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  Introduction 

 Th e banded mongoose ( Mungos mungo)  is a small 
(~1.5 kg) cooperative mammal (Carnivora: Herpestidae) 
which is distributed widely throughout sub-Saharan 
Africa ( Figure  18.1 ). Th e species has been studied at 
sites in the Serengeti (Waser et al.  1995 ), South Africa 
(Hiscocks and Perrin  1991 ), and Botswana (Alexander 
et  al.  2002 ,  2010 ; Laver et  al.  2012 ), but most of what 
is known about the life history and social behavior of 
this species comes from a long-term study of a popula-
tion living on and around Mweya peninsula in western 
Uganda.  

 Jon Rood of the Smithsonian Institute initiated study 
of banded mongooses at Mweya in the early 1970s 
and provided tantalizing insights into its social and 

reproductive behavior. For example, Rood confi rmed 
earlier reports that multiple females in each group 
became pregnant in each breeding attempt (Rood 
 1975 ); discovered that males guard young off spring at 
the den while lactating females go off  to forage (Rood 
 1974 ); and described striking examples of altruism, 
such as one case where an adult mongoose scaled a 
tree to rescue a groupmate from the clutches (literally) 
of a martial eagle (Rood  1983 ). Unfortunately, polit-
ical instability in the region prevented further work 
until the early 1990s, when Daniela de Luca from the 
Institute of Zoology in London returned to continue 
Rood’s research (De Luca and Ginsberg  2001 ). Th e cur-
rent project was started in 1995 by the senior author 
and Tim Clutton-Brock, and the population has been 
studied continuously since then. 
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 Our initial motivation to study banded mongooses 
was to understand why groups feature multiple breed-
ing females, whereas in closely related dwarf mon-
goose  s ( Helogale parvula ) and meer  kats ( Suricata 
suricatta ) there is typically only a single breeding female 
per group (Creel and Waser  1991 ; Keane et  al .   1996 ; 
Clutton-Brock et al.  2001 ). Th is diff erence in the pattern 
of female reproduction among mongooses with similar 
cooperative breeding systems off ered a good oppor-
tunity to test reproductive ske  w models, developed to 
understand why the distribution of reproduction var-
ies within cooperative groups. It soon became appar-
ent, however, that banded mongooses were unusual in 
several other respects. As we now know, they exhibit 
extreme within-group birth synchrony  , male-biased 
helping, female-biased eviction, and a unique “escort  ” 
system of alloparental care (Cant  1998 ; Gilchrist  2004 ). 
Escorts are helpers that form one-to-one caring rela-
tionships with pups and act as cultural rol  e models, 
leading to the coexistence of multiple foraging “tradi-
tions” within groups (Müller and Cant  2010 ). 

 In addition to having escorts, banded mongooses 
have three additional attributes that distinguish 
them: (1) dispersal is relatively rare, and new groups 

form by fusion of dispersing same-sex cohorts; 
(2) groups commonly attack natal dens of rival groups 
and can kill their entire litter (Cant et  al .   2002 ), yet 
groups also sometimes kidna  p and rear pups from 
neighboring groups (Müller and Bell  2009 ); (3) males 
start breeding later, and live substantially longer 
than females. Together, these unusual features of the 
banded mongoose system make this a particularly 
useful species to test the generality of theoretical 
models of social behavior and life history evolution, to 
highlight restrictive assumptions of existing models, 
and to suggest alternatives. 

 Th e aim of this chapter is to collate information 
from the last 18 years of research on four main topics 
of research: the demography and structure of the pop-
ulation, intergroup competition, helping behavior, 
and reproductive confl ict within groups. In the dis-
cussion we evaluate our fi ndings against new devel-
opments in social evolution theory. In particular, we 
relate our results to recent “demographic” models of 
inclusive fi tness in structured populations, discuss 
intergroup competition as a mechanism promoting 
cooperation within groups (Choi and Bowles  2007 ; 
Reeve and Hölldobler  2007 ; Eaton et  al .   2011 ), and 

 Figure 18.1.      A resting group of banded mongooses at our study site in Uganda. Each morning the group leaves the den to forage 
for 3 or 4 hours before retiring to rest in shade during the hottest part of the day. One individual in each pack wears a radiocollar 
(note the individual on the far left). Other group members are identifi ed by small fur shavings on the rump.    Photo by M. Cant. See 
plate section for color fi gure. 
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examine the implications of our results for models of 
reproductive confl ict.  

  Study site and population 

 Mweya Peninsula is a 5 km 2  heart-shaped promontory 
extending into Lake Edward on the border of Uganda 
with the Democratic Republic of Congo. It is connected 
to the mainland by a narrow isthmus. Th e habitat is 
medium-height grassland interspersed with candelabra 
trees ( Euphorbia candelabrum)  and dense thickets of 
the woolly caper bush ( Capparis tomentosa)  and nee-
dle bush  (Azima tetracantha) . Th e peninsula is divided 
into lower and upper halves by a 40 m-high grassy fault. 
Th e lower peninsula is uninhabited by humans but 
the upper peninsula is the site of a village of approxi-
mately 300 people and 100 buildings, including a large 
tourist lodge. Major herbivores include hippopotamus 
( Hippopotamus amphibious ), warthog ( Phacochoerus 
africanus ), waterbuck ( Kobus ellipsiprymnus ), Cape buf-
falo ( Syncerus caff er ), and African elephant ( Loxodonta 
africana ). Th e climate is equatorial, with little seasonal 
fl uctuation in temperature or day length. Annual pre-
cipitation is typically 800–900 mm, with two dry periods 
in January–February and June–July. 

 At any one time the population of banded mon-
gooses consists of around 250 individuals living in 10 to 
12 groups. Typically seven of these groups occupy the 
peninsula proper, with the remaining groups inhabit-
ing the adjoining mainland ( Figure  18.2 ). Th e mean 
home range area is 0.84 km -2  (range 0.30–1.32), with a 
mean perimeter of 5.2 km (range 3.7–7.5) (Jordan et al. 
 2010 ). Each group sleeps together in an underground 
or sheltered den, typically an erosion gully or aban-
doned termite mound. Just after dawn the group leaves 
the den on a foraging trip, digging up millipedes, bee-
tles, and other insects, and occasionally taking small 
vertebrate prey (Rood  1975 ). Th e group rests in shade 
during the hottest part of the day before a second forag-
ing trip that lasts 2–3 hours and takes them back to the 
same or to a diff erent den. Groups change dens every 
2–3  days, except when they have just given birth, and 
each group utilizes 20–40 diff erent den sites within the 
home range.   

