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In species where young are provisioned by both
parents, males commonly contribute less to
parental care than females, and are less respon-
sive to variation in begging rates. Similar
differences in the care of young occur among
adults in cooperative breeders, but fewer studies
have investigated whether these are associated
with differences in responsiveness. Here, we
present results from a playback experiment
investigating responsiveness to begging in the
meerkat (Suricata suricatta), a cooperatively
breeding mammal. Although increased begging
rate raised the feeding rate of adults of both
sexes, there was no consistent tendency for
females to be more responsive than males.
However, when we examined changes in the
proportion of food items found that were fed to
pups (generosity), we found that females were
more responsive than males to increased begging
rate. These results can be explained in terms of
sex differences in dispersal: in meerkats, females
are philopatric and receive considerable benefits
from investing in young, both directly, by
increasing group size, and indirectly, by recruit-
ing helpers if they inherit the breeding position.
In addition, they emphasize that generosity pro-
vides a more sensitive measure of responsiveness
to begging than feeding rate, as it accounts for
variation in foraging success.
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1. INTRODUCTION
In vertebrates, where both parents provision their

young, females often contribute more to parental care

than males (Clutton-Brock 1991). In addition, females

are commonly more sensitive to signals of offspring

need (Kolliker et al. 1998; Kilner 2002; Quillfeldt et al.
2004) such as begging rate, which has been shown to

reflect hunger state in a number of species (Kilner &

Johnstone 1997). Sex differences in responsiveness to

begging may arise because parents respond to different

signals, vary in their response to the same signal or

modify their behaviour differently according to their

partner’s response (Hinde 2006). These differences

are likely to reflect sex differences in the costs and

benefits of parental care (Lessells 2002), with the sex

that accrues greater fitness benefits per unit of invest-

ment exhibiting higher sensitivity to offspring need.
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Sex differences in contributions to care of young
have also been demonstrated in many cooperative
breeders (reviewed in Cockburn 1998; Clutton-Brock
et al. 2002). As in biparental systems, these differences
may be a consequence of variation in the costs and
benefits of care, and are likely to be associated with
variation in responsiveness to offspring begging rate.
While some studies have investigated how adults in a
group vary in their responsiveness to begging accor-
ding to breeding status or condition (Wright 1998;
Bell 2008), only one study has demonstrated sex
differences (MacGregor & Cockburn 2002). To our
knowledge, there is no evidence from cooperative
breeders that the sex which invests more in the care of
young also demonstrates greater responsiveness to
increases in begging rate.

We investigated responsiveness to begging in a
cooperatively breeding mammal, the meerkat (Suricata
suricatta), which has a mobile begging system where
begging calls are audible to all group members
(Manser & Avey 2000; Kunc et al. 2007). Meerkats
are small (less than 1 kg) carnivores living in groups of
3–50 individuals, with a dominant pair monopolizing
reproduction and helpers of both sexes contributing
to the care of young (Clutton-Brock et al. 2001). Pups
start foraging with the group from approximately
30 days of age and receive prey items from helpers
until they are nutritionally independent, at approxi-
mately three months old. There is high variation
in pup feeding: females feed more than males
and dominants contribute less than subordinates
(Brotherton et al. 2001). Pups emit continuous begging
calls to solicit feeding from adults, the rate of which
indicates their hunger level (M. Manser 2002–2007,
unpublished data).

We conducted a playback experiment to determine
whether there were sex or status differences in respon-
siveness to increased signals of need from pups. We
manipulated a single component of the begging signal
(call rate) and measured the response of a focal
individual. Most previous studies of the responses of
adults to variation in juvenile begging rate have
measured adult feeding rate, rather than the pro-
portion of food found that is fed to offspring (gener-
osity), which gives a measure of food allocation to
young relative to that eaten by the adult. In this study,
we examined the effects of begging rate on both the
absolute feeding rate and generosity of dominant and
subordinate adults of both sexes. We predicted that
females would be more responsive than males and that
dominants would be less responsive than subordinates,
as suggested by natural variation in contributions to
feeding young (Brotherton et al. 2001).
2. MATERIAL AND METHODS
This study was conducted between December 2005 and May 2006
on a population of wild meerkats in the Northern Cape, South Africa
(268 580 S, 218 490 E; see details in Clutton-Brock et al. 2001). All
individuals in the population were identifiable by unique dye marks
and habituated to ignore observers at close range (less than 1 m).

