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Abstract Socioecological models relate differences in
feeding strategies to variation in the nature of female social
relationships. Among the African forest guenons, females
consume large quantities of fruit and other plant reproductive parts, resources which are thought to promote contest
competition, yet these monkeys have been characterized as
having agonistically undifferentiated relationships in which
rank, if discernible at all, does not correlate with fitness benefits. To determine whether female relationships become
more hierarchical under relevant ecological conditions, we
monitored the adult females of two blue monkey groups
(Cercopithecus mitis stuhlmanni) over a complete annual
cycle in the Kakamega Forest, Kenya. Females competed
aggressively for plant reproductive parts more often than
any other resource type, and in both groups we detected
linear dominance hierarchies. Nonetheless, agonism rates
remained low throughout our study, and did not vary with
changes in ecological conditions. Rather, when plant reproductive parts were scarce, subordinate females spent more
time feeding and less time resting in an apparent attempt
to compensate for a reduced efficiency of food intake. The
effects of rank and food abundance were not reflected, however, in the distribution of grooming. The use of alternative
feeding strategies appeared to blunt competition – females
of all ranks were unlikely to be near others while feeding
and spent more time consuming alternative resources when
plant reproductive parts were scarce. The diverse diet of this
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species may allow females to avoid conflict so that dominance has only subtle effects that are difficult to detect.
While socioecological models often simplify the connection between resources and female interactions, our results
emphasize that the behavior of animals consuming particular resources, and not the resources themselves, are critical
predictors of social patterns.
Keywords Dominance rank . Feeding competition .
Resource utilization . Socioecology

Introduction
Socioecological models relate variation in social behavior
to differences in the way that animals interact with
their environment. Efficient acquisition of food and
effective protection from predators or conspecifics are two
benefits that animals may derive by living in groups. For
group-living animals, the presence of conspecifics then
becomes another aspect of the environment that influences
the patterning of social exchange. Aggregation may
impose upon individuals the foraging costs associated with
intragroup competition for limiting resources, and these
costs, together with the benefits of sociality, influence the
size, structure and organization of social units (Alexander
1974; Clutton-Brock and Harvey 1977; Bertram 1980;
Wrangham 1980; Pulliam and Caraco 1984). In mammals,
the nutritional constraints of gestation and lactation make
access to food critical for female reproductive success,
yet in spite of the prospect for competition, females form
stable aggregations in many species. Within the diurnal
primates, females show a remarkable tendency to live in
groups (Sterck et al. 1997; van Schaik and Kappeler 1997)
and display a wide range of social organizations (Janson
1992). Numerous investigators studying the ecological
underpinnings of social behavior therefore have focused
on nonhuman primates (see Isbell and Young 2002;
Koenig 2002 for reviews), although the same principles are
applicable to many other animal species (Clutton-Brock

567

1988: red deer; Palomares and Delibes 1993: Egyptian
mongooses; Cavallini and Nel 1995: yellow and Cape
grey mongooses; Holekamp et al. 1996: spotted hyenas;
Gilchrist and Otali 2002: banded mongooses; Magliocca
et al. 2002: sitatungas; Boydston et al. 2003: spotted
hyenas).
Socioecological models suggest that the distribution of
limiting resources and the rate at which they are depleted
from feeding sites determine the form of competition that
predominates in primate societies, which in turn shapes the
patterning of social relations among female group members (Wrangham 1980; van Schaik 1989; Isbell 1991; van
Hooff and van Schaik 1992; Sterck et al. 1997; Isbell and
Young 2002; Koenig 2002). When limiting resources are
found in high quality patches that can be monopolized or
profitably usurped (Isbell et al. 1998), within-group contest
competition is expected to predominate. Agonism should
be frequent and females should form nepotistic alliances
that maintain stable linear dominance hierarchies determining priority of access to resources. Affiliation also should
be frequent with positive interactions directed toward the
most effective coalition partners. By contrast, when limiting resources occur in patches that are either low quality, highly dispersed or quickly consumed (and thus are
not usurpable), within-group scramble competition should
predominate. Agonism should occur infrequently, and even
when dominance hierarchies can be detected they should
be unstable, weakly reinforced, and have little influence
on access to resources. Coalition formation should be absent, and without the need to cultivate alliance partners,
females should affiliate infrequently and distribute their interactions randomly among partners. However, while this
basic dichotomy of female relationships is predicted, strong
between-group contest competition may mitigate the effects of within-group competition. Because high-ranking
females risk losing the support of low-ranking individuals
when they enforce the advantages of rank too strongly, pronounced between-group contest competition may increase
the tolerance of high-ranking individuals, which in turn
may produce hierarchies that are shallow and marked by
frequent reversals against the prevailing order (van Schaik
1989; van Hooff and van Schaik 1992; Sterck et al. 1997;
Isbell and Young 2002; Koenig 2002).
This socioecological model relating feeding ecology to
female social relationships has been developed on the basis
of numerous observational field studies and experimental
manipulations of resource quality (see Isbell and Young
2002 for a review). However, until recently there has
been a strong phylogenetic bias in the available data
used both to develop and confirm theoretical predictions,
with a clear over-representation of a few species of Old
World cercopithecine and colobine primates (Strier 1994;
Boinski et al. 2002). Within the cercopithecines, research
has focused on baboons, macaques and vervets. Since
comparatively little is known about female relationships
among the forest dwelling guenons, these species have
figured little in the development of socioecological theory,
even though they represent one of the largest primate
radiations (Cords 2000, 2002).

