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Parental care provided by males occurs in a diverse array of animals and
there are large differences among species in its extent compared with female
care. However, social and ecological factors responsible for interspecific differences in male’s share of parental duties remain unclear. Genetic fidelity
of females has been long considered important. Theory predicts that females
should receive more help from their mates in raising the offspring in species
with high genetic fidelity. Using avian incubation behaviour as a model system, we confirmed this prediction. The extent of male’s help during incubation increased with decreasing rate of extra-pair paternity across species (22
species of socially monogamous songbirds from 13 families; male’s share of
incubation ranged from 6% to 58%), even after accounting for covariates,
biases in species selection and intraspecific variability. Moreover, this result
was not sensitive to two different phylogenies and branch length estimates.
We suggest that our findings support the notion, backed by theory, that
genetic fidelity is an important factor in the evolution of male parental care.
We offer several behavioural scenarios for the coevolution between male’s
share of parental duties and the genetic mating system.

Introduction
Parental care is a critical component of the life history
of many animal species (Clutton-Brock, 1991). Usually,
only one sex is responsible for the care of the offspring
with the exception of birds, in which at least 81% of
species exhibit biparental care (Cockburn, 2006). Males
take part in parental care either as sole caregivers (particularly common in fishes; Reynolds et al., 2002) or
alongside with females. Male participation in parental
care can be found in a surprisingly diverse array of animal groups and there are marked differences among
species in the extent of parental care provided by the
male, including in insects (Gilbert & Manica, 2010),
amphibians (Duellman & Trueb, 1986), fishes (Mank
et al., 2005), birds (Webb et al., 2010) and mammals
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(Adrian et al., 2005). However, social and ecological
factors responsible for these differences remain contentious (Ridley, 1978; Gross & Sargent, 1985; Ketterson &
Nolan, 1994; Beck, 1998; Tallamy, 2000; Burley &
Johnson, 2002; Székely et al., 2006; Alonzo, 2009).
Social mating system was revealed to be an important
correlate of male’s contribution to parental care across
species (Wright, 1998; Adrian et al., 2005). For example, in polygynous species, it is mostly the female who
provides parental care, whereas in monogamous species, parental care is usually shared by the breeding pair
(Verner & Willson, 1969; Székely et al., 2007). However, in addition to differences in the social mating system, there are often strong differences in the genetic
mating system even within one social mating strategy.
For example, genetic monogamy was found in only
10% of species of socially monogamous songbirds
(n = 60; reviewed in Griffith et al., 2002). Recent
research revealed that genetic polyandry is probably
driving the evolution of a number of traits such as
sexual dichromatism (Møller & Birkhead, 1994; Bennett
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& Owens, 2002), sperm length (Lifjeld et al., 2010) or
development rates (Royle et al., 1999; Lloyd & Martin,
2003). Given strong relationships between the social
mating system and male’s contribution to parental care,
it is probable that the genetic mating system also plays
a role in the evolution of male care.
Parental care is costly, and hence, there should be
a positive relationship between the certainty of paternity and the amount of care provided by the male
(Trivers, 1972; Queller, 1997; reviewed in Sheldon,
2002). This can occur on two levels. First, there may
be an evolutionary response of parental investment to
mean relatedness of offspring (Kokko & Jennions,
2008). Second, the linkage may be behavioural,
whereby males adjust paternal investment facultatively in response to a hypothetical perception of
their relatedness to offspring (Wright, 1998; Sheldon,
2002). However, both these mechanisms require
parental care, or investment, to be costly in terms
of future reproduction. Unlike post-hatching care,
incubation was not originally considered to be costly
for parents (King, 1973; Walsberg, 1983). However,
now it is clear that incubation is highly energetically
demanding and costly, sometimes rivalling posthatching care, with negative consequences for future
reproduction (Tatner & Bryant, 1993; Thomson et al.,
1998; Tinbergen & Williams, 2002). During incubation, overall intensity of care is influenced by environmental factors such as ambient temperature or
nest predation (Conway & Martin, 2000; Fontaine &
Martin, 2006; Matysioková et al., 2011). However,
male participation in incubating the eggs differs
strongly across species even within individual orders
(4.80–69.19%, n = 107 species of songbirds, B. Matysioková, unpublished). We might then ask whether
this interspecific variation is related to the certainty
of paternity, as predicted by both verbal and quantitative models (Houston & McNamara, 2002; Sheldon,
2002; Kokko & Jennions, 2008) and thus whether
genetic polyandry can be responsible for the evolution of male participation in parental care during
incubation.
Until now, only one comparative study analysed
male incubation share in relation to extra-pair paternity
in biparentally incubating species (i.e. male share is
higher than zero; Schwagmeyer et al., 1999) and found
no relationship. However, the authors included species
belonging to nine different orders and hence with very
diverse life histories (Bennett & Owens, 2002), which
might have confounded their analyses (Mauck et al.,
1999). In this article, we analysed the relationship
between the certainty of paternity (estimated by the
degree of extra-pair paternity) and male help during
incubation in songbirds with biparental incubation.
Taking into account how costly incubation is, we
expected to find a positive relationship between male’s
incubation share and his certainty of paternity.

