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Sex and age influence responses to changes in
the cost of cooperative care in a social carnivore

Matthew B.V. Bell
Large Animal Research Group, Department of Zoology, University of Cambridge, Downing Street,
Cambridge, CB2 3E], UK

In cooperative breeders, variation in contributions to offspring care will often be determined by variation in the cost of care.
Because the cost of investment is determined by its effect on residual reproductive value, a unit of care should impose different
fitness costs on different life-history categories of helper. This means that a change in current condition should have category-
specific effects on contributions to care. I test this in the cooperatively breeding banded mongoose (Mungos mungo), experi-
mentally increasing the cost of care by subjecting helpers to temporary deprivation. I observed category-specific effects on pup
provisioning: For a given percentage weight loss, female helpers reduce their provisioning by a greater extent than male helpers.
This is likely to be because variation in condition has a stronger effect on female reproductive success, so females should be
under stronger selection to limit the cost of offspring care. I also observed an unexpected effect of age, with older helpers
reducing their provisioning by more than younger helpers. This is probably because older helpers are more likely to breed
themselves, so changes in condition may have a more immediate effect on direct fitness. In general, category-specific responses to
changes in state should occur wherever there are existing category-specific differences in contributions to care, in both co-
operative breeders and biparental species. Key words: banded mongoose, cooperative care, life-history trade-offs, parent-offspring

conflict. [Behav Ecol 21:1118-1123 (2010)]

here is considerable variation in contributions by helpers

to offspring care in cooperatively breeding species
(Cockburn 1998; Griffin and West 2003; Cant and Field
2001). In many cases, this variation can be explained by vari-
ation in relatedness (Reyer 1984; Komdeur 1994; Russell and
Hatchwell 2001), although many species show limited sensi-
tivity to relatedness (Brown 1987; Jacobs and Jarvis 1996;
Cockburn 1998; Queller et al. 2000; Clutton-Brock et al.
2000, 2001). Such limited sensitivity may be a constraint im-
posed by sensory systems incapable of accurately detecting
relatedness (Komdeur and Hatchwell 1999; Nakagawa and
Waas 2004). It is also likely to be a result of variation in the
cost of investing in someone else’s offspring, which may often
differ between helpers, even when they are equally related (or
even unrelated) to the recipients of care (Heinsohn and
Legge 1999; Clutton-Brock et al. 2000, 2002; Cant and Field
2001; Russell et al. 2003; Field et al. 2006).

The cost of investment in offspring is not strictly determined
by absolute units of investment (mass of food provided,
amount of energy expended, etc); it is determined by its effect
on future capacity to reproduce (Trivers 1972; Kacelnik and
Cuthill 1990). Therefore, the fitness cost of a unit of invest-
ment will usually depend on the life-history category of the
carer, with carers in life-history categories whose residual re-
productive value is more strongly affected by investment un-
der stronger selection to limit the cost of investment (Cant
and Field 2001; Field et al. 2006; Ward et al. 2009). One way to
investigate this is to observe how carers in different life-history
categories alter their investment after a change in condition.
In general, reduced current condition should increase the
cost of investment (Russell et al. 2003)—and the magnitude
of the increase should be category specific. Therefore, the
effect of a change in condition on levels of care should be
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category specific, with life history categories whose residual
reproductive value is more affected by current investment
reducing care by a greater extent in response to reduced
condition.

Here, I investigate whether experimentally induced changes
in state have category-specific effects on pup provisioning by
helpers in banded mongooses (Mungos mungo). Banded mon-
gooses are small (>2 kg) cooperatively breeding carnivores,
where pups are cared for in exclusive associations with a single
helper (termed an “escort,” Cant 1998). Previous work indi-
cates that there are sex-specific effects of variation in state on
reproductive success (Hodge 2007; Hodge et al. 2009) and
that this may influence patterns of care, with females gener-
ally providing less care than males (Hodge 2007). This implies
that investment is more costly for females, so females may be
more sensitive to changes in state than males. I tested this by
temporarily removing escorts from their groups and depriving
them of food for 1 day, expecting female escorts to reduce
pup provisioning by a greater extent than males. An advan-
tage of the banded mongoose escort system is that compen-
sation by other adults is not an issue: Individual decisions
about the trade-off between current and future investments
are not influenced by the possibility of others compensating
for any shortfall.