  Demography and population structure   

  Group composition 

 Group sizes are highly variable, ranging from 5 to 75 
individuals, although groups of around 20 adults plus 
off spring are more typical (median group size = 18; Cant 
 2000 ). Groups consist of a core of 1–5 breeding females 
and 3–7 breeding males that reproduce on average four 
times per year along with a subset of younger adult 
females (older than one year) that breed less frequently 
(Cant et  al .   2010 ; Nichols et  al.  2010 ,  2012b ). Older 
females are classifi ed as socially “dominant” because 
they forcibly evict younger females; younger females by 
contrast do not evict older females. Males and females 
of all age classes, including breeders, nonbreeding 
males, and juveniles (6 months to 1 year), help to rear 
the communal litter. While most females start to breed 
regularly once they are one year old, males form a strict 
dominance hierarchy in which the oldest two to four 
males monopolize reproduction and lower ranked 
individuals are excluded from breeding. While males 
are capable of reproduction from one year of age, they 
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 Figure 18.2.      (a) Satellite image of Mweya peninsula 
overlayed with the approximate home ranges of ten groups 
(as of November 2012). Note the extensive areas of overlap 
between home ranges. Neighboring groups encounter each 
other frequently and engage in violent fi ghts in which adults 
and off spring may be injured or killed.    From Cant et al. ( 2013 ) 
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typically do not achieve paternity until they are at least 
3 or 4 years old. Consequently, the fertility schedules of 
males and females are very diff erent ( Figure 18.3a ). Th e 
median age of reproducing males is 50 months, com-
pared to 37 months for females ( Figure 18.3a ).  

 Unusually for a mammal, males outlive females in 
our population (Cox regression: Wald = 5.23,  P  = 0.02). 
Of the individuals surviving to one year, males lived on 
average 42  months ( N =  544)  and females 38  months 
( N  =  397;  Figure  18.3b ). Th e sex diff erence in lon-
gevity contributes to the signifi cant male bias in the 
adult sex ratio of the population (mean proportion of 
males = 0.62,  N =  222;  χ  2  = 11.3, df = 1,  P <  0.001). Within 
groups there are more males than females in almost all 
age classes. Th is disparity is particularly high for the 
youngest adults (aged 1 to 2 years), where over a period 
of nine years there were 1.46 times as many males than 
females (proportion male = 0.69). Th e imbalance in sex 
ratio becomes steadily more pronounced over time 
during the period of growth and development up to 
one year of age, starting at 0.51 males among emergent 
pups, increasing to 0.56 among nutritionally indepen-
dent pups, and 0.58 among 6-month old juveniles. Th e 
cause of these mortality diff erences in the fi rst year of 
life, and in later adulthood, is unclear. We can unequiv-
ocally rule out dispersal as a cause of female disap-
pearance in the fi rst year of life because female (and 
male) banded mongooses always disperse in same-sex 
groups  , as described in the  next section .  

  Patterns of   eviction 

 Almost all individuals of both sexes remain in their 
natal group past the age of sexual maturity (i.e., one 
year old). Both males and females commonly breed in 
their natal group prior to dispersal, and most remain as 
breeders in their natal group for their entire lives. As a 
consequence, inbreedin  g is a regular part of the breed-
ing system (see “Genetic structure”). Despite the risk 
of inbreeding, banded mongoose females have never 
been observed to leave their natal group voluntarily. 
Dominant females typically forcibly evict younger 
females before the age of four years (Cant et al.  2001 ). 
Eviction involves the sudden onset of aggression by 
older females directed at multiple younger females, 

which continues over a period of 1–4 days. During this 
time females that are singled out for eviction are repeat-
edly chased, harassed, and bitten. While each eviction 
"event" appears to be initiated by older females, other 
members of the group, including adult males, juveniles, 
and even infants commonly join in the attacks until the 
victims are expelled. 

 Females are more likely to be evicted from natal 
groups than are males. Forty-seven eviction events 
were observed in the population between December 
1996 and January 2013. In the 46 events where we knew 
the sex and identities of evictees, evictions led to the 
expulsion of 274 females and 170 males. In 25 (53%) of 
these eviction events only females were evicted, with a 
mean of 5.7 females evicted per event. In the remaining 
22 events both males and females were evicted, with a 
mean of 6.0 females and 7.7 males evicted in each event. 
Groups of males were never evicted without females. 
All evictions occurred during periods of intense repro-
ductive confl ict; 70% occurred in the latter stages of 
group pregnancy (after 35  days postestrus); and the 
remaining 30% of eviction events occurred during 
estrus (Cant et al.  2010 ). For both females and males, 
the probability of being evicted rises sharply with age, 
peaking at age 2–3  years in females, and 3–4  years in 
males, before declining ( Figure  18.3c ). Eviction prob-
ability rises again for very old males (age 8+ years). 

 Eviction of females is not always permanent. In 11 
(44%) of the 25 female-only eviction events, the evic-
tion was temporary in that all evicted females even-
tually rejoined the group. In these cases a group of 
females was attacked and driven away from the group 
but continued to follow the group at a distance for up 
to a week, sleeping nearby each night in a separate den. 
During this time the evictees were attacked if they came 
too close to the main group, but the intensity of aggres-
sion declined over time and all the females were even-
tually reassimilated into the group. Females that were 
pregnant when evicted typically aborted before they 
rejoined the group, suggesting that dominant females 
may use eviction as a means of reducing reproductive 
competition  . In the remaining eviction events, some 
or all of the evicted females dispersed permanently 
and attempted to form a new group. Overall, 115 of 
the 274 evicted females (42%) dispersed permanently 
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 Figure 18.3.      Fertility, survival and eviction in the Uganda population. (a) Fertility (females: [number of litters produced 
by females of age  x ]/ [total number of litters produced in the population]; males: [number of males attaining dominant 
“mate guarding” status at age  x ]/ [total mate guards in the population]). (b) Survival of 397 females and 544 males for which 
exact birth and death dates were known. (c) Annual probability of eviction (number of evictees of age  i  years) / (number of 
individuals of age  i  years in the population). (d) and (e) Terminal fate of females ( N  = 895) and males ( N  = 1,091). Category 
defi nitions: “natal”: individuals that were born and died in their natal group, and were never evicted; “natal evicted”: individuals 
that were born and died in their natal group, and were evicted at least once in their lifetime; “evicted unknown”: fi nal fate 
unknown; “evicted new group”: founded a new group in the study area; “dispersed unknown”: died in a nonnatal group, but 
method of dispersal unknown; “dispersed new group”: dispersed voluntarily, founded a new group in the study area.  
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and the remaining 159 (58%) rejoined their group. In 
the 22 events where males were also evicted alongside 
females, 78 (46%) of the 170 evicted males left their 
natal group permanently, either forming a new group 
with unrelated females, or dispersing in a male coali-
tion away from the study site. 

