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Male parental effort and paternity in a variable mating system
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Abstract. Recent theoretical models suggest that males may respond to changes in paternity by adjusting
their parental effort. Male response will depend on the availability of reliable paternity cues and the
relative costs and benefits of parental effort to the male (i.e. its effect on the survival of young and
alternative mating opportunities). Males breeding in pairs may be constrained because reductions in
male parental effort are unlikely to be compensated for by the female and thus the survival of both
related and unrelated young may decrease. In contrast, males breeding in cooperative groups (i.e. with
helpers or co-breeders) may not have this constraint if other individuals in the group compensate for
reductions in male parental effort. White-browed scrubwrens, Sericornis frontalis, breed in pairs and
cooperative groups, typically with one female and two males (alpha and beta). We found that male
parental effort was related positively to paternity for beta males, but not for alpha or pair males. Alpha
males had paternity in all broods and always fed young. In contrast, beta males often had no paternity
and sometimes did not feed young. Time spent near the fertile female was not an accurate predictor of
the percentage of young sired in a brood, but it was a good predictor of having sired young in a brood.
Our results are consistent with the idea that male parental effort is allocated according to whether or not
the male copulated with the female. We suggest that the relationship between male parental effort and
paternity may vary among cooperatively breeding species depending on the type and availability of cues
to a male’s paternity. ? 1998 The Association for the Study of Animal Behaviour
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Recent theoretical models suggest that males may
adjust their parental effort in response to changes
in paternity under some conditions, but not others
(Whittingham et al. 1992; Westneat & Sherman
1993). For example, males are not expected to
reduce their parental effort in direct proportion to
paternity when: (1) reductions in male parental
effort significantly reduce the survival of both
related and unrelated offspring in the brood and
(2) the fitness benefits of raising some related
offspring are greater than the benefits from in-
vesting in alternative activities (for example,
attracting additional mates or gaining extra-pair
fertilizations). In addition, males may not reduce
parental effort if feeding unrelated young in
one brood improves their paternity in subse-
quent broods (Wagner 1992) or if paternity is not
expected to increase in future broods (Westneat &
0003–3472/98/030629+12 $25.00/0/ar970751 ? 19
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Sherman 1993). Alternatively, males are expected
to reduce parental effort in relation to paternity
when: (1) other individuals compensate and
reductions in male parental effort do not reduce
survivorship of related young in the brood, or (2)
the fitness benefits from alternative activities are
greater than those gained by raising the related
young in the current brood (Whittingham et al.
1992; Westneat & Sherman 1993; Dunn &
Cockburn 1996).
Several recent studies of birds have examined

the relationship between male parental effort and
paternity. In most biparental species, the level of
male parental effort is not related to paternity
even though paternity varies among broods
(reviewed in Whittingham et al. 1993; Westneat
1995; Whittingham & Lifjeld 1995; Wagner et al.
1996; Yezerinac et al. 1996). Most individuals
examined in these studies did not lose all of their
paternity to extra-pair males and usually had at
least one related offspring in the brood. One
related offspring may be sufficient to maintain
typical male parental behaviour in these cases. In
98 The Association for the Study of Animal Behaviour
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many biparental species, reducing or stopping
male parental effort is likely to jeopardize the
survival of any young that the male may have
sired, because males cannot directly recognize
and preferentially feed only related individuals
(Beecher 1988; Burke et al. 1989; Leonard et al.
1995; Westneat et al. 1995; Kempanaers &
Sheldon 1996). Occasionally females breeding in
pairs can compensate completely for experimen-
tally reduced male parental effort (Wright &
Cuthill 1989; Dunn & Hannon 1992); how-
ever, this is usually not the case (reviewed by
Whittingham et al. 1994), and related young are
likely to suffer when a breeding male reduces his
parental effort.
A positive relationship between male parental

effort and paternity depends on the cost and
benefits of reducing parental effort and the avail-
ability of reliable paternity cues to the male. Some
studies of biparental species have shown that
males with low paternity provide less parental
effort (Dixon et al. 1994; Weatherhead et al. 1994;
Gray, in press), but these studies did not identify
the cues males used to estimate their paternity. To
date, paternity cues have only been found in a
few cooperatively breeding species (Davies 1992;
Hartley et al. 1995).
To understand the relationship between male

