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Parents often conflict over how much care to provide to their offspring. This conflict is expected to produce
a negative relationship between male and female parental care, the strength of which may be mediated by
both ecological and life-history variables. Previous studies have observed such trade-offs, but it is not
known how generally they occur. Traditional views of sexual conflict place great importance on ecological
factors in determining levels of parental care, whereas alternative views propose that the key determinant is
mating opportunity. We carried out a broad-scale comparative study of parental conflict using 193 species
from 41 families of birds. Using phylogenetic comparative analysis, we establish the generality of
intersexual parental care conflict. We also show that parental conflict, as indicated by the disparity in care
between the male and the female, depends on offspring development and mating opportunities, since in
precocial species both males and females responded to increased mating opportunities. Altricial birds,
however, failed to show these relationships. We also found little influence of breeding climate on parental
conflict. Taken together, our results suggest that sexual conflict is a key element in the evolution of parental
care systems. They also support the view that the major correlates of the intersexual conflict are mating
opportunities for both sexes, rather than the breeding environment.
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1. INTRODUCTION
Parents provide care to promote the survival and future
fitness of their offspring. However, males and females
often have differing evolutionary interests with respect to
reproduction (Trivers 1972; Parker 1979; Chapman ez al.
2003; Arnqgvist & Rowe 2005). While they share the
benefits of care provisioning (i.e. fitness benefits of
producing offspring), each parent pays a cost individually,
since care requires time and energy and it reduces parental
survival and opportunities for polygamy (Lessells 1999;
Balshine er al. 2002). Therefore, each parent prefers the
other to provide more care (Houston et al. 2005). This
conflict of interest is expected to lead to an evolutionary
tug-of-war between males and females over the provision
of care (Lessells 1999; Houston ez al. 2005), resulting in a
negative relationship between contemporary levels of care
provided by the male and the female (Houston & Davies
1985; Arnqvist & Rowe 2005; Thomas et al. 2007).
Determining what mediates parental conflict is an
important step in our understanding of the evolution of
both parental care and mating strategies (Reynolds 1996;
Székely et al. 2000).

Sexual conflict over parental care has been studied in a
number of animal taxa, including both invertebrates and
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vertebrates (Smiseth & Moore 2004; Hinde 2006;
Steinegger & Taborsky 2007; Szentirmai ez al. 2007). In
this paper, we focus on factors influencing the conflict
between male and female care in birds, which are an
excellent model system for studying hypotheses related to
parental care and mating systems. Birds show a wide range
of breeding systems, and their ecology, behaviour and life
history are exceptionally well studied in nature (Ligon
1999; Bennett & Owens 2002). In addition, methods are
available to test evolutionary hypotheses using the phyloge-
netic comparative approach (Harvey & Pagel 1991).

One of the most important factors influencing the
strength of the conflict between males and females is the
level of care required by the offspring (Silver ez al. 1985;
Starck & Ricklefs 1998). The required duration and
intensity of care varies with the developmental mode of the
offspring (Lack 1968; King 1974; Bennett & Owens
2002), with altricial young (i.e. nest-bound, naked or
downy) being more demanding of time and energy than
precocial (i.e. mobile and downy) young. Therefore, one
may predict that in altricial species parents should
cooperate to rear their young, whereas in precocial species
either parent may terminate care and seek new mates.
Therefore, the prediction is that sexual conflict should be
more intense in precocial than in altricial species (Orians
1969; Temrin & Tullberg 1995). Hence, chick develop-
ment should affect not only overall levels of care but also
the extent to which care is traded off between the sexes.

Ambient and social environments are also expected to
modulate parental conflict. Brood-rearing environment,
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especially ambient temperature, is expected to affect
parental cooperation. For instance, in cold environments,
both parents may be needed to continuously incubate
the eggs and brood the young, whereas in milder climates
one parent may be sufficient to supply incubation and
brooding. It has been hypothesized that the spatial or
temporal availability of resources or mates may dictate
to what degree individuals can engage in polygamy, and
that this in turn influences parental care levels (Verner &
Willson 1966; Orians 1969; Emlen & Oring 1977;
Arnold & Duvall 1994; Andersson 2004). This view
predicts that there should be a close relationship between
ecology, the ambient environment and mating opportu-
nities, and in turn between mating opportunities and
levels of parental care. Thus, there should exist a link
between ecological factors influencing resource availability
and parental care.

