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Female extrapair mate choice in a cooperative
breeder: trading sex for help and increasing
offspring heterozygosity
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Sexual conflict between males and females over mating is common. Females that copulate with extrapair
mates outside the pair-bond may gain (i) direct benefits such as resources or increased paternal care,
(ii) indirect genetic benefits for their offspring, or (iii) insurance against infertility in their own social mate.
Few studies have been able to demonstrate the different contexts in which females receive varying types of
benefits from extrapair mates. Here, I examined sexual conflict, female extrapair mate choice, and patterns
of extrapair paternity in the cooperatively breeding superb starling Lamprotornis superbus using
microsatellite markers. Although extrapair paternity was lower than many other avian cooperative
breeders (14% of offspring and 25% of nests), females exhibited two distinct mating patterns: half of the
extrapair fertilizations were with males from inside the group, whereas half were with males from outside
the group. Females with few potential helpers copulated with extrapair mates from within their group and
thereby gained direct benefits in the form of additional helpers at the nest, whereas females paired to mates
that were relatively less heterozygous than themselves copulated with extrapair mates from outside the
group and thereby gained indirect genetic benefits in the form of increased offspring heterozygosity.
Females did not appear to gain fertility insurance from copulating with extrapair mates. This is the first
study to show that individuals from the same population mate with extrapair males and gain both direct
and indirect benefits, but that they do so in different contexts.
Keywords: cooperative breeding; extrapair paternity; extrapair fertilization; sexual conflict;
genetic heterozygosity; fertility insurance

1. INTRODUCTION
Conflict between males and females over reproduction is
common in many species of animals (Arnqvist & Rowe
2005). Sexual conflict over mating often occurs because
males and females benefit differentially from mating with
(i) multiple individuals, since males typically have a higher
optimal mating frequency than females or (ii) specific
individuals, since males are typically less choosy than
females about mates ( Wedell et al. 2006). Although males
typically have more to gain from mating multiply than do
females (Bateman 1948; but see Andersson & Simmons
2006), studying why females might engage in, or even
initiate, mating with multiple males has generated
substantial controversy ( Westneat & Stewart 2003;
Arnqvist & Kirkpatrick 2005, 2007; Albrecht et al.
2006; Charmantier & Sheldon 2006; Hadfield et al.
2006; Qvarnsrtom et al. 2006; Griffith 2007). Irrespective
of which sex initiates extrapair matings, there is good
evidence to suggest that females actively make extrapair
mate-choice decisions ( Jennions & Petrie 2000; Griffith
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et al. 2002; Westneat & Stewart 2003; Mays & Hill 2004;
Neff & Pitcher 2005; Hoffman et al. 2007) and even
dynamically allocate paternity (Safran et al. 2005).
However, despite a great deal of empirical work on female
extrapair mate choice, few studies have been able to
demonstrate the different contexts in which females
receive varying types of benefits from extrapair mates
( Westneat & Stewart 2003).
Females may copulate with males outside the pair-bond