parental effort and paternity, studies must exam-
ine the critical assumptions of recent models: (1)
do males have reliable paternity cues; (2) is male
parental effort important to offspring survival; (3)
are males sacrificing current fitness benefits
(related young in the nest) for alternative or future
benefits (e.g. see Dunn & Cockburn 1996); and (4)
do females (or helpers in cooperatively breeding
species) effectively compensate for reductions in
male parental effort?
Compensation for reductions in male parental

effort may be more likely for males that breed in
cooperative social groups in which helpers or
co-breeders will benefit from increasing their care
to the young. If helpers are related to the offspring
in the nest, then compensating for reductions in
parental effort by the breeding male may benefit
the helper indirectly (through helping kin). Alter-
natively, if males in the group share paternity in
the brood (i.e. co-breeding), then compensation
for reduced parental effort by one male will be
beneficial to the other male(s). Studies of the
relationship between male parental effort and
paternity in cooperatively breeding species are
few, but suggest that compensation for reduction
in male parental effort may play an important
role. In cooperatively breeding superb fairy-wrens
Malurus cyaneus (Dunn & Cockburn 1996) and
dunnocks, Prunella modularis (Burke et al. 1989;
Davies & Hatchwell 1992) a positive relationship
between male parental effort and paternity is
associated with complete compensation by other
group members for reductions in male parental
effort.
We studied the relationship between male

parental effort and paternity in white-browed
scrubwrens, Sericornis frontalis. Unlike other
cooperatively breeding birds that have been
studied, scrubwrens commonly breed in a variety
of situations amenable to testing current models
of male parental effort and paternity: (1) the
number of males providing care varies (pairs and
multi-male groups); (2) paternity may or may not
be shared among males; and (3) males may or may
not be related to each other or to the female
(Whittingham et al. 1997). Here we examine how
these factors influence male parental behaviour in
scrubwrens.
METHODS
Study Site and Species

White-browed scrubwrens (Family Pardaloti-
dae; Sibley & Ahlquist 1990) commonly occur in
habitats with dense undergrowth in southeastern
Australia (Christidis & Schodde 1991). We
studied a population of white-browed scrubwrens
resident in the Australian National Botanic
Gardens, a 40-ha reserve of native vegetation in
Canberra, Australia, during the 1992 and 1993
breeding seasons. All adults and offspring on
about 50 territories have been colour-banded
since 1992 (Whittingham et al. 1997). Scrubwrens
defended year-round territories and bred from
July (mid-winter) to January (mid-summer).
Females build the nest and incubate alone, but
nestlings and fledglings are fed by both males and
females.
Territorial social groups were pairs or multi-

male groups, typically consisting of one female, a
dominant male (alpha) and a subordinate male
(beta). Our genetic analyses revealed a complex
and variable mating system in the multi-male
groups (Whittingham et al. 1997). We predomi-
nantly found three types of groups. First, the beta
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male was related to the female and the alpha male
(i.e. usually a son). In this case, only the alpha
male gained paternity in the brood. Second, the
beta male was related to the alpha male (i.e.
usually a son) but not to the female. In this case,
the beta male often shared paternity in the brood
with the alpha male. Third, the beta male was
unrelated to both the alpha male and the female.
In this case, both males usually shared paternity
equally in the brood. We also detected one group
in which the beta male was related to the female
but not to the alpha male, and only the alpha male
had paternity in the brood. When one or more of
the potential breeders (female, alpha or beta male)
changed between breeding attempts we considered
this a different social group.
DNA Fingerprinting

