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The Grey Fantail Rhipidura albiscapa is a socially monogamous passerine endemic to
Australia. Behavioural and morphological clues point to opposing conclusions as to its
breeding system; sexual monomorphism and monochrome colorations suggest mono-
gamy, whereas relatively large testes and a prominent cloacal protruberance are more
indicative of multiple mating and sperm competition. We used five highly variable
microsatellite loci to investigate the genetic breeding system of this species. Paternity was
assigned to 49 of 69 (71%) offspring tested and the overall rate of partner infidelity was
high, with 55% of offspring being sired by an extra-pair male and 64% of all clutches
containing extra-pair young. This puts the Grey Fantail amongst the most promiscuous
socially monogamous species yet studied. Where extra-pair fathers were identified, these
were invariably in neighbouring territories, and although larger males did not gain more
paternities overall, extra-pair offspring tended to be fathered by larger males than
expected by chance. We interpret our findings in light of some of the potential costs and
benefits associated with extra-pair paternity.
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Despite Lack’s famous assertion that 90% of bird
species were monogamous (Lack 1968), true
genetic monogamy occurs in < 25% of species stud-
ied (Griffith 2007). The benefits of extra-pair pater-
nity (EPP) to a socially monogamous male bird are
clear: he can produce additional offspring without
the need for paternal care. In many cases, this
benefit may outweigh potential costs such as sperm
production, higher risk of contracting ectoparasites
or sexually transmitted diseases (Hasselquist &
Sherman 2001), or even desertion or divorce by the
pair female (Cézilly & Nager 1995). However,
males of many species are thought to be unlikely to
be able to force a female to copulate (Birkhead &
Møller 1992), raising the question of why females
acquiesce to mate with extra-pair males.

As with males, female birds engaging in extra-
pair copulations (EPCs) also risk contracting para-
sites or sexually transmitted diseases (Hasselquist
& Sherman 2001). However, retaliation by their
partners can be particularly costly, potentially
including aggression (Valera et al. 2003), desertion
(Cézilly & Nager 1995), reduced nest defence or
brood provisioning (Dixon et al. 1994, Weather-
head et al. 1994), and even infanticide (Orsorio-
Beristain & Drummond 2001). Much research has
therefore focused on finding correspondingly large
benefits accruing to the female that would counter-
act these costs and cause her to seek EPCs
(reviewed by Jennions & Petrie 2000, Griffith et al.
2002, Westneat & Stewart 2003, Kempenaers
2007). These include direct benefits, such as access
to food or paternal care (Wolf 1975, Burke et al.
1989), fertility assurance (Wetton & Parkin 1991),
and indirect genetic benefits that serve to improve
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offspring health, attractiveness, survivorship and
ultimately reproductive success (e.g. Kempenaers
et al. 1999, Tregenza & Wedell 2000, Akçay &
Roughgarden 2007).

The wide variation in rates of EPP among
socially monogamous bird species (Griffith et al.
2002) is thought to reflect the contrasting costs
and benefits that males and females experience.
This generates an evolutionary conflict between
the sexes over mating, the outcome of which can
vary from species to species (Westneat & Stewart
2003, Arnqvist & Kirkpatrick 2005). The mating
system of the Grey Fantail Rhipidura albiscapa
provides an interesting case in point (Higgins et al.
2006, Munro 2007). It is a small (8–9 g), primarily
socially monogamous passerine flycatcher, endemic
to Australia, with conflicting indications as to its
breeding behaviour. The species is monochromatic
and sexually monomorphic, two traits that are gen-
erally found in species with lower levels of sexual
selection (Owens & Hartley 1998). However, there
are also clear morphological indications that infi-
delity and sperm competition may play a signifi-
cant role in its breeding ecology. Thus, male Grey
Fantails have exceptionally large testes for their
size, with mean testis mass being almost twice that
predicted from the allometric relationship between
body and testes mass based on 248 passerine and
non-passerine bird species (Munro 2007). Simi-
larly, males also have pronounced cloacal protru-
berances (Rogers et al. 1986). Both of these traits
are known to be associated with high levels of
extra-pair mating (Birkhead et al. 1991).