METHODS
Study site and data collection

Between May 2004 and August 2005, I conducted experiments
on awild population of banded mongooses in Queen Elizabeth
National Park, Uganda (lat 0°12’S, long 27°54'E) (see Cant
2000 for habitat and climate details). All individuals were ha-
bituated to close (<5 m) observation on foot, and accurate
ages (£2 days) were known for most of the population (92%).
Individuals aged 0-3 months were classified as pups and >3
months as helpers (animals as young as 3 months have been
observed provisioning pups, MBVB, personal observation). All
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animals were tattooed for permanent identification, whereas
for field identification, fully grown animals were fitted with
color-coded plastic collars (weight 1.5 g, regularly checked to
ensure a loose fit) (see Cant 2000 for trapping and marking
procedures). Growing animals and some well-habituated ani-
mals were given unique haircuts.

All animals were trained to step on an electronic lab scale
(accuracy *1.5 g) before foraging in the morning
(ca. 7:30). Animals were weighed again after foraging in the
evening (ca. 18:30) and hourly weight change calculated as
the change in weight (grams) divided by time between weigh-
ing sessions (hours).

Behavioral observations were carried out by the author and
a field assistant, using handheld PSION II data loggers
(model LZ-64), running purpose-written programmes where
each individual in a pack and each target behavior were pre-
allocated to a key combination, allowing observers to record
rapid behavioral data without a break in observation.

This research was carried out under license from Uganda
National Council for Science and Technology and all proce-
dures approved by Uganda Wildlife Authority.

Study species

Banded mongooses live in large family groups (average num-
ber of adults = 29, range: 5—40) and are one of the few co-
operative species where subordinates regularly breed (median
number of breeding females per group = 4, range: 1-12).
Packs usually breed 4 times each year, with all pregnant fe-
males usually giving birth simultaneously, producing large
communal litters (median litter size = 5, range: 1-23). After
birth, pups remain in dens for 3—4 weeks. When they emerge,
they spend 3-5 days approaching different helpers, after
which each pup forms an exclusive association with a single
adult, with whom it spends >70% of its time and from whom
it receives most of its food (median = 100%; Gilchrist 2004;
Hodge 2005; Bell 2007). While foraging, pups follow escorts
closely (usually within 10 cm), begging constantly. Associa-
tions remain stable until independence (ca. 9-13 weeks; Cant
1998; Gilchrist 2004).

The pup-escort relationship and escort feeding

To quantify associations between pups and helpers, we carried
out 2 h of scan observations each day once new litters started
foraging. Every 5 min, for each pup, we recorded distance to
(*£ 10 cm) and identity of the nearest helper. At the end of
each session, we classified a helper as an “escort” if the same
pup was within 2 m for >40 % of scans. We defined a helper as
a pup’s “usual” escort after recording the same pup-helper
pair on at least five consecutive observation sessions (average
time between the first and last of the consecutive observation
sessions = 5 days, range: 3-17).

When pup habituation allowed, we conducted focal watches
on pups, following each pup for >20 min, recording ad libi-
tum food items provided by helpers and found by pups them-
selves. At the end of every minute, we recorded the identity of
every helper who was within 2 m of the pup for >20 s. For
each focal watch, we calculated helper provisioning rate and
pup selffeeding rate per minute observed.

Escort deprivation experiment

To investigate the effect of a change in state on escort provision-
ing rates, we conducted a series of escort deprivation experi-
ments. On control mornings, we carried out focal watches
on 23 escort—pup pairs as soon as their packs started foraging
(ca. 07:45). The following morning, we removed the escorts as

they emerged from the den (ca. 07:30), releasing them after
the pack had finished foraging in the evening (ca.18:30). On
the morning following deprivation, we carried out a second set
of focal watches on the same escort—pup pairs as soon as their
packs started foraging. To control for any effect of disruption
on packs as a whole, we carried out simultaneous focal watches
on 22 unmanipulated escort—-pup pairs, on both the control
morning and the postdeprivation morning.

When capturing, we distracted the target animal with
droplets of milk dispensed from a hamster water bottle, then
grasped it by the scruff of the neck, and put it into a covered
box trap (Tomahawk Live Trap Co., WI). In a few cases, target
animals were too nervous to catch by hand, so we baited the
trap and used a string release for the door. The morning after
deprivation, we carried out repeat focal watches on the
experimental pup-escort pairs as soon as their packs started
foraging. To minimize any effects of pup age on behavior after
escorts removal, we carried out removals within 20-25
days after pups first emerged (average age = 48 days, range:
44-53).