 Finally, the eviction of females from one group may 
have a destabilizing infl uence on the other groups 
because groups of low ranking males have been 
observed to leave their natal group voluntarily to join 
groups of evicted females, thereby forming a new group 
(see the following section).    

  Terminal fate 

 Th e great majority of males (85% of 925)  and females 
(81% of 720)  lived and died in their natal group with-
out ever being subjected to an eviction attempt 
( Figures  18.3d  and  18.3e ). Males were sometimes 
observed to voluntarily disperse from their natal 
group, usually after encountering a group of young 
adult females that had been evicted permanently. In 
a sample of 53 males and 29 females that were evicted 
permanently, 6 males (13%) and 9 females (27%) joined 
or formed a new group within the study area. Th is sug-
gests either that females are more successful at attract-
ing mates and founding new groups, or that males 
disperse farther than females.  

  Group formation 

 Th e mode by which groups form is a key determinant 
of the genetic structure of populations. In banded 
mongooses, new groups form either when a cohort 
of evicted females is joined by voluntarily dispers-
ing males from a diff erent group, or when a cohort of 
same-sex evictees or invades a diff erent group and sup-
plants the same-sex breeders. For the 10 new groups 
that formed in the study population between 1997 and 
2009, three were formed by the fusion of single-sex 
cohorts and established a new territory. In the remain-
ing seven cases, a new group was formed when a cohort 
of evicted females (5 cases) or evicted males (2 cases) 
displaced same-sex adults from an existing group 
(Nichols et al.  2012c ). In one further case, a cohort of 

evicted females established a territory and reproduced 
despite never being joined permanently by a coalition 
of males. Females in this group, which lasted less than 
two years, mated with males from neighboring groups. 
Once formed, groups are stable and migration between 
established groups is virtually absent, with only three 
individuals having been detected immigrating into 
existing groups since 1997.  

  Genetic structure 

 Genetic analysis has revealed a high degree of popu-
lation structuring  , with relatively strong diff eren-
tiation between groups despite their close proximity 
( F  ST  = 0.129) (Nichols et al.  2012c ). Neighboring groups 
with spatially overlapping territories are not more 
genetically similar than are nonneighboring groups, 
consistent with the observation that the rate of migra-
tion between neighboring groups is very low for both 
sexes. In contrast, genetic distance between groups 
(pairwise  F  ST ) is highly correlated with time since 
group fi ssion – that is, since a cohort of dispersers left 
their “parent” group and formed a new group – allow-
ing historical relationships between groups to be 
traced through genetic similarity. Th ese patterns are 
consistent with our behavioral observations of high 
rates of natal philopatry in both sexes, coupled with 
the coalition-based dispersal of cohorts of males and 
females. 

 Inbreedin  g is common in banded mongooses, and 
includes cases of mother-son and father-daughter 
incest. Th e majority (64%) of pups are born to females 
reproducing in their natal group (Nichols et al.  2014 ). 
Of these within-group matings, 26.7% of females con-
ceived to a male related by ≥ 0.25, and 7.5% conceived 
to a male related by ≥0.5 (Nichols et al.  2014 ). 

 All of the groups in the study area contain close 
relatives, but the pattern of relatedness within and 
between sexes changes over time (Nichols et al.  2012c ). 
In newly founded groups, same-sex group members 
are related to one another, but males are not related to 
females, so the potential for inbreeding is initially low 
( Figure  18.4a ). As groups age, however, the degree of 
relatedness between male and female adults in each 
group increases as original group founders of both sexes 
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die and are replaced as breeders by philopatric off -
spring. However, this pattern of increasing relatedness 
between breeders does not translate into increased lev-
els of homozygosit  y among off spring, perhaps because 
females in established groups mate nonrandomly with 
respect to relatedness, or because the off spring from 
incestuous mating die earlier, and are less likely to be 
sampled (at 1 month old) than outbred off spring.  

 Th ere is some evidence that females take steps to 
counter the negative impacts of rising within-group 

relatedness. In particular, females are known to engage 
in extra-group matings   with males from neighboring 
groups. Usually these matings take place in the middle 
of an intergroup encounter (Cant et al.  2002 ). However, 
in a few cases estrus females have been observed to 
lead their group on a foray deep into the core terri-
tory of a neighboring group and mate with the males 
there. While these extra-group matings are not suf-
fi ciently frequent to undermine the strong genetic 
structuring between neighboring groups, preliminary 
analyses suggest that the frequency of intergroup fertil-
izations may increase with the time since group found-
ing. Th us, females may off set problems of inbreeding 
in long-established groups by seeking extra-group 
matings.   

  Intergroup competition 

  Fighting between groups 

 On average, around 40% of the home range of each 
group overlaps with the home range of a neighbor, 
although for some groups this overlap is as high as 
81% (Jordan et al.  2010 ). Neighboring groups encoun-
ter each other frequently, about 2–10 times per month, 
particularly in areas of overlap, and fi ghts between 
neighboring groups are common (Cant et  al.  2002 ). 
Mongooses respond to the sight or smell of other mon-
gooses by standing upright and giving a “screeching 
call” that alerts the rest of the group and causes them to 
bunch up and prepare to attack. Playback experiments 
of these screeching calls show that group size and the 
location of the playback aff ect the fi ghting response to 
these calls:  specifi cally, individuals are more likely to 
attack or advance toward the loudspeaker if they are 
members of a large group and the playback is located 
in the core of the home range, rather than in an area 
of overlap (Furrer et  al.  2011 ). Furthermore, scent 
translocation experiments suggest that mongooses 
recognize the scents of neighbors and respond more 
aggressively to known, neighboring groups than to 
scents from unknown individuals (Müller and Manser 
 2007 ). Mongooses may be primed to respond more 
aggressively to the scents of neighbors because these 
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 Figure 18.4.      Patterns of genetic relatedness within groups. 
(a) Relatedness between males and females in newly formed 
groups. (b) Relatedness between male and female group 
members (> 2 years old) as a function of time since group 
founding. Th e graph shows mean values per group year and 
a linear regression fi tted to the data. Data are from 1,250 
mongooses living in 12 groups between 2000 and 2009.   
 From Nichols et al. ( 2012c ). 
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represent a constant territorial threat, whereas scents 
from unknown individuals, on the rare occasions that 
they are encountered, are most likely to derive from 
transient dispersing cohorts. 