Here we use microsatellites to describe the
genetic mating system of the Grey Fantail, and
interpret the observed rate of EPP in light of some
of the potential costs and benefits to both males
and females that may arise from mating with an
extra-pair partner.

METHODS

Species and study area

The study was conducted during the austral sum-
mers of 2002–2005 in the Canberra Nature Park,
Australian Capital Territory, Australia (35�27¢S,
149�17¢E). A population of between 25 and 30
pairs was monitored that inhabited approximately
157 ha of woodland comprising mostly Blakely’s
Red Box Eucalyptus blakelyi and Yellow Box
Eucalyptus melliodora. The area included Camp-

bell Park, a small area of woodland under the
jurisdiction of the Australian Defence Force, and
the Mount Ainslie area of the Canberra Nature
Park.

The study population of Grey Fantails is
described in detail by Munro (2007). The modal
clutch size was three eggs, with smaller clutches of
two eggs occasionally being laid towards the end of
the breeding season. Of particular note was the
high predation rate, with 68% of clutches laid dur-
ing the study being predated prior to hatching.
Eggs were sometimes damaged but not removed,
but more often they were removed with no trace
remaining in the nest. Predation events were not
directly observed during the study, but known pre-
dators of Grey Fantails include domestic Cats Felis
catus, Common Bushtail Possums Trichosurus
vulpecula and Common Mynas Acridotheres tristis
(Higgins et al. 2006).

Trapping, ringing and morphometric
measurements

Pairs of Grey Fantails were located by systemati-
cally searching the study area and following
individuals. Adult birds were caught using mist-
nets and given a unique aluminium alloy size 01
Australian Bird and Bat Banding Scheme ring. In
addition, a unique colour combination was given
to each individual using A. C. Hughes’s anodized
aluminium rings. The sex of adults was determined
by the size of the cloacal protuberance and con-
firmed later by behavioural observations and ⁄ or
copulation observations. Male head-length (back of
head to bill-tip) and the right tarsus were mea-
sured to the nearest 1 mm using plastic callipers
and the right wing and tail were measured to the
nearest 1 mm using a steel rule. As these measures
were strongly intercorrelated, we conducted a
principal component analysis (Rising & Somers
1989) using a correlation matrix within MINTAB ver-
sion 15 to combine these morphological measures
into a single variable.

The approximate centre of each male’s territory
for each year was calculated as the mean x and y
Universal Transverse Mercator coordinate of all of
his nests, as recorded using a hand-held global
positioning device (Garmin GPS72). Nests were
easily located as females call noisily whilst collect-
ing and building. When the chicks were between 3
and 6 days old they were weighed to the nearest
1 g using a Pesola spring balance and their right
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tarsus was measured to the nearest 1 mm using
plastic callipers.

Blood sampling, DNA extraction and
microsatellite genotyping

From each adult and chick a small blood sample
(5–10 lL) was taken using a 26-gauge needle by
brachial venipuncture and stored in 70% ethanol
for later paternity analysis. In addition, wherever
possible, deserted eggs were collected to recover
the embryo, which was also stored in 70% ethanol.
Total genomic DNA was extracted either from
blood or from the entire embryo using an adapted
Chelex 100 protocol (Walsh et al. 1991). All DNA
samples were genotyped using a panel of five pre-
viously characterized dinucleotide microsatellite
loci (Jin et al. 2006), following the procedure of
Hoffman and Amos (2005). Samples that failed to
amplify at two or more loci were excluded from
the dataset (n = 10 tissue samples from eggs, one
adult male and one chick). Each autoradiograph
was independently scored by two different observ-
ers (J.H. and K.M.), and fragment sizes were
determined relative to laboratory size standards.
The genotyping error rate was assessed following
Hoffman and Amos (2005) by independently re-
genotyping 42 samples at all loci. GENEPOP version
3.1d (Raymond & Rousset 1995) was used to
calculate observed and expected heterozygosity,
and to test for deviations from Hardy–Weinberg
equilibrium and linkage disequilibrium.

