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There has been considerable discussion of the factors that influence the hunting behaviour of male
chimpanzees. Explanations invoking social benefits hinge upon the potential for males to share meat
with sexually receptive females in exchange for mating (‘meat for sex’), or to share meat with other males
in exchange for social support (‘male social bonding’). Ecological factors may also affect hunting:
chimpanzees may hunt more frequently (1) in response to food shortages (‘nutrient shortfall’); (2)
when energy reserves are high (‘nutrient surplus’); (3) in habitat types with good visibility and increased
prey vulnerability; and/or (4) when ecological factors favour cooperative hunting. We used 25 years of data
on chimpanzees in Gombe National Park, Tanzania, to examine the relative importance of social and
ecological factors in the decision to hunt red colobus monkeys, Colobus badius. The presence of sexually
receptive females was associated with a significant decrease in hunting probability, suggesting that males
face a trade-off between hunting and mating (‘meat or sex’ rather than ‘meat for sex’). Hunting by specific
males did not vary with adult male party size, providing evidence against the male social-bonding hypoth-
esis. After controlling for the effects of party size, diet quality was not associated with the probability of
hunting or hunting successfully. Hunts were more likely to occur and to succeed in woodland and semi-
deciduous forest than in evergreen forest, emphasizing the importance of visibility and prey mobility.
Finally, per capita meat availability decreased with adult male party size, suggesting that hunting was
not cooperative. These results provide evidence against social explanations for hunting in favour of
more simple ecological alternatives.

� 2006 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Capture of mobile prey provides nutritional benefits, but
even for specialized carnivores, can be costly in terms of
energy expenditure and risk of injury (Packer & Ruttan
1988). Studies of hunting in a variety of species show
that animals weigh these benefits and costs in hunting de-
cisions. Ecological factors, particularly pursuit costs, are
central to hunting studies (Creel & Creel 1995; Creel
1997; Packer & Caro 1997). African lions, Panthera leo,
hunt more in areas where prey are most vulnerable
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(Hopcraft et al. 2005), have better hunting success in
long grass and on dark nights (Funston et al. 2001), and
cooperate to capture large ungulates when the mutual
benefits outweigh the costs (Grinnell et al. 1995). Simi-
larly, wolves, Canis lupis, preferentially kill white-tailed
deer, Odocoileus virginianus, in areas with increased stalk-
ing cover (Kunkel & Pletscher 2001). Wild chimpanzees
have a diet composed chiefly of fruit and leaves, but
they also capture and eat a variety of mammals, birds
and other vertebrates (Wrangham 1977; Nishida et al.
1979; Goodall 1986), preying most frequently upon red
colobus monkeys, Colobus badius (Uehara 1997; Mitani
& Watts 2001). Recent studies of the factors that influence
chimpanzee hunting decisions and success have empha-
sized the potential social benefits of hunting. Selective
meat sharing may yield increased mating opportunities
and/or aid in the maintenance of cooperative intrasexual
relationships, thus providing added incentives for hunt-
ing. However, ecological factors are also likely to be
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important determinants of hunting probability and suc-
cess in chimpanzees, as they are in other predators.

In this study, we used 25 years of data from Gombe
National Park, Tanzania to examine social and ecological
explanations for male chimpanzee hunting behaviour. We
used multivariate statistics to test several nonmutually
exclusive hypotheses. This allowed us to examine the
relative importance of a single variable while controlling
for the potentially confounding effects of additional vari-
ables associated with alternative hypotheses.

Social Factors

Chimpanzees live in complex fission–fusion commu-
nities within which individuals travel in subgroups
(parties) of changing composition (Nishida 1968;
Wrangham & Smuts 1980; Goodall 1986). Males com-
pete for dominance rank and may form reciprocal,
cooperative social relationships or ‘alliances’ (de Waal
1989; Wrangham et al. 1992; Mitani et al. 2000).
Females are considerably less social than males, except
during periods of sexual receptivity (Goodall 1986;
Mitani et al. 2002), when they develop a conspicuous
anogenital swelling (Goodall 1986; Wallis 1997).

Male social bonding
The male social-bonding hypothesis proposes that the

potential of using meat to foster intrasexual alliances
provides a social incentive for hunting (Stanford et al.
1994b; Mitani & Watts 2001). This predicts that upon en-
countering a red colobus troop, a male chimpanzee will be
more likely to hunt if there are many other adult males
present, assuming that large parties are more likely to con-
tain an ally (Mitani & Watts 2001). In support of this idea,
several studies have reported that the probability of hunt-
ing (by at least one chimpanzee) increases with party size
(Stanford et al. 1994b; Hosaka et al. 2001; Mitani & Watts
2001; R. W. Wrangham, personal communication). How-
ever, each male ultimately decides whether or not to
hunt; therefore, it is more informative to conduct analyses
at the level of the individual (i.e. the target of focal-animal
sampling). No study to date has investigated the effect of
party size on hunting by specific individuals.