 Fighting is particularly likely if the groups are evenly 
matched in size (Cant et al.  2002 ). Where one group is 
much smaller than the other, the smaller group usually 
runs away before there is any physical confrontation. 
Fights between evenly matched groups are violent and 
can last for an hour or more, with animals repeatedly 
chasing, scratching, and biting each other. Injuries 
and bleeding wounds are common, and in some cases 
animals have later died from the injuries sustained 
in fi ghting. Intergroup fi ghting is responsible for 8% 
of adult mortality in cases where the cause of death 
is known (Jordan et  al.  2010 ). Th e gains of intergroup 
fi ghting appear to be increased territory and resources 
to sustain a large group, which in turn is more resistant 
to attacks from neighboring groups. Th us intergroup 
confl ict may involve an element of positive feedback 
and selection for altruistic fi ghting and helping behav-
iors that improve the future security and productivity 
of the group through a form of group augmentation 
(Kokko et al.  2001 ).  

  Intergroup   infanticide 

 Pups that are foraging with the group are sometimes 
killed in the midst of fi ghting between rival groups. 
More commonly, rival groups discover the natal den 
and kill the pups prior to their emergence at one 
month of age. Like other social mongooses, banded 
mongooses protect very young off spring in the den 
by leaving adult guards or “babysitter  s” behind while 
the rest of the group goes off  to forage. If a rival group 
encounters one of these dens, they attack the babysit-
ters, enter the den and kill the off spring, sometimes 
dragging the young pups out screaming prior to dis-
patching and eating them. Over a 29-month period 
studying 10 groups, Müller and Bell ( 2009 ) observed 
12 incidences of infanticide involving the death of 
17 pups. Th ese authors also observed two kidnap-
ping   events over the same period, where pups under 
two weeks old were removed from the natal den and 
carried off  by female members of the attacking group 

without any signs of aggression. On one of these occa-
sions the female kidnappers were later confi rmed to 
allosuckle the pups, despite not being pregnant or hav-
ing dependent pups of their own at the time. Pied bab-
blers   ( Turdoides bicolor ) also acquire group members 
by kidnapping and nurture them as a means of aug-
menting group size ( Chapter 7 ). 

 Evaluating the true rate of pup loss to intergroup 
infanticide is inherently diffi  cult because many 
encounters occur in thick bush and infanticide is dif-
fi cult to observe. We suspect, however, that intergroup 
competition and infanticide of young pups is a major 
selective force in the life of banded mongooses. Groups 
smaller than 10 adults are repeatedly attacked by larger 
neighboring groups, and rarely succeed in raising lit-
ters to emergence from the den. Th e failure to recruit 
litters leads to the steady attrition of small groups 
through predation of adults or injury and death during 
intergroup encounters. Th us there appear to be strong 
Allee eff ects   (Courchamp et al.  1999 ) in banded mon-
gooses, whereby small groups become increasingly 
susceptible to mortality, driven primarily by intergroup 
fi ghting and infanticide. Intergroup competition is also 
the main barrier to successful group formation. Groups 
that attempt to set up a new territory are vulnerable 
to attack and injury from larger established groups 
(Cant et  al.  2002 ). Overall, these patterns suggest that 
between-group competition exerts an important selec-
tive force on within-group cooperation in banded 
mongooses, and with the exception of pied babblers  , 
distinguishes them from the majority of cooperative 
breeders in this book.     

  Helping behavior 

    Babysitting and escorting 

 Banded mongooses exhibit two main forms of help-
ing behavior:  “babysitting  ” of off spring at the den in 
the fi rst month of life; and “escorting  ” of off spring after 
they emerge from the den and accompany the group 
on foraging trips. Most group members over 6 months 
old take part in one or both of these activities. Each 
day after birth, 1–5 adults and juveniles remain behind 
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at the den as babysitters to guard neonatal off spring 
while the rest of the group goes off  to forage. Typically 
the main group returns to the natal den in the middle 
part of the day and some or all of the babysitters may 
be exchanged prior to a second foraging trip in the late 
afternoon. 

 Th e number of babysitters left to guard young has 
a strong impact on the survival of litters in the fi rst 
month of life. In particular, groups that chronically fail 
to leave a babysitter never successfully raise pups to 
emergence ( Figure 18.5 ). By contrast, the mean survi-
vorship of pups in dens for groups that leave a mean 
of two or more babysitters per foraging trip is 36%. 
Small groups are constrained to leave fewer babysitters  , 
which explains why Allee eff ects   in this population may 
be particularly strong.  

 “Escorting  ” behavior begins at around 3–4 weeks of 
age, when pups begin to accompany adults, starting 
with short excursions around the den and progress-
ing quickly to full morning or afternoon foraging trips. 
During this time pups receive food from adults and 
some pups start to follow particular adults consistently, 
aggressively defending access to these escorts by chas-
ing or attacking other pups that attempt to follow the 
same individual. While pups initiate the pup–escort 
bond by monopolizing access to a particular adult 
(Gilchrist  2008 ), later on in the provisioning period 
escorts actively maintain this relationship. Escorts 
recognize and respond to the experimental presenta-
tion of “their” pup (Gilchrist et al.  2008 ), and respond 
particularly strongly to playbacks of their pup’s distress 
calls (Müller and Manser  2008 ). Being escorted has a 
large fi tness benefi t to pups:  pups that are frequently 
escorted are more likely to survive to nutritional inde-
pendence, grow faster, and reproduce earlier than pups 
that are not escorted (Hodge  2005 ).  

  Individual contributions to helping 

 Across all age classes 6 months or older, males spend 
more time babysitting   than females. Subordinate males 
(males that do not engage in mate-guarding during 
estrus) are particularly likely to babysit in the morn-
ing session, which is longer and more energetically 
demanding than the afternoon session (Cant  2003 ). 

Males of all age classes are also more likely to escort   
pups than are females (Gilchrist and Russell  2007 ). 
Almost half of males escort a pup in any given litter 
compared to 37% of females (Nichols et  al .   2012a ). 
Males also feed pups more frequently than females, 
and this sex diff erence is particularly pronounced for 
juveniles and young adults (Hodge  2007 ). 