Our DNA fingerprinting procedures followed
standard techniques described in Whittingham
et al. (1997). DNA was digested with HaeIII and
probed with radioactively labelled per (Shin et al.
1985), 33.15 (Jeffreys et al. 1985) and a DNA
molecular size marker. We scored an average&

of 17.3&6.4 bands in the 2.5–30 kb range for per
and 12.7&5.5 for 33.15. Band-sharing between
putatively unrelated individuals (females and their
mates) was 0.169&0.061 for pairs (N=13) and
0.174&0.087 for females and alpha males in
groups (N=16).
We determined whether nestlings were sired by

either of the males within the group or extra-
group males using the presence of novel fragments
(fragments found in the nestling’s DNA profile
but not found in the DNA profile of putative
parents) and band-sharing (Whittingham et al.
1997). We excluded nestlings from putative par-
ents when they had two or more novel fragments
(both probes combined) and their mean band-
sharing was less than 0.330. We assigned paternity
to males when they shared more than 0.346 of
their bands with a nestling and there was one or
no novel fragments. For simplicity, we use the
term extra-group paternity to refer to young sired
by males outside a social group of any size (i.e. a
multi-male group or pair).
Behavioural Observations

We collected data on parental effort and pater-
nity from 11 pairs and 18 multi-male groups (41
broods total). At three of the broods, we observed a
juvenile male from a brood earlier in the season.
Because juvenile males rarely fed nestlings (un-
published data) and never gained paternity
(Whittingham et al. 1997), we excluded these males
from our analyses of paternity and parental effort.
Theory suggests that male parental effort

should be adjusted to paternity in a given brood
if paternity varies among broods (Whittingham
et al. 1992; Westneat & Sherman 1993); thus, this
relationship should vary independently among
broods. In this study, paternity varied among
broods in five of 10 groups for which we had more
than one brood within a season. Therefore, we
used each brood as an independent sample.
We recorded the rate of food delivery to nest-

lings by each group member during 1-h obser-
vation periods when nestlings were 5, 7, 9 or 11
days old. Most broods contained three nestlings
(mean&=2.9&0.1; range=2–4) and were ob-
served for a total of 2 or 3 h (2.73&0.1 h). Data
from multiple observation periods were averaged
for each brood.
We collected data on mate guarding, male–male

chases and the frequency of male–female allofeed-
ing from five pairs (six broods) and nine multi-male
groups (11 broods) for which we also had paternity
and parental effort data. Observation periods
were conducted for 20 min, two to four times
(mean&=2.6&0.1) for each brood during the
female’s fertile period (from 6 days prior to egg
laying to the first egg). Every 60 s we recorded
instantaneous observations of the distance between
each male and the female using three categories: less
then 3 m, greater than 3 m or out of sight. We also
recorded (ad libitum) the number of aggressive
chases between males and the number of times
either male brought food to the female.
Statistical tests of the relationship between male

parental effort and paternity were one-tailed as
theory makes a priori predictions in one direction.
We used non-parametric tests for statistical analy-
ses when data were not distributed normally.
Means are presented with their standard errors
unless indicated otherwise.
RESULTS
Paternity

Paternity data presented here represent a sub-
sample of the data from Whittingham et al. (1997)
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for which we also had parental effort data. Among
multi-male groups, alpha males sired all of the
young when the beta male was related to the
female (Table I). This sample includes nine broods
in which the beta male was also related to the
alpha male, and one group in which the beta male
was not related to the alpha male. We combined
these latter two types of multi-male groups,
because beta males never gained paternity when
they were related to the female, regardless of their
relatedness to the alpha male (Whittingham et al.
1997). When the beta male was related to the
alpha male but not to the female, beta males sired
17% of nestlings and alpha males sired 71% of
nestlings (Table I). When beta and alpha males
were unrelated they shared paternity in five of
seven broods, which resulted in the beta male
siring 42% of young and the alpha male siring
53% of young (Table I). In multi-male groups the
alpha male always sired at least one nestling in
each brood (N=26 broods).
For pairs, 40% (six of 15) of broods contained

extra-group young and 27% (12 of 44) of nestlings
were sired by extra-group males. There was only
one brood in which the pair male sired none of the
young. Thus, pair males and alpha males were
usually related to at least one young in the brood.
In contrast, beta males often sired no young (19 of
26 broods).
Parental Effort