We played 30 min low- and high-rate begging, in a random order,
to focal individuals in 11 groups with pups at the peak feeding age
(40–65 days). Playback stimuli were created from recordings of 11
female pups of similar ages from 11 different groups, using a different
playback stimulus for each group. We manipulated the begging rate of
stimuli by either adding or removing periods of background noise
between calls to create the low (40 calls per min) and high (120 calls
per min) treatments. These values lie within the natural range of
This journal is q 2008 The Royal Society



Table 1. Effect of low and high call rates on (a) feeding rate and (b) generosity. (Shown are the results of GLMMs including
group and individual identities as random terms. Non-significant terms were deleted from the final models.)

response term explanatory terms F p value effect (s.e.)

(a) feeding rate (g fed per hour) treatment 7.82 0.008 high: 0.0 (0.0), low: K0.48 (0.17)
sex 4.44 0.043 female: 0.0 (0.0), male: K0.39 (0.18)
status 0.36 0.551
treatment!sex 0.95 0.334
treatment!status 1.14 0.291
status!sex 2.08 0.160

(b) generosity (g fed/g found) treatment 14.1 !0.001 high: 0.0 (0.0), low: K0.41 (0.11)
sex 8.06 0.008 female: 0.0 (0.0), male: K0.31 (0.11)
status 0.81 0.375
treatment!sex 4.80 0.034
treatment!status 0.23 0.631
status!sex 2.39 0.133
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begging rates (mean begging rate: 83.26G2.69 calls per min, range:
23.35–137.15, from calculations based on 87 pups of 26 litters from
11 groups). In each group, the experiment was conducted on the
dominant pair and a subordinate individual of each sex, over two
consecutive days. The amplitude of the begging playback was kept to
natural levels (Manser & Avey 2000) and no more than two
experiments were played consecutively to a group in one session, to
avoid individuals habituating to calls and ceasing to respond. During
the experiment, we followed the focal individual at a distance of 2 m
with the speaker, recording the size of all prey items found, which
was later used to estimate their biomass (as in Brotherton et al.
2001). Whenever the focal individual found a prey item, we noted
whether it ate the item or took it to within 1 m of the loudspeaker
and/or fed it to a pup (cf. Kunc et al. 2007). As pups in a group may
respond to begging calls by guarding helpers more closely, we also
recorded the presence of any pups within 2 m of the focal individual.

Statistical tests were performed using R (www.r-project.org). We
used four general linear mixed models (GLMMs) to investigate the
influence of begging rate, and its interaction with sex and dominance
status, on adult feeding rate (biomass fed per hour), generosity
(proportion of biomass found fed to pups) and foraging success
(total biomass found). With the blocked design of our experiment
(four focal individuals in each group), we could compare individuals
within a group by fitting individual and group as random effects.
Model simplification was conducted following Crawley (2002), with
proportional data being arcsine transformed and feeding rate data
being log transformed. Assumptions for normality and homogeneity
of variances were fulfilled. All three-way interactions were non-
significant and thus deleted from the final model.
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Figure 1. Change in (a) feeding rate and (b) generosity from
low- to high-rate begging treatments for different adults
depending on their sex and dominance status. Each bar
depicts mean (G1 s.e.) within-individual difference in
response.
3. RESULTS
Adult feeding rate was influenced both by playback
treatment and sex, being higher in females (as in
Clutton-Brock et al. 2001) and during the high
begging rate playback, whereas it did not differ
between dominants and subordinates (table 1a). In
addition, there were no significant treatment!sex or
treatment!status interactions (table 1a; figure 1a).