Materials and methods
Collection of data
We collected data for this study from the literature. To
exclude confounding effects of diverse life histories and
developmental types, we narrowed our search to songbirds (order Passeriformes). The occurrence vs. extent
of male incubation might be the subject to different
mechanisms (see Discussion) and thus we searched
only songbird species in which both sexes incubate. For
birds breeding in Europe, we started with The Complete
Birds of Western Palearctic (BWP; Cramp, 1998). We
used Web of Science (WoS) to find articles that were
either published after BWP or were not included in
BWP. We searched by the scientific name of every
species of European songbirds in which the male participates in incubation. In every species, we search for all
articles whose title or abstract included any of the
following words: attentiveness, breeding biology, incubation, nest, nesting or parental care. We located
additional sources from papers obtained in the abovementioned way and from BWP. We did similar search
for data on incubation behaviour of songbirds from
North America and Australia (for more details, see
Matysioková et al., 2011). We excluded work conducted
in captivity and articles without information on male
share during incubation (i.e. only total nest attentiveness for the breeding pair was provided) or articles that
provided male share without providing total nest attentiveness. To increase sample size, we included both
socially monogamous and facultatively polygynous
species in our data set. However, we included only
monogamous pairs of the facultatively polygynous
species to make those two groups comparable. Based
on the articles obtained during our search, we calculated nest attentiveness as the percentage of daytime
hours parents spent incubating the eggs. We excluded
data on incubation during night and during the laying
period. We calculated male relative incubation effort as
the percentage of male incubation out of the total nest
attentiveness. If there were more articles with this type
of data in one species, we used averaged values.
To obtain data on extra-pair paternity, we searched by
the scientific name of all species for which we obtained
data on male relative incubation effort. We looked for
articles whose title or abstract included any of the following words: extra-pair, paternity or fertilization. Based
on the articles obtained in this way, we calculated extrapair paternity as the percentage of the female’s own offspring not sired by the social male. If those data
were available from multiple populations, we used
un-weighted averages. We included only estimates based
on DNA methods (Griffith et al., 2002). In the barn swallow (Hirundo rustica), we found data on male share for the
North American subspecies and extra-pair paternity for
two more subspecies (European and Asian). In this case,
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Statistical analyses
Phylogenetic relationships among species might introduce nonindependence into data that violate assumptions of standard statistical tests (Harvey & Pagel, 1991).
Thus, we adjusted for phylogeny using phylogenetic
generalized least squares (PGLS), which adjust flexibly
for the degree of phylogenetic signal present in data
(Pagel, 1999). Moreover, intraspecific variability might
introduce bias into analyses similar to that introduced
by uncontrolled phylogenetic relationships (Garamszegi
& Møller, 2010). Thus, besides running analyses on species-specific mean values, we randomly resampled our
data 100 times so that every species was represented by
one value of male relative incubation effort. For each of
these 100 data sets, we fitted a PGLS analysis and summarized the results obtained from all 100 analyses.
We fitted models where male relative incubation
effort was a dependent variable and adult body mass,
total nest attentiveness and extra-pair paternity were
independent variables, while simultaneously controlling
for phylogenetic relationships among species. We used
functions in caper package (Orme et al., 2012) of R language (R Development Core Team, 2011). We also calculated the amount of phylogenetic signal in male
relative incubation effort by estimating Pagel’s (1999) k
in caper (Orme et al., 2012), and K (Blomberg et al.,
2003) in picante (Kembel et al., 2010). As there was no
phylogenetic signal in our dependent variable (see
below), we did not attempt to model other processes of
trait evolution besides the Brownian motion, for example, the Ornstein–Uhlenbeck process (Martins & Hansen, 1997). Transformations of raw variables were
applied as needed to meet the assumptions of additive
linear relationships and multivariate normality.
To ensure that our results were not biased by a particular phylogenetic hypothesis used, we used two different phylogenies taken from literature: the phylogeny
presented (by Barker et al., 2004) supplemented by
additional molecular phylogenies (Murray et al., 1994;
Leisler et al., 1997; Carson & Spicer, 2003; Ericson &
Johansson, 2003; Klicka et al., 2003; Sheldon et al.,
2005; Spellman et al., 2008; Gelang et al., 2009; Päckert
et al., 2010) and the passerine supertree published by
Jonsson & Fjeldsa (2006) supplemented by additional
molecular phylogenies (Murray et al., 1994; Nyári et al.,
2009; Yeung et al., 2011). Due to the process of phylogeny assembly, we did not have consistent estimates of
branch lengths. We thus used two arbitrary options
widely used in comparative analyses: unit and Grafen’s
(1989) branch lengths. Both phylogenies are available
in Supporting Information.

