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It is well established that grooming underpins
sociality in group-living primates, and a number
of studies have documented the stress-reducing
effects of being groomed. In this study, we quanti-
fied grooming behaviour and physiological stress
(assessed by faecal glucocorticoid analysis) in free-
ranging Barbary macaques, Macaca sylvanus.
Our results indicate that it is the giving rather
than the receiving of grooming that is associated
with lower stress levels. These findings shed
important new light on the benefits of this key
behaviour in primate social life.
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1. INTRODUCTION
Since the early days of field primatology, grooming
has been recognized as a fundamental component
of primate sociality (Kummer 1968; Rowell 1972).
Individual animals spend up to one-fifth of their active
day manually combing through the fur of conspecifics
(Dunbar 1991). While this may serve a hygienic
function to a certain extent, there is abundant evidence,
including the major time investment involved, that the
primary role of grooming is to service social relation-
ships (Dunbar 1988). Commonly, the underlying
hypothesis is that being groomed is relaxing, and giving
grooming away can therefore be traded for other
services. These could be immediate, such as reciprocal
grooming in a ‘biological market’ (Barrett ez al. 1999),
or realized at some later time, such as support in
agonistic encounters (Seyfarth & Cheney 1984).
Evidence for the relaxing effects of grooming comes
from a range of non-human primate species in captivity,
using different measures of stress reduction. For
example, Boccia ez al. (1989) showed that the heart rate
of a female pigtail macaque (Macaca nemestrina)
declined while receiving grooming. Similarly, Aureli
et al. (1999) found that the receipt of grooming lowers
the heart rate in female rhesus macaques (Macaca
mularta). These two studies demonstrate short-term
effects of being groomed. One longer term study has
provided some evidence that the amount of grooming
received may be linked to lower stress levels. Gust ez al.
(1993) documented a significant negative correlation
between affiliative behaviours and levels of the stress
hormone cortisol in female rhesus macaques; these
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behaviours included receiving grooming in one of the
four quarters of their year-long study.

We set out to investigate the association between
physiological stress levels and grooming behaviour
among adult female Barbary macaques (Macaca
sylvanus). Unexpectedly, we found evidence that it is
the giving rather than the receiving of grooming which
is associated with reduced levels of physiological stress.

2. MATERIAL AND METHODS

(a) Behavioural data collection

The study was carried out on the Middle Hill troop of Barbary
macaques in the Upper Rock Nature Reserve, Gibraltar between
17 March and 19 May 2004. Behavioural data were collected
during 15 min focal watches, carried out between 10.00 and 17.00.
The order in which females were followed was randomized each
day. If a female could not be located, the next female on the list
was followed and the original female then followed at the next
possible opportunity. In total the troop was observed for 102 h,
with the number of individual focal watches for each female ranging
from 22 to 44. During focal observation sessions, the duration of
grooming bouts between adult females was recorded, along with
the identification of the female being groomed by or grooming the
focal female. Behavioural data on occurrences of dyadic approach—
avoid and agonistic interactions were also recorded during focal
watches, supplemented by observations during food provisioning,
between 08.30 and 10.00 daily. These data were used to construct
a dominance hierarchy.

(b) Hormone analyses

During the study period, between three and six faecal samples
uncontaminated with urine were collected in the morning for each
female. Immediately after defecation, samples were homogenized
with a stick and approximately 5 g placed in a container with 10 ml
of 95% ethanol. Samples were stored and transported at ambient
temperature.

All laboratory analyses were carried out at Roehampton
University. Samples were homogenized and extracted twice based on
the method described by Ziegler et al. (2000). Faecal extraction from
the sample population by this method is 93+5% efficient, as
measured by the recovery of >H-progesterone added to the samples
prior to extraction (Mohle et al. 2005). The concentration of
immunoreactive cortisol metabolites in the faecal extracts was then
assessed using a group-specific enzyme immunoassay for the measure-
ment of 5B-androstane-3a, 11B-diol-17-one cortisol metabolites
(3a,11B-dihydroxy-CM) that was previously validated for female
Barbary macaques (Heistermann ez al. 2006). All samples were
measured at the same dilution (1 : 160). Sensitivity of the assays at
90% binding was 0.32 pg. Intra- and inter-assay coefficients of
variation, calculated from replicates of low- and high-concentration
quality controls were 13.8% (#=16) and 13.2% (n="7; low), and
11.5% (n=17) and 13.2% (n="7; high), respectively.

All but one of the females were definitely pregnant during the
study, giving birth between the beginning of May and mid-July. It was
not possible to determine whether the remaining female lost the foetus
prior to term or never became pregnant. Cortisol levels are known to
rise during pregnancy in both humans and non-human primates
(Keller-Wood & Wood 2001). The stage of pregnancy was therefore
included in initial analyses, calculated as the day of pregnancy based
on the date of birth and a gestation period of 164 days for Barbary
macaques (Paul & Kister 1987). There was no correlation between
mean 3a,11B-dihydroxy-CM levels and mean stage of pregnancy
(p=0.446, n=10), possibly because pregnant females were all in the
second or third trimester. In addition, the mean 3a,11p-dihydroxy-
CM level of the female who did not give birth was not significantly
different from those of the pregnant females. The stage of pregnancy
was therefore not included in further analyses.