Ethical note

Escort removals took 5-10 minutes, and packs were not
usually disturbed because adults seldom gave distress calls
when trapped. We kept removed animals in their traps,
which were large enough to allow free movement (trap di-
mensions = 66 X 23 X 23 cm; average banded mongoose
body length = 52 cm). We covered the traps with a blanket
and stored them on the floor of a cool shed with access to
water but no food. Removed animals spent an average of
10.5 h out of the group (*0.1 standard error [SE]). Escorts
were accepted back with minimal aggression (usually sub-
jected to anal marking by dominant animals) and pup-escort
associations never broke down as a result of experimental
manipulation (MBVB, unpublished data).

Adult banded mongooses are frequently separated from
their packs for up to 11 h—they remain behind in the den
as babysitters (Cant 2003). This means that the period of
deprivation experienced by these animals was well within
the natural range. However, removing animals and keeping
them in traps are clearly likely to be considerably more stress-
ful. To minimize this stress, we 1) captured animals in pairs
because a companion seemed to reduce distress; 2) placed
traps in a cool darkened shed, covered by a blanket, because
darkness calmed the animals, and they usually spent most of
the removal period asleep; 3) provided an ad lib source of
water from a hamster water bottle; 4) checked animals at least
once an hour to monitor for signs of distress or injury; and 5)
ensured that the shed in which they were stored was left un-
disturbed and was secure from ants, predators, and toxins.
Removal had no discernible effect on behavior after release—
animals showed no increase in wariness toward observers and
allowed themselves to handled and weighed as before removal.
In many cases, animals would voluntarily reenter a trap within
minutes of release in search of food, indicating that they had
not formed a negative association with the trap.

Clearly, removal of an escort will have consequences for de-
pendent pups. These were explored in detail (Bell 2008), with
no evidence for lasting negative effects.

Statistical analysis

To determine whether there were category-specific effects on
the change in provisioning after deprivation, I constructed
a general linear mixed model (LMM) with percentage change
in provisioning rate as the response variable and percentage
body weight lost by the escort, escort age, and escort sex as
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explanatory variables (see Table 1 for all potential explanatory
variables tested). I included random terms for Litter and Pack
to account for repeated sampling (Schall 1991), with the
variance components estimated using the restricted maxi-
mum likelihood method. Analysis was conducted on 21 es-
corts with 21 different pups (9 female escorts with 5 male
and 4 female pups and 12 male escorts with 7 male and
5 female pups) from 10 litters in 4 packs (2 pup—escort pairs
excluded because behavioral observations were disrupted by
rain or elephants). Because the response variable is percent-
age change, it is not bound at 0 and 100 (the range is between
—100 and +80), which means that the data were normally
distributed (confirmed by a Kolmogorov—Smirnov (KS) test =
0.144, P > 0.15). During analysis, residuals from the model
were visually inspected to ensure homogeneity of variance,
normality of error, and linearity. A KS test confirmed that
the residuals were normally distributed (KS = 0.12, P> 0.15).

During model selection, I sequentially dropped all potential
explanatory terms from the full model, starting with the least
significant term in the full model and continuing until only
terms whose elimination would have significantly reduced
the explanatory power of the model remained. Once the min-
imal model had been established, each dropped term was
added back into the minimal model in turn to obtain their
level of nonsignificance and to verify that significant terms
had not been incorrectly excluded (after Crawley 2002). Re-
peating the analysis by successive inclusion of significant terms
to build a minimal model de novo yielded an identical final
model. I tested all 2-way interactions but only present those
explaining significant variation. I present the effect sizes of all
significant terms—these are parameter estimates from the
models and can be interpreted as the change in y per unit
change in x. For categorical variables, such as sex, one level of
the factor is set at 0, and the effect is relative to that factor
level.

Simple parametric tests were conducted in Minitab (all tests
2-tailed), and linear models constructed using Genstat 8.1
(Lawes Agricultural Trust, Rothamsted, Harpenden, UK).