Results
We collated data on both male relative incubation
effort and extra-pair paternity for 22 species of songbirds belonging to 13 families. For several species, we
obtained information on male relative incubation
effort from more than one population (we had four
and three populations for one species each, and two
populations for four species; only one value was available for 16 remaining species). Repeatability of male
relative incubation effort was 0.40 (calculated only for
species with more than one population value available). Two of the species (Emberiza schoeniclus and Sturnus
vulgaris) were facultatively polygynous, the remaining
species were socially monogamous. Male relative incubation effort ranged from 5.93 to 57.95% across species (mean ± SD = 38.58 ± 13.82%, median = 40.27%,
n = 22) and extra-pair paternity ranged from 0 to
55.10% across species (mean ± SD = 14.54 ± 14.74%,
median = 11.94%, n = 22). Male relative incubation
effort decreased with increasing degree of extra-pair
paternity (Figs 1 and 2) and increased with increasing
total nest attentiveness. It was not correlated with
adult body mass (Table 1). The results were not sensitive to a particular phylogeny, branch lengths or population sampling (see Supporting Information) and did
not change when we left only socially monogamous
species in the analysis (n = 20; B. Matysioková &
V. Remeš, unpublished). Phylogenetic signal in male
relative incubation effort was higher when using unit
branch lengths (mean k = 0.79, mean Blomberg’s
K = 0.91; means across the two phylogenies) than in
Grafen’s branch lengths (mean k = 0.00, mean
K = 0.23; means across the two phylogenies; see also
Supporting Information).
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we used only data belonging to the same subspecies we
had data on male share from (i.e. H. r. erythrogaster). For
every species in our data set, we obtained information
on adult body mass (grams; Dunning, 2007).
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Fig. 1 Relationship between male’s relative incubation effort
(Male RIE, power-2 transformed) and extra-pair paternity (sqrt
transformed). Ordinary linear regression line is depicted for
illustration.
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Table 1 Phylogenetic generalized least squares model of male’s
relative incubation effort (power-2 transformed) using
phylogenetic tree based on Barker et al. (2004) and Grafen’s
(1989) branch lengths fitted in caper package; adjusted multiple
R2 = 0.53.

