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Introduction

This chapter summarizes the ways in which habitat structure affects perceived
risk of predation and responses to predators (i.e., anti-predator behavior) by cer-
copithecines (Superfamily: Cercopithecoidea), with specific reference to vervet
(Cercopithecus aethiops) and patas (Erythrocebus patas) monkeys. Predation has
long been thought to be an important selective pressure on primate behavior and
sociality (e.g., Altmann, 1974; Busse, 1977; Struhsaker, 1981; van Schaik, 1983;
Cheney & Wrangham, 1987; Cords, 1987; Isbell, 1991, 1994; Miller, 2002).
Among Old World monkeys, predation has been argued to have favored traits such
as large group size (e.g., van Schaik, 1983), multi-male groups (e.g., Henzi, 1988;
van Schaik & Horstermann, 1994), sexual dimorphism in canine size (e.g., Harvey
& Kavanagh, 1978; Plavcan & van Schaik, 1994), and polyspecific associations
(e.g., Gautier-Hion et al., 1983; Cords, 1987; Struhsaker, 1981, 2000), although
others maintain that these traits have been selected for by feeding competition
(Wrangham, 1980, 1983; Janson & Goldsmith, 1995), sexual selection
(Andelman, 1986; Ridley, 1986; Altmann, 1990; Mitani et al., 1996), or, most
recently, infanticide (van Schaik & Kappeler, 1997; Isbell et al., 2002).
Cercopithecines have a wide array of known and potential predators
(Table 15.1) that differ greatly in hunting style (e.g., Kruuk & Turner, 1967;
Boesch, 1994; Shultz, 2001). Thus, it is not surprising that they display a vari-
ety of behaviors in response to the threat of predation, including alarm calls
(Seyfarth et al., 1980; Cheney & Wrangham, 1987; Cheney & Seyfarth, 1990;
Isbell, 1994; Zuberbiihler et al., 1999; Zuberbiihler, 2001), cryptic behavior (i.e.,
silence: Hall, 1965; Tilson, 1977; Chism et al., 1983; Chism & Rowell, 1988;
Wahome et al., 1993; Boesch, 1994; Isbell, 1994), and the formation of
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TABLE 15.1. Confirmed and potential predators of cercopithecines? (data on guenons
adapted from Enstam & Isbell, 2007 in Primates in Perspective by Bearder et al., copy-
right Oxford Univ. Press, Ltd. Reprinted with permission of Oxford Univ. Press, Inc.).
Absence of data (blank spaces) indicates that data are unavailable; #*“Confirmed” preda-
tors include species that have been observed preying on a particular cercopithecoid
species, whether the attack was successful or not. Confirmed predators also include
species that have left remains of monkeys in their nests or dung; b<potential” predators
are species researchers listed as possible predators, but have not been observed attack-
ing, or attempting to attack the species in question. In general, potential predators are
those that co-occur with monkeys and are known to take prey of equal or greater size
than that species, even if they have not been observed preying on that species.

Species Confirmed?® Potential® Sources
GUENONS
Cercopithecus leopard, martial ~ lion, spotted hyena, = Haufstater, 1975; Haltnorth
aethiops eagle, python, African wild cat, & Diller 1980; Isbell
yellow baboon,  serval, black-backed  Seyfarth et al., 1980; Boshoff et al.,
black eagles jackal, cheetah, 1991;Gevaerts, 1992;
caracal Enstam, 2002
C. ascanius  crowned eagle, Cords, 1987, 1990, 2002a;
chimpanzee Skorupa, 1989; Struhsaker & Leakey,

1990; Wrangham & Riss, 1990;
Gevaerts, 1992; Colyn, 1994;
Mitani & Watts, 1999; Mitani et al.,
2001;Sanders et al., 2003

C. campbelli leopard, Hoppe-Dominik, 1984;
crowned eagle, Oates et al., 1990; Shultz, 2001;
chimpanzee Zuberbiihler, 2001;

Zuberbiihler & Jenny, 2002;
Shultz et al., 2004
C. cephus crowned eagle,  python, golden cat, Gautier-Hion & Gautier, 1976;

human leopard Gautier-Hion et al., 1983;
Gautier-Hion & Tutin, 1988
C. diana chimpanzee, Hoppe-Dominik, 1984;
human, Boesch & Boesch, 1989;
leopard, Oates et al., 1990;
crowned eagle Zuberbiihler et al., 1997,