to (i) guard against infertility in their own social mate
(fertility insurance hypothesis; Wetton & Parkin 1991;
Sheldon 1994) or gain two non-exclusive types of benefits
(reviewed in Birkhead & Møller 1992; Griffith et al. 2002;
Cockburn 2004). The potential benefits that females may
receive from extrapair mates include: (ii) direct benefits
such as resources or increased paternal care provided by
helpers at the nest (direct benefits hypothesis; Wolf 1975;
Burke et al. 1989; Colwell & Oring 1989) or (iii) indirect
genetic reproductive benefits including obtaining ‘good
genes’ for their offspring (genetic quality hypothesis;
Møller 1988; Hamilton 1990; Westneat et al. 1990;
Birkhead & Møller 1992; Gray 1997), maximizing genetic
diversity among their offspring (genetic diversity
hypothesis; Westneat et al. 1990) or maximizing genetic
compatibility between themselves and the father of the
offspring (genetic compatibility hypothesis; Zeh & Zeh
1996; Kempenaers et al. 1999; Tregenza & Wedell 2000).
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These hypotheses have not been tested simultaneously in
any cooperative breeders (Cockburn 2004), despite the
fact that cooperatively breeding species are tractable and
powerful study systems in which to test these ideas since
having helpers at the nest may reduce the potential costs of
female extrapair mating decisions. In other words, if
cuckoldry results in a reduction of paternal care and
constrains females from seeking extrapair mates (Dixon
et al. 1994; Albrecht et al. 2006), then alloparental care by
helpers may compensate for a loss of paternal care and
liberate females to mate more promiscuously outside of
their pair-bond (Mulder et al. 1994).
Here, I examine sexual conflict, female extrapair mate
choice and patterns of extrapair paternity in the
cooperatively breeding superb starling, Lamprotornis
superbus. Superb starlings are plural breeders that live in
large social groups of up to 30 individuals in which up to
six socially monogamous pairs per group build their own
separate nests (Rubenstein 2006). They are endemic
to East African savannas ( Feare & Craig 1999; Fry
et al. 2000), which are characterized by a highly
unpredictable environment where dry season rainfall
varies greatly among years (D. Rubenstein & I. Lovette
2007, unpublished data) and influences breeding
roles (Rubenstein 2007a) and offspring sex allocation
(Rubenstein 2007b) in superb starlings. Reproductive
conflict, or conflict over reproductive opportunities and
breeding roles among group members, as well as divorce
(both within and among years) is high in superb starlings
(Rubenstein 2007a,c) suggesting that sexual conflict over
extrapair matings may also be intense. After estimating
extrapair paternity rates using microsatellite markers, I use
long-term demographic data, comparisons of genetic
heterozygosity in parents and offspring and behavioural
observations of helper nestling provisioning to test
predictions about (i) from where extrapair males should
come, (ii) when females should engage in extrapair
fertilizations, (iii) which extrapair males should females
copulate with, and (iv) what effect extrapair fertilizations
will have on offspring genetic heterozygosity (electronic
supplementary material, table 1). Here, I describe the
circumstances under which females may make different
types of extrapair mating decisions, thereby constructing
informative predictions about which individuals are likely
to engage in extrapair matings in avian species and why
they might do so.

