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FIG. 1. Geography of extrapair paternity in Savannah sparrows for
a 130 3 130-m area in 2002 and 2003. Size of arrows indicates
number of extrapair young (EPY); opposing arrows and shaded
territories show cases of reciprocal cuckoldry.

Psa29 and Psap61 and then compared the full complement
of six paternal alleles to the genotypes of all males captured
on Kent Island. In seven cases, a close neighbor matched at
five of the six loci, and these offspring were assigned to those
males. We were unable to assign paternity to only 15 of the
194 extrapair young, all distributed in nests at the periphery
of our study site. Overall, we were able to assign parentage
to 396 of 411 offspring (96.4%).

Geography of Extrapair Paternity

Our assignments can be used to describe the spatial scale
at which reproductive interactions occurred. Pooling over
2002 and 2003, 95% of the extrapair young with known par-
entage were sired by males whose own social mates nested
no more than 87.1 m away. Because the average territory
diameter in Savannah sparrows is approximately 38 m
(Wheelwright and Mauck 1998), this result suggests that local
interactions are important in determining patterns of EPP.
Indeed, 154 of the 169 extrapair young with unambiguous
assignments were sired by males occupying an adjacent ter-
ritory (for an example, see Fig. 1).

Reciprocal cuckoldry was common in both 2002 and 2003
(Fig. 1) and always occurred between neighbors. In 2002, 12

of 34 males (35.3%) who sired at least one extrapair young
were involved in reciprocal cuckoldry; in 2003, 11 of 21
extrapair sires (52.4%) traded extrapair young with neigh-
boring males. The exchange of extrapair young also occurred
across years. In at least one case, a female nesting in 2003
left her social mate from 2002 and paired with the extrapair
sire of her 2002 young only to cuckold him in favor of her
original social mate. Both males were thus the source and
recipient of each other’s extrapair young over the two years
of the study.

Variance in Male Reproductive Success

The standardized variance in reproductive success (Is)
among males was 0.58 in 2002. This is 3.6 times the variance
in reproductive success observed among females at the same
stage of the reproductive cycle, and 2.1 times the variance
in apparent reproductive success among males (Is,app). In
2003, the standardized variance in reproductive success
among males was 0.37, 8.2 times the variance in reproductive
success observed among females but only 1.5 times the var-
iance in apparent reproductive success observed among
males.

Compared to 2003, relatively few males were polygyn-
ously mated in 2002. Only 13 of 57 males (22.8%) attracted
multiple mates, and variation among males in number of
social mates (Mw) was relatively unimportant, accounting for
only 10.4% of the overall variance in male reproductive suc-
cess (Table 3). Among the 52 males whose social mates
fledged at least one offspring, 41 (78.8%) lost paternity in
their own nests. Differences among males in their ability to
protect their within-pair paternity (Pw) accounted for 29.6%
of Is (Table 3), and the total number of fertilizations (T)
increased with increasing within-pair paternity (Spearman
rank, rs 5 0.66, P , 0.0001). Elements of a male’s extrapair
success were even more influential. Many males (59.6%)
sired young outside the pairbond, and differences in the num-
ber of extrapair mates (Me) alone accounted for 56.6% of Is.
Overall fertilization success (T) increased significantly with
increasing number of extrapair mates (Spearman rank, rs 5
0.75, P , 0.0001).

In 2003, 15 of 33 males (45.5%) attracted more than one
social mate, and differences in the number of social mates
accounted for 22.4% of the total variance in male reproduc-
tive success (Table 3). Unlike in 2002, variance among males
in their ability to sire young on their own territories (Pw) was
more important than their ability to acquire extrapair mates
(Me). Nevertheless, many males (70.0%) sired young outside
the pairbond, and the number of extrapair mates was posi-
tively correlated with a male’s total reproductive success (T;
Spearman rank, rs 5 0.40, P 5 0.04). Overall, extrapair com-
ponents of male reproductive success contributed 65.3% of
Is in 2002 and 36.9% of Is in 2003 (Table 3).

There was little positive covariance between the within-
pair and extrapair components of male reproductive success
in either year (Table 3). In 2002, males that sired young
outside the pairbond were just as likely to be cuckolded as
males that failed to produce extrapair young (Fisher’s exact,
P 5 0.17), and no element of a male’s within-pair success
predicted any element of his extrapair success in a series of
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between EPP and testis size among birds showing fewer than
30% extrapair young (Møller and Briskie 1995); more than
80% of all passerines fall in this category (Griffith et al.
2002). Likewise, early reports that sexual dimorphism is more
a consequence of sexual selection arising from sperm com-
petition (and EPP) than number of social mates (Møller and
Birkhead 1994; Owens and Hartley 1998) were challenged
by Dunn et al. (2001), who found that social mating system
was a better and more consistent predictor of dimorphism
than testis mass in a study of more than 1000 species of birds.
Interestingly, while Is shows little covariance with the extent
of EPP in our small sample, Is averages higher for socially
polygynous species than for socially monogamous species
(Mann-Whitney, P , 0.021) despite a relatively complete
accounting of EPP in three of four studies focusing on po-
lygynous systems (Table 1; including Hasselquist et al.
[1995] and only one of the two blackbird studies). The per-
centage of males attracting more than one social mate might
be a more informative index of sexual selection than the
extent of EPP in comparative studies (Dunn et al. 2001).

We cannot assume that the relative importance of Mw and
other within-pair fitness components covaries with the in-
cidence of polygyny, however. Even in socially polygynous
species, fitness components related to EPP might still gen-
erate the bulk of Is. In Savannah sparrows, for example, var-
iation in number of extrapair mates is of overwhelming im-
portance, suggesting that the strongest sexual selection is on
traits that affect extrapair fertilization success, at least in
some years (Kempenaers et al. 2001). By contrast, in the
socially monogamous black-throated blue warbler (Dendroi-
ca caerulescens), variation in within-pair success accounts
for more than 75% of Is, which emphasizes the importance
of male phenotypes that influence the number, quality, and
fidelity of social mates (Webster et al. 2001).

In conclusion, we emphasize two important caveats in the
study of EPP, sperm competition and sexual selection in
birds. First, if the effect of EPP on Is is much less than
commonly appreciated, other sources of variance in male
fitness cannot be ignored. This is especially important in the
study of socially monogamous species where EPP has rou-
tinely been invoked to explain the evolution of sexual di-
morphism and more traditional explanations involving the
number and quality of social mates (Darwin 1871) are cur-
rently out of favor. Second, even if EPP only minimally
increases Is and is a poor predictor of the opportunity for
sexual selection in interspecific comparisons, fitness com-
ponents related to EPP could still generate more sexual se-
lection than fitness components related to within-pair pater-
nity in any one species. This caveat is especially relevant to
the study of socially polygynous species where variation in
within-pair fertilization success—and in particular, variation
in Mw—might seem most important. Clearly, it will take
increased sampling effort in additional species before the
influence of EPP can be characterized with confidence.
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