Zuberbiihler et al., 1999; Shultz,
2001; Zuberbiihler & Jenny, 2002;
Shultz et al., 2004
C. lhoesti crowned eagle leopard, golden cat, Haltenorth & Diller, 1980;
python Skorupa, 1989; Struhsaker & Leakey,
1990; Gevaerts, 1992; Colyn, 1994;
Mitani et al., 2001 Sanders et al., 2003

C. mitis crowned eagle Napier, 1981; Skorupa, 1989;
chimpanzee, Struhsaker & Leakey, 1990;
human Wrangham & Riss, 1990;

Gevaerts, 1992;
Mitani & Watts, 1999;
Struhsaker, 2000
C. neglectus  crowned eagle leopard, golden cat, Gautier-Hion & Gautier, 1976
python Haltenorth and Diller, 1980;
Gevaerts, 1992; Wahome et al.,
1993; Colyn, 1994
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TABLE 15.1. (Continued).
Species Confirmed?® Potential® Sources
GUENONS
C. nictitans crowned eagle, python, golden cat, Gautier-Hion & Gautier, 1976;
human leopard Gautier-Hion et al., 1983
Gautier-Hion & Tutin, 1988;
Gevaerts; 1992;
Zuberbiihler & Jenny, 2002
C. petaurista  leopard, Hoppe-Dominik, 1984;
crowned eagle Zuberbiihler & Jenny, 2002;
chimpanzee Shultz et al., 2004
C. pogonias crowned eagle, python, golden cat, Gautier-Hion & Gautier,
human leopard 1976; Gautier-Hion et al.,

1983; Gautier-Hion & Tutin,
1988

C. wolfi crowned eagle leopard Zeeve, 1991; Gevaerts, 1992;
Colyn, 1994
Erythrocebus  black-backed leopard, serval, Haltnorth & Diller, 1980;
patas jackal, caracal, African wild Chism et al., 1983;
domestic dog cat,lion, spotted Chism & Rowell, 1988;
hyena, martial Isbell & Enstam, 2002;
eagle, chimpanzee, Isbell, in prep; Isbell,
wild dog, baboon unpubl. data
Miopithecus leopard, golden cat, Gautier-Hion, 1971;
talapoin genet Gautier-Hion & Gautier,
Nile monitor, 1976; Haltenorth & Diller,
crowned eagle 1980
MANGABEYS
Cercocebus leopard, Hoppe-Dominik, 1984;
torquatus crowned eagle, Zuberbiihler & Jenny, 2002
chimpanzee
Lophocebus crowned eagle Gautier-Hion & Tutin, 1988;
albigena Colyn, 1994; Skorupa, 1989;

L. aterrimus

crowned eagle,

Struhsaker & Leakey, 1990;
Mitani et al., 2001;

Olupot & Waser, 2001;
Sanders et al., 2003 Horn, 1987
Colyn,1994

human
MACAQUES
Macaca monitor lizard, Napier & Napier, 1967;
fascicularis reticulated python, Fittinghoff & Lindburg, 1980;
clouded leopard, van Schaik & van Noordwijk, 1985
golden cat, tiger
M. mulatta tiger, jackal, leopard, tiger Lindburg, 1977;
unidentified Edgaonkar & Chellam, 2002
raptor
M. radiata leopard tiger, domestic dog, Fa, 1989;

hyena,
wild dog, python

Ramakrishnan et al., 1999;
Ramakrishnan & Coss, 2000;
Edgaonkar & Chellam, 2002
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TABLE 15.1. (Continued).