Meat for sex
The ‘meat-for-sex’ hypothesis proposes that male chim-

panzees hunt to obtain meat to entice swollen (sexually
receptive) females to mate (Stanford et al. 1994b; Stanford
1998). This predicts that a male will be more likely to hunt
in parties containing sexually receptive females, indepen-
dently of the number of adult males. Using long-term data
from Gombe, Stanford et al. (1994b) provided evidence
consistent with the meat-for-sex hypothesis, reporting
a positive correlation between the presence of swollen
females and hunting frequency. In two communities in
Kibale National Park, Uganda, however, there was no such
correlation (Ngogo: Mitani & Watts 2001; Kanyawara:
R. W. Wrangham, personal communication).
Ecological Factors

Nutrition
The availability of ripe fruit in chimpanzee habitat

varies considerably over time, resulting in predictable
and unpredictable nutrient shortfalls (Chapman et al.
1995; Wrangham et al. 1998). The ‘nutrient shortfall’ hy-
pothesis proposes that hunting frequency will increase
when fruit is scarce and chimpanzees need to supplement
their diet with meat (Teleki 1973; Takahata et al. 1984;
Stanford 1996, 1998). In support of this idea, two studies
have reported that hunting frequency at Gombe was high-
est during the dry season (Stanford et al. 1994b; Gilby
2004), when body masses tend to be low (Pusey et al.
2005). However, it is unclear whether nutrition was re-
sponsible for this trend. An alternative, the ‘nutrient sur-
plus’ hypothesis, proposes that a chimpanzee will be
more likely to hunt when diet quality is high and it can
more easily absorb the energetic costs of hunting (Mitani
& Watts 2001). This idea is supported by data from Ngogo
and Mahale Mountains National Park, Tanzania, where
hunting frequencies were highest during times when
ripe fruit was plentiful (Ngogo: Mitani & Watts 2001;
Watts & Mitani 2002a, b; Mahale: Nishida et al. 1979;
Takahata et al. 1984). However, these studies did not con-
trol for potentially confounding factors, such as party size,
that are often correlated with fruit abundance and that af-
fect hunting behaviour.

Vegetation type
Forest structure is likely to affect chimpanzee hunting

behaviour. The habitat at Gombe is a mosaic of evergreen,
semideciduous forest and deciduous woodland (Clutton-
Brock & Gillett 1979). Hunting is arguably more costly
in evergreen forest, where trees are tall, the canopy is thick
and continuous, and the understory is dense, characteris-
tics that reduce visibility and provide many escape routes
for prey. Branches in the upper canopy are thin and flex-
ible, increasing the risk of serious injury to chimpanzee
hunters. In contrast, hunting costs should be lower in
semideciduous forest and woodland, where the canopy
is often broken and there is little or no vine cover or
ground-layer vegetation. In the woodland habitat, trees
reach only 12–15 m in height (Clutton-Brock & Gillett
1979). Thus, because of such contrasting characteristics,
a male should be more likely to hunt (and succeed) in
semideciduous forest or woodland than in evergreen for-
est. Several studies have supported this idea. Chimpanzees
at Gombe and Ngogo were most likely to hunt and suc-
ceed in areas with broken canopy and/or secondary
growth (Wrangham 1975; Stanford et al. 1994b; Watts &
Mitani 2002b). Differences in hunting patterns between
chimpanzees at Ta€ı National Park, Côte d’Ivoire and
Gombe may be due to consistent differences in forest
structure (Boesch 1994).

Cooperation
Chimpanzees usually hunt red colobus monkeys in

groups, but there is disagreement over the extent to which
they hunt cooperatively. According to a well-known
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economic definition, hunting is cooperative if the payoff
to a hunter is higher by hunting with others than by
hunting alone (Mesterton-Gibbons & Dugatkin 1992;
Clements & Stephens 1995). Therefore, if chimpanzees
hunt cooperatively, then (1) the probability that a male
will hunt, (2) the probability that a male will make a kill
and (3) per capita meat intake (Busse 1977; Watts & Mitani
2002a) should increase with adult male party size.

There has been mixed support for cooperative hunting
among chimpanzees. An early study at Gombe showed
that an individual male’s probability of making a kill
decreased with party size (Busse 1978). At Ngogo, per
capita meat availability after successful hunts was inde-
pendent of party size (Watts & Mitani 2002a). At Ta€ı, how-
ever, a male’s net energy gain was higher when he hunted
cooperatively with others than when he did not hunt and
relied upon obtaining meat from a successful hunter
(Boesch 1994; Boesch & Boesch-Achermann 2000). While
the type of cooperation that Boesch describes requires
behavioural coordination, and our definition does not,
the data suggest that, at Ta€ı, there is a per capita energetic
payoff to hunting in groups.

METHODS

Data collection on the Kasekela chimpanzee community
at Gombe National Park has been consistent since 1974
(for details, see Goodall 1986). Observers conduct daily
dawn-to-dusk focal follows of adult chimpanzees, system-
atically recording three main types of data: (1) party com-
position; (2) feeding by the focal chimpanzee; and (3)
location. Location estimates, recorded at 15-min intervals,
have a mean error of 133 m (Gilby 2004). The observers
also write detailed narrative notes on the behaviour of
the focal chimpanzee and significant party-level events,
including encounters with colobus monkeys.

We extracted all reported encounters with colobus
monkeys from the narrative notes between 1975 and
2001 (excluding 1994, for which data were not available).
We defined an ‘encounter’ as when the observers recorded
the presence of colobus monkeys within close range
(w50 m) of the focal chimpanzee, regardless of whether
any interest was shown in hunting (after Stanford et al.
1994b). We plotted the location of each encounter on
a vegetation map derived from a 4-m multispectral IKO-
NOS satellite image acquired on 30 June 2000. We
smoothed the image using a 3 � 3 low-pass filter and clas-
sified the vegetation using the normalized difference veg-
etation index (NDVI) threshold in ERDAS Imagine (Leica
Geosystems, Heerbrugg, Switerland). Ground-truthing in-
dicated that the user accuracy was 80% for woodland
and semideciduous forest and 77% for evergreen forest
(L. Pintea, unpublished data). Using this map, we recorded
whether each colobus encounter occurred in evergreen
forest, semideciduous forest or woodland. Owing to simi-
larities in structure, we refer to woodland and semidecidu-
ous forest as ‘woodland’ throughout this paper. We
determined the number of adult male chimpanzees and
swollen females that were present in the party from the
start of each encounter, �15 min. We classified males as
‘adult’ if they were at least 12 years old, the age at which
males at Gombe consistently start to hunt successfully
(I. C. Gilby, unpublished data). We classified only maxi-
mally tumescent females as ‘swollen’ (sexually receptive).

