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Reed bunting females increase ﬁtness through
extra-pair mating with genetically dissimilar males
Stefan M. Suter*, Martin Keiser, Raoul Feignoux and Dietrich R. Meyer
Unit for Ecology and Evolution, Department of Biology, University of Fribourg, Chemin du Musée 10, 1700 Fribourg, Switzerland
Females of many socially monogamous species accept or even actively seek copulations outside the social
pair bond. As females cannot increase the number of offspring with promiscuous behaviour, the question
arises why they engage in extra-pair mating. We used microsatellite data to determine paternity,
heterozygosity and genetic relatedness in the reed bunting (Emberiza schoeniclus), a species with high
levels of extra-pair paternity (EPP). We found that extra-pair young (EPY) were more heterozygous than
within-pair young ( WPY ). The high heterozygosity of the EPY resulted from a low genetic similarity
between females and their extra-pair mates. EPY were heavier and larger when compared with their
maternal half-siblings shortly before they left the nest. Recapture data indicated a higher ﬂedgling survival
of EPY compared with WPY. Our data suggest that reed bunting females increase the viability of their
offspring and thus ﬁtness through extra-pair mating with genetically dissimilar males.
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1. INTRODUCTION
Promiscuity, whereby males and females mate with other
than their social partner, is common in socially monogamous bird species (Grifﬁth et al. 2002). Males may
initiate extra-pair copulations ( Westneat & Stewart 2003)
but females have pre- and post-copulatory control over
fertilization (Andersson 1994; Birkhead & Pizzari 2002).
While males can increase the number of offspring via
extra-pair fertilizations, it is less obvious how females
could gain ﬁtness due to promiscuous behaviour. It has
been proposed that females increase offspring heterozygosity and, thus, the viability of their offspring through
extra-pair fertilizations (Brown 1997). Evidence has been
found in several species ( Foerster et al. 2003; Masters et al.
2003; Bishop et al. 2007). However, other studies do not
support these ﬁndings (Schmoll et al. 2005; Smith et al.
2005). A high heterozygosity reduces the risk that
recessive deleterious alleles are expressed and prevents
other negative effects of inbreeding, which would lead to
reduced ﬁtness. However, females may not only engage in
extra-pair copulations to avoid inbreeding but also beneﬁt
from mating with more dissimilar mates (Amos et al.
2001). In that case, high heterozygosity in the offspring
will be advantageous owing to potentially useful gene
products. A higher heterozygosity at the major histocompatibility complex (MHC) does, for example, lead to an
increased resistance against diseases (McClelland et al.
2003). In bluethroats (Luscinia s. svecica), Johnsen et al.
(2000) found that extra-pair young (EPY) have a higher
immunocompetence when compared with within-pair
young (WPY). Females can maximize the heterozygosity
of their offspring if they mate to males that are either
* Author for correspondence (stefan.suter@unifr.ch).
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highly heterozygous or genetically different from themselves (Masters et al. 2003).
Females that engage in extra-pair copulations may
envisage different costs such as the loss of the social mate’s
investment in the offspring (Dixon et al. 1994), enhanced
risk of sexually transmitted diseases, injury and predation.
Therefore, females should engage in extra-pair mating
only if it leads to substantial beneﬁts. In a meta-analysis,
Arnqvist & Kirkpatrick (2005) suggest that inﬁdelity may
not be adaptive for females because costs caused by
depressed paternal investment outweigh indirect genetic
beneﬁts, but see Grifﬁth (2007).
In this study we show that EPY were more heterozygous, heavier and larger when compared with WPY in a
population of reed buntings (Emberiza schoeniclus) in
Switzerland. Additionally we found that extra-pair ﬂedglings survive at a higher rate when compared with withinpair ﬂedglings. The observed extra-pair fertilizations
resulted from matings between genetically dissimilar
mates. Our ﬁndings suggest that reed bunting