Species Confirmed? Potential? Sources
BABOONS
Papio anubis crowned eagle, Kruuk & Turner, 1967,
chimpanzee, Goodall, 1986; Mitani et al., 2001;
leopard Sanders et al., 2003
P. cynocephalus  lion, leopard, Altmann, 1980; Rasmussen,
hyena 1983; Condit & Smith,
1994
P, ursinus lion, leopard, python, hyena, wild Busse, 1980;
crocodile, dog Boshoff et al., 1991;
black Cheney et al., 2004
eagle
P. hamadryas dog, Verreaux’s eagle, Kummer, 1968; Nagel,
leopard lion, leopard, 1973; Haltnorth & Diller, 1980;
cheetah, Sigg, 1980; Biquand et al.,
wolf, hyena, jackal, 1992; Zinner & Pelaez,
crocodile 1999; Swedell, 2006

polyspecific associations (Struhsaker, 1981; Gautier-Hion et al., 1983; Cheney
& Wrangham, 1987; Cords, 1987; Struhsaker & Leakey, 1990; Isbell, 1994;
Bshary & Nog, 1997; Noé & Bshary, 1997; Chapman & Chapman, 2000; Enstam
& Isbell, 2007). Although cercopithecines sometimes harass, mob, attack and
drive off, or kill predators (e.g., Altmann & Altmann, 1970; Lindburg, 1977;
Gautier-Hion & Tutin, 1988; Boesch, 1994; Cowlishaw, 1994; Stanford, 1995,
1998; Iwamoto et al., 1996; Boesch & Boesch—Achermann, 2000), the majority of
recorded responses involve fleeing from predators (e.g., Seyfarth et al., 1980; van
Schaik et al., 1983; Cheney & Seyfarth, 1990; Isbell, 1994; Iwamoto, 1993; Boesch,
1994; Bshary & Noég, 1997; Boesch & Boesch—Achermann, 2000; Ramakrishnan
& Coss, 2000; Bshary, 2001; Enstam & Isbell, 2002), often after an alarm call has
been given.

Early warning of predator presence is apparently so vital for effective escape
that a number of cercopithecine species respond to alarm calls given by sympatric
(primate and non-primate) prey species (e.g., Gautier-Hion et al., 1983; Seyfarth
& Cheney, 1990; Ramakrishnan & Coss, 2000; McGraw & Bshary, 2002). Fur-
thermore, research on the responses of cercopithecines to alarm calls indicates
that the “correct” response depends on both predator hunting style (e.g., Seyfarth
et al., 1980; Cheney & Seyfarth, 1990; Zuberbiihler, 2001; Bshary, 2001; Shultz
et al., 2004) and habitat structure (e.g., Boesch, 1994; Stanford, 1995; No¢ &
Bshary, 1997; Enstam & Isbell, 2002).

Difficulties in Documenting Predation in Cercopithecines

Challenges to the importance of predation in shaping primate traits and behav-
iors come from several fronts. First, while some anti-predator behaviors, such as
alarm calls, mobbing, and evasive maneuvers, are relatively easy for observers
to document, it is considerably more difficult to document predator-directed
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vigilance (Janson, 2000). Among both cercopithecines and colobines, vigilance
has been shown to increase with increasing predation risk, regardless of whether
this increased risk is due to social factors (e.g., group size: Isbell & Young 1993;
Hill & Cowlishaw, 2002; Shultz et al., 2004; position within the group:
Steenbeek et al., 1999; nearest neighbor distances: Cowlishaw, 1998; Treves, 1998;
Hill & Cowlishaw, 2002; Stanford, 2002; absence of neighbors: Steenbeek et al.,
1999, but see Cords, 1990) or ecological factors (e.g., exposure to predators:
Cords, 1990; Steenbeek et al., 1999; Sterk, 2002; Shultz et al., 2004; visibil-
ity: Cowlishaw, 1998; proximity to refuges: Cowlishaw, 1997a,b, 1998; Hill and
Cowlishaw, 2002; unfamiliar habitat: Isbell et al., 1991, 1993). Further compli-
cations with documenting predator-directed vigilance arise because in some cer-
copithecines and colobines a large proportion of time dedicated to scanning is
in fact directed at detecting potential competitors, infanticidal males, or mates
(e.g., Keverne et al., 1978; Baldellou & Henzi, 1992; Cowlishaw, 1998; Steen-
beek et al., 1999; Treves, 1999), rather than predators.

Second, traits (such a large group size; Hill & Weingrill, 2006; this volume) that
may increase predator avoidance capability may also increase a group’s ability to
compete with other groups for food, while also increasing intragroup competition
for food. This means that it can be difficult to separate the relative influences
of predation and feeding competition on primate traits and behaviors (but see
Cowlishaw, 1997a).