Nestlings in broods of multi-male groups were
fed at the same rate overall (10.9 feeds/h) as
nestlings raised by pairs (9.6 feeds/h; Table II). In
a larger sample, however, nestlings raised by
groups were fed slightly more (10.7 feeds/h) than
were nestlings raised by pairs (8.5 feeds/h;
Magrath & Yezerinac, 1997). In both pairs and
groups, females fed nestlings at a rate similar to
that of pair males and alpha males (Table II).
In contrast, beta males fed nestlings at about
half the rate of pair males (Mann–Whitney U-
test: U=334, P=0.0002), alpha males (U=475,
P=0.012) and females (U=771, P=0.002; Table
II).
Pair males and alpha males fed nestlings in

every brood, as did females, but beta males did
not always feed nestlings. The relatively low aver-
age feeding rate for beta males was influenced
strongly by the beta males that did not feed
nestlings (Fig. 1). When we considered only beta
males that did feed nestlings, their food delivery
rate (3.6&0.3) was comparable to alpha males
(U=266.5, N1=18, N2=26, P=0.44) and females
(U=442.5, N1=18, N2=41, P=0.23), but signifi-
cantly lower than that of pair males (U=213.5,
N1=18, N2=15, P=0.004). The food delivery rate
of alpha males was not related to the food delivery
rate of beta males (Spearman rank test: rS=0.30,
P=0.09); indeed the trend was positive instead of
negative as might be predicted. This result sug-
gests that there was no compensatory relationship
between the male parental effort of alpha and beta
males.
In general, the rate at which adults brought

food to nestlings was not influenced by other
factors (Table III). In pairs, neither male nor
female feeding rate was related to year, obser-
vation date, brood size or nestling age (Table III).
In multi-male groups, the feeding rate of females
and beta males was also not influenced by any of
these factors. In contrast, the feeding rate of alpha
males declined significantly with observation date
(i.e. as the breeding season progressed), but was
not related to year, brood size, or nestling age
(Table III).
Paternity and Male Parental Effort

In multi-male groups, the number of feeds/h to
nestlings made by the alpha male was not related
to the percentage of young he sired (rS="0.12,
N=26, one-tailed P=0.28; Fig. 1). This lack of
relationship held after using residual values to
correct alpha male feeding rate for the influence of
observation date (rS=0.04, one-tailed P=0.43;
Table III). Similarly, pair males did not feed
young in relation to the percentage of the brood
they sired (rS=0.05, N=15, one-tailed P=0.42;
Fig. 1).
In contrast, the number of feeds/h to nestlings

by beta males was related positively to the per-
centage of young they sired (rS=0.38, N=26,
one-tailed P=0.02; Fig. 1). This analysis included
beta males that were related and unrelated to the
female. When we considered only broods in which
the beta male could have gained paternity (i.e.
groups in which the beta male was not related to
the female), there was still a significant relation-
ship between male parental effort and paternity
(rS=0.53, N=16, one-tailed P=0.02; Fig. 1). The
relationship between parental effort and paternity
was influenced strongly by beta males that did not
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feed nestlings. When we considered only broods in
which the beta male was unrelated to the female
and fed the nestlings, there was no significant
relationship (rS=0.40, N=11, one-tailed P=0.11).
This result suggests that beta males responded to
their paternity within their group by either feeding
or not feeding young, rather than by gradually
changing their level of effort.
The total feeding rate did not differ between

groups in which beta males had high (§50%)
or low (¦33%) paternity (13.6&2.2 versus
10.1&0.8 feeds/h, respectively; U=83, N1=6,
N2=16, P=0.16). Thus, nestlings did not appear
to receive less food when beta males decreased
their care.
Mate Guarding, Allofeeding and Paternity

Alpha males spent significantly more time near
the fertile female than did beta males (U=120,
P=0.0001; Table IV). Beta males also spent more
time out of sight than did alpha males (U=97.5,
P=0.013; Table IV). Pair males were intermediate
between alpha and beta males in the amount of
time they spent near the female and the amount of
time they spent out of sight (Table IV). During the
female’s fertile period, alpha males fed the female
more often than either beta males or pairs males,
both of which fed the female at a similar rate
(alpha versus beta males U=106.5, P=0.002;
Table IV). We saw alpha males aggressively chase
beta males (4.2&1.2 times/20 min) at nine of 11
nests during the fertile period of the female, but
we never saw beta males chasing alpha males.
The proportion of young sired in the brood by

