litters) than non-natal female
groups (1.05+0.19, n=9 litters; F(1,12)=3.44, p=0.088,
n=14 litters, r°=15.8%).

Discussion

Whereas environmental and social factors have little
effect on the fecundity of female banded mongooses
(Gilchrist et al. 2004), they have significant effects on
post-parturition reproductive success. All litters where only
one female gave birth failed, but the number of emergent
pups per female decreased as the number of females that
gave birth increased. Pup production was higher in litters
where all females gave birth on the same day than in
asynchronous litters, and was generally higher in litters
born to only natal females than in groups where all the
females that gave birth were non-natal. In addition, the
probability that a litter survived from emergence to
independence increased with rainfall, and the number of
independent pups per female decreased with increasing
numbers of adults. Interpretations of these patterns must be
indirect because the cause of death of the majority of pups



Behav Ecol Sociobiol (2006) 60:854—-863

859

o 4
©
% O
R
25 3
2o
s ©
°
LE:
§LE2
£
S o
s2 1
o 9
gD
g
q’ 0\ T T T
2 3 4 5

6 7 8 9 10

number of females that gave birth

Fig. 1 Effect of the number of females that gave birth on the mean
number of pups at emergence per female that gave birth. Solid line
shows the predicted relationship (from GLM with n=40 litters;

is unknown, but illness and predation are both implicated
(Otali and Gilchrist 2004).

Is it costly to breed with other females?

An assumption of models of reproductive skew is that
subordinate reproduction is costly to the dominant individual
in the social group (e.g. Vehrencamp 1983; Keller and Reeve
1994). Without such a competitive cost to plural breeding,
there would be no motivation for an individual to suppress
reproduction of other group members. Do banded mongoose
females have higher reproductive success when they breed
alone and no other females give birth? No: all communal
litters where a single female gave birth failed to produce a
single pup at independence. This suggests that monopoly of
reproduction by a single female in banded mongoose groups
would not be advantageous to that female.

*=15.1%). Dashed lines show standard error envelope. Diamonds
represent the individual data points

Is there evidence that mean reproductive success de-
creases as the number of breeding females increases? Yes:
the mean number of emergent pups per female that gave
birth decreased as the number of females that gave birth
increased. In contrast, a previous study of the same popu-
lation suggested that per capita production of emergent young
increased with the number of females that gave birth (Cant
2000, contrast Fig. 3a with Fig. 3b). This difference may be
explained by Cant’s singular- and two-female litters (all of
which failed) being derived from recently formed groups
because such groups tend to experience high rates of litter
failure in their initial litters (J.S. Gilchrist, unpublished data).

The high failure rate of litters with few breeding females
may reflect the difficulty females face in combining foraging
with suckling young. Females allow allosuckling (Neal
1970; Rood 1975; J. S. Gilchrist, unpublished data), and,
therefore, pups may be suckled more often when there is

mean number of pups at
independence per female that gave
birth

16 21

number of adults

Fig. 2 Effect of number of adults on mean number of pups at independence per female that gave birth. Solid line shows the predicted relationship
(from GLM with n=31 litters; °=12.3%). Dashed lines indicate standard error envelope. Diamonds represent the individual data points
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more than one lactating female in the group (Lewis and
Pusey 1997). The diminishing reproductive success with
increasing number of females that gave birth is more
interesting for the lack of evidence of a negative effect
of increasing communal litter size, suggesting that compe-
tition between pups is not the issue. Whether the detrimental
effect of increasing number of breeding females is passive
(e.g. scramble competition) or active (e.g. infanticide) is
unclear (Gilchrist 2006).

Other habitually communal-breeding (low skew) species
exhibit evidence of costs of communal breeding to breeder’s
per capita reproductive output. In the pukeko (Craig 1980)
and groove-billed ani (Koford et al. 1990), the average
reproductive success of joint-nesting individuals is lower
than singular breeding females (also see Table 3 in
Vehrencamp 2000). Costs to communal breeding through
reduced reproductive success (for at least some females)
have also been documented in some communal breeding
rodents (Marin and Pilastro 1994; Wolff 1994; Gerlach and
Bartmann 2002). This suggests that even in communal
breeding species, there is commonly a conflict of interest,
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and that it may not be adaptive to the dominant female to
allow subordinate females to breed.

Why then does a female tolerate reproduction by other
females when it is costly to her own reproductive success?
Low reproductive skew in communal breeding species may
represent an inability of individuals to suppress reproduction
in other females (Creel and Waser 1997; Packer et al. 2001).
The lack of a distinct dominance hierarchy in female banded
mongooses is consistent with the suggestion that no female
has sufficient leverage to suppress reproduction in subordi-
nates (Gilchrist et al. 2004, but see De Luca and Ginsberg
2001). Alternatively, dominant females will tolerate the costs
of communal breeding if the cost of suppressing, or evicting
(Johnstone and Cant 1999) subordinates exceeds the cost of
the additional female(s) breeding.

Alternatively, a decrease in mean reproductive success per
breeding female does not necessarily mean that a dominant
female in a group suffers decreased reproductive success. The
mean number of emergent pups per female could decrease
through increased mortality of subordinate’s pups, with
mortality of dominant’s pups unaffected. This could occur



Behav Ecol Sociobiol (2006) 60:854—-863

861

through differential infanticide, as in meerkats where most
infanticide is conducted by the dominant female on sub-
ordinate’s pups (Clutton-Brock et al. 1998, 2001a). Alterna-
tively, subordinate’s pups may be inferior competitors. In the
banded mongoose, smaller females gestate smaller foetuses
(Gilchrist et al. 2004) and, therefore, probably give birth to
smaller pups.