Parental care may also be influenced by mating
opportunities as hypothesized by game-theoretic models
(Balshine-Earn & Earn 1998; McNamara et al. 2000; Barta
et al. 2002) and as shown by experiments (Keenleyside &
Mackereth 1992; Ahnesjo 1995, Balshine-Earn 1997).
These studies predict that if a parent has a high chance of
remating and renesting, then it should capitalize from this
opportunity and desert, given that its mate is willing to
continue raising the young until the young are independent
(Székely et al. 1996). Therefore, across bird species, we
may expect to see increased conflict when one sex (the
male or the female) has a high remating opportunity.

Here, we use data from 193 avian species, comprising
12 orders and 41 families, to examine the effects of chick
developmental mode, breeding climate and mating
opportunities on patterns of parental care (see electronic
supplementary material). Specifically, we use phylogenetic
comparative methods to test for an effect of chick
developmental mode on both the overall level of care
and the intensity of sexual conflict (as measured by the
slope and strength of the correlation between male and
female care). We also test the relative influences of
ecological conditions (via climate) and mating opportu-
nities on patterns of parental care, paying special attention
to the relative strength of interaction effects between
climate, parental care and mating opportunities.

2. MATERIAL AND METHODS
(a) Data collection
We used an existing dataset (Liker & Székely 2005) on the
parental care and mating opportunities of 193 species of birds
(Monroe & Sibley 1993). These high-resolution data,
gathered from reference books, family- and species-level
monographs and published literature, provided the starting
point for our study. The level of care was scored separately for
males and females by dividing the breeding cycle into five
activities: nest building; incubation; brooding; chick feeding;
and chick defence.

To generate the care score, first, each activity was given
a score of 0 or 1 for each sex, depending on whether or not
each sex contributed to that aspect of care. This allowed
the total care provided to be measured on a five-point
scale. Next, we weighted these scores by the relative
contribution each sex provides at each point. Each part of
the breeding cycle was re-scored out of three points for
each sex, according to how much each one contributed to
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that aspect of care. If a given sex did participate, then a
score of 1 (1-33% of care), 2 (34-66% of care), 3 (67-99%
of care) or 4 (100% of care) was assigned. The maximum
potential score for each sex was thus 20 points, with the
maximum total for each species also being 20 points. We
finally calculated the disparity in care (male score—female
score) for each sex in order to measure the degree to which
one or the other provided the bulk of the care.

To augment these data, we scored the developmental
mode of each species as being altricial (nest-bound at
hatching, naked or downy) or precocial (mobile at hatching,
downy). This classification is consistent with that of other
studies (e.g. Temrin & Tullberg 1995). As an estimate of
breeding climate, we used breeding range maps collated for
use in a larger analysis of biodiversity patterns (Orme et al.
2005) to calculate the percentage of the total latitudinal
range found in the tropical or subtropical (0-30°), temperate
(30-60°) or polar (60-90°) climatic zones. We use breeding
latitude as a climate surrogate: it is generally considered a
good indicator of broad climatic conditions, in that at high
latitudes, the productive season is short and many species
(particularly birds) must migrate to more favourable regions
outside of the breeding season, whereas at lower latitudes, at a
given elevation, the productive season tends to be longer and
other aspects of the climate are more favourable to year-round
residency. Climate, as indicated by breeding latitude, can
thus be considered a good proxy of ecological opportunity for
reproduction. Using the percentages estimated, we then
assigned each species to a main breeding climate by
selecting the one in which the largest percentage of the
breeding range occurred.

We use polygamy as a proxy for mating opportunities. For
each species, the percentage of individuals exhibiting
polygamy was recorded for each sex separately (see Liker &
Székely 2005). If a sex exhibited both sequential and
simultaneous polygamy, then these two values were summed
to provide a percentage of total polygamy for that sex. If
several estimates of polygamy were available for a sex, then
the mean was used. To express the overall incidence of
polygamy for each sex, a score from 0 to 4 was assigned, with
‘0’ indicating effectively no polygamy (less than 0.1% of
individuals), ‘1’ indicating rare polygamy (0.1-1%), 2’
indicating uncommon polygamy (1-5%), ‘3’ indicating
moderate polygamy (5-20%) and ‘4’ indicating common
polygamy (greater than 20%). Scoring was necessary,
because for several species only verbal (rather than percen-
tage) descriptions of levels of polygamy were available (see
justification in Liker & Székely (2005)).