Parentage analysis

We used the program NEWPAT XL (Worthington-
Wilmer et al. 1999) to check for mother–offspring
mismatches and to assign paternities to chicks.
This program searches for parent–offspring rela-
tionships according to user-defined criteria and
then uses a randomization approach to assess the
significance of any matches found (see Worthing-
ton-Wilmer et al. 1999 for details). For the pater-
nity analysis, we allowed missing data at up to one
locus, no mismatches and a null mismatch parame-
ter of 0.05. Each male-offspring match was then
assessed by randomization, with male-specific
allele frequencies being used to draw random
alleles, so creating a file of ‘pseudomales’. The
number of random genotypes created was set at
100 times the size of the male dataset, such that
the number of matches found by randomization

equated to the percentage probability that the ori-
ginal dataset would yield at least one match by
chance alone. A paternity was assigned to a male
if: (i) it was the only male found to match a chick,
or (ii) it was the male with the lowest randomiza-
tion number among multiple candidates. As a
guard against males being excluded through scor-
ing errors, autoradiographs were rescored when-
ever a candidate male mismatched a chick at only
one locus (n = 2).

Statistical analyses

All data were tested for normality before using
parametric statistical tests or the appropriate non-
parametric alternative. We assessed whether larger
males were more likely to gain extra-pair fertiliza-
tion success using a generalized linear model with
a logit-link function and dispersion parameter fixed
at 1, with the outcome of a male fathering extra-
pair young (yes ⁄ no) as the dependent variable and
male body size (i.e. PC1 score) as the independent
variable. To control for the effect of sample size
and incomplete spatial sampling, we also included
as covariates the number of offspring genotyped
and the median distance of the centre of the
male’s territory from nests genotyped while he
was present on the study site. Data analyses were
conducted using SPSS version 12.

RESULTS

Rates of EPP

A total of 143 individuals (adults, offspring and
embryos) were genotyped for five microsatellite
loci. Of these, 10 embryonic samples and one
adult failed to amplify at all of the loci, and were
thus excluded from the dataset. All of the loci
were highly polymorphic, possessing between 13
and 20 alleles (Table 1).

Expected heterozygosity (HE) ranged from 0.84
to 0.92. Following Bonferroni correction for multi-
ple statistical tests (Hochberg 1988), only locus
FT2.18 was found to deviate significantly from
Hardy–Weinberg equilibrium. However, the results
of the paternity analysis were unaltered when this
locus was excluded. Similarly, no pairs of loci were
found to be in linkage disequilibrium following
Bonferroni correction. The genotyping error rate
for the dataset was 0.04 per reaction or 0.03 per
allele. As found by Hoffman and Amos (2005), the
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majority of scoring errors were due to difficulty
distinguishing homozygotes from heterozygotes
with adjacent alleles. Consequently, we adjusted
for this problem by allowing a single mismatch in

the paternity analysis and inspecting any resulting
matches. No mother–offspring mismatches were
detected, indicating Mendelian inheritance and sug-
gesting an absence of conspecifc brood parasitism.

In total, over three seasons, 84 offspring from
40 clutches of 28 females were sampled. After
excluding from the analysis samples that failed to
amplify DNA successfully, together with offspring
from polyandrous trios, 69 offspring remained. We
were unable to identify 20 offspring as pair or
extra-pair due to no genetic match for a sire being
made, most probably a consequence of the pair
male having not been caught. Of the 49 offspring
for which paternity was successfully determined,
paternity of chicks was assigned to the pair male in
22 cases (44.9%) and to an extra-pair male in 27
cases (55.1%, Table 2). Sixty-four per cent of all
clutches contained at least one extra-pair young
(16 ⁄ 25) and 75.0% of the females from which

Table 1. Summary of the microsatellite loci used in this study,

including polymorphism characteristics for adult Grey Fantails

sampled during 2002–2005 from the Canberra Nature Park,

Australian Capital Territory, Australia. Hardy-Weinberg

equilibrium (HWE) P-values are given following Bonferroni

correction for multiple statistical tests.