females increase the viability of their offspring through
extra-pair mating.
2. MATERIAL AND METHODS
(a) Field methods
The study was conducted on a reed bunting population in the
Grande Cariçaie at the southeast shore of the lake of
Neuchâtel in Switzerland for 6 years (during 2000–2002
and 2004–2006). Adult birds were caught with mist nets
either at the nest site or (for some males) with additional help
of playback within the territory. For individual identiﬁcation,
the birds were ringed with three coloured plastic rings and a
numbered aluminium ring from the Swiss Ornithological
Institute. From all birds we took 5–50ml blood from the
brachial or leg vein for paternity analyses. Blood samples were
collected in a 70 ml capillary tube and put on ice in the ﬁeld
and stored in a freezer at K188C on the same day. Nestlings
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were bled from day 2 onwards and measured and ringed
between days 6 and 11 after hatching (day 0Zhatching day).
Weight was measured with a Pesola balance (to the nearest
0.1 g) and tarsus length with a calliper (to the nearest
0.1 mm). Dead nestlings and eggs that failed to hatch were
collected. Nests were monitored daily to determine hatch
dates. However, some nests were found after hatching. We
conﬁrmed the social parents of a brood while they were
feeding the young either by direct observation or with a colour
camera installed near the nest.
Some of the birds that had been ringed as nestlings were
recaptured later in the season from July to October. In the
analysis, we used only data from birds that were recaptured at
least 30 days after they had been ringed at the nest, thus, they
were independent from their parents at the time of recapture.
Birds were recaptured by our own research group at the study
site at the end of the breeding season or by different other
research groups during the autumn migration. All birds were
recaptured along the southeast shore of the lake of Neuchâtel
(0–25 km) except two of which one was caught at La Touvière
(Geneva; 73 km) and the other at Romans-sur-Isère
(France; 250 km).
(b) Molecular methods
DNA was extracted from blood and tissue samples using a
Promega protocol during 2000–2002 and Peqgold blood
DNA isolation kit (Peqlab) during 2004–2006.
For paternity analyses, we used ﬂuorescently labelled
primers for six different variable microsatellite loci: Escm1;
Escm3; Escm4; Escm6 (Hanotte et al. 1994); Pdom5 (Grifﬁth
et al. 1999); and Ppi2 (Martinez et al. 1999). They were
ampliﬁed by PCR and products were run on an ABI PRISM
310 Genetic Analyzer (Applied Biosystems Instrument). The
alleles were determined using DNA fragment analysis software (GENESCAN v. 3.1). The microsatellite loci did not
deviate from Hardy–Weinberg equilibrium except Escm3
indicating null alleles at this locus. The combined exclusion
probability of the six microsatellite was higher than 0.995 for
the ﬁrst parent and 0.999 for the second parent using the
program CERVUS (v. 3.0; Kalinowski et al. 2007).
To sex the young we used the primers P2 (reverse) and P8
(forward) that anneal to conserved regions and amplify across
introns that differ in length between the CHD-W and the
CHD-Z gene (Grifﬁths et al. 1998).
(c) Statistical analyses
We used a general linear mixed model to test the effect of
paternity on tarsus length and weight of nestlings from broods
with mixed paternity. Sex was included as a ﬁxed factor in the
model because males are heavier and larger than females. The
age of the brood was included as a linear covariate because
broods were measured between days 6 and 8 after hatching.
Brood identity was included as a random factor in the model
to take into account the seasonal differences (e.g. food
abundance) and the quality of the social parents.
Standardized individual heterozygosity (SIH) was calculated as the proportion of heterozygous loci divided by the
mean heterozygosity of the typed loci in the population
(Coltman et al. 1999). Genetic similarity between individuals
was calculated using the program ML-RELATE that takes into
account the presence of null alleles (Kalinowski et al. 2006).
A permutation test was conducted to test whether females
mate randomly to their social mate with regard to the genetic
relatedness. The observed number of social pairs was