2. MATERIAL AND METHODS
(a) Study system and species
Breeding activities of seven social groups of superb starlings
were monitored from April 2001 to December 2005 at the
Mpala Research Centre, Laikipia, Kenya (0817 0 N,
37852 0 E). One additional group was added in January
2002 and another was added in January 2003. Birds defended
year-round territories and bred during both the long (March–
May) and short rains (November). Superb starlings lived in
groups of 10–35 (meanZ21) individuals with up to six
breeding pairs per group (meanZ3.5) during the long rains
and up to four breeding pairs per group (meanZ1.7) during
the short rains (Rubenstein 2006). Pairs frequently renested
multiple times during the long rains—but not during the
short rains—and it was common for pairs to lay three or four
clutches of eggs in a season if early laid clutches failed or were
Proc. R. Soc. B (2007)

depredated. Pairs occasionally fledged more than one brood
in a single season. Helpers had a positive effect on parental
fitness by increasing the number of offspring fledged
(Rubenstein 2007b). More than 90% of nests had at least
one helper (Rubenstein 2006), and although both sexes
helped at the nest, males did a greater proportion of the
provisioning (Rubenstein 2007b). Helpers included both
offspring and other first-order relatives (e.g. parents,
siblings), as well as other group members that were less
related, or even unrelated, to the breeding pair (Rubenstein
2006). Non-group members were never allowed near the nest
and were actively chased from the territory during the
breeding season ( D. Rubenstein 2001–2005, personal
observation).
(b) Captures and sampling
Active nests were checked every 1–3 days during the
incubation and nestling stages, and nestlings were banded
and sampled between 5 and 8 days after hatching. Adults
were captured annually during the dry season using baited
wire traps. Each individual was given a unique set of colour
leg bands and a numbered metal leg ring. Over the course of
the study, 476 birds were captured (more than 97% of the
birds in the study population), including 247 nestlings
sampled from 100 nests from 10 breeding seasons, five
during the long rains (204 offspring) and five during the short
rains (43 offspring). During this period, 1134 eggs were laid
in 352 nests (895 eggs in 276 nests during the long rains and
239 eggs in 76 nests during the short rains), but most did not
survive long enough to be sampled owing to extremely high
nest predation rates (nearly 75% of nests failed with more
than 90% due to nest predation; Rubenstein 2006). Infertility
rates were estimated as the proportion of nests in each year
that contained at least one egg that did not hatch.
Examination of a subset of these eggs found no evidence of
embryonic development ( D. Rubenstein 2001–2005,
personal observation). Nests that were abandoned, or where
no eggs hatched, were excluded from the analysis. This work
was approved by the Cornell Institutional Animal Care and
Use Committee (01-27).
(c) Behavioural observations
Observations of copulations were rare; only three were
observed during the study (electronic supplementary
material). Focal observations (1–2 h) at nests were conducted during the nest building and incubation stages to
identify the social breeders. Social mothers were identified as
the female at a nest that incubated eggs; social fathers were
defined as those that remained near the incubating female
while she was on the nest. Observers used spotting scopes
and were hidden under a tree or behind a blind more than
30 m from the nest. After eggs hatched, focal observations
(1–3 h) were used to identify helpers at the nest. Although
most nests were observed multiple times after eggs hatched
(rangeZ1–9 observations; meanZ3.3 observations),
repeated observations were not always possible due to the
high nest predation rates (Rubenstein 2006). The identity of
all birds that came within approximately 30 m of the nest and
whether each bird brought food was recorded. Breeders were
defined as the social parents of the nest, whereas helpers were
defined as all individuals other than the parents that brought
food to a nest.
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(d) Microsatellite genotyping, parentage
and relatedness analyses
Seventeen microsatellite markers were chosen from a set of 31
polymorphic loci previously developed for superb starlings
(Rubenstein 2005). Two of these markers showed evidence of
null alleles and were excluded from the primary parentage
analysis (electronic supplementary material, table 2). Blood
from superb starlings was collected in Queens lysis buffer
(Seutin et al. 1991) and genomic DNA was extracted using a
DNeasy Tissue Kit (QIAGEN). The forward primer of each
pair was labelled using the fluorescent dyes 6-FAM, NED,
PET or VIC (Applied Biosystems) and polymerase chain
reaction (PCR) was conducted using methods and conditions
published previously (Rubenstein 2005). Genotyping was
performed on a 3100 Genetic Analyzer (Applied Biosystems).
All alleles were scored automatically and confirmed visually
using GENEMAPPER v. 3.0 software (Applied Biosystems). For