Similarly, the proportion of food items found that
were fed to pups (generosity), increased during the
high begging rate treatment, and was higher in
females, while there was no difference between domi-
nants and subordinates (table 1b). However, there was
a significant treatment!sex interaction, indicating
that females were more responsive to increased beg-
ging rate than males (table 1b; figure 1b).

Finally, dominants of both sexes had higher foraging
success than subordinates (F1,32Z4.87, pZ0.027),
although there were no significant differences in fora-
ging success between the sexes (F1,32Z0.93, pZ
0.33) or low- and high-rate playback treatments
(F1,43Z0.22, pZ0.64).
Biol. Lett. (2008)
4. DISCUSSION
Increased begging rate raised both overall feeding rate

and generosity, as predicted by theoretical and

empirical studies (e.g. Godfray 1991; Burford et al.
1998; Glassey & Forbes 2002). However, when we

considered variation in the level of response, our

results differed depending on the measure considered:

we found sex differences in responsiveness to

increased begging rate in terms of generosity but

not feeding rate, while dominants and subordinates

did not differ in responsiveness for either measure.

Generosity is a more sensitive measure as it accounts

http://www.r-project.org
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for variation in foraging success. Even though fora-
ging success did not differ between the sexes or across
treatments, dominants were more successful at find-
ing food than subordinates. Consequently, the con-
trast between subordinate females, who found less
food but fed more of it to pups, and dominant males,
who found more food but fed less of it to pups, is
only evident when considering generosity. This demon-
strates the importance of controlling for foraging
success in studies of responsiveness to begging. Where
direct observations of foraging behaviour are unfeasi-
ble, foraging success may be estimated through
changes in body mass (e.g. Martins & Wright 1993).

Both dominant and subordinate females were
significantly more responsive to increased begging
rate than males. Sex differences in responsiveness to
increased begging rate are likely to be a true reflection
of variation in sensitivity to offspring need, since
begging rate indicates pup hunger level (M. Manser
2002–2007, unpublished data). Our results differ
from those of MacGregor & Cockburn (2002) who
found that male superb fairy wrens (Malurus cyaneus)
were more responsive to the playback of begging,
even though females contribute more to offspring
care. They suggested that, as males spend less time at
the nest, they have less information than females on
offspring need and may consequently be more sensi-
tive to increased vocal begging, whereas females may
also respond to postural signals. Such information
asymmetry is unlikely to explain differential respon-
siveness to begging in meerkats, since pups forage
with the group and their begging calls can be heard
throughout the group (Manser & Avey 2000).

Sex differences in responsiveness to begging are
probably a consequence of differences between males
and females in the costs and benefits of investing in
young. Sensitivity to the nutritional demands of pups
is adaptive to adults as pups that receive more food
have improved chances of survival (Clutton-Brock
et al. 2001). Females, being the philopatric sex, have
more to gain than males by maximizing pup survival,
both through direct benefits of group augmentation
and future benefits of recruiting helpers that may
later assist them if they inherit the breeding position
(Clutton-Brock et al. 2002). Sex differences in dis-
persal, therefore, could explain why females are both
more generous to pups and more responsive to
increases in begging rate.

As dominants contribute less to pup care than
subordinates (Brotherton et al. 2001), we had expected
them to be less responsive to begging. However, we
found no difference between dominant and subordi-
nate individuals of the same sex in responsiveness to
increased begging rate, similar to Arabian babblers
(Turdoides squamiceps), where both helpers and bree-
ders increased their feeding rate in response to begging
(Wright 1998). The lack of difference in responsive-
ness between dominants and subordinates here may be
because dominants were more successful at foraging
and consequently incurred fewer costs by increasing
their generosity to hungrier offspring.

In conclusion, we found that females were more
responsive to increased begging rate, in terms of
generosity but not feeding rate. Females receive
Biol. Lett. (2008)
greater future pay-offs from investing in young than
males, which may explain both why they invest more
in young in general and respond more than males to
changes in a pup’s signal of need.
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