Table 1

General linear mixed model of variables affecting the percentage
change in escort provisioning rate after experimental deprivation
(analysis was conducted on 21 escorts with 21 pups)

W:}ld statistic
2 (degrees

Explanatory terms of freedom = 1, 20) P
Escort age (days) 6.95 0.008
Escort % weight loss 5.41 0.02
Escort sex (M) 0.51 0.47
Escort % weight 4.96 0.026
change X escort sex

Pup weight 0.45 0.50
Pup age 0.07 0.79
Pup sex 0.01 0.91
Minimal model Effect size SE
Constant 0.49 0.24
Escort age (days) —0.00035 0.00013
Escort % weight loss —3.18 1.36
Escort sex (M) 0.15 0.22
Escort % weight 55.87 25.08
change X escort sex

Random term Estimated variance SE
Group 0.016 0.057
Litter 0.0026 0.069
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RESULTS
Escort weight loss

Escorts lost an average of 48.4 g (+4.01 SE) during removal
(an average of —3.4% * 0.22 SE of body weight). This is in
comparison with an average gain of 49.4 g (*5.4 SE) across
a similar time period on unmanipulated days (an average
of +3.5% * 0.4 SE of body weight). There were no sex-
specific differences in percentage weight loss (average per-
centage weight lost: females = 3.08 = 0.28 SE, males = 3.49
* 0.30 SE; 2 sample ttest, { = 1.0, P= 0.33) and no relation-
ship between age and percentage weight loss (linear regres-
sion, Fj 19 = 0.20, P = 0.66). There was no difference in pup
begging rate (average begging rate: control morning = 41.0
begs per min * 2.68 SE, postdeprivation morning = 42.1 begs
per minute = 3.20 SE; paired #test, t = 0.52, P = 0.61), in-
dicating that any changes in escort provisioning were not the
result of changes in pup demand.

Escort provisioning rates

Following deprivation, experimental escorts reduced their pro-
visioning rate whereas control escorts continued to provision
at similar rates (2-way repeated measures analysis of variance
[ANOVA], interaction between escort treatment [deprived or
control], and experimental stage [before or after depriva-
tion]: F; 41 = 8.51, P = 0.006; Figure 1).

There were sex-specific effects of deprivation on escort pro-
visioning: Female escorts were more sensitive to weight loss
than males, reducing their provisioning rate by more than
male escorts for the same percentage weight loss (LMM, in-
teraction between percentage body weight lost and escort sex:
XQLQO =4.96, P= 0.026; Table 1; Figure 2a). There was also an
effect of escort age, with older escorts showing larger reduc-
tions in provisioning rate (x% 90 = 6.95, P = 0.008; Table 1;
Figure 2b).

The reduction in provisioning rate allowed deprived escorts
to gain weight more rapidly than before deprivation, with
females gaining more weight than males (2-way repeated
measures ANOVA, interaction between sex and experimental
stage [before or after deprivation]: I5 41 = 4.67, P = 0.04;
Figure 3). This indicates that reduced provisioning is an

03
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B Alter deprivation
- 025 lich =
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= 024
L3
o
§’ 0.15
:g.
g 014
0.05 -
0
Deprived escorts Cortrol escorts
Figure 1

Deprived and control escort provisioning rate before and after
experimental escorts had undergone a day of experimental
deprivation (means = SE).
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adaptive reaction to deprivation rather than a by-product of
disrupted foraging or stress related to the removal and reflects
the greater sensitivity of females to deprivation.

DISCUSSION

The cost of offspring investment should depend on its effect on
the residual reproductive value of the carer—which will itself
depend on the life-history category of the carer (Cant and
Field 2001; Russell et al. 2003). This means that there should
be category-specific effects of a change in state on provision-
ing by helpers in cooperative breeders. The results presented
here confirm this: There is a sex-specific effect of weight loss
on provisioning, with female escorts being more sensitive to

10.00

linear regressions fitted through
the data.

weight loss than male escorts. There is also an effect of age,
with older escorts being more sensitive to deprivation than
younger escorts.