Because the forest dwelling guenons appear to depart
from some predictions of theory, a better understanding of
female relationships in these species could add to our understanding of the complexity of ecological influences on
social relationships. Indeed, fruit and other plant reproductive parts constitute a large component of their diet (Rudran
1978; Struhsaker 1978; Cords 1986; Gautier-Hion 1988;
Lawes 1991) and have been thought to occur in monopolizable patches or other usurpable units more often than
other types of food (Wrangham 1980; van Schaik 1989;
Isbell 1991; Sterck et al. 1997; Isbell and Pruetz 1998), yet
several authors have classified the forest guenons as species
in which females have unstable dominance hierarchies and
undifferentiated social relationships (Isbell 1991; Cheney
1992; Sterck et al. 1997; Isbell and Young 2002). This
apparent mismatch between food type and social characteristics certainly could be attributed to the oversimplified
use of dietary categories. However, two studies of individually recognized forest guenons (both conducted on C.
mitis: Cords 2000; Payne et al. 2003) have shown that most
aggressive competition between females takes place over
fruit, and that females compete for this resource more often
than expected by chance. These observations suggest that at
least some fruits in the C. mitis diet can be monopolized or
profitably usurped, and this conclusion is supported by data
on the length of fruit-feeding bouts (Cords 2002, p. 301,
mean of 10.2 min for 68 bouts which included some that
were truncated by the observer), as well as the phenology
and spatial distribution of the plant species that produce
the fruits, flowers and seeds that females consume (Cords
1987; Struhsaker 1997). Consistent with the importance of
contest competition, both Cords (2000) and Payne et al.
(2003) detected stable linear hierarchies among C. mitis females once they had monitored their study groups for long
enough to compensate for low rates of social interaction
and thus were able to assess the directionality of interactions among a sufficient proportion of group members.
Nonetheless, in neither study was rank associated clearly
with diet, feeding patterns, receipt of grooming, or the rate
of viable offspring production.
The intense between-group competition that C. mitis females face in most populations (Cords 2002) could account for the absence of clear dominance effects. Indeed,
the flurry of grooming among many individuals that often
follows intergroup encounters (Cords 2002; Payne et al.
2003) is consistent with the hypothesis that maintaining cohesion is important for success in between-group contests
(Rowell et al. 1991). However, at most times C. mitis females concentrate their grooming on a few individuals of
similar rank (Cords 2002; Payne et al. 2003), and across
primate species no clear link has been found between the
extent to which females participate in between-group contests and the degree to which they distribute their grooming widely among group members (Cheney 1992). Thus,
outside the immediate context of intergroup encounters it
is not clear that female interactions function to maintain
group cohesion or that the need for solidarity has blunted
the effects of rank.
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The lack of any clear rank advantages, along with the
uncertainty that cooperation in between-group contests attenuates the effects of rank, suggests a need to better understand how competition is mediated in C. mitis females,
and the forest dwelling guenons more generally. In particular, there is a need to evaluate whether the effects of rank
become more apparent under ecological conditions that
are more likely to induce contest competition. Although
C. mitis females, like the other forest dwelling guenons,
consume large quantities of fruit and other plant reproductive parts over the course of a year, the importance of this
food type varies widely on a seasonal basis (Rudran 1978;
Cords 1986; Gautier-Hion 1988). Prior studies have not accounted for this temporal variation, yet it is possible that
female relationships become more hierarchical during periods when females are consuming large quantities of fruit
and other plant reproductive parts, or at times when females
must compete for these resources from a smaller resource
base. Moreover, even if female relationships do become
more hierarchical at certain times, alternative strategies,
such as spreading out while feeding (van Noordwijk and
van Schaik 1987; Isbell 1991; Barton 1993; Saito 1996;
Sterck and Steenbeek 1997) or switching to more abundant or dispersed resources (Isbell 1991; Saito 1996; Cords
2000), might reduce the effects of rank.
In this paper we present the results of a year-long study
of feeding patterns and competition among the adult females of two blue monkey groups (Cercopithecus mitis
stuhlmanni) living in a species-typical forested habitat. Using data from a complete annual cycle we evaluate the
hypotheses that rank-based differences among individuals
emerge during periods of elevated competition or resource
scarcity, and that females adopt alternative feeding strategies during these periods.
Methods
Study site and subjects
We conducted this research at the Isecheno study site of the
Kakamega Forest, western Kenya (0◦ 14 N 34◦ 52 E; elevation 1560 m). Kakamega is a semi-deciduous, drier type
of Guineo-Congolian rainforest (∼2000 mm rainfall annually) located at the easternmost edge of the forest expanse
of central equatorial Africa (White 1983). Cords (1987) has
described the study site in detail.
We collected focal data over an entire annual cycle
(October 1997 to September 1998). Along with a team
of trained researchers under our direct supervision we also
recorded all observed agonistic interactions over a more
extended period (June 1997 to October 1998, June 1999
to October 1999), but we used this information solely to
rank females in a dominance hierarchy. During the study,
the density of blue monkeys at the study site was approximately 220 individuals/km2 (Fashing and Cords 2000).
Subjects were all adult females of two habituated social
groups. The Tw group, which was the focus of Cords’ earlier study (2000), had been under observation since 1979.