Intercept
Body mass (log10)
Attentiveness (power-2)
Extra-pair paternity (sqrt)

Estimate (SE)

t

P

389.83
–334.38
35.50
–243.03

0.31
–1.64
2.58
–3.68

0.760
0.118
0.019
0.002

(1254.57)
(203.62)
(13.75)
(66.12)
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Cercomacra tyrannina
Psaltriparus minimus
Hirundo rustica
Petrochelidon ariel
Delichon urbicum
Sylvia atricapilla
Paradoxornis webbianus
Acrocephalus melanopogon
Acrocephalus palustris
Acrocephalus scirpaceus
Panurus biarmicus
Sturnus vulgaris
Phainopepla nitens
Passer montanus
Passer domesticus
Emberiza schoeniclus
Calamospiza melanocorys
Vireo belli
Vireo solitarius
Pachycephala pectoralis
Rhipidura albiscapa
Grallina cyanoleuca

Fig. 2 Phylogeny based on Barker et al. (2004) with the values of
male’s relative incubation effort (RIE,%) and extra-pair paternity
(EPP,%) depicted along the tips.

Discussion
As expected, males of species with lower certainty of
paternity provided less help during incubation compared
to those with more faithful mates. Previous comparative
analyses did not find any relationship between male
incubation effort and extra-pair paternity (Møller &
Birkhead, 1993; Schwagmeyer et al., 1999) or found
only weak and inconsistent effects (Møller & Cuervo,
2000), which was attributed to the assumed low cost of
incubation (Møller & Birkhead, 1993). This lack of relationship seemed to agree with models that predicted
effects of extra-pair paternity only in costly parental care
behaviours (Trivers, 1972; Sheldon, 2002). Nevertheless,
it has been amply demonstrated that incubation is costly
in terms of elevated metabolic rates and weight loss
(Webb & King, 1983; Williams, 1996; Thomson et al.,
1998; Tinbergen & Williams, 2002). In addition to straining energy, incubation is extremely time-consuming and
therefore the incubating parent has less time for
foraging, self-maintenance, singing and/or defence of