Locus

No. of

alleles

Size range

(base pairs) HE HO

HWE

P-value

FT1.10 19 209–247 0.92 0.85 0.270

FT1.6 20 162–202 0.90 0.91 0.891

FT2.18 13 140–154 0.84 0.70 0.005

FT2.32 19 194–238 0.90 0.91 0.214

FT2.5 18 197–233 0.89 0.92 0.999

Table 2. Summary of the Grey Fantail paternity analysis. Letter codes for individuals correspond to colour-rings. EPY denotes extra-

pair young. UR refers to individuals that were not banded and therefore not sampled. The letters a and b suffixing a year indicate that

two clutches were sampled during that year.

Female Year

Pair

male

Clutch

size

No. of chicks

sampled

in clutch

No. of pair

young in

sample

No. of

extra-pair

young

in sample

Genetic

father

of EPY 1

Genetic

father

of EPY 2

Genetic

father

of EPY 3

YSM 2002 ⁄ 3 GBP 3 3 3 0

2003 ⁄ 4 UR 3 2 0 2 BSP MBG

2004 ⁄ 5a PBS 3 3 0 3 BMB BMB SPM

2004 ⁄ 5b PBS 3 1 1 0

NMY 2002 ⁄ 3a PBS 3 1 0 1 SPM

2002 ⁄ 3b PBS 3 1 0 1 BMY

PBY 2002 ⁄ 3 NNP 3 2 0 2 PBS PPB

YGN 2002 ⁄ 3 SPM* 2 1 0 1 PBS

SBY 2002 ⁄ 3 NGM 3 3 2 1 BMG

2004 ⁄ 5 NGM 3 2 1 1 UR

I6 UR 2002 ⁄ 3 PSB 3 1 1 0

YPG 2002 ⁄ 3a MYN 3 2 1 1 YGG

2002 ⁄ 3b MYN 2 1 1 0

W5 UR 2002 ⁄ 3 GPP 3 3 1 2 UR UR

YBP 2003 ⁄ 4a MPM 3 1 1 0

2003 ⁄ 4b MPM 3 1 1 0

MSM 2003 ⁄ 4 BSP 3 2 2 0

YMM 2003 ⁄ 4 UR 3 2 0 2 GBP GBP

OOO 2004 ⁄ 5 SPM* 2 2 1 1 PBS

E21 UR 2004 ⁄ 5a PPP 3 1 1 0

2004 ⁄ 5b PPP 3 2 2 0

C31 UR 2004 ⁄ 5 SYP 3 3 1 2 PBS PBS

W75 UR 2004 ⁄ 5 UR 3 3 0 3 BYN BYN SGM

P6 UR 2004 ⁄ 5a SSM 3 3 1 2 UR UR

2004 ⁄ 5b SSM 3 3 1 2 UR UR

Total 72 49 22 27

*Male SPM swapped females between years.
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clutches were sampled produced at least one extra-
pair young (12 ⁄ 16). The number of extra-pair
offspring detected for each female correlated
positively with the number of her offspring sam-
pled (Pearson v2 = 0.732, n = 16, P = 0.001).

Distribution of male fertilizations

If females consistently preferred one or a small
number of high-quality males, one might expect
these individuals to dominate the sample of
extra-pair young. This did not appear to be the
case, with the 31 adult males on the study
site fathering between zero and five extra-pair
young (Table 2, mean number of paternities per
male = 0.58 ± 0.2 se). Furthermore, the distribu-
tion of paternities did not differ significantly from
a Poisson distribution (one-sample Kolmogorov–
Smirnov Z = 0.656, n = 31, P = 0.782), suggest-
ing that individual males did not vary in their
likelihood of producing extra-pair young. All of
the extra-pair young for which the father was
identified were sired by a male in the neighbour-
ing territory or only separated by one intervening
territory, whilst the four nests containing young
with undetected extra-pair sires had at least one
unringed neighbouring male, suggesting that the
fathers may again have been neighbouring indi-
viduals. Interestingly, one male (PBS) swapped
paternity with his neighbour (SPM) twice, with
two of his clutches with different females con-
taining young sired by SPM, and two of SPM’s
clutches with different females containing young
sired by PBS.