 Relatedness does not explain much of the varia-
tion in helping behavior in our population (Nichols 
et al.  2012a ). Th e hardest working babysitters are usu-
ally nonbreeding, subordinate males that are no more 
closely related to the communal litter than randomly 
selected group members. Escorts are usually not the 
parents of the pups that they guard and provision, and 
preliminary analysis suggests that pup-escort pairs are 
not more closely related than the average background 
relatedness within groups.   
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 Figure 18.5.      Pup survival rate in the den as a function of 
the mean number of babysitters   left behind to guard them. 
Survival rate was calculated as (number of pups emerging 
from the den at 1 month) / (estimated communal litter 
size at birth). Communal litter size at birth was estimated 
from the number of females that were known to have given 
birth and the age-specifi c fetal litter sizes of these females 
measured using palpation. Means are shown for 8 groups 
observed between 1995 and 1997. Each point represents 
a group.    From Cant ( 2003 ). 
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   Instead, variation within and between sexes in 
helping eff ort is best explained by variation in the fi t-
ness costs of helping (Heinsohn and Legge  1999 ; 
Clutton-Brock et al.  2000 ; Hodge  2007 ). Since the period 
of babysitting   typically overlaps the postpartum estrus, 
subordinate males with little chance of gaining pater-
nity have less to lose from remaining at the den than 
do dominant, mate-guarding males. In other words, 
the opportunity cost of babysitting is much lower for 
nonbreeding males. 

 Individuals of both sexes suff er weight loss as a 
consequence of investing in babysitting and escort-
ing behavior, but the fi tness consequences of this 
weight loss are particularly severe for females. Th is 
is because there is a strong maternal eff ect of body 
weight on off spring success, with the weight of 
females when they conceive being positively corre-
lated with the weight of their off spring at emergence 
from the den 3  months later ( Figure  18.6 ); further-
more, heavier pups are more likely to survive to adult-
hood. In contrast, paternity success among males is 
strongly related to age but not weight, and males are 
usually able to regain their weight during the non-
breeding period (Hodge  2007 ).  

 A fi nal diff erence between males and females is the 
degree to which helpers discriminate between poten-
tial recipients of care. While male escorts tend to pro-
vision larger off spring irrespective of their sex, female 
escorts preferentially feed light-weight, poor quality 
female pups that have most to gain from extra food 
(Hodge  2003 ). For females, the decision of whether 
and how much to help appears to depend on how 
much a given unit of help will boost the future success 
of the off spring that receive it. Th e greater cost of help-
ing for females compared to males may have selected 
for females to discriminate among potential recipi-
ents of their help and target their investment where it 
will generate the most benefi t for a given level of cost 
(Hamilton  1963 ).    

      Social learning by helpers as a possible route 
to cultural transmission 

 Having an escort not only boosts survival and growth 
of pups in their care, it even aff ects their future 

behavior:  we have shown experimentally that pups 
observe and later imitate the particular foraging tech-
niques of their escort. Specifi cally, escorts were given 
an artifi cial food item (a plastic “Kinder egg” contain-
ing fi sh/rice paste) that the escort could open in front 
of its dependent pup in one of several diff erent ways. 
Some escorts consistently smashed the Kinder egg 
against a hard surface (a technique used naturally to 
open eggs, snails, and some hardbodied insects); other 
escorts consistently used their jaws to bite the egg 
open. Later, as 5–7  month-old independent juveniles 
and as yearling adults, the grown-up pups were pre-
sented with the Kinder egg problem  . When pups had 
observed their escort consistently use the smash tech-
nique or the bite technique, they were more likely to 
use the same technique themselves (Müller and Cant 
 2010 ;  Figure 18.7 ).  

 Studies of foraging traditions in animal societies 
are usually based on the premise that social learning 
leads to behavioral uniformity within groups and dif-
ferences in behavior between groups because mem-
bers of the same group copy one another (Whiten 
et  al.  1999 ; van Schaik et  al.  2003 ; Laland and Janik 
 2006 ). Our experiment shows that this premise may 
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 Figure 18.6.      Pup weight at fi rst emergence from the den 
(1 month old) versus their mother’s weight at conception 
(i.e., 3 months previously). Data are shown for 39 pups for 
which maternity was assigned using microsatellite markers. 
Babysitting usually overlaps with estrus and the onset of 
gestation of the next litter, so energetic costs incurred during 
babysitting   may have a negative impact on the weight of pups 
in the next litter.    From Hodge et al. ( 2009 ). 
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be incorrect. Specifi cally, the one-on-one nature of the 
pup–escort relationship means that escorts can act as 
role models for individual pups, with the consequence 
that individual variation in foraging techniques among 
escorts may be passed on to the next generation. In 
contrast, where individuals learn from multiple teach-
ers or where everyone learns from the same teacher, 
social learning is expected to erode behavioral het-
erogeneity within groups and promote heterogeneity 
between groups (Boyd and Richerson  1987 ; Müller and 
Cant  2010 ).       

    Reproductive competition 

  Patterns of reproduction 

 Banded mongooses are a particularly interesting coop-
erative breeder because of their unusual plural breed-
in  g system. On average, 83% of females conceive in 
each breeding attempt, and 93% of these females carry 
their litter to term (Cant  2000 ; Gilchrist et al.  2004 ). In 
64% of litters, all pregnant females in the group syn-
chronize birt  h to the same day (Hodge et al.  2011 ); on 
one occasion 12 females in a group all gave birth on the 
same day. When females give birth on diff erent days 
(“asynchronous” litters), females still give birth within 
1–30 days of each other. 

 After birth, females leave the den to forage in the 
mornings, but return to suckle pups underground in 
the afternoons. Females usually come into estrus again 
7–10 days after giving birth while they are still suckling 
their current litter. We suspect that pseudopregnanc  y 
and allolactatio  n is common:  the minority of adult 
females that do not become pregnant in a given breed-
ing attempt show very similar progesterone and estro-
gen profi les to their pregnant group mates.  

      Birth synchrony and escape from suppression 

 Th e extreme birth synchrony we observe in banded 
mongooses is consistent with selection to evade the 
threat of infanticide by dominant females (Cant  2000 ; 
Gilchrist  2006 ). Birth synchrony requires explanation 
because females could in principle gain an advantage in 
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 Figure 18.7.      Cultural transmission via imitation in 
escort-pup pairs. Escorts were presented with a foraging 
problem which required them to open a modifi ed Kinder 
egg to obtain a food reward inside (top photo). Escorts 
used two distinct techniques to open the egg:  smash , which 
involved hurling the egg repeatedly at a hard surface until 
it broke open; and  bite , which involved prying the egg open 
using the jaws. Th e graph shows the preference for particular 
foraging techniques used by grown pups (5–7 months old) 
as a function of the technique they observed their escort 
to use when they were 1–3 months old. Percentage of trials 
in which juveniles used the  smash  and  bite  technique 
are shown as black bars and white bars respectively; grey 
bars are the percentage of trials in which there was no 
clear preference. Escorts were assigned to  smash  and  bite  
categories depending on the technique they employed 
consistently when presented with the Kinder egg 10 times. 
Th e “No opening” category is a control that combines 
treatments where the egg was already opened and where no 
food was encountered. Juveniles (and yearlings) copied the 
technique they had observed their escort to use when they 
were young.    From Müller and Cant ( 2010 ). 