The G group had been monitored since 1992, although female relationships had not been studied in detail prior to
this study. The Tw and G groups contained 15 and 17 adult
females, respectively. All of these subjects were individually recognized on the basis of natural characteristics.
Behavioral data collection
KP conducted focal animal observations by entering data
directly into an HP 100LX palmtop computer equipped
with a BASIC program to act as an event recorder. In the
focal samples, we kept a continuous record of all grooming
and agonistic interactions between the focal subject and
other adult monkeys. For the agonistic interactions, we
noted the type of behavior, the individuals involved, and
the context of occurrence. Types of agonism included: (1)
submit spontaneously – trill, cower, gecker or flee in the
apparent absence of prior agonism; (2) avoid – move away
from another individual before an approach to 2 m; (3)
supplant – cause another individual to move away after
an approach to 2 m; and (4) inflict aggression – threaten,
lunge, chase or attack. Potential contexts of agonism were:
(1) feeding – eating or actively searching for food between
mouthfuls, including brief movements (<2 m) between
feeding sites, but excluding chewing of items already in
the cheek pouches; (2) drinking from an arboreal water
hole; (3) participating in any type of social interaction; and
(4) attempting to pass along a narrow arboreal passageway.
At 1-min intervals we also noted the activity of the focal
subject and the presence of all other monkeys within a 2 m
radius. If the subject was feeding we noted whether the food
being sought or consumed belonged to one of the following
categories: (1) plant reproductive parts (primarily fruit, but
also flowers and seeds); (2) young leaves, including buds
and shoots; (3) insects; or (4) mature leaves.
We scheduled focal samples to last 30 min, but occasionally a female was lost in dense vegetation. In this situation,
we tried to find the subject and complete the 30 min of
observation time. However, after 15 min of searching we
discarded segments shorter than 5 min, while we kept those
that were longer for completion at the next opportunity. Because it is difficult to locate individuals in groups dispersed
over several hundred meters of dense vegetation, we could
not implement a completely random sampling schedule.
Instead, we followed any female who: (1) had not been
observed in a given round of observations, and (2) had not
interacted with our prior subject during the last 10 min of
the preceding sample. To control for diurnal time scale,
we tried to distribute observations for each female similarly across each of three periods (0700–1030, 1031–1430,
1431–1830 h). In addition, because diet and activity patterns likely are linked to vegetation type, we tried to conduct
a similar number of observations per female in each major
vegetation zone: (1) high canopy forest; (2) woodland with
a less continuous canopy of smaller trees and a well developed ground layer of grass and Pavetta shrubs; and (3) the
boundary of a local village where a number of Bischoffia
javanica trees had been planted (Tw group only). To ensure
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that females were sampled similarly across the year, we
restarted the procedures for selecting focal subjects every
month. In Tw and G, respectively, we obtained 37±1.2 and
40±2.1 h of focal data per month (N=12 months). Over
the entire study, we obtained 29±0.5 h of focal data per
female (N=32 females) for a total of 916 h of data.
Phenology surveys
Following Dasilva (1994), we conducted monthly surveys
to estimate the availability of plant reproductive parts. Our
survey included those tree species that produce fruit, flowers or seeds constituting at least 1.5% of the annual blue
monkey diet at Kakamega (see Cords 1987). We tagged
a subset of individual trees throughout each group’s home
range, and in the middle of every month we gave the marked
trees a productivity score of 0, 1, or 2, depending on whether
they had “no,” “some,” or “many” food items. We then
weighted the mean productivity score for each tree species
by the total basal area of that species in each group’s home
range. To estimate total basal area, we established thirteen
10×70 m2 plots that were located throughout our study site
but away from the main trails. We then measured all stems
>5 cm within these plots and extrapolated the resultant
density to the entire home range area. However, for three
tree species (Bischoffia javanica, Ficus thonningi, and F.
natalensis) we directly measured the total basal area per
home range by locating all stems and summing their diameters at breast height. For the Ficus species, this was both
necessary and possible because these trees are extremely
large yet occur at low densities. Hence, although there were
several Ficus trees in the study area, by chance only one
fell within our vegetation plots. In the case of Bischoffia
javanica, an exotic species, trees had been planted exclusively along two main trails. Thus these trees did not occur
in any of our plots, but were relatively abundant and easy
to locate.
Data analysis
We used the focal point-samples taken at 1-min intervals to
determine activity budgets, the amount of time subjects fed
on different food items, and the amount of time they spent
in proximity to others. We used the continuous record of
behavior to determine the length of grooming bouts, and
the rate and context of agonistic interactions.
We used grooming as our primary measure of affiliation
because it has been considered a central mechanism that
promotes social bonding in primates (Dunbar 1988), and it
accounts for the vast majority (96%) of social activity in
adult female blue monkeys (Cords 2000).
To facilitate comparison with other studies, we calculated agonism rates in three different ways: (1) the number
of interactions with all other individuals per focal hour; (2)
the number of interactions with other adult females exclusively per focal hour; and (3) the agonism rate calculated
from adult female interactions with each other, corrected

