
mailto:nwheelwr@bowdoin.edu
mailto:nwheelwr@bowdoin.edu


arise in two ways (Table 1). First, if animals rely primarily



attempt is less disadvantageous for males. Additionally,
dispersing away from female relatives to avoid inbreeding
has its own costs, such as having to find an undisputed
territory and forfeiting the benefits of philopatry (e.g.
familiarity with foraging sites and refuges from predators).
Such costs may be particularly high for young males at-
tempting to establish and defend territories for the first



inbreeding could have occurred by chance (Manley 1991;
Pärt 1996; Keller & Arcese 1998). In the simulations, indi-
viduals were paired at random with birds of the opposite
sex known to be alive at the same time, and the number
of incestuous matings was tallied in each of 1000 itera-
tions (Manley 1991; Wheelwright & Mauck 1998).
Table 2 lists the number of opposite-sex close relatives
(inbreeding possibilities) alive in each year of the study,
broken down by type of relationship. We distinguished
between social inbreeding (Table 2) and genetic inbreed-
ing (Table 3). Close social inbreeding was pairing between
parents and offspring or between full siblings (F ¼ 0.25) or
half-siblings (F ¼ 0.125). Close genetic inbreeding was
producing offspring with a parent or sibling (as confirmed
by paternity analysis using microsatellites). We did not
have genetic data on paternity for the first 14 years of
this study, and the model we tested was based on the
avoidance of mating with kin as determined by social
familiarity; therefore, we use the terms social and genetic
inbreeding to refer to pairing (social inbreeding) or pro-
ducing offspring (genetic inbreeding) with individuals
that were known from pedigrees to be social relatives.
These are not necessarily genetic relatives, although in
the case of mothers, the two are equivalent (brood parasit-
ism does not occur in this population, so a female’s social
offspring are also her genetic offspring). Thus, we use the
shorthand term ‘genetic inbreeding’ to refer to genetic
mating between individuals with a close social pedigree
that may or may not reflect their exact genetic pedigree.
An example would be a case where microsatellites showed
that a male sired the offspring of a female with whom he
had shared the same social parents (e.g. the male and fe-
male had been nestmates), even if the true genetic parents
of the male and female had not been established.

To test whether birds avoided close social inbreeding,
the data were analysed at the level of nesting attempts
(each nesting attempt was considered an independent
event) and, more conservatively, at the level of breeding
pairs (each unique social male–female combination was
counted only once per season, regardless of how many
nesting attempts they made). To test whether birds
avoided close genetic inbreeding, the data were analysed
at the level of individual offspring (each nestling was
considered an independent sample) and, more conserva-
tively, at the level of breeding pairs (each unique genetic
father–mother combination was counted only once per
season, regardless of how many offspring they produced
together). Because males nesting within 88 m of a focal
nest were responsible for more than 95% of extrapair pa-
ternity in the study (median distance between nests in
which extrapair paternity occurred and nests of extrapair
sires ¼ 39.5 m; N ¼ 104), simulations testing for genetic
inbreeding avoidance were restricted to the subset of po-
tential sires nesting within that distance. No female
nested within 88 m of her social father in 2002 or 2003,
and only four females nested within 88 m of their social
fathers in 2004, so our simulations (limited to neighbour-
ing males) did not allow us to distinguish whether the
observed absence of father–daughter genetic inbreeding
was statistically sig
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morphological measurements such as bill length and
depth, wing and tarsus length, and mass vary little between
years and show high repeatability (0.52–0.96; unpublished
data). The location of a male’s territory is also highly pre-
dictable from year to year (Wheelwright & Mauck 1998).
(Adult females also show relatively constant morphology
and breeding philopatry, but they do not sing.) Thus, the
major assumptions of the model are likely to be reasonable
in this population.

RESULTS

Avoidance of Close Social Inbreeding

Between 1988 and 2004, there were 484 cases in which
a female could have paired with her social father or one of
her sons or brothers (i.e. both were alive and nested within
the 7.5-ha study area; Table 2). Despite abundant opportu-
nities for incestuous pairings, females formed pair bonds
with close relatives in only nine instances: three with
sons, three with full brothers and three with half-brothers.
None of the relatives paired incestuously again in subse-
quent years. Although the infrequency of pairing with close
relatives collectively (not distinguishing between types of
relationships) was statistically significant from 1988 to
1995 (Wheelwright & Mauck 1998) and suggested active in-
cest avoidance from 1996 through 2004, when all years
were combined, the pattern could not be distinguished
from random mating (Monte Carlo simulations: P ¼ 0.63).

When we differentiated between specific types of in-
cestuous relationships (pairings between parents and off-
spring, between full siblings and between half-siblings),
only pairings between daughters and the males who had
raised them (their social fathers) were significantly less
frequent than expected by chance. Of 1609 nesting
attempts, none involved father–daughter pairs, even
though there were 138 cases where both a daughter and



made up of yearling males and older females. Combining
the nine cases of social inbreeding and the three cases of



social and genetic inbreeding avoidance (Bensch et al.
1994). The possibility of asymmetrical incest avoidance
appears to have been overlooked in previous studies. In
three of the most detailed studies of inbreeding in birds
(song sparrows, Melospiza melodia: Keller & Arcese 1998;
great reed warblers, Acrocephalus arundinaceus: Bensch
et al. 1994; great tits, Parus major: Greenwood et al.
1978), no cases of pairing between females and their (so-
cial) fathers were reported, although other types of inces-
tuous matings did occur.

The general applicability of the model of asymmetrical
incest avoidance will depend upon the biology of the
species. For example, patterns may be different in species
that have cooperative breeding (Rowley et al. 1993;
Daniels & Walters 2000) or in populations provisioned
with artificial nestboxes (Greenwood et al. 1978; van
Noordwijk & Scharloo 1981; Foerster et al. 2003). Never-
theless, asymmetrical constraints on knowledge about
kinship and costs of inbreeding are likely to occur even
in those systems, so researchers should consider differenti-
ating between social and genetic inbreeding, between
types of close inbreeding and between age classes.
Although our results emphasize the importance of social
familiarity as a criterion to avoid inbreeding, and cross-
fostering experiments and other studies of kin recognition
in birds provide little evidence that birds can distinguish
kin from nonkin in the nest using cues other than associ-
ation (Russell & Hatchwell 2001; Komdeur et al. 2004), the
possibility remains that birds may use phenotypic traits or
other information to assess genetic relatedness (Komdeur
& Hatchwell 1999; Petrie et al. 1999; Hauber & Sherman
2001; Freeman-Gallant et al. 2003).

The model of asymmetrical incest avoidance may help
to explain patterns of natal dispersal in birds. Sex-specific
natal dispersal has traditionally been interpreted as an
adaptation to avoid close inbreeding (Greenwood 1980;
Greenwood & Harvey 1982). For example, if young fe-
males routinely disperse further than males, two nest-
mates of the opposite sex are unlikely to encounter each
other and pair accidentally. The argument seems rea-
sonable when applied to sibling–sibling matings, but
sex-specific natal dispersal does not diminish the risk of
incestuous matings between individuals of the nondis-
persing sex and their opposite-sexed philopatric parents
(Piper et al. 2001). Moreover, it does not fully account
for why, in birds, females rather than males tend to
show greater natal dispersal (Greenwood & Harvey
1982). The model of asymmetrical incest avoidance may
help to explain this pattern, because in birds, females
are the sex with more reliable information about inbreed-
ing risks and greater incentives to avoid inbreeding, which
reduces the relative cost of dispersing for females.
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