Finally, predation on cercopithecines is often difficult to observe (Cheney &
Wrangham, 1987; Isbell, 1990; but see Busse, 1980; Gautier-Hion et al., 1983;
Struhsaker & Leakey, 1990; Baldellou & Henzi, 1992; Condit & Smith, 1994;
Stanford, 1998; Mitani et al., 2001, for observations of predation on specific cer-
copithecine species), so accurate predation rates are difficult to obtain. The result
is that arguments that maintain predation has favored traits such as large group
size and sexual dimorphism are largely based on the finding that these traits tend to
vary with gross habitat type. Among cercopithecines, terrestrial monkeys tend to
be larger, with larger group sizes, multiple males, and greater sexual dimorphism
in canine and body size (Crook & Gartlan, 1966; Clutton-Brock & Harvey, 1977;
Dunbar, 1988; but see Cheney & Wrangham, 1987; Isbell, 1994, for an alterna-
tive view), and terrestrial monkeys are often assumed to be (e.g., Dunbar, 1988;
Plavcan & van Schaik, 1994), and in some habitats are (e.g., Shultz, 2004; but see
Olupot & Waser, 2001; Zuberbiihler & Jenny, 2002, for an alternative view) at
greater risk of predation than their arboreal counterparts.

Predation Risk vs. Predation Rate

Given all of this, gaining an accurate picture of predation pressure on cercop-
ithecines is difficult. There are two ways to measure the level of predation pres-
sure on a population: predation rate and predation risk. Predation rate refers to the
annual mortality rate within a population that is due to predation and represents
the level of successful attacks after the prey have employed their anti-predator
strategies (Hill & Dunbar, 1998). Predation risk, on the other hand, refers to the
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animals’ perceptions of the likelihood of attack (regardless of whether it is suc-
cessful or not) or their perceived danger in a habitat or area, based on the animals’
behavior, as inferred by researchers (Hill & Dunbar, 1998; Hill & Lee, 1998; Stan-
ford, 1998). Predation risk may be thought of as the probability of an individual
or group encountering a predator, and it is this risk of predation on which animals
base their anti-predator strategies (Hill & Dunbar, 1998; but see Vermeij, 1982,
for an alternative view).

For primates in particular, both predation rate and predation risk can be
difficult variables to measure. Accurate predation rates for many primate popula-
tions are difficult to obtain (Janson, 2000) because predators are rarely habituated
to observers, and predation tends to occur when observers are absent (Isbell &
Young, 1993; Stanford, 1995). Observers may return to their study groups to
find animals missing, but with little or no direct evidence of their fate. Thus,
researchers must estimate predation rates and do so using a variety of methods
(see “How estimated” in Table 15.2), which may account for much of the varia-
tion in estimated predation rates presented in Table 15.2. The few studies in which
predation by mammals on cercopithecines and colobines have been accurately
estimated are those in which predators are habituated to human presence (e.g.,
Wrangham & Riss, 1990; Stanford et al., 1994; Stanford, 1995, 1998). These stud-
ies indicate that predation rates on Old World monkeys can be as high as 35% per
year (Wrangham & Riss, 1990; Stanford et al., 1994).