for group size by dividing by the number of potential interactants (the number of females in the group minus one).
We used the MatMan computer program (de Vries
1998) to arrange females in a dominance hierarchy and to
determine its degree of linearity. Of the linearity measures
MatMan calculates, we selected the index h’, which is
similar to Landau’s index of linearity but is corrected
for unknown relationships (de Vries 1995). Values of h’
range from 0 to 1 with 1 indicating complete linearity.
To document the asymmetry of agonism, we calculated
the percentage of interactions that occurred in the less
frequent direction.
To evaluate seasonal effects on feeding patterns and
agonism rates, we used three measures of the potential for
competition over plant reproductive parts to occur: (1) the
percentage of time females spent eating plant reproductive
parts; (2) the availability of plant reproductive parts in
each group’s home range, as estimated from the monthly
phenology surveys; and (3) the percentage of time females
spent eating plant reproductive parts relative to their
availability. For each of these measures, we separated the
data from the annual cycle into three sets – one including
the 4 months with the lowest scores, another including the
4 months with the mid-range scores, and a third including
the 4 months with the highest scores. For each month
we independently categorized the relative percentage of
time females spent feeding and the availability of plant
reproductive parts for each of the two monkey groups. The
months of data we placed in each category thus did not
necessarily match across groups or the three measures we
evaluated, and the months we assigned to each category
were not necessarily sequential.
In our evaluation of rank effects on behavior, we differentiated high-ranking (in the top half of the hierarchy) and
low-ranking females (in the bottom half of the hierarchy).
Because there was an uneven number of females in each
group (15 in Tw , 17 in G), we excluded the one female
from the very middle of the hierarchy from the analysis.
To determine whether high-ranking females received more
grooming than low-ranking females we used the matrix
correlation methods described by Hemelrijk (1990). In this
analysis we compared matrices of grooming received to a
hypothesis matrix in which females of successively higher
dominance standing were assigned successively greater
ranks of grooming received.
We used non-parametric tests to account for the nonnormal distribution of data. In all cases, we used two-tailed
tests and an alpha value of 0.05 for accepting statistical
significance. We also report means ± standard error.
Results
Activity patterns and agonism rates
Social behavior accounted for only 7.4±0.5% of the
average female’s (N=32) activity budget. Grooming
was the most common social behavior, accounting for
89±1.4% of all social time. The most common non-social
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behaviors were resting (42±1.1% of activity budget),
feeding (33±0.9%), and locomoting (11±0.3%). Females
spent the largest fraction of their feeding time consuming
plant reproductive parts (43±1.0% of feeding budget),
but they also spent considerable time consuming insects
(24±1.2% of feeding budget), young leaves (22±1.0%)
and mature leaves (7.2±0.7%). Gums, soil and unidentified foods accounted for the remainder of feeding time
(3.7±0.3%). Time devoted to the different types of food
clearly differed across the four major categories (Friedman
ANOVA: χ2 =81.6, df=3, P<0.001, N=32 females), and
post hoc comparisons revealed that females spent more
time eating plant reproductive parts than each of the other
major food types (P<0.001 for young leaves, insects and
mature leaves, respectively).
While females devoted the largest fraction of their feeding budget to plant reproductive parts, they also competed
disproportionately for these resources. Most agonistic interactions of known context between adult females and all
potential opponents combined (85%, N=213 interactions)
occurred during feeding, and feeding-related agonism was
not distributed among the major food types according to
their representation in the diet (Chi-square goodness of fit:
χ2 =39.5, df=3, P<0.001). Agonism over plant reproductive parts occurred at 1.41 times the expected rate, while agonism over young leaves and insects, respectively, occurred
at just 0.90 and 0.17 times the expected rate. Agonism over
mature leaves also occurred more frequently than predicted
(at 1.37 times the expected rate), but the biological importance of this finding is unclear given that females devoted
only 7% of their annual feeding time to this resource, as
compared to >40% for plant reproductive parts.
Although females spent the largest proportion of their
feeding time consuming plant reproductive parts and competed disproportionately for these resources, agonism rates
still were relatively low. The average female engaged in agonism with all other group members at a rate of 0.39±0.02
interactions/h (N=32 females), and with other adult females at a rate of 0.23±0.02 interactions/h. Corrected for
group size, female-female agonism occurred at a rate of
0.015±0.001 interactions/h/potential interactant.
Despite low agonism rates, it was possible to detect a
significantly linear hierarchy in both social groups (Tw :
h =0.89, P<0.001; G: h =0.74, P<0.001). Agonistic relationships were asymmetrical with few reversals against
the prevailing order (1% of all interactions in Tw , 8% of all
interactions in G). Hence, in Tw , the reversal rate was well
below the <5% that typically has been reported for species
Table 1 Agonism rates
(incidents/h, means ± standard
error) during periods of
differing resource consumption,
availability and consumption
relative to availability

a

Friedman ANOVA, df=2,
N=32 females

Measure used to partition data
Total feeding
Feeding on plant reproductive parts
Availability of plant reproductive
parts
Feeding on plant reproductive parts
relative to availability

with strong dominance hierarchies (Isbell and Young 2002).
The reversal rate for G exceeded this level, but was still well
below the 15% that has been seen in many species considered to have weak and indiscernible dominance hierarchies
(Isbell and Young 2002). Coalitions were extremely rare,
occurring in just 1% of all focal agonism.
Seasonal trends in feeding and agonism rates
The time females spent feeding on plant reproductive
parts varied across the months of the year (Friedman
ANOVA: χ2 =66.2, df=11, P<0.001, N=32 females, range
= 8.4±1.0 to 22±2.3% of activity budget from the lowest
to the highest month). On a month-by-month basis, the time
females spent eating plant reproductive parts did not correlate with the availability of this resource in either group
(Spearman rank-order correlation: Tw : rs =−0.45, P=0.15,
N=12 months; G: rs =0.21, P=0.50, N=12 months). However, in both groups there was a significant negative correlation between the availability of plant reproductive parts
and the percentage of time females spent feeding in general
(Spearman rank-order correlation: Tw : rs =−0.59, P=0.04,
N=12 months; G: rs =−0.64, P=0.03, N=12 months).
Hence when plant reproductive parts were relatively scarce,
females may have had to spend more time feeding to compensate for lower rates of food intake and the need to consume foods of lower nutritional value.
Rates of female–female agonism did not vary in conjunction with seasonal changes in feeding patterns or the availability of plant reproductive parts (Table 1). Female–female
agonism rates were not elevated during periods when females were spending more time feeding in general, or during periods when females were spending more time feeding
on plant reproductive parts in particular. Similarly, agonism
rates were not elevated during periods when the availability
of plant reproductive parts was low, or during periods when
females were consuming more of this resource relative to
its availability.
Rank effects on feeding and activity budgets
Rank effects on feeding budgets were subtle and difficult to
detect (Table 2). Over the complete annual cycle, females
from the top and bottom halves of their hierarchy did not
differ in the time they spent feeding in general, or feeding on
plant reproductive parts in particular. Similarly, during the