each locus, 30–32 individuals were screened twice to estimate
genotyping errors; no such errors were found.
CERVUS v. 2.0 software (Marshall et al. 1998) was used to
analyse parentage data (electronic supplementary material).
CERVUS uses a likelihood-based approach to infer parentage
by simulating the critical difference in LOD (natural
logarithm of the likelihood ratio) scores between candidate
parents for assignment at chosen levels of confidence (95 and
80% in this study). Based upon the observed allele
frequencies, CERVUS calculates the probability of parental
assignment when (i) neither parent is known and (ii) when
one parent is known. Two simulations for parentage analysis
were generated, one that accounted for relatedness among
candidate fathers and another that did not (electronic
supplementary material, table 3). Although the two
simulations gave different success rates for identifying a
suitable candidate father in the parentage analyses, they
always identified the same candidates.
KINSHIP v. 1.3.1 software (Goodnight & Queller 1999) was
used to calculate pairwise relatedness values between pairbonded social mates in order to estimate genetic similarity
( Tarvin et al. 2005; Freeman-Gallant et al. 2006). KINSHIP
uses the population allele frequencies and the genotypes of
the two individuals under consideration to calculate a
pairwise relatedness value. Separate values were calculated
for each year of the study because the coefficients are
dependent upon the genotypes present in the population.
Pairwise relatedness values are equivalent to coefficients of
relatedness. A negative pairwise relatedness value means that
the two individuals are less related to each other than are two
individuals chosen at random from the population. Mean
pairwise relatedness between social mates at nests containing
extra-group extrapair offspring, nests containing withingroup extrapair offspring and those without extrapair offspring was compared using GLMM. Nest type was included
in the model as a fixed effect, and mother was included as a
random effect to account for repeated measures from the
same individual over successive broods or years.
(e) Genetic heterozygosity
Microsatellite genotypes were used to calculate two measures
of genetic heterozygosity: (i) standardized observed heterozygosity (SH), a measure of individual heterozygosity that
weights the heterozygosity at each locus by population allele
frequencies (Coltman et al. 1999; Pemberton et al. 1999) and
(ii) internal relatedness (IR) which measures similarity of
parental half-genotypes within an individual, and is thus a
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measure of inbreeding (Amos et al. 2001). Since both
measures of heterozygosity are dependent upon the genotypes
present in the population, separate sets of values were
calculated for each year of the study. Genetic heterozygosity
of social mothers and fathers at nests with extra-group
extrapair offspring, within-group extrapair offspring and no
extrapair offspring was compared using GLMM. Nest type,
parent sex and their interaction were included in the model as
fixed effects, whereas mother was included as a random effect
to account for repeated measures from the same individual
over successive broods or years. The analysis included 32
mothers from 87 nests in which both parents were genotyped.
Post hoc comparisons of each nest type were made using
independent contrasts of least square means. Since many of
the extrapair sires were unmarked extra-group males, it was
not possible to directly determine if females were copulating
with extra-group extrapair mates that were more genetically
heterozygous than their social mates. However, it was
possible to determine if females were copulating with more
genetically heterozygous within-group extrapair mates by
comparing the genetic heterozygosity of a female’s withingroup extrapair mate to that of her social mate using a paired
t-test. Additionally, genetic heterozygosity of extrapair offspring and within-pair offspring from corresponding nests
that contained either extra- or within-group extrapair offspring was compared using a model with nest type, offspring
type and their interaction as fixed effects and mother as a
random effect. The analysis included 17 mothers from 18
nests that included both within-pair and extrapair offspring.
(f ) Patterns of extrapair paternity
An ANOVA that accounted for unequal variances was used to
compare the number of surviving offspring from the previous
2 years (i.e. potential helpers) in nests containing extra-group
extrapair offspring, nest containing within-group extrapair
offspring and those without extrapair offspring. For nests with
within-group extrapair offspring, cases in which the extrapair
father was another breeder in the group (nZ2) were excluded
to constrain the analysis to females that copulated with
subordinate extrapair males. Logistic regression was used to
determine if the number of surviving offspring from the
previous 2 years (i.e. potential helpers) predicted if female
would obtain within-group extrapair fertilizations by
comparing females at nests with within-pair extrapair offspring to females at all other nests.