When predators are not habituated and predation events are not directly
observed, estimates of predation rates are determined by indirect methods
including: (1) counting animals as victims of predation if they disappeared in
apparently healthy condition within a short time (e.g., days) of the observer’s
last observation (Cheney et al., 1988; Isbell, 1990); (2) counting primate remains
found under raptor nests (e.g., Struhsaker & Leakey, 1990; Shultz et al., 2004) or
in the dung of mammalian predators (e.g., Karanth & Sunquist, 1995;
Boesch & Boesch—Achermann, 2000; Bagchi et al., 2003); (3) counting unex-
plained disappearances as deaths based on the known mortality rate (i.e., known
number of deaths per population size; Alberts & Altmann, 1995); and (4) locat-
ing collars from radio-collared individuals in the presence or absence of primate
remains (Olupot & Waser, 2001). Estimates of predation rates of cercopithecines
based on circumstantial evidence vary widely, from less than 1% to as much
as 35% per year (Cheney & Wrangham, 1987; Table 15.2). Under certain cir-
cumstances, predation rates can be extremely high. For example, Isbell (1990)
estimated the predation rate on Amboseli vervets (C. aethiops) in 1987 was at
least 45% due to increased leopard (Panthera pardus) predation. Indeed, preda-
tion can greatly impact the size and structure of cercopithecoid populations (Stan-
ford, 1998) and may lead, at least temporarily, to reduced group sizes (Isbell, 1990;
Stanford, 1995, 1996; Isbell & Enstam, unpubl. data), lower population densi-
ties (Stanford, 1996, 1998), skewed adult sex ratios (Struhsaker & Leakey, 1990),
more males per group (Stanford, 1998), or the elimination of groups altogether
(Isbell, 1990; Stanford, 1998).
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Predation risk may be even more difficult to measure. Frequency of attempted
predation, both successful and unsuccessful, can provide a reasonable estimate
(Hill & Lee, 1998), but observers rarely witness predation attempts, successful or
not. Estimating the risk of predation for cercopithecines and colobines is compli-
cated because a number of factors may influence predation risk, including predator
species (Isbell, 1990) and density (Stanford, 1995), prey preferences of individ-
ual predators (Kruuk, 1986; Kruuk & Turner, 1967; Isbell, 1990; Boesch, 1994;
Cowlishaw, 1994; Stanford et al., 1994; Stanford, 1996), prey body weight or age
(Struhsaker & Leakey, 1990; Boesch, 1994; Isbell, 1994; Stanford et al., 1994;
Hill & Dunbar, 1998; Mitani & Watts, 1999), prey group size (Crook & Gart-
lan, 1966; Clutton-Brock & Harvey, 1977; van Schaik & van Noordwijk, 1985;
but see also Isbell, 1994), proximity to humans (Isbell & Young, 1993), and habi-
tat structure (Crook & Gartlan, 1966).

Importance of Habitat Structure

Aspects of habitat structure that may affect predation risk of cercopithecines
include access to refuges (Stacey, 1986; Cowlishaw, 1997b; Hill & Weingrill,
2006; this volume), tree height (Boesch, 1994), and degree of obstructive cover
(Altmann & Altmann, 1970; Rasmussen, 1983; Cowlishaw, 1994, 1997a; Hill &
Weingrill, 2006; this volume). It has been assumed that predation risk is greater
in savannahs than in rainforests because savannahs provide fewer refuges (e.g.,
trees) from predators (Crook & Gartlan 1966; Clutton-Brock & Harvey 1977;
Dunbar 1988). Although this assumption is now being challenged (Isbell, 1994;
Olupot & Waser, 2001), even within the same broad type of habitat (e.g., “savan-
nah,” “woodland,” “rainforest”) more subtle differences in structure may also
influence primates’ perceived risk of predation. For example, in savannahs few
trees and short grass may actually lower predation risk because such habitats pro-
vide terrestrial stealth predators with little cover from which to hunt (Isbell, 1994;
FitzGibbon & Lazarus, 1995). In contrast, savannah areas with more trees and tall
grass may be riskier because terrestrial predators are provided with more cover for
ambushes (Kruuk & Turner, 1967; Altmann & Altmann, 1970; Rasmussen, 1983;
Isbell, 1994). This means that terrestrial cercopithecines may sometimes be at
greater risk of predation from terrestrial predators, at least during the day, when
they are on the ground nearer trees than when they are farther away. Subtle dif-
ferences in habitat structure of forests can have similar effects on predation risk.
For example, reduced canopy cover or tree height can increase risk of predation
on red colobus monkeys (Procolobus badius) by chimpanzees (Pan troglodytes)
(Boesch, 1994; Stanford, 1995).

Such subtleties suggest that it is no longer useful to identify predation risk
simply by ecosystem type. Rather, looking more carefully at habitat structure
within ecosystems may reveal more meaningful patterns. To illustrate the impor-
tance of habitat structure on the perceived risk of predation and anti-predator
behavior of cercopithecines I focus now on the relationship between the structure
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of open Acacia woodland habitat and the behavior of two cercopithecine pri-
mates, vervet and patas (Erythrocebus patas) monkeys. Although the data pre-
sented below have been presented separately elsewhere (Enstam, 2002; Enstam &
Isbell, 2002, 2004), I combine them here to illustrate the importance of examining
multiple aspects of habitat structure (e.g., tree height, canopy cover, and ground
cover) for their potential effects on anti-predator behavior and perceived risk of
predation.