Period
Low

Mid

High

Test for significant
differences across periodsa

0.27±0.03 0.21±0.03 0.20±0.03 χ2 =1.2, P=0.54
0.20±0.03 0.24±0.03 0.23±0.04 χ2 =4.4, P=0.11
0.20±0.03 0.21±0.04 0.26±0.04 χ2 =1.2, P=0.55
0.23±0.03 0.26±0.04 0.19±0.04 χ2 =1.2, P=0.54
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Table 2 Rank effects on
feeding, expressed as
percentage of total activity
budget (means ± standard error)

a

Mann–Whitney U-test,
Nhigh =15 females,
Nlow =15 females
b
Friedman ANOVA, df=2,
N=32 females
c
Post hoc tests indicate
conditions differ at the level of
P<0.05
d
Post hoc tests indicate
conditions differ at the level of
P<0.01

Position in dominance hierarchy
Top half
Bottom half
Feeding, complete annual cycle
31.5±1.5
Feeding on plant reproductive parts,
14.1±0.8
complete annual cycle
Feeding, high agonism periods
30.7±2.0
Feeding on plant reproductive parts,
13.2±1.2
high agonism periods
Feeding by availability period
Low availability
34.7±1.8
Mid availability
30.0±2.2
High availability
29.2±2.0
χ2 =4.9, P=0.09
Test for significance across
availability periodsb
Feeding on plant reproductive parts by availability period
Low availability
12.9±0.9
Mid availability
15.2±1.3
High availability
14.1±1.8
χ2 =2.5, P=0.28
Test for significance across
b
availability periods

third of the year with the highest female-female agonism
rates, when competition had the potential to have the most
pronounced impact on feeding patterns, rank again had
no effect on the time females spent feeding in general or
feeding on plant reproductive parts in particular. However,
during the third of the year in which the lowest availability
of plant reproductive parts forced individuals to compete
over the smallest supply of this resource, females from
the bottom as compared to the top half of their hierarchy
spent more time feeding in general and feeding on plant
reproductive parts in particular.
The effect of rank on feeding times was related to changes
across availability periods in the behavior of females from
the bottom half of their hierarchy. High-ranking females
showed no significant variation, while low-ranking females
increased the time they spent feeding in general and feeding
on plant reproductive parts in particular as the availability
of this resource declined. As a result of this change, even
though dominance had no effect on feeding times during
high availability periods, rank differences emerged during
periods of low (for feeding in general and feeding on plant
reproductive parts in particular), and middle (for overall
feeding) availability. These small differences in the feeding
patterns of high- and low-ranking females, which emerged
only during periods of resource scarcity, are consistent with
the hypothesis that low-ranking females foraged less efficiently during these periods, or had to consume lower quality foods, and therefore were forced to spend more time
feeding to obtain the resources they needed. When averaged over an annual cycle, these transient rank differences
appear to have been diluted so that they were too small to
detect.
The increase in the percentage of their activity budget devoted to feeding during low availability periods left
subordinate females with less time for resting (Table 3).
While resting behavior remained relatively constant in

Test for significancea
by rank

33.8±1.1
14.2±0.6

U=74, P=0.11
U=102, P=0.65

33.4±1.4
14.1±1.3

U=105, P=0.76
U=101, P=0.63

40.2±1.3d
33.9±1.4c
27.5±1.8c, d
χ2 =19.6, P<0.001

U=59, P=0.03
U=64, P=0.04
U=103, P=0.68

16.0±1.2
16.1±1.1c
10.7±1.2c
χ2 =8.4, P=0.02

U=66, P=0.05
U=96, P=0.49
U=78, P=0.15

high-ranking females, low-ranking females reduced their
resting time during low as compared to high availability
periods. As a result of this change, rank again had a significant effect on resting time only when the availability
of plant reproductive parts was low. However, contrary to
resting time, social time was unaffected by the availability of resources for either low- or high-ranking females,
and during no period was there a significant rank effect
(Table 3).
Rank effects on grooming patterns
Rank had no clear effect on grooming patterns during any
period of analysis (Table 4). Over the complete annual cycle
there was no evidence that females systematically preferred
to groom higher ranking partners (Tw : Kr =44, P=0.57; G:
Kr =20, P=0.31), and overall females from the top and
bottom half of their hierarchy received similar amounts of
grooming (Table 4). Within dyads, the amount of grooming the dominant partner received (6.8±0.7 s/observation
h, N=175 dyads) nearly matched that which the subordinate partner received (5.7±0.5 s/observation h), and
in close to half (54%) of the grooming dyads (94 of
175) the dominant member received more grooming than
the subordinate. During the third of the year with the
highest agonism rates, when tolerance of high-ranking
individuals should have been most valuable, there was
again no evidence that females systematically preferred
to groom dominant individuals (Tw : Kr =110, P=0.92; G:
Kr =101, P=0.90), and overall females from the bottom
half of their hierarchy actually received the most grooming
(Table 4). Within dyads, the amount of grooming the
dominant partner received (10.0±1.3 s/observation h,
N=104 dyads) nearly matched that which the subordinate
partners received (9.7±0.1 s/observation h), and in only
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Table 3 Percentage of activity
budget spent resting and
socializing during periods when
the availability of plant
reproductive parts was low,
intermediate and high (means ±
standard error)

a

Mann–Whitney U-test,
Nhigh =15 females, Nlow =15
females
b
Friedman ANOVA, df=2,
N=32 females
c
Post hoc tests indicate
conditions differ at the level of
P<0.01
Table 4 Grooming received
(min/observation h) by highand low-ranking females
(means ± standard error)
a
Mann–Whitney U-test,
Nhigh =15 females, Nlow =15
females

Resting by availability period
Complete annual cycle
Low availability
Mid availability
High availability
Test for significance across
availability periodsb
Socializing by availability period
Complete annual cycle
Low availability
Mid availability
High availability
Test for significance across
availability periodsb