9781107043435c18_p318-337.indd   3289781107043435c18_p318-337.indd   328 9/28/2015   4:15:34 PM9/28/2015   4:15:34 PM



Banded mongooses 329

pup-pup competition by giving birth a few days before 
their group mates (Hodge et  al.  2011 ). When females 
give birth asynchronously, however, the fi rst-born 
litters are killed within days of birth, most likely by 
other pregnant females. Early life pup survivorship in 
asynchronous litters is around half that in synchro-
nous litters, and females that conceive particularly 
early appear to extend gestation by up to two weeks in 
order to achieve birth synchrony with the rest of their 
group. Our working hypothesis is that synchronous 
birth allows females to escape the threat of infanticide 
because it removes or scrambles the usual temporal 
or spatial cues that are used to identify the maternity 
of off spring, thereby increasing the risk that females, if 
they were to commit infanticide, would mistakenly kill 
their own young. 

 Recently we carried out an experimental test of this 
hypothesis by manipulating which females contrib-
uted to communal litters using contraceptive injections 
(Cant et al .   2014 ). Our design consisted of three treat-
ments: in Treatment A we switched off  all subordinate 
females for a single breeding attempt, so that only dom-
inant females gave birth. In Treatment B we switched 
off  all except a single dominant breeding female, 
thereby mimicking the high skew pattern seen in meer-
kats and dwarf mongooses. Finally, in Treatment C we 
switched off  all dominant female breeders and allowed 
subordinates to breed. In each case we compared the 
reproductive success and patterns of early life pup mor-
tality in experimental breeding attempts (EXP) with the 
breeding attempts in the same group before (PRE) and 
after (POST) treatment. 

 Results showed that experimental suppression of 
subordinate females in Treatment A  had little infl u-
ence on the reproductive success of dominant females 
( Figure  18.8d ). When some or all of the dominant 
females were prevented from breeding in Treatments 
B and C, however, there was a sharp spike in the prob-
ability that litters failed in the fi rst week after birth 
( Figure  18.8h  and  18.8i ), consistent with whole litter 
infanticide. Th us it appears that dominant females 
that reproduced on their own and communal litters of 
subordinate females were victims of infanticide, most 
likely by dominant females that had not given birth 
themselves.  

 Th ese results support our hypothesis that dominant 
females kill litters that are certain not to contain their 
own young, and hence that other females can escape 
from the threat of infanticide by synchronizing par-
turition to the same day as dominant females. While 
dominant females suff er little immediate cost when 
other females breed alongside them ( Figure  18.8d ), 
they do have an incentive to kill whole litters that are 
certain not to contain their own young because this 
removes competitors of their next litter: pups are more 
likely to survive to independence and are heavier at 
independence when there are no older pups present 
in the group when they are born (Cant et  al.  2014 ). 
Selection to avoid the threat of infanticide can explain 
the evolution of both (a) extreme birth synchrony and 
(b) the absence of reproductive suppression in banded 
mongooses.      

    Reproductive control via eviction 

 Although dominant females suff er little immediate fi t-
ness cost when only a few other females breed at the 
same time, reproductive competition becomes intense 
when many females reproduce within a group because 
this results in large numbers of emergent pups all com-
peting for food and a limited number of escorts (Cant 
et al.  2010 ). Competition is particularly intense during 
periods with little rainfall when there is less inverte-
brate prey on which to feed pups (Nichols et al .   2012b ). 
Dominant females respond to this reproductive com-
petition by evicting younger, subordinate females from 
the group. However, females that remain on the terri-
tory when the risk of eviction is high are no less likely to 
mate or become pregnant, and females that are evicted 
and allowed to return are no less likely to reproduce in 
the subsequent breeding attempt. 

 Th us, there is no evidence that the threat of eviction 
is eff ective in deterring subordinates from breeding 
as assumed by the “restraint” model of reproductive 
skew   (Johnstone and Cant  1999 ). Eviction threats are 
unlikely to be eff ective in this system because domi-
nants target both pregnant and nonpregnant subordi-
nates for eviction and thus there is little to be gained 
by exercising preemptive reproductive restraint, and 
because pregnant subordinates that are evicted often 
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spontaneously abort their litter within days of being 
thrown out of the group, at which point they are read-
ily accepted back into the group. Since the threat of 

eviction is ineff ective at deterring subordinate repro-
duction, acts of eviction are carried out and observed 
frequently (Cant et al.  2010 ).    
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  Reproductive competition among males 

 In contrast to females, reproductive skew   among males 
is high. Males form an age-based dominance hierar-
chy in which the oldest males aggressively monopolize 
access to females during estrus. Th ese “mate-guarding  ” 
males follow receptive females around all day, some-
times for two or three days at a time, obtaining 83% 
of observed matings (Cant  2000 ). Th is behavioral 
dominance translates directly into fertilization suc-
cess:  paternity analyses indicate that the three oldest 
individuals in each group sire 85% of pups in the com-
munal litter ( Figure 18.9 ).  

 Two other observations explain how the same two or 
three males are able to dominate paternity despite the 
fact that almost all adult females in the group reproduce 
synchronously in each breeding attempt. First, while 
females usually give birth on the same day, they do not 
all mate on the same day (Cant  2000 ). Th e staggered 
pattern of female mating allows the same few males 
to monopolize access to females during the 1–2  days 
during which they are maximally fertile. Second, 
while younger males frequently manage to gain mat-
ings, such matings are often with younger subordinate 
females whose pups are at a competitive disadvantage 
compared to the off spring of older females. 