(b) Statistical analysis

In this study, we aimed to address two issues. First, we
wanted to know whether there was a general relationship
between levels of male and female care across a broad range
of bird species. Second, we wanted to assess the relative
importance of developmental mode, breeding climate and
levels of mating opportunity in determining patterns of
parental care. We therefore developed two models. To test
for a general relationship between male and female care, the
first model included male care as the dependent variable and
female care as the independent one. To test for the relative
influences of developmental mode, ecology and mating
opportunities, the second model included the disparity
between male and female care as the dependent variable,
mating opportunities for the males and females as
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continuous independent variables and developmental mode
and breeding climate as fixed factors. The two-way
interactions between developmental mode and each of the
parental care and mating opportunity variables, and between
breeding climate and each of the variables, were included in
models. These interaction terms informed us about the
influence of each factor on the magnitude of the dependent
variable, and also the influence on the slope of relationships
between parental care and mating opportunity across
factor levels.

To control for phylogeny, we used phylogenetic general-
ized least-squares modelling (Martins & Hansen 1997;
Pagel 1999; code available from R.P.F. on request) and
phylogenetic manipulations in the APE package (Paradis
et al. 2004) written for the R statistical application (R Core
Development Team 2006). Our phylogeny was a composite
tree using Sibley & Ahlquist’s (1990) arrangement of orders
and families, and additional phylogenetic information from
other studies for those genera and species not included in
their phylogeny (for full details, see Liker & Székely
(2005)). All results and statistics quoted in §3 have been
corrected for phylogenetic dependence (Pagel 1999;
Freckleton ez al. 2002).

3. RESULTS

Male and female parental care were negatively correlated
(figure 1; Fi,192,=83.93, p<<0.0001). This correlation is
mediated mainly through variance across species in the level
of male care: the variance in male care was significantly
higher than that of female care (variance ratio test, corrected
for phylogeny: Fig2,192=1.349; p<<0.02). Moreover, the
total care provided by both parents combined correlated
more strongly with male care (r=0.612; n=193;
$<0.0001) than with female care (r=0.260; n=193;
$<0.001), with the main reason for this being that males
regularly do not contribute to certain aspects of care.

What determines the extent to which males provide
care? Parental care disparity was strongly linked to mating
opportunities for both males and females, and these
relationships were different between altricial and precocial
species, as indicated by the significant interaction terms
between male mating opportunity and developmental
mode, and female mating opportunity and developmental
mode (table 1).

Examination of the nature of the relationships between
parental care disparity and mating opportunity among
altricial versus precocial species shows where the
differences between developmental mode groups lie
(figure 2). In precocial species, both males and females
respond to increased mating opportunities as predicted
(figure 2): as male mating opportunities increase, males
reduce their parental duties relative to females. Similarly,
as female mating opportunities increased, females reduce
their contribution to care relative to males. However, in
altricial species, there was no relationship between
parental care disparity and male mating opportunity, but
a significant (albeit weak) negative relationship between
parental care disparity and female mating opportunity
(figure 2). In other words, in altricial species, there is
some evidence that male mating opportunities have no
influence on male care provisioning, while, as female
mating opportunities increased, the parental care disparity
became somewhat more female-biased.

Proc. R. Soc. B

20 f

—_
W
T

female care
—_
o

male care

Figure 1. Relationship between levels of male and female
parental care in birds. The solid line showing the regression
(female care=14,97—0.74 male care; Fy9;=387,
$<0.0001) has been adjusted for phylogenetic relationships
among species. Each data point represents a species. The
maximum combined score for both sexes is 20 and the
dashed line shows the line of y=20 —x, i.e. where a change in
care by one sex is compensated for exactly by a change in care
by the other.

With respect to breeding climate, we found only an
indirect effect on parental care disparity via an interaction
between parental care disparity, male mating opportunity
and climate (table 1). Otherwise, there were no effects of
climate.