Test for significance
by ranka

44.2±2.0
41.3±2.6
45.7±3.1
45.9±2.1
χ2 =1.2, P=0.55

40.6±0.9
36.1±1.3c
41.0±1.4
44.8±1.4c
χ2 =9.7, P<0.01

U=75, P=0.12
U=63, P=0.04
U=94, P=0.44
U=106, P=0.79

7.0±0.7
7.3±1.0
6.8±1.0
7.1±1.1
χ2 =1.7, P=0.42

7.1±0.7
6.0±1.2
7.5±0.9
7.7±1.1
χ2 =4.3, P=0.13

U=107, P=0.82
U=82, P=0.21
U=99, P=0.58
U=92, P=0.40

Grooming received, complete annual cycle
Grooming received, high agonism periods
Grooming received, low availability periods

43% of the dyads did the dominant partner receive more
grooming than the subordinate (N=43 of 104). Even though
rank influenced feeding patterns when plant reproductive
parts were scarce, there was still no evidence that females
systematically preferred to groom higher ranking partners
during periods of low availability (Tw : Kr =26, P=0.66; G:
Kr =53, P=0.24), and overall females from the top and bottom half of the hierarchy still received similar amounts of
grooming (Table 4). Within dyads, the amount of grooming
the dominant partner received (11.2±1.5 s/observation h,
N=92 dyads) again nearly matched that which the subordinate partner received (11.1±1.4 s/observation h), and in
only 51% of all dyads did the dominant member receive
more grooming than the subordinate.
Alternative feeding strategies
While subordinate individuals compensated for the reduced
availability of plant reproductive parts by increasing their
feeding time, females in general appeared to avoid competition by spreading out while feeding and switching to
Table 5 Percentage of activity
budget in proximity during
periods when the availability of
plant reproductive parts was
low, intermediate and high
(means ± standard error)

Position in dominance hierarchy
Top half
Bottom half

Percentage of total activity
budget in proximity
Percentage of feeding
budget in proximity
a
b

Position in dominance hierarchy
Top half
Bottom half

Test for significance
by ranka

2.2±0.3
1.8±0.4
1.8±0.3

U=102, P=0.66
U=65, P=0.05
U=99, P=0.58

2.2±0.3
2.5±0.3
2.1±0.4

alternative resources. Over the complete annual cycle, all
females spent a smaller portion of their feeding as compared
to their overall activity budget in proximity to other individuals (Wilcoxon signed ranks: T+ =528, P<0.001, N=32
females; portion of feeding time in proximity: 3.5±0.4%;
portion of total time in proximity: 14±0.8%). The tendency
for females to space themselves apart from others (Table 5)
varied with the availability of plant reproductive parts, and
post hoc comparisons revealed that females were less likely
to be in proximity to other individuals during low as compared to high availability periods. However, this pattern
appeared to result from the general tendency for females to
spend more time feeding – an activity most often carried
out in the absence of proximity partners – when plant reproductive parts were less available. Considering feeding time
exclusively, we found females did not alter their tendency
to spread out with the availability of plant reproductive
parts.
Like varying food availability, rank had no effect on the
tendency for females to maintain proximity to other individuals (Table 6). Rank did not influence the total time or the
feeding time that females spent in proximity to others, even

Availability of plant reproductive parts
Low
Mid
High

Test for significance across
availability periodsa

12±1.0b

14±1.0

18±1.5b

χ2 =11.8, P<0.01

3.2±0.6

4.2±0.7

3.2±0.5

χ2 =0.9, P=0.63

Friedman ANOVA, df=2, N=32 females
Post hoc tests indicate conditions differ at the level of P<0.01
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Table 6 Rank effects on overall
time in proximity and time in
proximity while feeding over
the complete annual cycle and
during periods when the
availability of plant
reproductive parts was low

a

Mann–Whitney U-test,
Nhigh =15 females, Nlow =15
females
Table 7 Consumption of
alternative resources
(percentage of activity budget,
means ± standard error) during
periods of low, intermediate and
high availability of plant
reproductive parts

Percentage of total activity budget in
proximity
Percentage of feeding budget in
proximity
Percentage of total activity budget in
proximity, low availability periods
Percentage of feeding budget in
proximity, low availability periods

Feeding on young leaves
Feeding on mature leaves
Feeding on insects

Position in dominance hierarchy
Top half
Bottom half

Test for significance
by ranka

14.5±1.9

14.6±1.1

U=110, P=0.90

2.9±0.4

3.7±0.6

U=94, P=0.47

10.9±1.3

12.7±1.9

U=98, P=0.55

2.1±0.4

3.2±0.8

U=99, P=0.58

Availability of plant reproductive parts
Low
Mid
High

Test for significance across
availability periodsa

11±0.7b
3.8±0.4c,d
7.1±0.6

χ2 =27.8, P<0.001
χ2 =24.6, P<0.001
χ2 =11.4, P=0.003

6.7±0.6b,c
2.2±0.4d
6.2±0.6c

5.0±0.5c
1.3±0.2c
8.5±0.6c

a

Friedman ANOVA, df=2, N=32 females
Post hoc test indicate conditions differ at the level of P<0.05
c
Post hoc tests indicate conditions differ at the level of P<0.01
d
Post hoc tests indicate conditions differ at the level of P<0.01
b

Table 8 Rank effects on the
consumption of alternative
resources (percentage of activity
budget, means ± standard error)
over the complete annual cycle
and during periods when the
availability of plant
reproductive parts was low

a

Mann–Whitney U-test,
Nhigh =15 females, Nlow =15
female

Feeding on young leaves, complete
annual cycle
Feeding on young leaves, low plant
reproductive part periods
Feeding on mature leaves, complete
annual cycle
Feeding on mature leaves, low plant
reproductive part periods

when our analysis was limited to the months when plant
reproductive parts were least available. The tendency for females to space themselves out while feeding thus appeared
strong enough that it was observed under all conditions,
even those in which females were not constrained by low
rank or the reduced availability of plant reproductive parts.
In addition to spreading out while feeding, females spent
more time consuming alternative resources (young and mature leaves) when the availability of plant reproductive parts
was low (Table 7). The amount of time females spent feeding on insects also varied with the availability of plant
reproductive parts, but not in a way that was consistent
with the hypothesis that insects serve as an alternative resource – females actually spent more time feeding on insects when the availability of plant reproductive parts was
high as compared to intermediate, while they showed no
difference between the most extreme periods of low and
high availability. It could be that insects are a desirable
rather than an alternative food and were consumed more
during periods when the availability of plant reproductive
parts was high simply because peak availability of these
two resource types coincided.