 Unlike females, evictio  n of young males does not 
appear to be linked to reproductive competition. 
Dominant males can exclude younger males from 
paternity, so these younger males do not represent a 
threat to their reproductive monopoly. When males are 
evicted, it is always as part of an eviction event in which 
females are also evicted. Th ese males could be merely 
collateral damage, but we think it more likely that the 
eviction of females changes the landscape of reproduc-
tive competition for males, so that staying suddenly 
becomes a much less attractive option than accepting 
eviction. Males are clearly not evicted to support the 
success of dispersing groups of females, because in 
every case that we have observed males and females 
to be permanently evicted together, the animals imme-
diately split into same-sex groups and dispersed sepa-
rately. Older males are particularly likely to be evicted, 
probably by middle-aged, nondominant males who 
stand to gain most from their expulsion.     

  Discussion 

  Demography, population structure  , and 
the evolution of cooperative breeding 

 Th e past twenty years have seen rapid progress in theo-
retical understanding of how natural selection acts on 
social traits in structured or viscous populations, that 
is, population  s in which dispersal is limited and hence 
most social interactions occur between kin (Lehmann 
and Rousset  2010 ). Most of these models are based 
on the island population genetic framework of Wright 
(1931), developed for social traits by (Taylor  1992 ), 
which assumes an asexual population divided into an 
infi nite number of “islands” (or groups) each contain-
ing a fi xed number of breeders. Each generation a frac-
tion of off spring disperse away from their natal group, 
after which both natal off spring and dispersers com-
pete to obtain one of the limited number of breeding 
positions in the group. 

 Th ese models may be particularly useful to under-
standing the evolution of social behavior and life his-
tory traits in cooperative vertebrates, including both 
birds and mammals, because these species live in 
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 Figure 18.9.      Male reproductive success ( N  surviving pups 
fathered per successful breeding attempt) as a function of male 
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because they mate guard older females, which produce more 
surviving pups.    From Nichols et al. ( 2010 ). 
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highly viscous groups in which there are often strong 
constraints on dispersal for one or both sexes, and often 
intense local competition for resources and breeding 
positions (Cant et al.  2009 ; Johnstone and Cant  2010 ). 
To date, however, these models have received relatively 
little attention from empiricists working on coopera-
tively breeding species. 

 How do our fi ndings compare to the assumptions 
and predictions of these models? Johnstone and Cant 
( 2008 ) predicted that where there are sex diff erences 
in successful dispersal  , members of the philopatric sex 
should be selected to engage in helping behavior, while 
members of the dispersing sex should be selected to 
harm other group members. Our results are consistent 
with this prediction:  successful dispersal appears to 
be biased toward females, and males clearly contrib-
ute more to helping behavior. Th is pattern is reversed 
in dwarf mongoose  s and meerkats  :  females are more 
likely to remain in their natal group and also provide 
most of the care (Creel and Waser  1994 ; Waser et  al. 
 1994 ; Clutton-Brock et al.  2000 ; Stephens et al.  2005 ). 

 At a broader comparative level, cooperative mam-
mals typically exhibit male-biased dispersal and 
female-biased helping, whereas birds typically exhibit 
female-biased dispersal and male-biased help-
ing (Cockburn  1998 ; Russell  2004 ). It is important to 
examine the logic that underscores the model predic-
tions, however. In Johnstone and Cant’s ( 2008 ) model, 
female-biased dispersal selects for male-biased help-
ing because, while male and female parents produce 
off spring that experience the same average level of 
kin competition, female members of the population 
have less to gain from altruism because they tend to 
interact with groups of nonrelatives. Th is prediction 
may not hold, however, if females disperse with other 
female relatives, as occurs in banded mongooses, since 
in this case dispersing females may be equally or pos-
sibly even more closely related to group off spring than 
nondispersing males. 

 Dispersing in sibling coalitions   should erode the 
eff ect of sex-diff erences in dispersal on selection for 
helping. Dispersal of same-sex coalitions is common 
in social vertebrates (Koenig et al.  1998 ; Stephens et al. 
 2005 ; Sharp et  al.  2008 ; Port et  al.  2010 ), but current 
models of coalitional dispersal have considered only 

asexual populations (Gardner and West  2006 ; Gardner 
et  al.  2009 ). Th e eff ect of sex-biases in budding   (or 
coalition-based) dispersal on selection for helping and 
harming has yet to be explored.  

  Intergroup competition and cooperation 

 Recent theoretical models aimed at explaining the evo-
lution of cooperation in humans have suggested that 
intergroup competition, and in particular the potential 
for lethal intergroup killing, can maintain selection for 
altruistic behavior within groups. For example, Choi 
and Bowles ( 2007 ) used a simulation model to show 
that the potential for intergroup fi ghting can select for 
the coevolution of two allelic traits:  “parochialism” 
 P  (a tendency to attack other groups) and “altruism” 
 A  (a tendency to help members of one’s own group). 
According to this model the estimated mortality risk 
attributable to intergroup fi ghting in ancestral human 
groups – around 10% of individuals each generation – 
is more than enough to favor parochial altruists ( P-A  
individuals) over nonparochial, nonaltruistic types in 
the population. In banded mongooses, adult deaths 
due to fi ghting between groups make up around 8% of 
all known causes of death, suggesting that intergroup 
competition may be suffi  ciently intense to infl uence 
selection for both helping and intergroup hostility in 
the manner assumed by the model. 

 Th e main conclusion from these models is that levels 
of confl ict among groups seen in banded mongooses, 
meerkats   ( Chapter  17 ), and other social vertebrates, 
such as pied babble  rs ( Chapter 7 ) are probably intense 
enough to infl uence selection for helping behavior and 
intergroup hostility. Intergroup hostility may also aff ect 
constraints on dispersal and the mode of group found-
ing, thereby amplifying (or dampening) the eff ects 
other demographic factors infl uencing behavior in 
structured population models, such as sex-biased dis-
persal, “budding  ” dispersal, and the expandability (or 
“elasticity”) of territories (Lehmann and Rousset  2010 ). 
Th e primary need now is to incorporate some of the life 
history features of cooperative vertebrates into models 
of intergroup fi ghting (Lehmann  2011 ) and to test the 
assumptions and predictions of these models using 
data from long-term studies.  
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  The evolution and maintenance of helping 

 Recent comparative analyses of mammals (Lukas and 
Clutton-Brock  2012 ) and birds (Cornwallis et al.  2010 ) 
indicate that most cooperatively breeding species 
evolved from monogamous ancesto  rs, suggesting that 
high levels of genetic relatedness between helpers and 
off spring are critical for the transition to sociality. While 
this may be true, our data suggest that it is not required 
for the maintenance of cooperative breeding in banded 
mongooses (Nichols et al.  2012c ). Rather, selection for 
helping appears to be maintained by a combination of 
indirect and direct fi tness benefi ts. 