For each encounter with colobus monkeys, we recorded
which males (if any) hunted and which captured mon-
keys. We defined hunting as ‘climbing in pursuit of one or
more monkeys’. This is similar to the definition used by
Boesch & Boesch (1989), where hunters were identified as
chimpanzees that climbed to the same height as the
monkeys. We refer to encounters in which at least one
adult male hunted as ‘party-level’ hunts and those in
which the focal male hunted as ‘focal-level’ hunts. Based
on Stanford (1998) and Wrangham & Bergmann-Riss
(1990), we used the following values to estimate the num-
ber of kilograms of meat (including bones and viscera)
captured during each successful hunt: infant colo-
bus ¼ 1 kg; juvenile ¼ 3 kg; adult ¼ 8 kg. If the observer
did not record the age of the prey, we estimated its mass
as 5 kg.

When possible, all chimpanzees that visited an artificial
feeding area were weighed at least once a month during
three periods: 1970–1985, 1991–1994 and 1996–2000 (for
more detail, see Pusey et al. 2005). After statistically con-
trolling for several confounding factors, Pusey et al.
(2005) found that body mass varied significantly by
month. We modified the Pusey et al. (2005) model to fit
monthly effects specific to each year (N ¼ 204 month/
year combinations), rather than using separate, additive
monthly and yearly effects. The resulting monthly ‘multi-
plicative body mass’ (MBM) effect is the month-specific
average effect on median chimpanzee body mass, as pre-
dicted by this modification of the Pusey et al. (2005)
model. For example, a MBM effect of 1.03 would indicate
that, in that month, chimpanzees tended to weigh 3%
more than the median body mass observed during the
entire study period.

We consider body mass to be a reliable indicator of
nutritional state. However, body mass measurements
were distributed unevenly across months and years. As
a result, there were mass data for fewer than 50% (148 of
312) of the months with hunting data. Rather than
restrict our analyses to these months, we assessed
whether monthly diet measures (recorded for all months)
were correlated with body mass. We calculated two
measures of diet quality for each month of the study,
using feeding records of all focal chimpanzees that were
followed during that month. We totalled the number of
minutes that focal chimpanzees spent feeding and then
calculated (1) leaf/pith consumption, the percentage of
feeding time spent eating leaves or pith and (2) fruit
consumption, the percentage of feeding time spent
eating fruit. A repeated measures multiple regression of
the month-specific MBM effect on the previous month’s
leaf/pith and fruit consumption values indicated that
only leaf/pith consumption was a significant (negative)
predictor of body mass (F1,148 ¼ 5.05, P ¼ 0.03, control-
ling for autocorrelated MBM effects in adjacent months).
In other words, low average body mass in a specific
month was associated with high leaf/pith consumption
in the previous month. Therefore, we chose to use
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leaf/pith consumption in a given month as an indicator
of diet quality in that month.

Statistical Analysis

For each hypothesis, we ran party-level and focal-level
analyses. Each hypothesis has one primary explanatory
variable of interest, so we began with simple (unadjusted)
logistic regressions with the outcome either ‘hunt
occurred’ (yes/no) or ‘hunt succeeded’ (yes/no), as appro-
priate. Then, to illustrate the potentially confounding
effects of the other explanatory variables, we ran multiple
logistic regression (MLR) models with all interactions
among adult male party size, number of swollen females
(zero, one, two or more), vegetation type (woodland,
evergreen) and leaf/pith consumption. We refer to these
variables as ‘confounding factors’. We ran four MLR models:
(1) party-level hunting (MLR 1); (2) focal-level hunting
(MLR 2); (3) party-level hunting success (MLR 3) and (4)
focal-level hunting success (MLR 4). We reduced each model
using manual backwards elimination, removing interaction
terms with P values greater than 0.05 (type III analysis). We
retained all main effects, regardless of significance. For all fo-
cal-level analyses, we used generalized estimating equations
(GEE; Diggle et al. 2002) to control for repeated observations
of the same male. We used SAS version 9.1 (SAS Institute,
Cary, North Carolina, U.S.A.) for all analyses.

RESULTS

Hunting Totals

We identified 1646 encounters with colobus monkeys.
We restricted party-level analyses to those encounters in
which at least one adult male chimpanzee was present and
the narrative notes contained sufficient detail to deter-
mine whether at least one male hunted (1087 encounters;
Table 1). There were 991 encounters for which the focal
chimpanzee was an adult male and it was clear whether
or not he hunted. We used this subset for all focal-level
analyses. The party-level hunting rate (hunts/encounters)
was 0.69, compared to a focal hunting rate of 0.46
(Table 1). Fifty-three per cent of party-level hunts were
successful, with a mean � SD of 1.76 � 1.1 kills per suc-
cessful hunt (range 1–7; Table 1). The focal male’s success
rate was 0.32 (Table 1).