Position in dominance hierarchy
Top half
Bottom half

Test for significance
by ranka

7.2±0.5

8.0±0.6

U=77, P=0.14

9.4±1.0

11.9±0.9

U=74, P=0.11

1.7±0.2

2.8±0.3

U=51, P<0.01

2.9±0.3

4.1±0.8

U=78, P=0.15

Dominance rank had no clear impact on the use of alternative resources (Table 8). Although young leaf consumption
increased during periods when the availability of plant reproductive parts was low, females from the top and bottom
halves of their hierarchy did not differ in their consumption
of this resource, either over the complete annual cycle or
during periods when the availability of plant reproductive
parts was low. By contrast, on an annual basis, females from
the bottom as compared to the top half of their hierarchy
spent more time eating mature leaves. However, when the
availability of plant reproductive parts was low, the effect
of rank on the amount of time females spent eating mature
leaves was not significant. Moreover, the biological importance of this finding is unclear given that mature leaves
accounted for only 7% of the annual feeding budget.
Discussion
The forest dwelling guenons challenge theoretical predictions that relate particular diets and patterns of resource distribution to distinct modes of female interaction. Although
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fruit and other plant reproductive parts are a large part
of their diet (Rudran 1978; Struhsaker 1978; Cords 1986;
Gautier-Hion 1988; Chapman et al. 2002), these monkeys
have been characterized as having relatively egalitarian and
undifferentiated relationships (Isbell 1991; Cheney 1992;
Sterck and Steenbeek 1997; Isbell and Young 2002). Because a large portion of the foods that C. mitis females
consume occur in high quality patches that can be profitably usurped, this pattern does not appear to accord well
with prevailing socioecological theory. However, in this
and two other recent studies of individually recognized C.
mitis females (Cords 2000; Payne et al. 2003) it has been
possible to detect linear dominance hierarchies and differentiated social relationships with the accumulation of
sufficient observation hours to compensate for low female
interaction rates. Our study, spanning a complete annual
cycle, goes one step further in demonstrating that subtle
rank differences in feeding patterns may emerge at times
of year when the availability of plant reproductive parts
is low. The use of alternative feeding strategies appears
to account for the subtlety of these effects. Low-ranking
females increased the time they spent feeding in general
and feeding on plant reproductive parts in particular when
the availability of this resource was low, and females of all
ranks increased their consumption of leaves during these
periods. Moreover, at all times females spaced themselves
apart from other individuals while they were feeding.
The finding that the effects of rank varied with the availability of plant reproductive parts can be used to evaluate
prevailing hypotheses about the ways in which resource
use influences female social behavior. Studies showing that
competitive behavior varies with the consumption of high
quality monopolizeable resources (Sugiyama and Ohsawa
1982; Whitten 1983; Altmann and Muruthi 1988; Boccia
et al. 1988; Barton 1993; Barton and Whiten 1993; Gore
1993; Barton et al. 1996; Saito 1996; Koenig et al. 1998;
Pruetz and Isbell 2000; Mathy and Isbell 2001), along with
studies demonstrating that differences in social behavior
correspond to differences in resource utilization among
closely related species (Mitchell et al. 1991; Isbell and
Pruetz 1998; Isbell et al. 1998, 1999; Pruetz and Isbell 2000;
Boinski et al. 2002; Korstjens et al. 2002), provide some
of the best evidence supporting socioecological theory
(Boinski et al. 2002; Koenig 2002; Korstjens et al. 2002).
In this study, there were seasonal changes in the effects of
rank on feeding behavior, but the rate of overt contest competition did not vary with the consumption, availability, or
consumption relative to availability of the most contested
resource – plant reproductive parts. Moreover, this rate was
similar to that which Cords (2000) previously found (one
interaction every 2.2 vs. 2.6 h in this study) using similar
methods to monitor female relationships among a subset
of the same subjects in this study over a more limited period when the availability of plant reproductive parts was
low. Although differences in observation techniques make
comparisons across studies difficult, this rate is low, at
only 5–50% of the rate found among some of the more
commonly studied species of wild cercopithecines (Cords
2000). In our study, rank effects emerged even though rates