randomly formed 1000 times using all adult birds present at
the site. The observed mean relatedness of the social pairs was
then compared to the distribution of the means that had been
generated under the assumption of random mating. To test
whether the extra-pair fertilizations resulted from matings
between genetically dissimilar mates, we compared the
genetic relatedness between the female and the actual extrapair sire or sires to the mean genetic relatedness between the
female and the four nearest residents that did not sire EPY in
the focal female’s nest. Since almost all EPY were sired by
males that have their territories in the neighbourhood of the
female’s nest (S. Suter 2007, unpublished data), this
procedure allows a comparison between actual and potential
extra-pair mates (Masters et al. 2003).
If there was more than one extra-pair father within the same
brood, then the mean of all extra-pair sires was used in the
analysis. Pairs where social partners changed between years
were treated as independent. Statistical analysis was performed
using JMP v. 5.0.1, R v. 2.4.1 and EXCEL. Non-parametric tests
were used in case of non-normal distribution of the data. All
tests are two tailed with a signiﬁcance level of p!0.05.

3. RESULTS
(a) Frequency and distribution of
extra-pair paternity
We genotyped 915 offspring, of which 65 were ﬂedged
young, 786 nestlings and 64 embryos from eggs that did
not hatch. The genetic father was determined for 835
(91%) of the young and the social father for 801 (88%).
Overall there were 486 (61%) WPY and 315 (39%) EPY.
The proportion of EPY in different years varied between
33 and 46% and the proportion of broods that contained
EPY varied between 54 and 72%. No signiﬁcant
differences between years were found (GZ8.23 and
4.09, d.f.Z5, pZ0.14 and 0.54, respectively). We could
determine the sex of 792 out of the 801 young where the
social father was known. Overall, EPY were not more
likely to be males: there were 47% (224/481) WPY
males and 51% EPY males (159/311; Fisher’s exact test,
pZ0.22).
The EPY were not equally distributed among broods;
there were 36 entire extra-pair broods, 98 mixed broods
and 79 broods containing only WPY. In each year, the
distribution of EPY among broods differed from what is
expected under a binomial distribution (G-tests, all p!
0.01), except in the year 2001 (GZ4.92, d.f.Z5, pZ
0.42). No egg dumping was detected as the social mother
of a brood always corresponded to the genetic mother. A
summary of the microsatellite loci used for paternity
analysis can be found in table 3 of electronic supplementary material.
(b) Paternity and offspring heterozygosity
SIH of the 915 offspring varied between 0.28 and 1.18
(mean SIHGs.d., 1.00G0.17). EPY were more heterozygous when compared with WPY (mean SIHGs.e., EPY
nZ315, 1.02G0.01; WPY nZ486, 0.98G0.01, Wilcoxon
rank–sum test, ZZ3.55, pZ0.0004).
However, if we look only at mixed broods, the difference
between maternal half-siblings is not signiﬁcant (Wilcoxon
signed-rank test, ZZ0.55, nZ57, pZ0.58). The high
overall SIH of EPY resulted from high SIH of the young
that came from entire extra-pair broods and the low overall
2

Table 1. General linear mixed model to test the effect of
paternity on weight and tarsus length in nestlings from 83
broods with mixed paternity. (Extra-pair young (nZ163)
were heavier and they had longer tarsi compared with withinpair young (nZ165). The different factors in the model are:
paternity; sex; and age. Brood identity had a signiﬁcant effect
and was included as a random factor in the model.
Interactions between factors were not signiﬁcant.)

mean SIH ± s.e. of female's offspring

1.10

1.05
1.05

1.01

1.00

effect

estimate

F

p

weight (g)

paternity
sex
age
paternity
sex
age

0.226
0.392
1.100
0.121
0.076
0.901

7.1
20.2
23.3
5.7
2.2
34.3

0.010
0.001
0.001
0.020
0.150
0.001

0.99
tarsus length (mm)

0.95

0.96

62

65

65

31

a

b
WPY

b
EPY

c

0.90
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Figure 1. Mean standardized individual heterozygosity (SIH)
of female’s offspring over different brood categories and
paternities (mean values at the top, number of females at the
bottom of the bars). Different brood categories are: a, entire
within-pair broods; b, mixed broods; c, entire extra-pair
broods. Mixed broods are separated by paternity: within-pair
young (WPY) and extra-pair young (EPY). Offspring of a
female may occur in more than one brood category, in total
117 different mothers are included.