 First, helpers   gain indirect fi tness benefi ts because 
they boost the survival of genetically related off spring, 
and may increase the likelihood that these off spring 
disperse successfully or inherit breeding status in the 
future. In addition, there are likely to be strong direct 
fi tness benefi ts of helping because this ensures that 
groups remain large and able to defend themselves 
against attack and infanticide   by neighboring groups, 
reducing the probability of group extinction and hence 
increasing the success with which reproductives export 
copies of their alleles through the wider population. 

 Th e question remains, however, as to why there is 
so much individual variation in helping eff ort, even 
among individuals that were born in the same litter 
and are the same weight, sex, and dominance status. 
Our working hypothesis (based on preliminary data) 
is that these diff erences in helping eff ort are driven by 
variation in early life care and access to escorts  , which 
aff ects the hormonal state of off spring and their subse-
quent life history trajectory. We are currently conduct-
ing experiments to test this idea. Banded mongooses 
are an ideal species to tease out genetic versus devel-
opmental infl uences on adult behavior and life history 
because there is extreme variation within communal 
litters:  some pups gain access to hardworking escorts 
while their siblings and other littermates receive 
little help.  

  The evolution of   reproductive skew 

 Our observations and experimental results provide 
no support for “restraint  ” or “concessions” models 

of reproductive skew that assume the distribution of 
reproduction within groups is determined by threats 
of departure or eviction (Vehrencamp  1983 ; Johnstone 
and Cant  1999 ; Reeve  2000 ). In particular, none of the 
suppression experiments described above had any 
detectable eff ects on the stability of social groups (Cant 
et al.  2014 ). Suppression of dominant females did not 
lead to the eviction of subordinate females, and sup-
pression of subordinates did not cause them to dis-
perse. Indeed, no female has ever been observed to 
leave its group voluntarily. 

 While transactional skew models have played an 
important role in focusing attention on the use of 
threats to infl uence behavior, our results suggest that 
it is the threat of infanticide, not the threat of group 
breakup, which is most important in the resolution of 
confl ict over reproduction. Th is conclusion fi ts with 
theoretical arguments that threats of departure or evic-
tion are unlikely to be credible in cooperatively breed-
ing vertebrates. In turn, this is because in these systems 
groups consist of close relatives and helpers can have a 
large positive impact on group productivity, so neither 
dominant nor subordinate group members stand to 
gain from breaking up the group (Cant and Johnstone 
 2009 ; Johnstone and Cant  2009 ). 

 Th e idea that threats and punishment can mediate 
confl ict resolution has implications on sexual selec-
tion   in cooperative species. Th reats of infanticid  e 
are expected to be particularly eff ective at enforcing 
reproductive skew among female cooperative birds 
and mammals because the cost of producing off -
spring is high, so even a small risk of infanticide may 
be enough to deter a subordinate from breeding (Cant 
et  al.  2014 ). Compared to males, dominant females 
may frequently enforce control over reproduction 
using threats rather than actions, at relatively little 
cost and with little overt sign of aggression (Cant and 
Young  2013 ). Th is may explain why females in coop-
erative vertebrate societies often show higher repro-
ductive skew, longer dominance tenures, and higher 
variance in reproductive success than males (Hauber 
and Lacey  2005 ; Clutton-Brock et al.  2006 ; Rubenstein 
and Shen  2009 ), but this higher variance in reproduc-
tive success rarely translates into female-biased size 
dimorphism  .     
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  Conclusion and future prospects 

 Our detailed, longitudinal study of life history and 
behavior of banded mongooses highlights some of the 
strengths, and the weaknesses, of current theoretical 
approaches to the study of social evolution. Our data 
fi t some basic predictions of structured population 
genetic models, for example, that selection for help-
ing should be stronger in members of the philopatric 
sex. But our observations of eviction also highlight how 
unrealistic it is to assume that dispersal probability is a 
fi xed, genetically encoded trait, identical for all group 
members (or, in more recent models, all the members 
of one or the other sex; Johnstone and Cant  2008 ). Our 
data provide strong support for models of reproductive 
skew based on threats of infanticide  , and more limited 
support for kin selection models of helping that take 
into account current and future costs of helping. Th ere 
remains considerable variation in helping eff ort that we 
cannot yet explain. 

 One limitation of current models is that they typically 
look for the drivers of social behavior within the group, 
and ignore causes that might originate outside the 
group such as intergroup competition or variation in 
the mechanism of dispersal and the traits of dispersers. 
All models are limited, but in the study of social evolu-
tion there is a disconnect between models of behavior 
that focus on social interaction at the level of the indi-
vidual (e.g., reproductive skew theory, models of opti-
mum helping eff ort), and population genetic models 
that focus on the selective consequences of a given 
demography (Lehmann and Rousset  2010 ). We lack a 
coherent understanding of how within-group behav-
ior and population processes link up. As a fi rst step, 
it should be possible to add simple behavioral detail 
(such as the behavioral processes of evictio  n, or behav-
iorally responsive dispersal) to structured population 
models, and to study the population consequences of 
individual-focused models of confl ict resolution and 
helping eff ort. Long-term studies of cooperative breed-
ers can be at their most valuable in guiding such future 
theoretical endeavors. 

 More broadly, the study of cooperative breeders 
can help to advance fundamental understanding of 
the evolution of biological complexity. Th e “major 

transitions” perspective on evolution (Buss  1988 ; 
Maynard Smith and Szathmary  1995 ), which seeks to 
explain the evolution of biological complexity from 
RNA replicators to complex animal societies, sug-
gests that there are two ways that cooperation can 
result in the emergence of new levels of biological 
organization (Queller  2000 ): “fraternal” transitions in 
which within-group confl ict is reduced or eradicated 
via high relatedness; and “egalitarian” major transi-
tions, in which group members are unrelated, and 
hence other mechanisms to suppress confl ict must 
be invoked, such as reproductive leveling (Alexander 
 1987 ). But recent reproductive confl ict models show 
that high levels of confl ict are expected in certain cir-
cumstances even among close kin, and conversely 
that peaceful confl ict resolution may be evolution-
arily stable even among nonrelatives with completely 
divergent interests (Cant  2012 ). Many cooperative 
breeding species form groups containing a mixture 
of related and unrelated individuals, which employ a 
range of strategies to reduce or escape within-group 
confl ict. Empirical studies on these species may be 
particularly useful to elucidate the diff erent ways that 
divergent interests can be aligned and confl icts sup-
pressed in the evolution of cooperation.    
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