Male Social Bonding

The odds that at least one male hunted increased
significantly with adult male party size (unadjusted odds
ratio ¼ 1.06, c2
1 ¼ 8:82, P ¼ 0.003; Fig. 1). The magnitude

and significance of this association increased after control-
ling for the confounding factors (see Methods; MLR 1:
odds ratio ¼ 1.12, P < 0.0001; Table 2). There was no asso-
ciation between hunting by the focal male and adult male
party size (unadjusted odds ratio ¼ 0.96, c2

1 ¼ 3:49,
P ¼ 0.06). This result became significant when we con-
trolled for the confounding factors (c2

1 ¼ 7:02, P ¼ 0.03),
but only for parties with two or more swollen females
(odds ratio ¼ 1.11, P ¼ 0.05; Table 3, Fig. 2).

Meat for Sex

Unadjusted analysis revealed no association between
the number of swollen females and the probability of
party-level hunting (c2

2 ¼ 1:29, P ¼ 0.5). However, multi-
ple regression showed that the odds of party-level hunting
were 44% lower in parties with one swollen female (odds
ratio ¼ 0.56, P ¼ 0.002) and 55% lower in parties with two
or more swollen females (odds ratio ¼ 0.45, P ¼ 0.0002),
compared to parties with no swollen females (MLR 1;
Table 2, Fig. 3). Similarly, there was a negative unadjusted
association between hunting by the focal male and the
number of swollen females (c2

2 ¼ 5:90, P ¼ 0.05). This neg-
ative relationship remained when we controlled for the
confounding factors, but was tempered by the aforemen-
tioned interaction between adult male party size and swol-
len females. In parties with three adult males, the odds
that the focal male hunted were 69% lower in parties
with two or more swollen females than in parties with
no swollen females (odds ratio ¼ 0.31, P ¼ 0.006; Table
3, Fig. 2). In parties with 10 adult males, however, there
was no such association (P ¼ 0.53).
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Figure 1. Relation between the probability of hunting by at least one
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Table 1. Hunting totals

Encounters Hunts Hunting rate Successful hunts Success rate Kills Kill rate

Party level* 1087 751 0.69 399 0.53 703 1.76
Focal levely 991 453 0.46 146 0.32 151 1.03

*At least one male was present during all encounters and participated in all hunts, successful hunts and kills.
yThe focal chimpanzee was an adult male in all encounters and participated in all hunts, successful hunts and kills.
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There was a positive unadjusted association between
party-level hunting success and the number of swollen
females (c2

2 ¼ 20:73, P < 0.0001), but this relationship was
not statistically significant when we controlled for con-
founding factors (MLR 3: c2

2 ¼ 1:19, P ¼ 0.5; Table 4).
There was no evidence of an unadjusted association
between number of swollen females and focal male hunt-
ing success (c2

2 ¼ 4:77, P ¼ 0.11), even in the multiple
regression (MLR 4: c2

2 ¼ 4:76, P ¼ 0.09; Table 5).

Nutrition

Party-level hunting was positively associated with diet
quality: the odds that at least one male hunted decreased as
leaf/pith consumption increased (unadjusted odds ratio ¼
0.98, c2

1 ¼ 5:16, P ¼ 0.02). However, after controlling for
the confounding factors, this association was no longer
significant (MLR 1: P ¼ 0.88; Table 2), probably because
mean adult party size was also positively correlated with

Table 2. Output from MLR 1: hunting by at least one adult male

Parameter Category Odds ratio c2
1 P

Adult males 1.12 19.25 <0.0001

Swollen females 2þ 0.45 13.67 0.0002
1 0.56 9.45 0.002
0 1.00 d d

Vegetation Woodland 1.34 3.72 0.05
Evergreen 1.00 d d

Leaf/pith 1.00 0.02 0.88

Output from a multiple logistic regression (MLR) of hunting by at
least one male on adult male party size, swollen females, vegetation
type and leaf/pith consumption. Odds ratios represent the effect of
a one-unit increase in the continuous variables (adult males and
leaf/pith consumption). For the categorical variables, odds ratios rep-
resent the effect relative to the reference group (swollen females: 0;
vegetation: evergreen). Significant values are shown in bold.
both diet quality (Gilby 2004) and party-level hunting
(see Male Social Bonding, above). Hunting by the focal
male was also not associated with leaf/pith consumption
(c2

1 ¼ 0:14, P ¼ 0.70), even in the multiple regression
(MLR 2: P ¼ 0.6; Table 3).

Hunting success was positively associated with diet
quality: a party-level hunt was less likely to succeed during
months with high leaf/pith consumption (unadjusted
odds ratio ¼ 0.97, c2

1 ¼ 7:53, P ¼ 0.006). Again, however,
this relationship was no longer significant when we con-
trolled for the confounding factors (MLR 3: P ¼ 0.86; Table
4). The focal male was also less likely to succeed during
months with high leaf/pith consumption (odds ra-
tio ¼ 0.97, c2

1 ¼ 3:9, P ¼ 0.05), but again, this relationship
was not significant in the multiple regression (MLR 4:
P ¼ 0.08; Table 5).

Vegetation Type

At least one male hunted in 73.6% (251/341) of
encounters with red colobus monkeys in woodland
habitat versus 67% (500/746) of similar encounters in
evergreen habitat, a difference that was statistically signif-
icant (unadjusted odds ratio ¼ 1.37, c2

1 ¼ 4:83, P ¼ 0.03).
This remained the case when the confounding factors
were controlled for statistically (MLR 1: odds ratio ¼ 1.34,
P ¼ 0.05; Table 2). Focal-level hunting showed the same
pattern, but the difference was not statistically significant
(c2

1 ¼ 0:99, P ¼ 0.32), even after controlling for the con-
founding factors (MLR 2: P ¼ 0.3; Table 3).