Methods

The Study Species and the Study Site

I studied one group of patas monkeys and two groups of vervet monkeys between
October 1997 and September 1999 on Segera Ranch in central Kenya. During the
study period the patas group declined in size from 51 to 20 individuals. Much
the decline was associated with illness following unusually heavy El Nifio rains
(Isbell & Young, in preparation). The two vervet groups also declined during the
study, from 30 to 9 and 10 to 5 individuals, respectively, and in June 1999 these
two groups fused into one. The decline in the vervet group sizes was largely the
result of suspected and confirmed predation (Isbell & Enstam, 2002). A detailed
description of the data collection methods and statistical results are provided in
Enstam (2002) and Enstam & Isbell (2002, 2004).

Patas monkeys are highly terrestrial primates that live in grassland and open
woodland habitat below the Sahara Desert from northwest Senegal through Sudan
to eastern Ethiopia, northern Uganda, central Kenya, and northern Tanzania (Isbell,
submitted) and they possess a number of anatomical adaptations for cursorial loco-
motion, including long limbs (Hurov, 1987; Strasser, 1992; Gebo & Sargis, 1994)
and digitigrade feet (Meldrum, 1991; Gebo & Sargis, 1994). The home range
of the patas study group was about 4km from the home range of the vervet
study groups. Vervets are also highly terrestrial, although they spend more time
in trees than do patas monkeys (Chism & Rowell, 1988) and do not possess the
extreme cursorial adaptations of patas monkeys (Strasser, 1992; Gebo & Sar-
gis, 1994). Vervet monkeys occupy savannah woodland habitats and are patchily
distributed along waterways throughout the woodlands of sub-Saharan Africa
(Wolfheim, 1983; Isbell & Enstam, submitted).

Vervet and patas monkeys are ideal subjects upon which to pursue a study
of the effects of habitat structure on perceived risk of predation. First, they are
closely related, thereby minimizing confounding factors resulting from differ-
ent phylogenetic histories. This provides a clearer picture of the effects of ecol-
ogy on their behavior. Indeed, recent studies suggest that vervets and patas are
more closely related to one another than either is to any other cercopithecine
(Groves, 1989, 2000; Disotell, 1996, 2000). Second, except for adult males,
patas and vervets overlap in body size (adult female vervets—weight: 2.5-5.3 kg;
length, excluding tail: 40—61 cm; adult female patas—weight: 4-7.5 kg; length,
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TABLE 15.2. Signs of potential predators from November 1997- August 1999 in
the home ranges of the study groups of vervet and patas monkeys (from Isbell &
Enstam, 2002, reprinted with permission of Cambridge Univ. Press).? “Direct obser-
vations” indicate sightings made by observers. “Indirect observations” indicate sight-
ings based on tracks, dung, and reliable cattle herders; b confirmed predator of vervets
at Segera Ranch (martial eagle) or another site (baboon: Struhsaker, 1967c; Altmann &
Altmann, 1970; Hausfater, 1976; Seyfarth et al., 1980b; Cheney & Sayfarth, 1981; leop-
ard: Struhsaker, 1967c; Seyfarth et al., 1980b, martial eagle: Struhsaker, 1967c; Seyfarth
et al., 1980b); ¢ confirmed predator of patas at Segera Ranch (black-backed jackal) or
another site (domestic dogs: Chism & Rowell, 1988); d humbers indicate the number of
individual direct and indirect observations of predators. A “zero” indicates no observa-
tions during the study period.