(¢) Statistical analysis

We used a combination of bivariate correlation analyses and stepwise
multiple regression to investigate the relationships between grooming
behaviour and 3a,11B-dihydroxy-CM levels. The potential effects of
age and dominance rank on our measure of stress were also
investigated. All analyses were performed using SPSS v. 13.0. One
female who was a clear outlier was excluded from analyses. This
female had lost her infant in the previous season, and had persistently
elevated 3a,11B-dihydroxy-CM levels (figure 1).
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Figure 1. Plots of 3a,11B-dihydroxy-CM levels and (a) grooming given and (b) grooming received. On both plots, the same

individual (open symbol) is a clear outlier (see §2).

Table 1. Results of bivariate correlation analyses of 3a,11B-dihydroxy-CM levels and grooming rates, age and rank (r=11).

grooming given to adult

grooming received from

females (sh™ 1) adult females (sh™ 1) age rank
3a,11B-dihydroxy-CM r=—0.924 r=-—0.118 r=0.559 r=0.509
(ng g~ ! dry faecal weight) $<0.001 p»=0.729 p»=0.074 p»=0.110

3. RESULTS
Physiological levels of stress were assessed as levels of
immunoreactive 3a,11B-dihydroxy-CM, a group of
cortisol metabolites excreted in faeces (see §2).
Bivariate correlations between levels of 3a,11B-dihy-
droxy-CM and each of grooming given, grooming
received, age and rank are presented in table 1. The
only significant relationship found was a strong
negative correlation between 3a,11pB-dihydroxy-CM
levels and the amount of grooming given; no relation-
ship was found with grooming received (figure 1a,b).
Grooming given is a combination of grooming given
to individual females (grooming per female) and the
number of females groomed (clique size). Both of the
variables were found to be correlated individually with
3a,11B-dihydroxy-CM levels (grooming per female,
r=—0.689, p=0.019; clique size, r=—0.776,
p=0.005; n=11). They were not correlated with
each other. A stepwise multiple regression revealed
that both of these variables were independently
correlated with 3a,11B-dihydroxy-CM levels (F,g=
17.505, p=0.001; grooming per female, = —0.448,
t=—3.022, p=0.017; clique size, #=—0.616,
t=—3.820, p=0.005).

4. DISCUSSION

Our results shed new light on the possible mechanisms
underlying primate sociality. Although in many
previous studies giving and receiving grooming are not
differentiated, in cases where they have been, evidence
to date indicates that it is receiving grooming that is
beneficial (Boccia ez al. 1989; Gust er al. 1993; Aureli
et al. 1999). The giving of grooming is assumed to be
costly, for example, reducing the amount of time
available for other activities, such as foraging and
vigilance (Dunbar 1991; Maestripieri 1993). Our study

Biol. Letz. (2007)

provides novel empirical evidence that the giving of
grooming is associated with lower stress levels in
primates. In addition, both the amount of grooming
given per individual and the number of individuals to
whom grooming is given appear to be important.

Of the previous studies linking the receipt of
grooming to reduced stress, two looked at the
immediate effects of this affiliative behaviour on heart
rate (Boccia et al. 1989; Aureli et al. 1999). Assuming
that similar processes occur in Barbary macaques, our
results provide no evidence that these short-term
effects translate into lower stress levels in the longer
term. Our results also contrast with those of a year-
long study of stress and grooming in a captive
macaque population by Gust er al. (1993). In one of
the four quarters of their study, they found a negative
relationship between cortisol levels and the amount of
grooming received, but no associations were found
with the amount of grooming given. This suggests
that the mechanisms by which stress is mediated may,
for example, differ between wild and captive environ-
ments, or between species.

Our findings indicate that the number of different
females to whom grooming is given, as well as the
amount of grooming given to each, is associated with
lower stress levels. We suggest, therefore, that the link
between stress and grooming others may result from
the benefits derived through the larger and stronger
network of social support enjoyed by females who not
only invest more time in grooming but who also
distribute it among more individuals. Evidence from
playback experiments with vervet monkeys demon-
strated that individuals are more likely to give support
in agonistic interactions to those who have groomed
them (Seyfarth & Cheney 1984). Social support
following agonistic encounters has been demonstrated
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in Barbary macaques and plays an important role in
determining the outcome of agonistic encounters
(Prud’Homme & Chapais 1993). An investigation
into patterns of grooming and involvement in agon-
istic encounters could therefore shed light on the
mechanisms underlying the link between stress levels
and grooming in this species.

Our results are correlative, and therefore we cannot
determine the causative direction. Instead of more
grooming resulting in lower stress levels, alternatively
being more relaxed may free up the time for an
animal to groom more. Our data do not allow us to
distinguish between these possibilities. However, simi-
larly to us, Engh er al. (2005) also speculate that
increasing both the amount of grooming given and
the number of partners to whom it is given can lead
to reduced stress levels. These authors found that
while glucocorticoid levels rose in female chacma
baboons who had recently lost a close relative,
following the loss females increased grooming rates
and their number of grooming partners. They suggest
that this broadening and strengthening of grooming
networks may have been a key factor in glucocorticoid
levels subsequently returning to baseline.

In conclusion, we found significant relationships
between physiological stress levels and the giving but
not the receiving of grooming in female Barbary
macaques. It is known that stress levels impact on the
successful outcome of pregnancy across mammals
(De Catanzaro & MacNiven 1992). Therefore, if the
association that we have found has a causal basis,
variation in grooming behaviour might ultimately
contribute to reproductive success. Our findings
should prompt further consideration of the functions
of different aspects of grooming and, in particular, a
re-examination of the costs and benefits of this key
behaviour in primate social life.
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