SIH of WPY resulted from low SIH of the young that came
from entire within-pair broods (ﬁgure 1). In a pairwise
comparison, the mean SIH of extra-pair offspring showed a
tendency to be higher compared with that of within-pair
offspring a female produced (Wilcoxon signed-rank test,
ZZ1.67, nZ67, pZ0.09). A paired test of the mean SIH
between offspring of entire within- (mean SIH G s.e.:
0.99G0.03) and entire extra-pair broods (1.05G0.03) of the
same female revealed a signiﬁcant difference (Wilcoxon
signed-rank test, ZZ2.03, nZ13, pZ0.04). Allele frequencies of different microsatellite loci are presented in table 4 of
the electronic supplementary material.
(c) Paternity and offspring size parameters
Paternity had a signiﬁcant effect on weight and tarsus length,
controlling for sex, age and brood identity in a general linear
mixed model (table 1). EPY were on average 0.5 g (3.3%)
heavier when compared with WPY, and male nestlings were
on average 0.8 g (5.8%) heavier compared with female
nestlings. The effect of paternity on tarsus length was greater
than the effect of sex. The tarsi of EPY were on average
0.24 mm (1.3%) longer than that of WPY, and the tarsi of
male nestlings were on average 0.15 mm (0.8%) longer than
that of female nestlings. Only mixed broods where the size
parameters had been measured between days 6 and 8 after
hatching were included in the analyses.
(d) Paternity, offspring survival and
recapture data
Overall there was no difference in hatching success
between WPY (450/486) and EPY (299/315; Fisher’s
exact test pZ0.24) or in ﬂedging success WPY (385/486),
3

EPY (264/315; Fisher’s exact test pZ0.12). A pairwise
comparison in mixed broods revealed no differences
in mortality from egg to ﬂedging between maternal
half-siblings ( Wilcoxon signed-rank test, ZZ0.54,
nZ18, pZ0.58).
However, a larger percentage of EPY compared with
WPY was recaptured later in the season (ﬁgure 2). This
pattern is consistent over the 6 years. A pairwise
comparison in mixed broods revealed a signiﬁcantly
higher recapture rate for EPY compared with WPY
(Wilcoxon signed-rank test, ZZ2.31, nZ13, pZ0.02).
Also a pairwise comparison between within- and extrapair offspring of the same female shows that more EPY
were recaptured (Wilcoxon signed-rank test, ZZ2.03,
nZ22, pZ0.05).
Birds that ﬂedged early in the season were not more
likely to be recaptured (logistic regression: c21Z0.92,
pZ0.34). EPY did not hatch earlier in the season compared
with WPY (mean relative hatching dateGs.e., WPY
nZ450, 22.25G0.86; EPY nZ299, 21.74G1.05,
Wilcoxon rank–sum test, ZZK0.09, pZ0.93). The
relative hatching date of a brood is the difference in days
between the hatching date of the focused brood and the
hatching date of the ﬁrst brood that hatched in a given year.
No difference in recapture rate was recorded between male
and female ﬂedglings (recaptured by sex: males 5.03%
(16/318), females 5.14% (17/331); Fisher’s exact test pZ1).
(e) Adult heterozygosity and extra-pair paternity
All tests within single year led to the same conclusions.
Therefore, only results of pooled data are shown here.
Males that sired EPY were not more heterozygous
compared with males that did not (mean SIHGs.e. of
males that sired: no EPY nZ67, 1.01G0.02, EPY nZ58,
1.02G0.02; Wilcoxon rank–sum test, ZZ0.29, pZ0.78).
A paired test revealed no difference in heterozygosity
between social males and their cuckolders (Wilcoxon
signed-rank test, ZZK0.02, nZ96, pZ0.98) nor were
extra-pair males that gained entire paternity in a brood
more heterozygous compared with the corresponding
social males ( Wilcoxon signed-rank test, ZZ0.25,
nZ31, pZ0.80). There was no difference in heterozygosity between females that produced EPY and females
that produced only WPY (mean SIHGs.e. of females with:
no EPY nZ35, 1.02G0.03, EPY nZ81, 1.02G0.02;
Wilcoxon rank–sum test, ZZK0.40, pZ0.69).