4. DISCUSSION

(a) Potential for sexual conflict in birds

In our analyses, male and female parental care were
negatively correlated across a broad range of bird taxa.
This indicates that there is an evolutionary tug-of-war
between males and females over the provisioning of care,
a result consistent with the prediction of sexual conflict
theory. Reynolds & Székely (1997) and Thomas &
Székely (2005) reported similar results for shorebirds.
Our work, however, using parental care data from a range
of taxa further implicates selection on male care as the
driver of the tug-of-war, and that the trade-off in care is
modulated by offspring development and mating oppor-
tunities for both the male and the female, but not strongly
by breeding climate.

The regression slope indicates a less than compensa-
tory increase in female care per unit increase in male care
(figure 1). Moreover, there is more variance in male care
than female care, with the total care responding more
closely to the amount of male care provided. This
difference has been predicted in previous literature
(Trivers 1972; Clutton-Brock 1991; Queller 1997), but
has not been demonstrated in birds. This is somehow
surprising, because in birds (unlike mammals), either sex
seems capable of providing all essential elements of care,
including incubation and feeding the young. The key
additional result from our analyses is that total care is more
closely correlated with male care, so that selection for
increased total care appears to be mainly accommodated
by increasing the amount of male care. Equivalently,
selection on males for a reduced contribution to care leads
to a reduction in the overall level of care, even though
females respond by provisioning more.
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Table 1. The influences of chick developmental mode, breeding climate and mating opportunities on male—female parental care
disparity (response variable, see §2) in birds. (Phylogenetic generalized least-squares model, using 193 avian species (see
electronic supplementary material). Effects were tested sequentially. **p<0.01, ***p<0.001.)

source d.f.? Nk MS? F?
male mating opportunity (MMO) 1 92.7 92.7 51.2%**
female mating opportunity (FMO) 1 46.7 46.7 25.8%**
developmental mode (D) 1 2.10 2.10 1.16
breeding climate (C) 2 8.92 4.46 2.46
MMO XD 1 47.9 47.9 26.4**"
MMOXC 2 18.7 9.38 5.18**
FMO XD 1 95.0 95.0 52.4"**
FMOXC 2 1.44 0.72 0.39
error 181 327.9 1.181

# Statistical values from PGLS ANOVA: d.f., degrees of freedom; SS, sum of squares; MS, mean square; F, F-value.

Variation in male care may be related to a number of
traits, including confidence of paternity. We did not
include this aspect of avian life history in our study, but
it would be of interest to include it in future work. We
hypothesize that in precocial species, matings are played
out in the open: one parent may desert anyway, so
individuals are free to seek alternative mates. In altricial
species, however, parents may be under stronger selection
to rear their young together. They cannot increase their
reproductive success by deserting, and so sneaky copula-
tions remain a viable option for both males and females.
Males can therefore deal with selective factors such as good
genes, offspring genetic diversity and inbreeding avoidance
through either simultaneous or sequential polygamy,
depending on (among other things) the developmental
mode of their young. Similarly, females from precocial
species can also deal with them through sequential
matings, but altricial females may need to try to achieve
all of these within one or at most only a few broods.

(b) Influences of developmental mode, breeding
climate and mating system
We found strong influences of both male and female
mating opportunities, but not of breeding climate, on
patterns of parental care disparity. These results suggest
that ecology, at least at the level we measured, plays little
or no role in determining levels of care. It remains to be
seen, however, whether other ecological factors contribute
to the overall patterns we observed. Certainly, there are
other aspects of ecology that could be examined using a
similar approach to that we adopt here, such as habitats
(Verner & Willson 1966), resource availability (Orians
1969; Emlen & Oring 1977; Ahnesjo et al. 2001), selection
on offspring survival by predators and conspecifics
(Kosztolanyi et al. 2006) or specific environmental
variables such as temperature (Ahnesjé 1995). For
example, in shorebirds, there was a correlation between
length of breeding season and levels of polygamy
(Andersson 2004; Thomas & Székely 2005). The results
from these analyses suggest that ecology may play a role in
determining the outcome of the level of care provided by
each sex within some taxa, even though our study
suggested that this role either may not be apparent as a
general rule or is true for some ecological variables and
not others.