If a dominant female does not incur a reproductive cost
from multiple females breeding (Cant 2000), it may be in her
interests to allow related females to contribute to the
communal litter, as she would gain indirect fitness from
relatives’ offspring (Cant and Johnstone 1999). Subordinate
reproduction could represent an important component of
fitness in the banded mongoose, as indirect fitness to the
dominant, and as direct fitness to subordinates, because
females within a group are probably always related, and
because many communal litters likely contained subordinate
pups. Female banded mongooses either breed within their
natal group or disperse as a single-sex subgroup, and (within
a group) are, therefore, probably always related to one
another (Cant et al. 2001; Gilchrist 2001). Sixteen of the 35
litters that survived to independence produced more than
three pups (the median foetal litter size per female,
Gilchrist et al. 2004), and, therefore, probably contained
subordinate pups. The remaining 19 litters, with three or less
independent pups, may also have contained subordinate
offspring.

Food availability and group size effects on reproductive
success

Food resources may be especially important in determining
the level of reproductive skew and distribution of repro-
duction within cooperatively breeding species (Keller and
Reeve 1994). 1 detected a positive correlation between
rainfall (commonly a positive correlate of the abundance of
invertebrate prey, Rood 1975; Hiscocks and Perrin 1991;
Waser et al. 1995; Doolan and Macdonald 1996) and the
probability of litter success at independence in banded
mongooses. However, groups that had access to a supple-
mental food source, human food at garbage dumps, did not
have higher reproductive success than those groups with
access only to natural food sources, even controlling for
number of females (also see Otali and Gilchrist 2004). The
lack of a supplemental food effect is surprising because
adults with access to garbage dumps were heavier (Otali
and Gilchrist 2004). This may be expected to have
translated into increased pup survival, with females better
able to meet the high energetic demands of lactation, and
adults provisioning pups with a higher proportion of the
food items encountered, as for meerkats (Brotherton et al.
2001). That this was not the case calls into question the

nutritional quality of the human food at garbage dumps
(Otali and Gilchrist 2004).

In cooperatively breeding species, the reproductive
success of breeders commonly increases with group size
(for a review, see Emlen 1991). This is generally interpreted
as evidence of the positive effect of helpers, e.g. as in
meerkats where helpers feed emergent pups (Clutton-Brock
et al. 2001b). However, in the banded mongoose, there is
evidence of reduced reproductive success in large groups,
and, therefore, costs to individual reproductive success at
large group size that counteract the benefits of communal
breeding. This may explain why eviction events where
individuals are forced out of their natal group have only
been recorded in the largest groups (Cant et al. 2001;
Gilchrist 2006). In the majority of evictions, it is the
females that are forcibly expelled (Gilchrist 2001). Eviction
may be the only effective way to minimise female intra-
group reproductive competition (Johnstone and Cant 1999).
These large groups may surpass the threshold
cost that can be tolerated by ‘dominant’ reproductive
individuals.

Synchrony of parturition

Banded mongooses show a high degree of synchronisation
of parturition relative to other mammalian species (Gilchrist
2006). Synchronised litters were more successful than
asynchronous litters. There are several possible selective
pressures favouring synchronisation of parturition. By
giving birth synchronously, a female may limit the ability
of other group members to differentiate between their own
and others offspring and to kill pups that would compete
with their own (e.g. Manning et al. 1995). Alternatively,
synchronous parturition may reduce competitive asymmetry
between pups of different litters (Menella et al. 1990).
Reproductive synchrony could also dilute predation risk of
young (Ims 1990). However, in the banded mongoose,
economising and coordinating care of young may be a
major selective advantage to synchronisation (Cant 2003;
Gilchrist 2004). The higher success of synchronous litters
raises the question of why more communal litters were not
synchronised to same-day parturition. Such instances may
highlight a breakdown in coordination, or conflict between
females.

Is reproductive success reduced by inbreeding depression?

In many species with high reproductive skew, non-breeders
are related to the opposite-sex breeder, and it is proposed
that the reason these individuals do not breed is avoidance
of inbreeding and the associated costs to offspring
produced (Faulkes and Bennett 2001). Gilchrist et al.
(2004) found no evidence that banded mongoose females
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avoid breeding in the presence of only related males within
their group. If females regularly breed with related males,
are there associated costs to reproductive success? Surpris-
ingly, in this study, litters where females had access to only
related males within their group had higher reproductive
success than litters where all females had access to
unrelated males. Perhaps potential conflicts within and
between sexes are reduced when females and males are
related, and indirect benefits favour truly communal care
(Hamilton 1964). Alternatively, there may be benefits to
familiarity in well-established groups that improve coordi-
nation of pup care.

Conclusions

This paper demonstrates that whilst singular breeding is
unproductive for females of the low-skew banded mongoose,
reproductive success declines with increasing numbers of
co-breeding females, suggesting costs to multiple-breeding
females. In addition, despite their apparently maladaptive
fitness returns, singular breeding and asynchronous parturi-
tion occur, suggesting conflicts of interest between females.
Low reproductive skew could, therefore, represent a lack of
dominance control. Alternatively, communal breeding may
maximise an individual’s inclusive fitness. A female may
allow related females to add young because pup mortality is
high and beyond her control. She would then at least gain
indirect fitness benefits if her own pups die.
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