alpha males was related to the amount of time
they spent near the fertile female (rS=0.73, N=11,
P=0.01; Fig. 2). In groups in which the beta male
had an opportunity to gain paternity (i.e. he was
unrelated to the female), the proportion of young
sired by the beta male did not increase with the
amount of time he spent near the female (rS=0.40,
N=7, P=0.44; Fig. 2). Overall, paternity was
related to time spent near the fertile female when
we looked at all males in groups that had an
opportunity to gain paternity (i.e. alpha and beta
males that were unrelated to the female; rS=0.7,
N=18, P=0.002; Fig. 2). In general, alpha males
had higher paternity than beta males and also
spent more time near the female. For pair males
there was no relationship between paternity in the
brood and time spent near the female (rS="0.49,
N=6, P=0.33; Fig. 2).
Table II.Mean (&) feeding visits per h to nestlings by males and females in pairs and
multi-male groups

N Total
Pair/

Alpha male Beta male Female

Pairs 15 9.6&0.8 5.1&0.4 — 4.5&0.5
All multi-male groups 26 10.9&0.9 4.2&0.5 2.5&0.4 4.0&0.3
Beta male related to female 10 11.6&1.0 4.9&0.6 2.4&0.6 4.2&0.3
Beta male not related to female 16 10.6&1.3 3.8&0.6 2.6&0.5 3.8&0.5
DISCUSSION

Most studies reporting a strong relationship
between male parental effort and paternity have
been conducted on cooperatively breeding species
in which other group members compensate for
reductions in male care (Davies & Hatchwell
1992; Hartley et al. 1995; Dunn & Cockburn
1996). Nevertheless, recent studies reveal that not
all cooperative breeders show a positive relation-
ship between male parental effort and paternity
(Jamieson et al. 1994; DeLay et al. 1996). This
variation among and within species may depend
on the ability of males to perceive their relative
level of paternity and the relative benefits of
reducing male parental effort (Westneat &
Sherman 1993). Below, we examine how these
factors influence the relationship between male
parental effort and paternity in white-browed
scrubwrens and other species of cooperatively
breeding birds. The comparisons among species
illustrate the complexity of the relationship
between male parental effort and paternity and
the need to examine both the assumptions and
predictions of theoretical models.
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Male Parental Effort is Related Positively to
Paternity

A positive relationship between male parental
effort and paternity has been found in several
studies of cooperatively breeding birds that differ
widely in their social and genetic mating systems.
In dunnocks, Prunella modularis (reviewed by
Davies 1992), unrelated males in the same polyan-
drous social group share paternity in a brood and
provide parental effort in direct proportion to
their paternity, which is also correlated with the
amount of time the male spends near the female
during her fertile period (copulatory access time).
Thus, when one male has low paternity and
provides relatively little parental effort to the
young, the other male has higher paternity and
provides relatively more effort. As a result, a male
can reduce his parental effort without incurring a
cost in terms of offspring survival. In contrast,
when male dunnocks breed in a pair, males do
not respond to lower paternity by reducing their
parental effort. In this case there are no other
males to compensate for reduced care, and
females cannot compensate completely for the
reduced care of their mate, which leads to lower
offspring survival (Davies & Hatchwell 1992).
Alpine accentors, Prunella collaris, are closely

related to dunnocks and show a similar relation-
ship between male parental effort and copulatory
access time (Hartley et al. 1995). Male accentors
live in larger multi-male and multi-female groups
than dunnocks, so there are often several females
breeding at once. As a consequence, female accen-
tors usually gain male assistance in feeding young
from just one male in the group, as the other
males are assisting at other nests. When beta male
accentors are the only males providing food to
nestlings, their level of care does not vary with
copulatory access time; this is the same pattern as
male dunnocks living in pairs. However, when
alpha males are the sole male providers, their level
of care declines when they have less copulatory
Figure 1. Male parental effort measured as feeds/h to
nestlings in relation to the percentage of young sired in
the brood for (a) pair males (/; Spearman rank test:
rS=0.05, P=0.42); (b) alpha males (.; rS="0.12,
P=0.28); and (c) groups in which beta males were
related to the female (,), or groups in which beta males
were not related to the female (-). Lines are linear
regressions and numbers indicate coincident data points.
For beta males, the solid line is the regression of all
groups (rS=0.38, P=0.02) and the dashed line represents
only groups in which beta males were unrelated to the
female (rS=0.53, P=0.02). All probability values are
one-tailed.
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access time with the female. This difference in the
response of alpha and beta males occurs because
alpha males apparently have greater opportunities
than beta males for gaining future matings with
other females in the group (Hartley et al. 1995). In
addition, male parental care is less important to
the production of fledglings than in dunnocks,
which means that males can reduce their care
without risking the survival of their offspring
(Hartley et al. 1995). In broods where alpha and
beta male accentors provide parental effort simul-
taneously, they provide care in proportion to their
copulatory access time, similar to polyandrous
male dunnocks (Hartley et al. 1995).
Male superb fairy-wrens,Malurus cyaneus, also