Relationship between EPP and male
body size

Because one potential measure of male genetic
quality in birds is body size (Griffith et al. 2002),
we measured male tarsus-, wing-, tail- and head-
length and reduced these to a single principal
component (eigenvalues were 2.12, 0.98, 0.47
and 0.44, and character loadings were 0.31, 0.55,
0.53 and 0.57, respectively). The total variance
explained by the first principal component (PC1)
was 53.0% and all of the morphological measures
were strongly positively correlated with PC1,
such that high values of PC1 indicate larger
birds. There was no significant relationship
between the size of the male as represented by
PC1 and the likelihood of his extra-pair young

being detected (P > 0.05). This held even after
controlling for incomplete sampling by including
both the number of nests genotyped while the
male was present on the study site (F1,28 = 5.29,
P = 0.021) and the median distance of the male
from those genotyped nests (F1,28 = 4.75,
P = 0.029). Similarly, no effect of male size was
found in a direct comparison between extra-pair
and within-pair males restricted to seven females
for whom both males were known (Wilcoxon
matched pairs test statistic = 9.00, P = 0.438),
although with such a small sample size this test
lacks power. As only one nest contained young
sired by males further than 500 m away, we next
compared the PC1 values of successful fathers
with the average PC1 for all available males,
defined as extra-pair males located within 500 m
of the nest. In this analysis, successful extra-pair
males were found to be significantly larger
(paired t-test: t = )2.64, df = 9, P = 0.027).

DISCUSSION

Our study of Grey Fantails found a high rate of
EPP, with 55% of all offspring sired by an extra-
pair male, 64% of all clutches containing extra-pair
young and 75% of all females producing at least
one extra-pair young. Such a high rate of EPP puts
the Grey Fantail amongst the most promiscuous
socially monogamous species yet studied (e.g.
Morton et al. 1998, Arnold & Owens 2002,
Griffith et al. 2002) despite the fact that it is both
sexually monomorphic and drably coloured (at
least to human eyes), even though it does have
unusually large testes. The rate of EPP in this spe-
cies is undoubtedly high, but our results could
potentially be biased by the necessity to exclude
20 young from our analysis because the pair male
was not sampled and no genetic match was
obtained among the other males. However, we
assume that these young are broadly similar to the
young for which we could assign paternity.

Female Fantails that engage in EPCs presum-
ably do not gain direct benefits, but they may
improve their fitness through indirect genetic
benefits. Sexual monomorphism and drab plum-
age probably argue against a ‘good genes’ model,
as this generally involves genes associated with
elaborate male ornaments (Anderson 1994,
Petrie 1994). Moreover, ‘good genes’ models
tend to predict that one or a few males will be
much more successful than all others, and this
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does not seem to hold for Fantails. Instead, we
can speculate that genetic compatibility could be
important (e.g. Blomqvist et al. 2002, Foerster
et al. 2003), females choosing males whose geno-
types will tend to create fitter offspring, for
example by the male being less related to the
female. Another possibility, originally proposed
by Wetton and Parkin (1991), is that females
may engage in EPCs to guard against infertility
in their social partners. Both hypotheses are
difficult to test in most systems, and to address
the former in Fantails would require a greatly
enlarged dataset, both of individuals and of
probably loci.

Most models in which females seek extra-pair
fertilizations for indirect genetic benefits implicitly
assume that extra-pair encounters are female-
driven (Eliassen & Kokko 2008). However,
although females of some species appear to make
forays to seek EPCs (Smith 1988, Kempenaers
et al. 1992, Sheldon 1994, Double & Cockburn
2000), forays by males into the home ranges of fer-
tilizable females tend to predominate in species in
which EPP is known to occur (Westneat & Stewart
2003). This is also the case for Grey Fantails, in
which males make significantly greater number of
intrusions than females and these intrusions are
more often into the territories of nest-building
than incubating females (Munro 2007). Similarly,
where copulations have been observed, these
involved males that intruded into a female’s terri-
tory rather than the other way around (Munro
2007). Collectively, these observations suggest
that if females do exert mate choice, the selec-
tion of available partners might be limited to
males that are willing or able to intrude into their
territories.