15

41

percentage of young recaptured

47

10

53
81
81
21

5

31

69

71
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Table 2. Mean genetic relatednessGs.e. (n) between females
and males. ((a) Comparison between female relatedness to all
theoretically possible mates and female relatedness to their
social mates ( p values from permutation tests). (b) Comparison between female relatedness to potential extra-pair (ep)
mates and female relatedness to actual extra-pair mates.
( p values from Wilcoxon signed-rank test).)

2000

31
2001

49
2002
2004
year

74
2005

2006

Figure 2. The percentage of ﬂedglings recaptured in different
years. In all years a larger percentage of EPY (grey bars)
compared with WPY (white bars) was recaptured. Pooled
data over all years show that more EPY were recaptured
(WPY 3.4% (13/385), EPY 7.6% (20/264); Fisher’s exact
test pZ0.02). The numbers above bars are the number of
ringed nestlings.

(f ) Relatedness and extra-pair paternity
A higher genetic relatedness between parents led to a lower
heterozygosity in the offspring (rsZK0.20, nZ258,
pZ0.002). Females did not choose genetically dissimilar
males as breeding partners as the mean relatedness of
females to their social mates was not different from that of
randomly drawn pairs (table 2a). The relatedness of a
female to her social mate did not predict the likelihood of
having extra-pair offspring within a breeding season. For
this analysis, we pooled the data from all years and
included each pair only once (binomial logistic regression:
c21Z1.52, pZ0.22, nZ145). Successful extra-pair mates
were genetically more dissimilar to the females than
nearby potential unsuccessful extra-pair mates
(table 2b). A test with pooled data over all years where
each female was only included once revealed a signiﬁcant
difference (Wilcoxon signed-rank test, ZZ3.84, nZ73,
pZ0.0003).
In a pairwise comparison, extra-pair mates showed a
tendency to be less related to females than the social mates
(Wilcoxon signed-rank test, ZZ1.77, nZ83, pZ0.07).
The relatedness between female and social mate was
not related to the percentage of EPP in a brood (rsZ0.07,
nZ145, pZ0.39). To test whether the percentage of EPP a
brood contains depends on the relatedness between
female and the extra-pair mate, we used one randomly
chosen brood per female where a single male sired all EPY.
The percentage of EPP a brood contained did not depend
on the genetic relatedness between female and extra-pair
mate (rsZ0.16, nZ73, pZ0.16). The difference of genetic
relatedness between female to the social mate and female
to the extra-pair mate did not correlate with the amount of
EPP (rsZ0.05, nZ73, pZ0.68).

year

all males

social mates

p

(a)
2000
2001
2002
2004
2005
2006

0.061G0.018
0.055G0.021
0.051G0.020
0.058G0.019
0.059G0.015
0.058G0.015

0.052G0.016 (29)
0.062G0.019 (16)
0.083G0.028 (20)
0.065G0.026 (27)
0.048G0.011 (36)
0.049G0.011 (39)

0.70
0.52
0.12
0.66
0.54
0.54

year

potential ep-mates

actual ep-mates

p

(b)
2000
2001
2002
2004
2005
2006

0.074G0.008
0.044G0.014
0.036G0.013
0.069G0.018
0.051G0.007
0.076G0.011

0.031G0.014 (16)
0.025G0.020 (10)
0.031G0.017 (11)
0.041G0.014 (16)
0.037G0.015 (27)
0.063G0.020 (24)