The probability of party-level hunting success was
higher in woodland than in evergreen forest (odds
ratio ¼ 1.75, c2

1 ¼ 13:02, P ¼ 0.0003), even when the con-
founding factors were controlled for (MLR 3: odds ratio ¼
1.80, P ¼ 0.0003; Table 4). Similarly, the focal male was
more likely to hunt successfully in woodland (39% suc-
cess) than in evergreen forest (28% success, unadjusted
odds ratio ¼ 1.62, c2

1 ¼ 5:27, P ¼ 0.02). When the
Table 3. Output from MLR 2: hunting by the focal male

Parameter Category Level of interacting variable Odds ratio c2
1 P

Adult males 2þ swollen females 1.11 3.85 0.05
1 swollen female 0.91 2.41 0.12
0 swollen females 0.96 1.67 0.19

Swollen females 2þ 3 adult males 0.31 7.56 0.006
1 1.19 0.56 0.45
0 1.00 d d

Swollen females 2þ 10 adult males 0.86 0.39 0.53
1 0.84 0.36 0.56
0 1.00 d d

Vegetation Woodland 1.13 1.02 0.3
Evergreen 1.00 d d

Leaf/pith 0.99 0.27 0.6

Output from a GEE multiple logistic regression (MLR) of hunting by the focal male on adult male party size, swollen females, vegetation type
and leaf/pith consumption. Owing to a significant interaction between swollen females and adult males, we report the odds ratios for these
categories at different levels of the interacting variable. For example, the odds that the focal male hunted increased by 11% (odds ratio ¼ 1.11,
P ¼ 0.05) with the addition of an adult male in parties with 2þ swollen females, but did not increase in parties with fewer than two swollen
females. Significant values are shown in bold.
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confounding factors were controlled for, this relationship
remained statistically significant, but only in parties with
fewer than two swollen females (MLR 4: interaction be-
tween vegetation type and swollen females: c2

1 ¼ 6:08,
P ¼ 0.05; Table 5).

Cooperation

The odds of party-level hunting success increased with
adult male party size (unadjusted odds ratio ¼ 1.16,
c2

1 ¼ 52:09, P < 0.0001; Fig. 4). This association remained
highly significant after we controlled for the confounding
factors (MLR 3: odds ratio ¼ 1.12, P < 0.0001; Table 4).
However, there was no association between adult male
party size and focal hunting success (c2

1 ¼ 0:49,
P ¼ 0.48), even in the multiple regression (MLR 4:
P ¼ 0.7; Table 5).

Adult male party size was positively correlated with the
number of monkeys killed per hunt (mixed effects linear
regression: parameter estimate ¼ 0.12, F1,749 ¼ 91.58,
P < 0.0001) and total kilograms of meat secured (parame-
ter estimate ¼ 0.35, F1,749 ¼ 48.65, P < 0.0001). However,
the number of kilograms available per male decreased
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significantly as adult male party size increased (parameter
estimate ¼ �0.022, F1,749 ¼ 7.09, P ¼ 0.008).

A summary of the results from all hypotheses is given in
Table 6.

Observer Reliability

The percentage of encounters in which hunting oc-
curred (party-level hunting: 69%, focal-level hunting:
46%) was surprisingly high. To examine whether the
Gombe field assistants biased their recording of ‘encoun-
ters’ towards those in which the chimpanzees showed an
interest in hunting (thus inflating the hunting rate), we
analysed data collected during a recent meat-sharing study
at Gombe (Gilby 2006). During full-day focal follows of
adult male chimpanzees during 12 months of data collec-
tion between 1999 and 2002, 94 encounters with colobus
monkeys were recorded. In this data set, the probabilities
of hunting were 40% and 18% for party-level and focal-
level hunts, respectively, indicating that the hunting rate
in the long-term study may indeed have been inflated.

In general, however, this observer bias did not appear to
affect the overall results with respect to the hypotheses we
tested. Consistent with the long-term data, analysis of the
1999–2002 data showed that the probability of hunting
by at least one male was positively associated with
adult male party size (odds ratio ¼ 1.36, c2

1 ¼ 11:54,
P ¼ 0.0007), but hunting by the focal male was not
(c2

1 ¼ 1:62, P ¼ 0.2). In similar concordance with the
long-term study, Gilby’s data revealed no effect of
monthly leaf/pith consumption on the probability of
hunting (party level: c2

1 ¼ 0:63, P ¼ 0.43; focal level:
c2

1 ¼ 0:09, P ¼ 0.76). Regarding vegetation type, however,
results from the two data sets were slightly different. In
Gilby’s data set, focal males were more likely to hunt in
woodland than in evergreen forest (odds ratio ¼ 3.79,
c2

1 ¼ 3:92, P ¼ 0.05), but there was no effect of vegetation
type on party-level hunting (c2

1 ¼ 1:20, P ¼ 0.27). In the
long-term data set, there was a significant effect of vegeta-
tion type on party-level hunting but not on focal-level
hunting. While we cannot explain this difference, both
data sets indicate that hunting by chimpanzees is more
likely in woodland than in evergreen forest. Finally, in
Gilby’s data set, there was no effect of swollen females