show a positive relationship between male paren-
tal effort and paternity (Dunn & Cockburn 1996).
Fairy-wrens breed in either pairs or groups, which
consist of a dominant breeding male, a female and
one to four male offspring that remain on the
territory as helpers (Mulder et al. 1994). As in
dunnocks, male fairy-wrens do not adjust their
parental effort to paternity when living in a pair.
However, males living in groups with helpers
provide less parental effort when they have lower
paternity (Dunn & Cockburn 1996). These helpers
rarely share paternity with the dominant male in
their own group (Mulder et al. 1994), but they do
compensate completely for reductions in care by
the dominant male, so the survival of young is
not compromised (Dunn & Cockburn 1996). This
compensation by helpers provides dominant
males in groups with more opportunity to visit
females on other territories, and, as a conse-
quence, these males gain relatively more extra-
group fertilizations (Dunn & Cockburn, in press).
Thus, as in alpine accentors, alternative mating
opportunities have an important influence on the
relationship between male parental effort and
paternity. In this case, however, the additional
mating opportunities occur outside the social
group.

Male Parental Effort is Not Related to Paternity

As discussed above, male parental effort is
rarely related to paternity when males are provid-
ing care as a pair male, but there is often a
Table III. The influence of various factors on nestling feeding visits for male and female white-browed scrubwrens
breeding in pairs (N=15 broods) and multi-male groups (N=26 broods)

Year
Observation

date*
Brood
size

Nestling
age

U (N1, N2)† P rS‡ P U/H§ P rS‡ P

Pairs
Male 33 (10,5) 0.32 "0.20 0.48 17.5 0.44 0.18 0.26
Female 34 (10,5) 0.29 "0.17 0.54 17.5 0.44 0.07 0.67

Groups
Alpha male 92 (17,9) 0.40 "0.48 0.01 1.3 0.53 0.15 0.20
Beta male 89 (17,9) 0.51 "0.14 0.49 0.4 0.80 0.05 0.66
Female 91 (17,9) 0.45 "0.28 0.17 3.9 0.14 0.17 0.16

*Mean julian date of all observations at a nest.
†Mann–Whitney U-test comparing 1992 and 1993.
‡Spearman rank correlation. N=15 and 26 broods for observation date of pairs and groups, respectively. N=41 and
75 observation periods for nestling age of pairs and groups, respectively.
§Mann–Whitney U-tests for pairs (brood size=two or three young; N1, N2=2,13), or Kruskal–Wallis tests for groups
(brood size=two, three, or four young; df=2).
Table IV. Mate guarding and allofeeding of the female
by male scrubwrens

Alpha male Beta male Pair male

<3 m 78&3 25&7 50&4
>3 m 17&3 50&4 33&4
Out of sight 5&2 25&6 17&2
Fed female 3.1&0.4 0.9&0.5 0.9&0.4
N 11 11 6