breeding territory (White & Kinney, 1974; Hoi-Leitner
et al., 1993; Deeming, 2002; Chiver et al., 2007). More
importantly, incubation was demonstrated to bear longterm costs in terms of future survival and reproduction
(e. g. Visser & Lessells, 2000; Reid et al., 2001). In the
light of these findings, it is not surprising that speaking
in evolutionary terms, males are willing to invest more
only if they are certain about own paternity.
How can conflicting results of the previous studies
and the present study be reconciled? Besides methodological issues concerning the study of Møller & Birkhead (1993) mentioned previously (Dale, 1995), there
are two more possible problems we would like to mention. First, we believe that including species with uniparental incubation into comparative analyses of male
share can bias the results. In species with female-only
incubation, males may provide indirect incubation care
by feeding the incubating female (behaviour typically
not observed in biparental incubators) or guarding her
during foraging, which enables her to spend more time
on the nest (Fedy & Martin, 2009; Matysioková et al.,
2011). Zero rate of direct male incubation thus does
not reflect real male effort during incubation unless
indirect forms of male incubation care are taken into
account. In previous comparative analyses, most of the
species analysed had uniparental incubation (81.6%,
69.44% and 67.5% of species, respectively; Møller &
Birkhead, 1993; Schwagmeyer et al., 1999; Møller &
Cuervo, 2000). Moreover, incubation feeding occurred
in at least 32.4% (Møller & Birkhead, 1993), 47.6%
(Schwagmeyer et al., 1999) and 45.5% (Møller & Cuervo, 2000) of songbird species, which were treated as
species with zero rates of male help during incubation
(Cramp, 1998; Poole & Gill 1992–2002; Matysioková
et al., 2011).
Second, even though Schwagmeyer et al. (1999)
repeated their analyses on a subset of 21 species with
biparental incubation, they included both extremely
long- and short-lived species belonging to nine different
orders. Longevity is correlated with many traits such as
age of first reproduction (Møller, 2006; Blumstein &
Møller, 2008), clutch size and parental investment
(Ghalambor & Martin, 2001; Martin, 2002) or divorce
rate (Botero & Rubenstein, 2012). More importantly, it
is predicted to be related to male’s tolerance of extrapair paternity (Mauck et al., 1999). Thus, including species drastically differing in lifespan into one analysis
without correcting for those variables could again lead
to biased results. To avoid similar possible biases, we
included only songbirds with biparental incubation (i.e.
species with similar life history and male incubation
share higher than zero). However, it is fair to acknowledge that although most of the life-history variation
occurs among orders (Bennett & Owens, 2002), adult
survival might differ strongly even within passerines.
We were able to collect data on adult survival only for
16 of our species, too few to perform a rigorous
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analysis. Even within this limited sample of species,
adult survival varied from 26.5% (Paradoxornis webbianus) to 82% per year (Cercomacra tyrannina). Thus,
although we focused on a group of birds with similar
life history, our results still might have been at least
partly confounded by variation in adult survival rate.
Several studies focused on a within-species relationship between certainty of paternity and male’s parental investment during both incubation (Smith &
Montgomerie, 1992; Whittingham & Lifjeld, 1995) and
nestling stages (for example Dixon et al., 1994; Bouwman et al., 2005; Maguire & Safran, 2010), but the
results were mixed. Some studies found that males
adjusted their parental investment with respect to the
perceived certainty of paternity (Dixon et al., 1994;
Weatherhead et al., 1994; Møller & Tegelström, 1997;
Sheldon et al., 1997), whereas others did not (Smith &
Montgomerie, 1992; Whittingham & Lifjeld, 1995;
Wagner et al., 1996; Bouwman et al., 2005; Maguire &
Safran, 2010). The reason why males of some species
did not adjust their parental investment could be their
inability to assess the extent or even pure presence of
extra-pair paternity (Whittingham & Lifjeld, 1995;
Briskie & Boag, 1998). Although some experiments
with temporal male or female removal suggested that
the male could be able to assess his certainty of paternity based on the time he could not guard the female
(Sheldon et al., 1997; Sheldon & Ellegren, 1998; but
see Dickinson, 2003), the extent to which these experiments mimic reality is questionable (Sheldon & Ellegren, 1998) and they might be biased by previous
individual history that is typically not accounted for
(Hill et al., 2011). However, it should be emphasized
that evolutionary mechanism required to generate the
relationship between paternal investment and certainty
of paternity does not require any facultative change in
parental behaviour on the part of males (Wright,
1998; Sheldon, 2002).
Two alternative proximate hypotheses were proposed
to explain the relationship between male parental care
and extra-pair paternity across species: physiological
incompatibility and restricted schedule hypotheses
(Ketterson & Nolan, 1994). First, incubation behaviour
requires physiological changes inconsistent with sexual
behaviour, such as a decline in testosterone at the onset
of incubation (Schwagmeyer et al., 2005; Smith et al.,
2005). Therefore, extra-pair paternity is predicted to be
low in species with biparental incubation compared to
those with female-only incubation (Schwagmeyer et al.,
1999). However, because we did not include species
with female-only incubation, this hypothesis is unlikely