Table 4. Output from MLR 3: party-level hunting success

Parameter Category Odds ratio c2
1 P

Adult males 1.12 14.94 <0.0001

Swollen females 2þ 1.16 0.43 0.5
1 1.25 1.19 0.3
0 1.00 d d

Vegetation Woodland 1.80 12.97 0.0003
Evergreen 1.00 d d

Leaf/pith 1.00 0.03 0.86

Output from a multiple logistic regression (MLR) of hunting success
by at least one male hunter on adult male party size, swollen
females, vegetation type and leaf/pith consumption. Significant
values are shown in bold.
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Table 5. Output from MLR 4: hunting success of the focal male

Parameter Category Level of interacting variable Odds ratio c2
1 P

Males 0.98 0.19 0.7

Swollen females 2þ Vegetation ¼ woodland 0.56 1.75 0.19
1 0.47 2.75 0.10
0 1.00 d d

2þ Vegetation ¼ evergreen 1.54 1.64 0.20
1 1.41 1.99 0.15
0 1.00 d d

Vegetation Woodland 2þ swollen females 0.71 1.44 0.23
Evergreen 1.00 d d

Woodland 1 swollen female 2.17 15.1 <0.0001
Evergreen 1.00 d d

Woodland 0 swollen females 1.91 4.82 0.03
Evergreen 1.00 d d

Leaf/pith 0.97 3.08 0.08

Output from a GEE multiple logistic regression (MLR) of focal male hunting success on adult male party size, swollen females, vegetation type
and leaf/pith consumption. Owing to a significant interaction between swollen females and vegetation type, we report the odds ratios for these
categories at different levels of the interacting variable. Significant values are shown in bold.
on the probability of hunting by at least one male
(c2

2 ¼ 2:61, P ¼ 0.3, controlling for adult male party size)
or by the focal male (c2

2 ¼ 1:14, P ¼ 0.6). This result is
not concordant with the negative effect of swollen fe-
males indicated by the long-term data. However, the
power to detect the effects of swollen females and other
factors was necessarily reduced by the smaller sample
size of Gilby’s data set.

DISCUSSION

We used 25 years of data from Gombe National Park, the
longest running study of free-ranging chimpanzees, to
examine male hunting behaviour. We focused upon hunts
of red colobus monkeys, chimpanzees’ preferred prey. At
least one male hunted in 69% of all recorded encounters
with colobus monkeys, which is consistent with data from
earlier studies at Gombe (71.5%, Stanford et al. 1994a;
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Figure 4. Relation between the probability of hunting success by at
least one male and adult male party size. The regression line is from

an unadjusted logistic regression. Error bars represent 95% confi-

dence intervals.
72.6%, Stanford et al. 1994b) and Mahale (63%, Hosaka
et al. 2001). However, we found that this rather high
hunting rate may be due in part to a systematic sampling
bias among the field assistants who collected the data. In
a smaller data set collected by one of us (I. C. Gilby), the
probability that at least one male hunted upon encounter-
ing red colobus monkeys was 40%, which is similar to the
rate at Ngogo (37%, Mitani & Watts 2001), but still consid-
erably higher than at Kanyawara (15%, R. W. Wrangham,
personal communication). However, when we compared
the long-term data set with Gilby’s data, we found little
evidence that this sampling bias affected the results con-
cerning the factors influencing the decision to hunt.

This study is the first to use multivariate statistics to
simultaneously measure the effects of chimpanzee party
composition, vegetation type and nutritional state on
hunting by specific chimpanzees. This approach yields
new insights into the relative importance of social and
ecological factors in the decision to hunt. We found little
evidence to support social incentives for hunting. Instead,
the results indicate that chimpanzees are sensitive to
ecological factors in a manner similar to that of other
predators.

Social Factors

Male social bonding
The male social-bonding hypothesis proposes that males

hunt to obtain meat to foster intrasexual cooperative
alliances and predicts a positive association between adult
male party size and hunting probability (Mitani & Watts
2001). This prediction rests on the assumption that large
parties are more likely to contain an allied pair. While there
is evidence that allies associate preferentially (Mitani et al.
2000) and are often together in small parties, they do not
travel together exclusively. Therefore, large parties should
indeed be more likely to contain allied dyads. We found
a positive association between adult male party size and
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Table 6. Summary of results, organized by hypothesis

Hypothesis Explanatory variable Dependent variable Predicted effect Observed effect

Male social bonding Adult males (few / many) Party hunt þ þ
Focal hunt þ 0*

Meat for sex Swollen females (0 / many) Party hunt þ �
Focal hunt þ �
Party kill þ 0
Focal kill þ 0

Nutrient shortfall Diet quality (low / high) Party hunt � 0
Focal hunt � 0
Party kill � 0
Focal kill � 0

Nutrient surplus Diet quality (low / high) Party hunt þ 0
Focal hunt þ 0
Party kill þ 0
Focal kill þ 0

Vegetation type Evergreen / Woodland Party hunt þ þ
Focal hunt þ 0
Party kill þ þ
Focal kill þ þy

Cooperative hunting Adult males (few / many) Party kill þ þ
Focal kill þ 0
Number of prey þ þ
Total prey mass (kg) þ þ
Per capita prey mass (kg) þ �

*There was a positive effect of adult males on hunting by the focal male, but only in parties with 2þ swollen females.
yWoodland hunts by the focal male were more likely to succeed, but only in parties with fewer than two swollen females.
the probability of hunting by at least one male, a result that
agrees with previously published studies of chimpanzee
hunting behaviour (Stanford et al. 1994b; Mitani & Watts
2001). At first, this seems to support the male social-bond-
ing hypothesis. However, examination of hunting by spe-
cific males (rather than by at least one male) casts doubt
on this idea. Adult male party size did not affect hunting
by the focal male, provided that there were fewer than
two swollen females present. Although there was a positive
association between adult male party size and hunting by
the focal male in parties with two or more swollen females,
it is unlikely that the presence of swollen females served as
an added incentive for males to seek meat to foster alliances
with other males. At Ngogo, males form coalitions to guard
swollen females (Watts 1998), so it is possible that meat
sharing may solidify such partnerships. However, coalitio-
nary mate guarding is rarely observed at Gombe. We dis-
cuss a possible alternative explanation for our results in
the following section.