3. RESULTS AND DISCUSSION
(a) Parentage analysis
Parentage analysis revealed that 34 of 247 (14%) offspring
were the result of extrapair fertilizations and 25 of 100
(25%) nests contained at least one extrapair offspring.
Superb starlings can breed twice annually and extrapair
paternity rates were similar during the long (14%, 28 of
204) and short rains (14%, 6 of 43) breeding seasons.
Extrapair paternity rates in superb starlings were slightly
higher than those in European starlings, Sturnus vulgaris:
9–10% of offspring and 29–32% of nests (Pinxten et al.
1993; Smith & von Schantz 1993). However, extrapair
paternity rates were lower than those observed in most
other cooperative breeders in which microsatellites have
been used to examine parentage (meanZ43% of offspring;
Double & Cockburn 2000, 2003; Li & Brown 2000;
Richardson et al. 2001; Hatchwell et al. 2002; Hughes et al.
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Table 1. Genetic heterozygosity of offspring and social parents at different types of nests. (Results are from post hoc independent
contrasts of least square means from models comparing SH and IR between (i) extrapair and within-pair offspring from the same
nest and (ii) social mothers and fathers at nests containing extra-group extrapair offspring, nests containing within-group
extrapair offspring and nests without extrapair offspring.)

nest type
extrapair offspring versus within-pair offspring
extra-group extrapair offspring
within-group extrapair offspring
social mother versus social father
extra-group extrapair offspring
within-group extrapair offspring
no extrapair offspring

number

6
12
9
10
68

standardized observed heterozygosity

internal relatedness

F

F

3.50
0.0001
1.81
6.68
21.49

2003; Webster et al. 2004; Berg 2005), particularly in plural
breeders (mean Z61% of offspring; Double & Cockburn
2000, 2003; Li & Brown 2000; Hughes et al. 2003). There
was no evidence of inbreeding between mothers and sons or
between fathers and daughters, or of intraspecific brood
parasitism. Overall, 16 of 34 (47%) extrapair fertilizations
(7% of all offspring) were with males from outside the
group (hereafter, extra-group extrapair fertilizations); 18 of
34 (53%) extrapair fertilizations (7% of all offspring) were
with males from inside the group (hereafter, within-group
extrapair fertilizations); 9 of 100 (9%) nests contained at
least one extra-group extrapair offspring; and 16 of 100
(16%) nests contained at least one within-group extrapair
offspring. Since half of all extrapair fertilizations were with
extra-group males and half were with within-group males,
these two groups are treated separately in the subsequent
analysis of female extrapair mate choice.
(b) Within-group extrapair fertilizations
Female superb starlings would be expected to copulate
with extrapair males from within the group either for direct
benefits in the form of additional alloparental care, or for
indirect genetic benefits in the form of increased offspring
heterozygosity. There was no evidence that females gained
indirect genetic benefits from copulating with extrapair
males from within the group; within-group extrapair mates
were not more genetically heterozygous than a female’s
social mate (paired t-test: SH: tZ0.64, d.f. Z9, pZ0.54;
IR: tZ0.75, d.f. Z9, pZ0.47), and offspring produced by
extrapair mates were not more genetically heterozygous
than their nest mates who were fathered by the social mate
(table 1; figure 1). In contrast, there was good evidence
that females gained direct benefits from copulating with
within-group extrapair males, as in some other species of
plural breeders (Li & Brown 2000, 2002). Of the 15 nests
that contained within-group extrapair offspring, the
extrapair sire was a non-pair-bonded male (i.e. non-social
breeder) who became a helper at nine nests while those
nests contained the extrapair offspring, and another pairbonded breeding male at two nests. Although focal
observations were not conducted at the remaining four
nests, in one case, the extrapair sire became a helper the
following breeding season, and in another case, the
extrapair sire became the social mate in the following
breeding season. Thus, in at least 11 of 15 (73%) nests
with within-group extrapair offspring, the extrapair sire
was a subordinate male and an actual or probable helper,
Proc. R. Soc. B (2007)