Females are probably more responsive to weight loss because
changes in condition have a greater effect on female reproduc-
tive success (Hodge 2007; Hodge et al. 2009). In particular,
the escorting period usually coincides with conception and
gestation of the subsequent litter, with lighter females much
less likely to conceive or carry to term (Gilchrist et al. 2004).
Moreover, pup weight is strongly influenced by maternal
weight at conception (Hodge et al. 2009), and pup weight
in turn has profound consequences for pup competitive abil-
ity, growth, survival, and age at first reproduction (Hodge
2005; Hodge et al. 2009). By contrast, male reproductive

7.50 4

5.00 |

Escort weight gain (g/hr)

250 4

0.00

Before deprivation

After deprivation

Figure 3

Experimental escort hourly
weight gain before and after
experimental deprivation
(means *= SE).
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success appears to be more governed by age rank rather than
by weight (Hodge 2003; Nichols et al. 2010), and males are
generally able to regain weight lost as a result of escorting
before competing in the next breeding attempt (Hodge
2007). The results presented here in fact mirror previous pro-
visioning experiments, which demonstrated that male escorts
increased their provisioning rates after supplementary feed-
ing, but female escorts did not (Hodge 2007).

In general, we should expect the sex whose reproductive
success is more influenced by changes in condition to show
greater sensitivity to a change in state and to show greater
variation in contributions to care. For instance, where there
are sex differences in dispersal, the dispersing sex often
invests less in cooperative care (Brotherton et al. 2001;
Clutton-Brock et al. 2002), possibly in compensation for the
cost of dispersal. That sex is likely to be more sensitive to
changes in state, reducing contributions more dramatically
during periods of shortage. We might therefore expect the
dispersing sex to show more extreme seasonal variation in
contributions to care.

The effect of age on provisioning was unexpected: Care is
usually expected to be more costly for younger individuals
(Heinsohn and Cockburn 1994) because they are still invest-
ing in growth (Brotherton et al. 2001; Clutton-Brock et al.
2001) or because their foraging skills are not yet fully devel-
oped (Heinsohn 1991; Thornton 2008). However, in banded
mongooses, older individuals are more likely to breed them-
selves (Cant 2000; Hodge 2007; Nichols et al. 2010), and re-
duced current condition may have a more immediate effect
on their direct fitness, whereas younger individuals may have
ample time to regain condition before attempting to breed
themselves (Russell et al. 2003; Hodge 2007).

Effects of life-history category on contributions to both co-
operative and biparental care are common (Cockburn 1998;
Clutton-Brock et al. 2002; Ward et al. 2009; Sumner et al.
2010) and should be expected wherever there are category-
specific effects of investment on residual reproductive value.
This study is unusual in that it demonstrates a category-
specific response to deterioration in state, though the results
mirror previous experiments demonstrating category-specific
responses to supplementary feeding (e.g., Eden 1987; Boland
et al. 1997; Clutton-Brock et al. 2002; Canestrari et al. 2007,
2008). Such category-specific responses to changes in state
should occur wherever there are existing category-specific dif-
ferences in contributions to care, in both cooperative
breeders and biparental species. This has implications for
our understanding of how individuals should respond to var-
iation in contributions by collaborators or partners.

Individuals are generally expected to adjust their own con-
tributions in response to changes by collaborators (Houston
and Davies 1985; McNamara et al. 1999; Johnstone and Hinde
2006). Experimental manipulations of the cost of care are
frequently conducted to investigate individual responses to
changes in investment by collaborators (for reviews, see Hinde
2006 and Harrison et al. 2009). The majority of this work
assumes that the fitness cost of a unit of care is the same for
both partners and is constant across a breeding attempt. In
fact, equal costs are very unlikely, and existing sex differences
in care or desertion rate indicate underlying differences in
the fitness cost of a unit of care—and should predict sex-
specific responses to both changes in the cost of care and to
changes in partner contributions. This may in part explain
much of the variation in the results of handicapping experi-
ments (Hinde 2006; Harrison et al. 2009). For instance, the
timing of the experiments may strongly influence the out-
come: If carried out early in the breeding season, male re-
sidual reproductive value may be higher than later in the
breeding season, so males handicapped early should be more
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sensitive to increased costs than those handicapped later.
Male responses to female handicapping should also vary: Early
in a breeding season, when male residual reproductive value is
high, increased contribution will cost more per unit than later
in the breeding season, so males may be less responsive to
changes in female provisioning early in the breeding season.

The logic can be extended to any cooperative behavior where
current investment has different effects on the residual repro-
ductive value of the collaborators. Individuals will generally
be selected to compensate for changes in investment by col-
laborators, but a unit of compensation will impose different
fitness costs on different categories of collaborator. Predicting
the outcome of these interactions will not be straightforward
because it requires an understanding of the trade-off of cur-
rent against future fitness for each collaborator.
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