0.02
0.04
0.11
0.12
0.01
0.09

4. DISCUSSION
Female ﬁtness gains of extra-pair fertilizations could be
assessed from different survival rates between EPY and
WPY. Yet, dispersal makes it hard to get any long-term
data on the survival of young birds in order to investigate
differences based on paternity, but see Hasselquist et al.
(1996), Lubjuhn et al. (1999) and Schmoll et al. (2003).
A higher survival of EPY from hatching to ﬂedging has
been found in blue tits (Parus caeruleus; Kempenaers
et al. 1997; Charmantier & Perret 2004). However,
differences in nestling mortality may be less important
compared with that in ﬂedgling mortality. The time when
a young bird leaves the nest until it becomes independent
from its parents is known to be a critical phase in the life
of a bird, and high mortality during this period has been
reported (Ringsby et al. 1998; Naef-Daenzer et al. 2001).
In our study, we assume that a within-pair ﬂedgling that
survived was as likely to be recaptured as an extra-pair
ﬂedgling. From the higher recapture rate of extra-pair
ﬂedglings, we suggest that they are more viable and
therefore survive better compared with within-pair
ﬂedglings. Alternatively it might be argued that different
dispersal patterns between EPY and WPY explain the
higher recapture rate of EPY. Different migration
patterns between males and females exist in the reed
bunting (Schmitz & Steiner 2006). However, in our study
we recaptured similar percentages of young males and
females and the sex ratio did not differ between EPY
and WPY.
EPY were heavier and had longer tarsi compared with
their maternal half-siblings shortly before they left the
nest. Weight has been shown to be important for
ﬂedgling survival ( Magrath 1991; Naef-Daenzer et al.
2001). Longer tarsi of EPY compared with WPY have
also been found in a population of reed buntings in The
Netherlands (Bouwman et al. 2007) as well as in
4
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savannah sparrows (Passerculus sandwichensis; FreemanGallant et al. 2006). The tarsus was not full grown when
we took measurements from the nestlings. It is therefore
not a measure of the ﬁnal size but an indicator of the
development stage of a young. Fast development and
thus the ability to leave the nest early are important
in ground breeding birds owing to the high predation
risk at nest sites. From the differences in the size
parameters between EPY and WPY, we suggest that
EPY develop faster and are therefore more viable.
However, the size differences between extra- and
within-pair nestlings could be based on other than
genetic factors. The ﬁrst eggs laid in a clutch might be
more likely to contain EPY and therefore hatch earlier
(Krist et al. 2005), but see Westneat et al. (1995),
Whittingham et al. (2003) and Barber & Robertson
(2007). Another alternative explanation would be that
non-genetic maternal effects like increased female
investment in the nutrient or hormonal content of the
eggs that contain EPY cause these size differences (Gil
et al. 1999; Cunningham & Russell 2000).
Females did choose their social partners randomly with
regard to genetic relatedness. The choice of a social
partner might be based on resources like territory quality
and potential paternal care (Andersson 1994). Furthermore, female’s choice for a social partner is restricted
because males can already be paired to other females. To
become a secondary female is disadvantageous owing to
the reduced paternal assistance at nest (Dixon et al. 1994).
A better strategy would be to pair with an unpaired male to
assure the help at the nest and then go for extra-pair
copulations to correct for low genetic quality or low
compatibility of the social partner. In our study the genetic
relatedness between breeding partners did not predict the
occurrence of EPP, but see Blomqvist et al. (2002) and
Freeman-Gallant et al. (2006). For the females even the
choice of an extra-pair mate can be restricted. The social
male has an interest to assure his paternity and could
achieve it through intense mate guarding and frequent
copulations.
We do not know whether reed bunting females are
able to estimate genetic relatedness or compatibility of
a male. Our ﬁnding that successful extra-pair mates are
less related to females than potential but unsuccessful
extra-pair mates is based on the observed extra-pair
fertilizations. As we do not have any observational data
on extra-pair copulations, we do not know whether
females engage selectively in extra-pair copulations with
genetically dissimilar males. In humans, mice and
ﬁshes, females were able to estimate genetic compatibility through odours in studies investigating mating
preferences for genes of the MHC ( Wedekind et al.
1995; Penn & Potts 1998; Reusch et al. 2001). Whether
odour is important for mate choice in birds has not
been tested yet although it is known that birds have the
necessary olfactory ability (Roper 1999; Bonadonna &
Nevitt 2004; Mennerat et al. 2005). It has been shown
that song plays a role in kin recognition in birds
(Komdeur & Hatchwell 1999; Sharp et al. 2005),
therefore song could be a potential trait on which
females estimate the genetic relatedness of a male.
Cryptic female choice could play an important role in
the fertilization process (Birkhead & Pizzari 2002).
Females could simply eject sperm of less desirable mates
5