The drab coloration of male Grey Fantails raises
the question of how females might discriminate
among potential partners. Song plays an important
role in courtship, with the two sexes duetting dur-
ing the breeding season (Higgins et al. 2006). Thus
females may assess male quality via song-repertoire
size (e.g. Hasselquist et al. 1996). The Fantail’s
song has been described as consisting of a rapid ser-
ies of short whistles descending in frequency,
sounding somewhat like a trill, but beyond this
little is known about intraspecific repertoire varia-
tion (Higgins et al. 2006). However, J. C. McLean
(unpubl. data in Higgins et al. 2006) found
that sonograms of male Fantail calls were more
similar for two recordings taken from the same

individual than for recordings taken from two
different individuals, suggesting that songs may
carry individual-specific information. This seems a
promising avenue for further research.

Another possibility is that active precopulatory
female choice may not be involved, with females
operating a form of cryptic choice via a ‘geneti-
cally loaded raffle’. Here, a female might mate
with several males, with some trait in the sperm
then influencing the outcome of sperm competi-
tion (reviewed by Griffith & Immler 2009).
According to this hypothesis, close interactions
between sperm and the female reproductive tract
could favour the storage of the sperm of geneti-
cally compatible partners (Birkhead & Brillard
2007), allowing females to maximize offspring
quality simply by mating with as many available
partners as possible. Alternatively, Reyer et al.
(1997) suggested that chance encounters arising
from the temporal and spatial distribution of
broods offer a better explanation for the occur-
rence of extra-pair activities than a female’s
search for genetic or phenotypic benefits. Our
data, although limited, are broadly consistent
with this second view, i.e. that females appear to
show no consistency in their preference for
extra-pair partners, with male body size failing to
predict the incidence of extra-pair young. Rather,
females appeared to mate with males holding
territories nearby, with only a single brood con-
taining extra-pair young sired by a male from
more than 500 m away.

Despite the absence of an overall association
between male body size and EPP, extra-pair sires
were found to be significantly larger on average
than other candidate extra-pair males residing
within a 500-m radius of the female. One possible
explanation for such a finding is that only the larg-
est extra-pair males were able to make the success-
ful territory intrusions necessary for gaining EPCs
(Ketterson et al. 1992). However, large extra-pair
males may also have been better able to coerce
females into mating, either by forced copulation,
repeated harassment or punishment for refusal
(Clutton-Brock & Parker 1995). This is consistent
with observations by Munro (2007) of intruder
males harassing resident females, chasing them,
pecking them and pinning them to the ground
whilst attempting to copulate, and raises the
possibility that female Fantails might mate with
extra-pair males not for indirect genetic benefits,
but instead as a means of avoiding the costs of
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harassment from large intruder males, including
forced copulations.

From the males’ perspective, those which
intrude risk being cuckolded themselves while
they are away from their territory. Our data sug-
gest that this cost may be outweighed by the
benefits of mating with extra-pair females. More-
over, Grey Fantail nests are exceptionally vulnera-
ble to attack by predators, with 83% of all active
nests failing in this way (Munro 2007). Conse-
quently, we believe that it is possible that males
could seek EPCs as a bet-hedging strategy, spread-
ing their progeny among different nests so that at
least some avoid predation. Under high predation
intensity, over and above any variation in clutch
size due to inherent variation in parent quality,
selection may act to reduce variance in nestling
survival through dispersal of young among nests
(Rubenstein 1982, Bulmer 1984). As Fantails pro-
duce small clutches of two to three eggs (Higgins
et al. 2006), the loss of paternity they suffer in
their own nest may be counter-balanced or even
outweighed by paternities gained elsewhere, and
the effort expended on misdirected paternal care
could be relatively small (Munro 2006). However,
the Zebra Finch Taeniopygia guttata shares similar
ecological conditions and yet has a very low rate
of EPP (2.4% of offspring tested, Birkhead et al.
1990). Consequently, further study is required to
determine whether a life history shaped under
high levels of nest predation could have produced
a strong selective force for male-driven patterns
of EPP.
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