p

0.079
0.99
0.18
0.011
!0.0001

8.22
0.093
1.39
5.93
19.20

p

0.011
0.76
0.24
0.016
!0.0001

suggesting that within-group extrapair mates may have
been chosen to provide additional alloparental care.
Although it is possible that females could have obtained
other indirect genetic benefits like good genes, this is
unlikely since the majority of within-group extrapair sires
were subordinate non-breeding group members.
Females were more likely to copulate with extrapair
males from inside the group when they had fewer of their
own offspring from previous years available to help. The
number of surviving offspring that a female had from
the previous 2 years (i.e. potential helpers) differed among
the nest types (Welch ANOVA for unequal variances:
FZ6.40, d.f. Z2, pZ0.0078; figure 2), and females were
more likely to have offspring fathered by within-group
extrapair mates if they had fewer surviving offspring
(logistic regression: c2Z6.04, d.f.Z1, pZ0.014). Thus,
when females needed additional helpers at the nest, they
were more likely to copulate with extrapair males who
could, and did, help provision their offspring.
(c) Extra-group extrapair fertilizations
In contrast to within-group extrapair fertilizations, female
superb starlings would be expected to copulate with extragroup extrapair mates for indirect genetic benefits, not for
direct benefits (i.e. alloparental care) since only permanent
group members provide alloparental care and help at the
nest (Rubenstein 2006). In support of this prediction, I
found that extra-group extrapair offspring were more
heterozygous than the within-pair offspring (i.e. nonextrapair offspring) from the same nest (table 1; figure 1).
Similar results have been shown in blue tits, Parus caruleus
(Foerster et al. 2003), but not in reed buntings, Emberiza
schoeniclus (Kleven & Lifjeld 2005). Although heterozygosity as measured with microsatellites does not always correlate
with fitness (Coltman & Slate 2003; Balloux et al. 2004;
Pemberton 2004; Slate et al. 2004) and other factors such as
female preferences for rare male phenotypes could generate
similar patterns in offspring heterozygosity, numerous
studies have found a positive relationship between heterozygosity and various fitness components including body
mass and survival (Coulson et al. 1998, 1999; Pujolar et al.
2005; Da Silva et al. 2006), disease susceptibility (Coltman
et al. 1999; Cassinello et al. 2001; Acevedo-Whitehouse et al.
2003; Hawley et al. 2005) and reproductive success (Slate
et al. 2000; Amos et al. 2001; Hoffman et al. 2004; Seddon
et al. 2004; Charpentier et al. 2005).
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standardized heterozygosity

(a)

offspring

1.3
1.2

(b)

social parents
**

*
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**

1.1
1.0
0.9
0.8

(c)

(d)

0.2

internal relatedness

**

**

**

0.1

0

–0.1

–0.2

extra-group
within-group
extrapair
extrapair
young
young
nest type

extra-group within-group
no
extrapair
extrapair extrapair
young
young
young
nest type

Figure 1. Genetic heterozygosity of offspring and social parents at different types of nests. Genetic heterozygosity was
calculated as both SH and IR. In (a) and (b), black bars indicate extra pair offspring and white bars indicate within-pair
offspring. Offspring fathered by extra-group extrapair males were more heterozygous (i.e. high SH and low IR) than those
fathered by social mates, whereas offspring fathered by within-group extrapair males had similar SH and IR to those
fathered by social mates. In (c) and (d ), black bars indicate social fathers and white bars indicate social mothers. Parents
at nests with extra-group extrapair offspring did not differ in their SH or IR, but parents at nests with within-group
extrapair offspring and at nests without extrapair offspring differed in both SH and IR. MeanGs.e. values are given. ,
comparisons that were significantly different at p!0.05 and , comparisons that were different at p!0.1. Samples sizes are
indicated in table 1.

Females were more likely to copulate with extra-group
extrapair mates for indirect genetic benefits when they
were paired to males with relatively lower heterozygosity
than themselves. Fathers were significantly more heterozygous than mothers at nests without extrapair offspring
and at nests with within-group extrapair offspring, but
fathers were not more heterozygous than mothers at nests
with extra-group extrapair offspring (table 1; figure 1).
Although there was no difference in the heterozygosity of
social fathers at nests containing extra-group extrapair
offspring, within-group extrapair offspring and no
extrapair offspring (GLMM: SH: F2,53Z0.60, pZ0.55;
IR: F2,53Z0.14, pZ0.87), males that became pairbonded breeders at least once during the study were
significantly more heterozygous than those that did not
(t-test: SH: tZ3.10, d.f.Z134, pZ0.0024; IR: tZ3.26,
d.f. Z134, pZ0.0014). However, there were no
differences in pair-wise relatedness (genetic similarity),
between socially paired males and females at nests
containing extra-group extrapair offspring, within-group
extrapair offspring and no extrapair offspring (GLMM:
F2,53Z0.95, pZ0.39).
Proc. R. Soc. B (2007)

(d) Infertility
Females would be expected to engage in extrapair
fertilizations to guard against infertility in their own social
mate if at least some of the eggs of the social mate tended to
be infertile. Overall, 17% of nests that hatched young during
the study contained at least one egg that failed to hatch
(short rains: rangeZ0–25%, meanZ10%; long rains:
rangeZ8–39%, meanZ21%). Nests containing withingroup or extra-group extrapair offspring were not more
likely to contain an egg that failed to hatch than those that did
not contain extrapair offspring (chi-square test: c2Z0.47,
d.f.Z2, pZ0.79). Additionally, since the fertility insurance
hypothesis predicts no differences in the genetic heterozygosity of extrapair and within-pair offspring from the same
nest, the observed differences in offspring heterozygosity at
nests containing extra-group extrapair offspring (table 1;
figure 1) fail to support this idea.