(Davies et al. 1996; Pizzari & Birkhead 2000) or the
selection of sperm could take place within the female’s
reproductive tract ( Wilson et al. 1997). Artiﬁcial insemination experiments have to be done to ﬁnd out more
about possible sperm selection within the female’s
reproductive tract.
Studies on reed bunting populations in Norway and
The Netherlands did not reveal differences in heterozygosity between EPY and WPY (Kleven & Lifjeld
2005; Bouwman et al. 2007). However, the authors
were focusing on mixed broods. In our population,
there was likewise no signiﬁcant difference in heterozygosity between maternal half-siblings of mixed
broods. The higher heterozygosity of EPY in our
study is based on the high heterozygosity of EPY that
came from entire extra-pair broods. This raises the
question whether the percentage of EPP in a brood
depends on the genetic relatedness between the female
and the extra-pair mate. We could not establish such a
correlation. It is possible that an existing relationship is
hidden by confounding factors which inﬂuence female
ability to engage in extra-pair copulations, such as
weather conditions (Bouwman & Komdeur 2006) or
paternity assurance behaviour (Marthinsen et al. 2005).
The two main explanations for indirect genetic beneﬁts
of female inﬁdelity are the good genes hypothesis and the
compatible genes hypothesis, reviewed by different
authors ( Jennions & Petrie 2000; Grifﬁth et al. 2002;
Mays & Hill 2004; Neff & Pitcher 2005). In the reed
bunting, it has been shown that mainly old males gain
extra-pair paternity (Bouwman et al. 2007). The fact that
old males have shown their ability to survive might be an
indicator of their good genes (Kokko & Lindstrom 1996;
Brooks & Kemp 2001). Our ﬁndings that EPY are more
heterozygous and that this is based on a low relatedness
between females and their extra-pair mates support the
genetic compatibility hypothesis. However, whether dissimilarity equals compatibility can be questioned (Mays &
Hill 2004; Puurtinen et al. 2005). Mate choice based on
dissimilarity maintains or even increases genetic diversity
within populations contrary to mate choice based on good
genes. Both good and compatible genes would lead to
higher viability in the offspring. Therefore, female ﬁtness
gains of extra-pair fertilizations can be based on both
mechanisms because they are not mutually exclusive
(Colegrave et al. 2002; Neff & Pitcher 2005).
In conclusion, our ﬁndings show that females can
increase the quality of their offspring and thus ﬁtness
through extra-pair mating. Our study provides evidence
against the meta-analysis of Arnqvist & Kirkpatrick
(2005). The positive indirect selection may outweigh the
cost of extra-pair copulation behaviour and therefore
inﬁdelity could be adaptive for females in the reed bunting
population we studied.
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Table 3. Summary of the microsatellite loci used for paternity analysis
no. of
no. of individuals
obsearved
expected
locus
allels
typed
heterozygosity
heterozygosity
1166
Escȝ1
13
0.844
0.819
865
Escȝ3
20
0.821
0.891
1166
Escȝ4
22
0.885
0.874
1166
Escȝ6
15
0.873
0.864
1165
Pdoȝ5
24
0.943
0.936
762
Ppi2
19
0.715
0.741