Another key assumption of the male social-bonding
hypothesis is that males use meat as ‘currency’ with which
to establish and maintain intrasexual alliances. This
notion was supported at Ngogo (Mitani & Watts 2001;
Watts & Mitani 2002a), where males share reciprocally
with each other. However, Gilby (2006) demonstrated
that at Gombe, adult males do not preferentially share
with frequent grooming partners or associates.

Meat for sex
Although a previous analysis of Gombe hunting data

found a positive association between the presence of
swollen females and hunting (Stanford et al. 1994b), we
found that hunting was significantly less likely to occur
if swollen females were present. There are several possible
reasons for such contrasting results. First, we examined 25
years of data, compared to Stanford et al. (1994b), who
examined a relatively short period of just 10 years of
data. Second, we restricted the definition of ‘swollen’ fe-
males to those that were maximally tumescent, whereas
Stanford et al. (1994b) included females that were only
partially swollen. Male chimpanzees rarely mate with
females who are not maximally swollen (Goodall 1986;
Wallis 1997), so it seems unlikely that the decision to
hunt should be affected by the presence of partially swol-
len females. Third, we used a more restrictive definition of
hunting. Our examination of the Gombe narrative notes
indicated that sometimes the observers used the term
‘hunt’ to describe a mere interest in hunting, rather than
active pursuit. We therefore used climbing as the main
criterion for defining hunting. Finally, we used logistic
regressions, the appropriate analysis for modelling a bino-
mial response (Agresti 1996). Stanford et al. (1994b) used
a linear regression model with the proportion of encoun-
ters that led to hunts as the response variable. A linear
regression is not appropriate under these circumstances
(Agresti 1996).

Our finding that males were less likely to hunt when
swollen females were present does not support the meat-
for-sex hypothesis and suggests that males face a trade-off
between hunting and mating. ‘Possessiveness’ is a common
mating strategy in which a high-ranking male prevents
a swollen female from mating with other males (Tutin
1979; Goodall 1986). If a possessive male temporarily loses



GILBY ET AL.: CHIMPANZEE HUNTING BEHAVIOUR 177
sight of the female, she will often quickly mate with other
males in the party (I. C. Gilby, personal observation).
Therefore, upon encountering colobus monkeys, a posses-
sive male must choose between hunting and mating (meat
or sex). Similarly, middle- and low-ranking males, who
normally have low mating success in parties with other
males, might be able to ‘sneak’ a mating during the excite-
ment that is usually associated with a colobus encounter. If
they hunt, they may miss a rare mating opportunity. How-
ever, in large parties, mating competition increases dra-
matically. A possessive male’s mate-guarding ability is
compromised (Watts 1998), and middle- or low-ranking
males must compete with many other males for the chance
to mate. Therefore, in large parties, males should be less
likely to forgo hunting in favour of mating. This hypothe-
sis would explain why the negative effect of swollen
females on hunting by the focal male was inversely related
to adult male party size (Fig. 2). In parties with many
males, there was no effect of swollen females on the focal
male’s likelihood of hunting.

These results add to a growing body of evidence against
the meat-for-sex hypothesis as an explanation for hunt-
ing. In the two study communities at Kibale, there was no
effect of swollen females on party-level hunting (Ngogo:
Mitani & Watts 2001; Kanyawara: R. W. Wrangham, per-
sonal communication). Additionally, other studies have
shown that males do not preferentially share with swollen
females (Gombe: Gilby 2006) or copulate more (Ngogo:
Mitani & Watts 2001) with females with which they
frequently share food.