Percentage of observations in which the male was less
than 3 m from the female, more than 3 m from the
female, or out of sight. Allofeeding was estimated by the
mean number of times males brought food to the female
per 20 min. All values are mean&.
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relationship in multi-male groups. Two exceptions
include pukekos, Porphyrio porphyrio, and
Galapagos hawks, Buteo galapagoensis, in which
males are apparently not able to assess their
paternity (Jamieson et al. 1994; DeLay et al.
1996). In polyandrous groups of pukekos, males
do not guard the female or attempt to interrupt
each other’s copulations even though two or three
unrelated males mate with one female. All males
usually gain paternity in each brood, and, there-
fore, it is in the interests of all males to care for the
young. In contrast, male Galapagos hawks in
multi-male groups provide care to nestlings even
though they often have not sired any young in the
brood. Males in both species may provide care
because they have copulated with the female even
though copulations do not necessarily result in
paternity. This ‘rule of thumb’ would be a better
strategy for male pukekos than Galapagos hawks
as pukeko males are more likely to sire young.
Groups of hawks contain up to eight males com-
peting to fertilize a clutch of just one or two eggs
(DeLay et al. 1996), while two to three male
pukekos compete to fertilize five to 11 eggs per
clutch (Jamieson et al. 1994). In these species, a
lack of relationship between male parental effort
and paternity appears to be due to an absence of
accurate paternity cues: in Galapagos hawks there
are no cues and in pukekos the cues are only
general indicators of paternity, not the percentage
of young sired.

Parental Effort and Paternity in Scrubwrens

In our study of white-browed scrubwrens, we
found an overall positive relationship between
male parental effort and paternity for beta males,
but not for alpha or pair males. Multi-male
groups differed mostly in the relatedness of the
beta male to the female, and thus, the opportunity
for the beta male to gain paternity in the brood.
When beta males were related to the female in
their group (i.e. mother and son), they never
gained paternity and they were less likely to feed
Figure 2.Male mating access measured as the percentage
of time the male was less than 3 m from the female
during her fertile period in relation to the percentage
of young sired in the brood for (a) pair males (/;
Spearman rank test: rS="0.49, P=0.33); (b) alpha
males (.; rS=0.73, P=0.01); and (c) groups in which
beta males were related to the female (,), or groups in
which beta males were not related to the female (-).
Lines are linear regressions and numbers indicate co-
incident data points. For beta males, the solid line is the
regression using all groups (rS=0.38, P=0.26), and the
dashed line represents only groups in which the beta
male was unrelated to the female (rS=0.40, P=0.44).
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young than beta males that were in a group with
an unrelated female, and thus had an opportunity
to gain paternity (Magrath & Whittingham,
1997). In these latter cases, however, feeding was
not influenced by relatedness to the alpha male.
These results are contrary to what might be
expected if the beta males were helping kin to gain
indirect reproductive benefits. In addition,
scrubwren helpers do not increase the reproduc-
tive success or survival of relatives (Magrath &
Yezerinac, 1997), so it is unlikely that the indirect
benefits of helping kin are responsible for the
patterns we observed. When we examined only
broods in which the beta male had an opportunity
for paternity, there was still a relationship
between male parental effort and paternity. There-
fore, the positive relationship we observed
between male parental effort and paternity was
probably due to some cue other than whether the
beta male was related to the female.
The amount of time beta males spent near

fertile females is one possible cue. If so, then it is
puzzling why only beta males show a positive
relationship between parental effort and paternity.
Furthermore, the wide variation in the relation-
ship between paternity and access time in scrub-
wrens (Fig. 2) suggests that access time with the
female may only indicate whether the male has
sired some young, rather than the proportion of
young sired, as in dunnocks (Burke et al. 1989).
Although beta males generally fed nestlings in

relation to their paternity, they made ‘errors’ that
provide insight into their paternity cues and
potential ‘rules of thumb’ about parental effort.
The ideal situation for beta males is to feed
nestlings in broods in which they have paternity
and not to feed nestlings when they do not have
paternity. Of 16 broods, there were six broods in
which the beta male sired and fed young, and
there were four broods in which the beta male had
no paternity and did not feed young. ‘Errors’
occurred when males fed young at nests in which
they did not have paternity (N=5 broods) or did
not feed young at nests in which they did have
paternity (N=1 brood). These results suggest that
beta males estimated relatively accurately when
they had paternity (86% correct, fed at six of seven
broods with paternity), but were less accurate
about the broods in which they did not have
paternity (55% correct; fed at four of nine broods
with no paternity). This could occur if beta males
use copulation as a means of estimating paternity
(some versus none) and allocate parental effort
accordingly. The first rule is simple, if beta males
do not copulate with the female, then they will not
have paternity and they do not provide care.
Alternatively, if they do copulate with the female,
then they may have paternity and should provide
care. The more common ‘errors’ of feeding young
when there was no paternity may have occurred
because all copulations do not translate into
paternity, especially in species in which the clutch
size is small (clutch size was three in more than
95% of nests).
Our data are consistent with the idea that male