Table 4. Allele frequencies of different microsatellite loci
a) Alleles of Escȝ1
allele
count
heterozygotes homozygotes
130
76
76
0
132
147
147
0
134
64
62
1
136
751
549
101
138
41
39
1
140
36
36
0
142
254
242
6
144
517
385
66
146
186
176
5
148
70
70
0
150
121
117
2
152
59
59
0
154
10
10
0

frequency
0.0326
0.063
0.0274
0.322
0.0176
0.0154
0.1089
0.2217
0.0798
0.03
0.0519
0.0253
0.0043

b) Alleles of Escȝ3
allele
count
134
1
136
36
138
67
144
41
146
26
148
135
150
68
152
351
154
123
156
279
158
65
160
242
162
50

frequency
0.0006
0.0208
0.0387
0.0237
0.015
0.078
0.0393
0.2029
0.0711
0.1613
0.0376
0.1399
0.0289

heterozygotes
1
36
65
41
24
107
68
255
107
205
51
182
44
8

homozygotes
0
0
1
0
1
14
0
48
8
37
7
30
3
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164
166
168
170
172
176
178

105
36
49
7
3
45
1

97
34
49
7
3
43
1

4
1
0
0
0
1
0

0.0607
0.0208
0.0283
0.004
0.0017
0.026
0.0006

c) Alleles of Escȝ4
allele
count
138
1
140
14
142
3
144
18
148
173
150
617
152
284
154
75
156
63
158
8
164
19
166
17
168
165
170
29
172
250
174
80
176
98
178
259
180
16
182
55
184
76
196
12

heterozygotes
1
14
3
18
161
471
240
75
61
8
19
17
163
29
226
78
94
229
16
53
76
12

homozygotes
0
0
0
0
6
73
22
0
1
0
0
0
1
0
12
1
2
15
0
1
0
0

frequency
0.0004
0.006
0.0013
0.0077
0.0742
0.2646
0.1218
0.0322
0.027
0.0034
0.0081
0.0073
0.0708
0.0124
0.1072
0.0343
0.042
0.1111
0.0069
0.0236
0.0326
0.0051

d) Alleles of Escȝ6
allele
count
126
88
128
413
130
596
132
108
134
96
136
114
138
62
140
95
142
288
144
222
146
114

heterozygotes
86
335
476
102
92
106
62
95
262
190
108

homozygotes
1
39
60
3
2
4
0
0
13
16
3

frequency
0.0377
0.1771
0.2556
0.0463
0.0412
0.0489
0.0266
0.0407
0.1235
0.0952
0.0489
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148
150
152
154

126
1
5
4

112
1
5
4

7
0
0
0

0.054
0.0004
0.0021
0.0017

e) Alleles of Pdoȝ5
allele
count
220
3
222
69
224
44
226
165
228
168
230
299
232
144
234
124
236
123
238
113
240
77
242
62
244
71
246
182
248
213
250
104
252
84
254
122
256
83
258
11
260
6
262
1
268
9
270
53

heterozygotes
3
69
44
151
140
263
136
114
117
113
77
60
71
172
203
104
84
114
83
11
6
1
9
53

homozygotes
0
0
0
7
14
18
4
5
3
0
0
1
0
5
5
0
0
4
0
0
0
0
0
0

frequency
0.0013
0.0296
0.0189
0.0708
0.0721
0.1283
0.0618
0.0532
0.0528
0.0485
0.033
0.0266
0.0305
0.0781
0.0914
0.0446
0.0361
0.0524
0.0356
0.0047
0.0026
0.0004
0.0039
0.0227

f) Alleles of Ppi2
allele
count
224
31
226
75
228
27
230
36
232
699
234
285
236
13
238
89
240
109
242
4
244
23
246
17

heterozygotes
31
73
27
36
361
213
13
77
105
4
23
17

homozygotes
0
1
0
0
169
36
0
6
2
0
0
0

frequency
0.0203
0.0492
0.0177
0.0236
0.4587
0.187
0.0085
0.0584
0.0715
0.0026
0.0151
0.0112
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49
10
6
10
2
26
13

43
10
6
10
2
26
13

3
0
0
0
0
0
0
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248
250
252
256
258
262
264

11

0.0322
0.0066
0.0039
0.0066
0.0013
0.0171
0.0085