Ecological Factors

Nutrition
Results of our analysis suggest that the effects of diet

quality on hunting are complex and are influenced by
several confounding factors. Previous work has demon-
strated that hunting frequency at Gombe is highest in
the late dry season (Stanford et al. 1994a; Gilby 2004),
when chimpanzee body masses generally tend to be
low (Pusey et al. 2005). This association could be taken
as evidence supporting the nutrient shortfall hypothesis,
that chimpanzees hunt to obtain additional energy when
high-quality plant food is scarce. In contrast, in our stud-
y, a simple regression showed that the odds of hunting
upon encountering red colobus monkeys were lower in
‘poor diet’ months. Similarly, hunts were less likely to
succeed when diet was poor. This appears to support
the alternative hypothesis that chimpanzees hunt more,
and hunt more ‘intensely’, during nutrient surplus,
when the energetic costs of hunting may be more easily
absorbed. This result is consistent with studies at other
sites that have demonstrated a positive association
between hunting probability and food availability (Ngogo:
Mitani & Watts 2001; Watts & Mitani 2002a, b; Mahale:
Nishida et al. 1979; Takahata et al. 1984). However, these
studies failed to control for two important confounding
factors. First, many studies have demonstrated that food
availability and distribution (and hence diet quality) are
positively correlated with party size (Goodall 1986;
Chapman et al. 1994; Matsumoto-Oda et al. 1998; Wrang-
ham 2000; Anderson et al. 2002; Mitani et al. 2002), which
is a well-known predictor of party-level hunting (Stanford
et al. 1994b; Hosaka et al. 2001; Mitani & Watts 2001; R. W.
Wrangham, personal communication). Second, there is ev-
idence that the number of swollen females, which is also
positively associated with party size (Goodall 1986; Matsu-
moto-Oda 1999; Boesch & Boesch-Achermann 2000;
Wrangham 2000; Anderson et al. 2002; Mitani et al.
2002) increases with diet quality (Gilby 2004; Emery
Thompson 2005). Therefore, we used multiple regression
models to statistically control for party size and the num-
ber of swollen females. With these confounding factors
held constant, diet quality was not significantly associated
with the probability of hunting or hunting successfully.
Therefore, while there is little doubt that meat is a valuable
food source, we found no evidence suggesting that the
Gombe chimpanzees base their hunting decisions on their
nutritional state. It is possible, however, that deficiencies
in protein, fat or trace minerals may play a role. More
work is needed in this area.

Vegetation type
Upon encountering colobus monkeys, the probability

that at least one male hunted was higher in woodland or
semideciduous forest than in evergreen forest. Party-level
hunts were also most likely to succeed in woodland and
semideciduous forest. These results suggest that hunters
have an advantage in areas where the trees are short
(woodland) and/or the canopy is broken (semideciduous
forest).

The results were slightly different when we examined
the effect of vegetation type on hunting by focal males.
Focal males were equally likely to hunt in woodland or
semideciduous forest and evergreen forest, but the
reasons for this are unclear. Focal males were more
likely to hunt successfully in woodland than in ever-
green forest, but only in parties with fewer than two
swollen females. In parties with two or more swollen
females, vegetation type did not affect the probability
that a focal male hunted successfully. What accounts for
this pattern? A male may abandon a hunting attempt if
another male approaches the swollen female he is
guarding (I. C. Gilby, personal observation). This sce-
nario may be more likely to occur in woodland, where
visibility is clear, and a male can see copulation
attempts by other males. The presence of easily visible
swollen females may therefore cancel out the positive
effect of woodland on hunting success.

In general, our results are consistent with previously
published data from Gombe showing that hunts are most
likely to occur in areas with broken canopy (Wrangham
1975; Stanford et al. 1994b). Similarly, the Ngogo chim-
panzees hunt more frequently in disturbed forest than pri-
mary forest (Watts & Mitani 2002b). These findings
suggest that more open habitats provide increased visibil-
ity, reduced prey mobility and lower hunting costs for
chimpanzees, a pattern that is similar to that of obligate
carnivores.
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Cooperation
In agreement with previously published research, this

study offers little evidence to support cooperative hunting
by the Gombe chimpanzees. We used a well-known
economic definition of cooperation: ‘joint action for
mutual benefit’ (Mesterton-Gibbons & Dugatkin 1992;
Clements & Stephens 1995), which proposes that cooper-
ation will evolve when individuals enjoy a greater payoff
by hunting with others than when hunting solitarily.
We found no evidence that focal males were more likely
to hunt successfully in large parties than in small parties.
Although the number of prey killed increased with adult
male party size, per capita meat availability was signifi-
cantly lower in large parties. However, we were unable
to address the pattern of meat consumption. Meat may
not be distributed evenly among party members (Goodall
1986; Nishida et al. 1992; Boesch 1994; Stanford et al.
1994b; Watts & Mitani 2002a), and the hunter that kills
the prey may consume more meat than average (Boesch
1994; Boesch & Boesch-Achermann 2000). Therefore, it
is possible that certain individuals may consume more
meat even though the per capita meat availability
decreases with party size. However, the number of adult
males in the party did not affect the probability that the
focal male hunted (except in parties with two or more
swollen females, see Meat for sex, above), suggesting
that potential cooperative partners did not provide an
additional hunting incentive.

What explains the positive association between adult
male party size and the probability of party-level hunting,
if not cooperation? The answer may be rather simple. If
each male had a constant probability of hunting, regard-
less of party size, then large parties would be more likely to
contain at least one willing hunter (the ‘additive proba-
bility’ hypothesis). Our results are consistent with this
hypothesis because adult male party size was positively
associated with the probability that at least one male
hunted, but it was not associated with the probability that
the focal male hunted. Unfortunately, we lack consistent
data on the exact number of hunters in each party, so it is
unclear whether a constant proportion of the party
usually hunted.

Conclusions
It is clear that the factors affecting male chimpanzee

hunting behaviour are varied and complex. Indeed, there
certainly may be factors that we did not consider or that
we were unable to test. For example, the age composition
of red colobus troops most likely affects the probability of
chimpanzee hunting and success at Gombe (Stanford
1998), but the level of detail in the narrative notes from
our data set was not sufficient to document this effect.
Here we have considered the five main hypotheses that
have been proposed in the chimpanzee hunting literature
to date. The large sample size from the 25-year Gombe
data set allowed us to systematically test each hypothesis,
using multivariate statistics to control for potentially con-
founding variables. Our results do not support hypotheses
that invoke social benefits to explain why male chimpan-
zees at Gombe hunt red colobus monkeys. Instead, our
results suggest that the Gombe chimpanzees attend to
simple energetic and ecological factors, a pattern that is
consistent with other predators, such as lions and wolves.
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