parental effort is allocated according to whether
the male copulated with the female. This may be
correlated with access time, but it is not necessar-
ily the same. Alpha males sired at least one
nestling in every brood, and thus always copu-
lated with the female. Based on this ‘rule of
thumb’ they should always feed the young, which
is what we observed. Similarly, all beta males that
had paternity (except one), and thus had copu-
lated with the female, fed nestlings. Among the
beta males that sired no young, some males fed
nestlings and some did not. Males that sired no
young and provided no parental care may not
have copulated with the female. Other males may
have copulated with the female and sired no
young, but fed the young nevertheless. This simple
‘rule of thumb’ may explain the patterns we
observed, although it will be difficult to test
because copulations in scrubwrens are rarely
observed.
Unlike beta males, the level of parental effort

provided by alpha males was not related to pater-
nity. This finding contrasts with the parental
behaviour of alpha males in dunnocks and alpine
accentors. This difference between species may be
related to the frequency of complete cuckoldry for
alpha males. In dunnocks and alpine accentors,
alpha males sometimes had no paternity and did
not feed nestlings (Burke et al. 1989; Davies &
Hatchwell 1992; Hartley et al. 1995), whereas
alpha male scrubwrens always had paternity and
always fed nestlings.
Another possibility is that, like alpha males in

alpine accentors, beta male scrubwrens have more
to gain from alternative activities than alpha or
pair male scrubwrens. Although extra-group
copulations occur regularly in scrubwrens, we do
not know whether beta males gain relatively more
extra-group copulations than other types of males
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(Whittingham et al. 1997). Beta males do, how-
ever, spend less time with the fertile female than
alpha males (Fig. 2), and thus could be spending
more time seeking extra-group copulations.
The relationship between parental effort and

paternity is complex because it is influenced by
many different factors, and this is particularly true
in cooperatively breeding species. The effect of
paternity on male parental effort varies both
within and among cooperatively breeding species
because of the variation in the paternity cues
available to males, and the cost and benefits of
reducing care. The absence of reliable paternity
cues prevents males from adjusting their parental
effort in relation to their paternity, regardless of
the costs and benefits of doing so (for example,
Galapagos hawks). In cooperatively breeding
birds with paternity cues, there is a positive re-
lationship between male parental effort and pater-
nity in multi-male groups, but not when there is
only one male care-giver (essentially a pair male)
(for example, dunnocks, superb fairy-wrens,
white-browed scrubwrens). Exceptions are found,
however, when the sole male care-giver has
greater fitness gains from alternative mating
activities (as in alpine accentors). The magnitude
of compensation responses also influences the
costs and benefits of reducing parental effort.
Male parental effort is expected to decrease
regardless of paternity if other individuals com-
pensate completely; however, incomplete com-
pensation responses are more common (see
Whittingham et al. 1994). It is not clear how
compensation acts in scrubwrens. If there is com-
pensation we would expect a negative relationship
between the feeding rates of alpha and beta
males; however we found a positive relationship.
Experiments will be needed in scrubwrens and
other species to examine the extent of compen-
sation and the availability of alternative mating
opportunities.
Studies of cooperatively breeding species point

out the complexity of the relationship between
male parental effort and paternity. Many studies
including this one, present only correlational evi-
dence for this relationship. Thus it is possible that
confounding factors, such as male quality, that
covary with paternity may actually explain
the patterns and not paternity (Kempenaers &
Sheldon 1997). Experiments will be necessary to
tease apart the effect of paternity on male parental
effort. We think, however, that it is equally
important to test the assumptions of models as
they have a critical impact on the predictions.
Future research should examine the availability of
paternity cues for males, the possible benefits to
different males from alternative mating oppor-
tunities and the costs in terms of offspring survival
of reductions in male parental effort.
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