In addition, our analysis reveals that the developmental
mode of the chicks has a strong influence on the
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Figure 2. Comparison of altricial (open circles) and precocial
(filled circles) species with respect to the relationship between
parental care disparity (i.e. male minus female care levels) and
mating opportunities for each sex (see §2 for further expla-
nations). Error bars are 95% confidence limits around slopes.

relationship between parental care and mating opportu-
nities. In altricial species, males appear not to take into
account their level of care relative to that of the female when
making decisions regarding additional mating opportu-
nities, while in precocial species, males trade off care and
polygyny. Interestingly, females were also responsive to
mating opportunities: in altricial species, females take on
relatively more of the parental care with increased female
mating opportunities, while in precocial species, females
take on relatively less. Taken together, the sexes appear to
play the same strategies, at least in birds: if their young need
little care, then both males and females respond to
enhanced mating opportunities.

A number of factors may be important in determining
why these differences between developmental mode
groups, and between males and females within a group,
occur. Males and females of both altricial and precocial
species vary in the average amount of care they provide
across stages of the breeding cycle, but they do not appear
to do so in the same way. For example, different sexes or
developmental modes can vary with respect to the stages in
which they provide the most care, or the consistency of
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care across stages. Variability such as this has the potential
to influence the relationship between parental care and
polygamy by limiting when an individual can seek mating
opportunities (Ketterson & Nolan 1994; Schwegmeyer
et al. 1999). These limitations on the timing of mating
opportunities can in turn influence the type of polygamy in
which an individual engages (i.e. simultaneous or
sequential), leading to variation in the degree to which
each sex or developmental mode group is simultaneously
versus sequentially polygamous.

Following on from this, simultaneous and sequential
polygamy can differ with respect to male certainty of
paternity, in that we expect certainty to be higher where
females are sequentially polygamous than where either sex is
simultaneously polygamous (Valle 1994; Fishman & Stone
2006). Where males are uncertain of the paternity of the
offspring of the social mate, reduced care is often the result,
particularly with respect to the feeding of their young
(Moller & Birkhead 1993; Whittingham & Dunn 1998;
Fishman & Stone 2004; but see Whittingham & Lifjeld
1995; Yezerinac et al. 1996). So, if females of altricial and
precocial species differ with respect to when they are most
able to remate, this may explain why, in altricial species,
female care increases with levels of polyandry, while the
opposite occurs in precocial species (Albrecht ez al. 2006).

Parental care and its relationship with polygamy may
also influence, or be influenced by, the strength of sexual
selection. Sexual conflict may therefore constitute
primarily a feedback relationship between parental care
and mating opportunities, and patterns of both parental
care and polygamy depend only weakly, if at all, on
ecological factors (Arnqvist & Rowe 2005). This latter
theory allows for only a weak direct effect of ecological
factors on parental care, for example, if species breeding
where the productive season is short or unpredictable
need to provide more care than those breeding where the
season is longer or less seasonal (King 1974; Andersson
2004). Recent studies have highlighted the possibility of
such feedback relationships (Alonzo & Warner 2000;
Székely et al. 2000; Andersson 2004; Alonzo in press).

For example, sexual conflict can create selection for
choice based on perceived ability to provide high-quality
parental care (Andersson 1994; Westneat & Sargent
1996). Sexual selection has also been shown to correlate
with the pattern and occurrence of alternative repro-
ductive tactics (Alonzo & Warner 2000) and with levels
of parental investment (Arnold & Duvall 1994).
Alternatively, the time of the greatest mating opportu-
nity may differ between males and females, or between
species with differing developmental modes, resulting in
variation in the operational sex ratio over the duration of
the breeding cycle (Andersson 1994), and hence
opportunities for mating.

Finally, there may be population-level factors con-
tributing to the overall patterns we observed. These may
include any attribute that affects the time and energy
budgets of individuals (King 1974), including, for
example, breeding density or degree of breeding
synchrony (Schwegmeyer & Ketterson 1999; Poirier
et al. 2004).

In conclusion, we identified two important components
of parental conflict in birds: mating opportunities and
chick development. We envisage several ways of advancing
parental conflict research. First, we used a single parental
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care score for the entire breeding period, and it may be
that intersexual differences, or differences between altricial
and precocial species, are influenced strongly by some
stages of the breeding cycle, but not others. Future work
may therefore need to focus on particular aspects of the
breeding cycle. Second, we combined both sequential and
simultaneous polygamy in our study, and it may be
important in future studies to examine each form
separately, as the implications of each for male—female
differences in genetic interest in offspring, and for sexual
selection, may differ between them. Finally, other aspects
of both the breeding environment and density-dependent
population processes may be important factors to consider
in studies looking at variation in parental care.
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