4. CONCLUSIONS
To my knowledge, this is the first study to show that females
from the same population copulate with extrapair mates
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surviving offspring

4

A

3

A

2
B
1

0

8
11
extra-group within-group
extrapair
extrapair
young
young

47
no
extrapair
young

nest type
Figure 2. The number of surviving offspring from the
previous 2 years for females at different types of nests.
Females who copulated with within-group extrapair mates
had fewer surviving offspring (i.e. potential helpers) from the
previous 2 years than did females who copulated with extragroup extrapair mates or those that did not have extrapair
fertilizations. MeanGs.e. values are given. Different letters
indicate means that were significantly different at p!0.05.
Samples sizes are indicated at the bottom of each bar.

and gain both direct and indirect benefits, but that they do
so in different contexts. Females with few potential helpers
copulated with extrapair mates from within their group and
thereby gained direct benefits in the form of additional
helpers at the nest, whereas females paired to mates that
were relatively less heterozygous than themselves copulated
with extrapair mates from outside the group and thereby
gained indirect genetic benefits in the form of increased
offspring heterozygosity. There was little evidence to
suggest that females engaged in extrapair copulations to
guard against infertility in their own social mate.
Although it is not clear if female superb starlings make
active extrapair mating decisions (electronic supplementary material), the results of this study suggest that
females could be making extra-group extrapair mating
decisions with respect to the relative heterozygosity of their
social mate and within-group extrapair mating decisions
with respect to their need for additional help at the nest.
However, since there were no differences in the relatedness
of the social pairs at the different nest types, female superb
starlings do not appear to be making extrapair mating
decisions based on the genetic similarity to their social
mate, as is the case in some (Eimes et al. 2004; Kleven
et al. 2005; Tarvin et al. 2005; Freeman-Gallant et al.
2006), but not all avian species studied (Kleven & Lifjeld
2005; Bouwman et al. 2006; Edly-Wright et al. 2007).
Although relatedness did not appear to directly influence
female extrapair mate choice, it could indirectly influence
female choice by impacting group social dynamics, which
could affect female exposure to extra-group males
(Rubenstein 2007c). Like superb starlings, female fur
seals, Arctocephalus gazella, appear to actively choose
mates based more on levels of heterozygosity than on
relatedness (Hoffman et al. 2007).
Ultimately, these results are most consistent with
predictions from the genetic compatibility hypothesis
Proc. R. Soc. B (2007)

and suggest that females may have copulated with extragroup extrapair males, which were more genetically
compatible than their social mates so that their offspring
would have higher heterozygosity. It is also possible that
extra-group extrapair males could have been of higher
quality than a female’s social mate, which would support
the genetic quality hypothesis. However, since the genetic
diversity hypothesis predicts no differences in the genetic
heterozygosity of extrapair and within-pair offspring from
the same nest, the observed differences in offspring
heterozygosity at nests containing extra-group extrapair
offspring fail to support this idea. Since it is not yet known
in birds if, and how, females actively assess the
heterozygosity (or genetic similarity) of males or if some
post-copulatory process such as sperm competition,
cryptic female choice, interactions between sperm and
ova or differential embryo survival, is acting to increase the
fitness of more heterozygous males ( Jennions & Petrie
2000; Marshall et al. 2003; Tarvin et al. 2005), additional
work is needed to understand the mechanisms underlying
female extrapair mate choice for indirect genetic benefits.
Future studies examining patterns of extrapair paternity
will also benefit from focusing on sexual conflict and the
evolutionary interactions between male and females over
mating ( Westneat & Stewart 2003; Griffith 2007), as well
as the potential interactions between selection for direct
and indirect benefits (Oneal et al. 2007).
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