of contest competition did not increase, suggesting that
differences in access to resources were imposed through
avoidance from below rather than aggression from above.
Thus, contrary to the most simplistic reading of socioecological theory, the use of high quality resources that can be
profitably usurped does not necessarily lead to overt contest competition and the predicted interrelated set of female
social interaction patterns (see also Koenig 2002).
The lack of a clear preference for grooming higher ranking females and the extreme rarity of coalition formation
documented in this and previous studies of individually recognized C. mitis females (Cords 2000; Payne et al. 2003)
accords well with the suggestion that rank differences are
maintained by avoidance from below rather than aggression from above. If rank differences were imposed through
aggression, preferential grooming of dominant individuals
might be expected as a mechanism for promoting tolerance
at feeding sites, even in the absence of coalition formation
(Barrett et al. 1999; Henzi and Barrett 1999). However, if
low-ranking group members will not even approach highranking individuals in situations that might trigger contest
competition, there is no value in using grooming as a tool
for promoting tolerance, let alone as a means for gaining
support in agonistic interactions.
Although detectable, dominance rank had a very small
effect on feeding behavior that became apparent only during periods when plant reproductive parts were relatively
scarce. These rank differences emerged as an increase in
the time low-ranking females spent feeding in general and
feeding on plant reproductive parts in particular. This increase may have been due to the tendency for subordinate females to switch to foods of lower nutritional quality
(Whitten 1983; Nakagawa 1989; Saito 1996) or to have
lower rates of food intake (Post et al. 1980; van Noordwijk
and van Schaik 1987; Barton and Whiten 1993). Our data
indicate that both high- and low-ranking females increased
their consumption of young and mature leaves when plant
reproductive parts were relatively scarce, but an analysis of
the particular items consumed and their nutritional value
could reveal that subordinate females must switch to even
lower quality foods and therefore have to feed longer to obtain the resources they need. Similarly, although we did not
measure rates of food intake, when Cords (2000) looked at
ingestion times for four important fruit species she found
an absence of rank differences among a subset of the same
subjects in this study. Assuming that intake rates fail to
differ for other foods as well, we find it difficult to explain
the increased feeding time by low-ranking females from a
functional perspective.
Given the subtlety of the rank-effects we found, it also
is unclear that they are of any real biological importance.
Resting has been regarded as an uncommitted reserve of
time that can be allocated to other activities (Dunbar and
Sharman 1984; Dunbar 1992), and previous C. mitis studies have shown that females spend a substantial proportion
of their daylight hours resting (30%: Cords 2000; 32%:
Payne et al. 2003). Even when plant reproductive parts
were relatively scarce, we found that low-ranking females
still devoted over 36% of their activity budget to resting,
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and they showed no reduction in the time they spent socializing. It is likely therefore that these females were able to
easily accommodate within their activity budgets the additional 4–6% of time (relative to high-ranking females) that
they had to spend feeding during periods when the availability of plant reproductive parts was low to intermediate.
Hence it remains to be shown whether a slight decrease in
feeding efficiency can impose upon females any real costs
in ultimate terms. Indeed, looking at reproductive output
among C. mitis females with a known reproductive history
of at least 6 years, Cords (2002) was unable to detect any
rank effects on reproductive rates.
Even the high-ranking females in our study may have
followed the alternative strategies of spreading out while
foraging and switching to alternative resources because the
diversity of foods in the C. mitis diet allowed them to do
so at little cost. The forest guenons are known for their
exceptional degree of dietary flexibility – displaying more
variation in the consumption of plant foods within a single
group across time than they do between groups, forests and
species (Chapman et al. 2002) – and the ability to consume
many different types of food can mitigate the effects of
competition by allowing individuals to switch to alternative resources (Lambert 2002). However, dietary flexibility
and the ability to switch between resources has been noted
as a generalized characteristic of cercopithecine primates
(Lambert 1998, 2002). Hence, although blue monkeys are
known for their highly variable diet, detailed studies using
comparable methods are needed to evaluate the relative degree of dietary diversity across primate lineages (Chapman
et al. 2002), and to determine whether the extreme subtlety
of dominance effects we observed can be attributed to an
unusual degree of dietary flexibility.
While the ability to switch to alternative resources can
minimize overt competition, the absence of significant predation risks also has the potential to reduce aggression
levels by allowing females to space themselves out while
feeding (Janson 1988; van Schaik 1989; but see Isbell and
Enstam 2002). Blue monkey groups at Kakamega are quite
dispersed at times, with individuals separated by hundreds
of meters so that they are out of sight of one another and
unlikely to hear quieter intragroup calls. However, despite
the difficulty of obtaining accurate data on predation rates
(Janson 2000), there is no inherent reason to suspect that
blue monkeys or any of the forest guenons are free from
significant predation risks. Indeed, observed predator attacks, specialized male alarm calls, and the tendency for all
group members to dive into the lower strata of the forest
when aerial predators or harmless look-alikes are sighted
all suggest that predation has been a significant evolutionary force for these monkeys (Cords 1987; Gautier-Hion and
Tutin 1988; Cordeiro 1992; Zuberbuhler 2002).
In other gregarious primates, low-ranking females incur
the costs of feeding in peripheral locations where they
face greater predation risks, must maintain high vigilance
rates, and have reduced foraging efficiencies (Robinson
1981; van Noordwijk and van Schaik 1987; van Schaik
and van Noordwijk 1988; van Schaik 1989; Janson 1990;
Ron et al. 1996; Hall and Fedigan 1997). To date there

are insufficient data from Kakamega or any other guenon
study site to determine whether lower-ranking females
experience more predation (Cords 2000, 2002). Future
studies will need to monitor the location of females within
their groups to determine whether low-ranking individuals
are forced into more dangerous, peripheral positions
when preferred food is scarce. Nonetheless, our informal
observations over many years of study suggest no obvious
rank effect on spatial position within the group.
The results of this study highlight the need to move beyond dietary categories when evaluating ecological influences on social behavior (Koenig 2002). Over the past two
decades it has been recognized increasingly that dietary
categories cannot adequately predict whether a particular resource can be profitably monopolized or usurped,
and that it is important to consider the quality, distribution and depletion time of the foods that animals consume
(Whitten 1983; Mitchell et al. 1991; Saito 1996; Isbell et
al. 1998; Koenig et al. 1998; Koenig 2000). While these
factors are important, we have shown in this study that it
is also necessary to consider the behavioral strategies that
animals use while feeding. Even when females consume
high quality foods that can be monopolized or profitably
usurped, the use of alternative strategies, such as switching
to more abundant resources or spreading out while feeding, may minimize the value and hence the occurrence
of overt competition. When females are able to follow
alternative foraging strategies, the effects of competition
may be blunted so that they are subtle and difficult to
detect.
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