to explain our findings, provided that there are clear
cut differences in hormonal profiles in males of species
with biparental vs. female-only incubation. Moreover,
this argument also requires that there is no correlation
between hormonal profiles and male incubation behaviour in species with biparental incubation, a notion for
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which no empirical tests are available. Second, a
temporal trade-off between extra-pair copulations and
male incubation behaviour might be responsible. In
species with high male share during incubation, males
could simply have less time to seek for extra-pair copulations than in species in which males help less
(Magrath & Komdeur, 2003). However, seeking for
extra-pair copulations does not have to lower male
parental care (Pitcher & Stutchbury, 2000), males might
devote little time to it (Brodsky, 1988; Stutchbury,
1998), and extra-pair paternity is not necessarily correlated with the number of extra-pair copulations (Dunn
& Lifjeld, 1994; Hsu et al., 2006; but see Ewen et al.,
2004). Moreover, the logic of the restricted schedule
hypothesis might be even inverted: incubating males
cannot guard their females, similarly as they cannot
guard their territories while incubating (Chiver et al.,
2007), at least in species where laying and incubation
at least partially overlap. This could ultimately lead to
higher rates of extra-pair paternity in eggs on which
incubation has already started. Thus, although these
two proximate hypotheses cannot be dismissed based
on the evidence presented here, they seem unlikely to
explain our results.
We suggest that the relationship between male share
of incubation and extra-pair paternity we identified is
the result of adaptive behavioural coevolution and not
physiological or time constraints. However, what evolutionary scenarios can we propose? It is important to
bear in mind that paternity is an outcome of the interactions between males and females. If paternity differs
between species, then these interactions must differ
(Houston & McNamara, 2002). If the female is decisive
for the occurrence of extra-pair matings, her increased
willingness to engage in extra-pair activities leads to
higher frequency of extra-pair paternity. This in turn
selects males to decrease their parental investment
(Queller, 1997; Houston & McNamara, 2002) and
increase their mating effort (Wright, 1998). Females
might increase their willingness to engage in extra-pair
copulations if potential indirect benefits of this activity
are high (although their strength has been questioned;
Arnqvist & Kirkpatrick, 2007). On the other hand,
females might refrain from extra-pair copulations in
species with high paternal contribution that is critical to
breeding success to avoid losing male help (Møller,
2000; Arnold & Owens, 2002). On the other hand, if
the male is decisive for the occurrence of extra-pair
matings, such as in the model of sexually antagonistic
‘seduction’ (Arnqvist & Kirkpatrick, 2007), less time for
his extra-pair mating seeking activity might lead to low
rates of extra-pair paternity, thus generating the relationship we identified here. The interpretation of the
evolutionary association we found thus ultimately rests
on the view of which behavioural processes drive the
frequency of extra-pair parentage in socially monogamous birds.
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Päckert, M., Martens, J. & Sun, Y.-H. 2010. Phylogeny of longtailed tits and allies inferred from mitochondrial and nuclear
markers (Aves: Passeriformes, Aegithalidae). Mol. Phylogenet.
Evol. 55: 952–967.
Pagel, M. 1999. Inferring the historical patterns of biological
evolution. Nature 401: 877–884.
Pitcher, T.E. & Stutchbury, B.J.M. 2000. Extraterritorial forays
and male parental care in hooded warblers. Anim. Behav. 59:
1261–1269.
Poole, A. & Gill, F. 1992–2002. The Birds of North America. The
Birds of North America, Philadelphia.
Queller, D.C. 1997. Why do females care more than males?
Proc. R. Soc. B Biol. Sci. 264: 1555–1557.
R Development Core Team. 2011. R: A Language and Environment for Statistical Computing. R Foundation for Statistical
Computing, Vienna.
Reid, J.M., Monaghan, P. & Ruxton, G.D. 2001. Resource allocation between reproductive phases: the importance of thermal conditions in determining the cost of incubation. Proc.
R. Soc. B Biol. Sci. 267: 37–41.
Reynolds, J.D., Goodwin, N.B. & Freckleton, R.P. 2002. Evolutionary transitions in parental care and live bearing in vertebrates. Phil. Trans. R. Soc. Lond. B 357: 269–281.
Ridley, M. 1978. Paternal care. Anim. Behav. 26: 904–932.
Royle, N.J., Hartley, I.R., Owens, I.P.F. & Parker, G.A. 1999.
Sibling competition and the evolution of growth rates in
birds. Proc. R. Soc. B Biol. Sci. 266: 923–932.
Schwagmeyer, P.L., St. Clair, R.C., Moodie, J.D., Lamey, T.C.,
Schnell, G.D. & Moodie, M. N. 1999. Species differences in
male parental care in birds: a reexamination of correlates
with paternity. Auk 116: 487–503.
Schwagmeyer, P.L., Schwabl, H. & Mock, D. 2005.
Dynamics of biparental care in house sparrows: hormonal
manipulations of paternal contributions. Anim. Behav. 69:
481–488.
Sheldon, B.C. 2002. Relating paternity to paternal care. Proc.
R. Soc. B Biol. Sci. 357: 341–350.
Sheldon, B.C. & Ellegren, H. 1998. Paternal effort related to
experimentally manipulated paternity of male collared flycatcher. Proc. R. Soc. B Biol. Sci. 265: 1737–1742.

ª 2012 THE AUTHORS. J. EVOL. BIOL. doi: 10.1111/jeb.12039
JOURNAL OF EVOLUTIONARY BIOLOGY ª 2012 EUROPEAN SOCIETY FOR EVOLUTIONARY BIOLOGY

8

B . M A T Y S I O K O V Á A N D V . R E M E Š
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