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Abstract

Female birds often copulate outside the pair-bond to produce broods of mixed paternity,
but despite much recent attention the adaptive significance of this behaviour remains
elusive. Although several studies support the idea that extra-pair copulations (EPCs) allow
females to obtain ‘good genes’ for their offspring, many others have found no relationship
between female mating fidelity and traits likely to reflect male quality. A corollary to the
good genes hypothesis proposes that females do use EPCs to increase the quality of young,
but it is the interaction between maternal and paternal genomes — and not male quality

 

per se

 

 — that is the target of female choice. We tested this ‘genetic compatibility’ hypothesis
in a free-living population of Savannah sparrows (

 

Passerculus sandwichensis

 

) by determining
whether females mated nonrandomly with respect to the major histocompatibility complex
(

 

Mhc

 

). During both the 1994 and 1995 breeding seasons, female yearlings (but not older
birds) avoided pairing with 

 

Mhc

 

-similar males (

 

P

 

 < 0.005). The 

 

Mhc

 

 similarity between
mates also predicted the occurrence of extra-pair young in first broods (

 

P

 

 < 0.007) and
covaried with estimates of genome-wide levels of similarity derived from multilocus DNA
fingerprinting profiles (

 

P

 

 = 0.007). The overall genetic similarity between adults tended to
predict female mating fidelity, but with less precision than their 

 

Mhc

 

 similarity (

 

P

 

 = 0.09).
In contrast, females appeared insensitive to the size, weight or age of males, none of which
explained variation in female mating fidelity. Taken together, these results are consistent
with the hypothesis that females sought complementary genes for their offspring and sug-
gest either that the benefits of heterozygosity (at the 

 

Mhc

 

) drive female mating patterns or
that the avoidance of inbreeding is an ultimate cause of social and genetic mate choice in
Savannah sparrows.
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Introduction

 

After more than a decade of applying DNA fingerprinting
techniques to free-living populations of birds, it now seems
clear that both males and females readily copulate outside
the pair-bond and that broods of mixed paternity are common
in even socially monogamous species (Birkhead 1998;

Hasselquist & Sherman 2001). Less well understood is why
females engage in this genetic polyandry. While extra-pair
males can increase their reproductive success by para-
sitizing the parental care of the individuals they cuckold,
females incur numerous costs and few obvious benefits by
mating outside of the pair-bond. Female infidelity has been
linked to lower nest defence (Weatherhead 

 

et al

 

. 1994) and
feeding rates (Dixon 

 

et al

 

. 1994) by cuckolded males, and
infidelity may increase a female’s exposure to disease
and predation (Westneat 

 

et al

 

. 1990). None the less, females
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often appear to pursue EPCs actively, suggesting that they
benefit from mating multiply (Kempenaers 

 

et al

 

. 1992;
Lifjeld & Robertson 1992; Hasselquist 

 

et al

 

. 1995; Strohbach

 

et al

 

. 1998).
Because females seem to obtain only sperm (and fertil-

izations) from extra-pair males, much recent attention has
focused on indirect, genetic benefits of extra-pair paternity
(Birkhead & Møller 1992; Birkhead 1998; but see Gray
1997). According to the ‘good genes’ hypothesis, females
paired with suboptimal males can improve the quality of
their young by securing fertilizations from higher quality
mates. This hypothesis is not without support, and several
intraspecific studies have now shown that females allocate
paternity to males with high survivorship, as revealed by
the size (Kempenaers 

 

et al

 

. 1992; Weatherhead & Boag 1995),
song (Hasselquist 

 

et al

 

. 1996), age (Richardson & Burke
1999) or plumage (Sheldon 

 

et al

 

. 1997) of extra-pair sires.
Although the good genes hypothesis generally predicts

concordant patterns of female choice — all females in a
given population should prefer the same, high quality males
— individual optimization is not inconsistent with the good
genes scenario (Brown 1997). For example, females might
mate so as to minimize the risk of genetic incompatibility
between maternal and paternal genomes (Zeh & Zeh 1996,
Zeh & Zeh 1997), avoid the costs of inbreeding (Blomqvist
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PhotoShop and the size of each band determined according
to its position relative to molecular weight markers. The
presence of several fixed bands facilitated the comparison
of RFLP profiles across gels, allowing us to construct an
unambiguous catalogue of 

 

Mhc

 

 genotypes for birds
breeding in each of the 2 years.

We used the fraction of DNA restriction fragments
shared between birds as a crude estimate of underlying
sequence similarity at the 

 

shared between bir(af1 T Nei & Li 1979).underlying

sequence similarity at the 

 

PhotoShop and71tion o weighf DNA restrictianyatwoion franderlying

unambiguous catalogue of 
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were able to study birds of known age. Pooling over 1994
and 1995, we examined social mating patterns among 46
females of known age, divided equally into yearling and
after-second-year age classes. We examined the mating
fidelity of 32 of these birds, along with an additional 11
females whose age class was unknown.

Because individuals can be classified as yearlings only
once in their lifetime, analyses that examine disassortative
mating among second-year females cannot be confounded
by pseudoreplication. However, four older females that
nested on Kent Island in 1994 returned to breed in 1995.
Following these four females longitudinally, one renested
with the same male, one chose a less 

 

Mhc

 

-similar male, one
chose a more 

 

Mhc

 

-similar male and one paired with a male
almost identical to her original social mate. Systematically
excluding these four females from either year does not
change the 

 

Mhc

 

-random pattern observed among older
birds. The summary statistics described below therefore
include all four females in both years.

Among the 43 females included in analyses exploring
the relationship between 

 

Mhc

 

 similarity and occurrence of
extra-pair paternity, five females appeared in both 1994 and
1995. Because four of these five females paired with different
males in the 2 years, we treat each pairing as an independent
event. However, if females are allowed to appear only once
in each analysis (by randomly excluding data from 1 of the
2 years) the results are unchanged. The statistics reported
below therefore include data on all birds in each year.

 

Results and discussion

 

Yearling Savannah sparrows did not pair at random with
respect to RFLP variation at the 

 

Mhc

 

. Pooling over the 2
years, only two of 23 yearling females (8.7%) paired with

 

Mhc

 

-similar males despite the fact that such males were
readily available in the population (Fig. 1; Monte Carlo,

 

P

 

 < 0.005). In contrast, older females paired at random
with respect to the 

 

Mhc

 

; nine of 23 older females paired
with similar males (Monte Carlo, 

 

P

 

 > 0.50). As a consequence
of disassortative pairing by yearling females but not older
birds, the average 

 

Mhc

 

 similarity rank was lower between
yearling females and their social mates than between older
females and their social mates (two-way 

 

anova

 

 with year
as a covariate, 

 

F

 

1,42

 

 = 4.5, 

 

P

 

 = 0.04). Absolute 

 

Mhc

 

-bandsharing
was lower between yearling females and their social mates
as well (two-way 

 

anova

 

, 

 

F

 

1,42

 

 = 4.7, 

 

P

 

 = 0.04).
The difference in social mating patterns between female

age groups might reflect constraints imposed by extreme
breeding philopatry (Wheelwright & Mauck 1998). Although
none of the 23 older females moved more than 150 m
between nesting attempts in consecutive years, only three
females paired again with the same male, mainly because
their original partners had died (16 of 20 females). In some
cases, 

 

Mhc

 

-dissimilar males may not be available to returning

females in the immediate vicinity of the females’ previous
nests.

Social mate choice is not the only avenue through which
female Savannah sparrows can mate disassortatively,
however. Pooling over 1994 and 1995, extra-pair offspring
occurred in 28 of 43 nests (65.1%) and 69 of 145 offspring
(47.6%) derived from fertilizations outside of the pair-bond.
The occurrence of extra-pair paternity was predicted strongly
by a female’s similarity to her social mate. In both years,
females producing only within-pair young were paired to
more 

 

Mhc

 

-dissimilar males than females producing at least
one extra-pair offspring (Fig. 2: 

 

F

 

1,39

 

 = 8.26, 

 

P

 

 = 0.0065). In a

Fig. 1 Observed number of social pairings between females and
Mhc-similar males (males ranked 1–12; black boxes) and between
females and more Mhc-dissimilar males (males ranked 13–35; grey
boxes). Yearling females (a) but not older birds (b) tended to avoid
Mhc-similar males in both 1994 and 1995.
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logistic regression that used similarity rank to predict the
presence or absence of extra-pair offspring in a female’s
brood (and included year and female age as covariates),
only Mhc similarity was significant (Wald χ2 = 10.0, P =
0.0065). In contrast, the occurrence of extra-pair offspring
in Savannah sparrows was not predicted by a male’s size,
weight, or age, regardless of whether these variables were
considered singly or in combination with the male’s Mhc
similarity rank (logistic regressions, P > 0.30).

The inability of male phenotypic traits to predict female
mating fidelity is expected under individual optimization
models of female choice. If ‘good genes’ are complementary
genes, only females possessing similar genotypes should
exhibit concordant mating preferences. Such individual
optimization (at the Mhc or other loci) could help to explain
the growing number of studies in which female birds
appear to mate at random with respect to the morphology
and behaviour of males (e.g. Dunn 
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and relatedness. This limitation associated with our
methodology is particularly problematic (and interesting)
because the Mhc itself can act as a genetic marker of relat-
edness (Brown & Eklund 1994; Penn & Potts 1999) which, in
turn, may influence the occurrence of extra-pair paternity
in birds (Blomqvist et al. 2002) and mammals (Potts et al.
1991).

Among Savannah sparrows, absolute Mhc band-sharing
was a good predictor of the overall genetic similarity be-
tween females and their social mates (Fig. 3: R2 = 0.19,
P = 0.007), as estimated by quantifying the proportion of
(GGAT)4 fingerprinting bands shared between adults (after
Bensch et al. 1994; Kempanaers et al. 1996; Blomqvist et al.
2002). Moreover, the probability that females produced
extra-pair young tended to increase with increasing levels
of genetic similarity (logistic regression with year as a cov-
ariate, Wald χ2 = 2.9, P = 0.09) among the subset of females
for which we had (GGAT)4 data (N = 33). Whether dis-
assortative mating at the Mhc is the proximate mechanism
underlying this pattern or whether the broader Mhc results
simply reflect the avoidance of genetically similar (but
putatively unrelated) individuals is not known. Regard-
less, these data strongly suggest an important role for indi-
vidual optimization and genetic compatibility in explaining
female mating fidelity in songbirds.
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