Predator Species Vervet Home Ranges Patas Home Range
Direct obs.?  Indirect obs.*  Direct obs.  Indirect obs.
African wildcat (Felis libyca) 1d 0 10 0
Baboons (Papio anuhis)b 8 0 28 0
Black-backed jackal (Canis 3 0 93 1
mesomelas)©
Caracal (F. caracal) 0 0 2 0
Cheetah (Acinonyx jubatus) 4 1 3 0
Domestic dog (C. familaris)© 2 0 27 0
Leopard (Panthera pardus)b 3 5 0 0
Lion (P. leo) 1 3 4 18
Martial eagle (Polemaetus 2 0 2 0
bellicosus)®
Serval (F. serval) 2 0 0
Spotted hyena (Crocuta 0 4 0 3
crocuta)
Total 26 13 169 22

excluding tail: 50-60 cm; Haltenorth & Diller, 1980), and are thus (theoretically)
vulnerable to predation from the same predators, reducing the likelihood that dif-
ferences in anti-predator behavior are related to inherent differences in vulnerabil-
ity. Third, at the Segera Ranch study site in Laikipia, Kenya, they share the same
ecosystem (Acacia woodland) and, therefore, the same community of predators
(Enstam & Isbell, 2002; Isbell & Enstam, 2002; Table 15.2), again reducing the
chances that observed differences in behavior are due to differences in the preda-
tors that each study group encounters.

Habitat Structure of the Study Site

Although vervet and patas monkeys occupy the same ecosystem (i.e., open Aca-
cia woodland), there are two habitat types at the Segera Ranch study site. While
patas are found only in non-riverine habitat, vervets use both riverine and non-
riverine habitats, sleeping in riverine habitat at night but foraging in both river-
ine and non-riverine habitats during the day. These two habitats differ in several
aspects of habitat structure, including tree height and canopy cover, which appear
to affect the animals’ perceived risk of predation as well as their responses to both
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FIGURE 15.1. The height (in meters) of all trees in the riverine and non-riverine habi-
tats. Acacia melifera did not occur in any transects in the patas home range, and Acacia
xanthophloea did not occur in any transects in the non-riverine habitat (from Enstam &
Isbell, 2002, reprinted with permission of Wiley-Liss)

nocturnal and diurnal predators. Areas along the river (i.e., riverine habitat) are
dominated by A. xanthophloea (fever trees), while areas away from rivers (i.e.,
non-riverine habitat) are dominated by A. drepanolobium (whistling thorn aca-
cias) (Enstam & Isbell, 2002). In addition to differing in species composition,
the riverine and non-riverine habitats differ in structure since A. xanthophloea
and A. drepanolobium differ in size and structure. Specifically, the average height
(Figure 15.1) and degree of canopy cover of trees in the riverine habitat are signif-
icantly greater than those in the non-riverine habitat (Enstam & Isbell, 2002).

In addition, within the non-riverine habitat, there are two microhabitats that
differ most obviously in height. I use the term “microhabitat” to refer to areas
within the same general habitat type (i.e., non-riverine) that differ in key structural
features, such as tree height (see Enstam & Isbell, 2004). Average tree height in
the tall microhabitat was significantly taller than average tree height in the short
microhabitat (Enstam & Isbell, 2004).

Results

Sleeping Site Choice

For cercopithecines and colobines at risk of predation by nocturnal predators,
sleeping site selection may be an important anti-predator strategy and sleeping
sites that afford as much security from terrestrial predators as possible should be
preferred (Anderson, 1984). Some research on sleeping site selection has shown
that distribution and availability of food (e.g., chacma baboons (P. ursinus), cf.
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Hamilton, 1982; bonnet macaques (M. radiata), cf. Rahaman & Parthasarathy,
1969; black and white colobus (Colobus guereza), cf. von Hippel, 1998) presence
of water (e.g., thesus macaques (M. mulatta), cf. Lindburg, 1971), or conspecific
groups (black and white colobus, cf. von Hippel, 1998) can influence the loca-
tion of sleeping sites; but other research has indicated that selection of sleeping
sites may also afford anti-predator benefits. For example, bonnet macaques and
black and white colobus both prefer to sleep high up in tall trees with few or no
low branches, apparently because such trees reduce access by terrestrial preda-
tors (von Hippel, 1998; Ramakrishnan & Coss, 2001). Safe, elevated sleeping
sites are so important for some cercopithecines that, in some cases, their social
systems have adapted to take advantage of the best possible sleeping sites. The
fission-fusion social system of hamadryas baboons (Papio hamadryas), for exam-
ple, which occupy the highlands of Ethiopia, Somalia, and Saudi Arabia, is appar-
ently designed for life in an environment with few trees and low food abundance.
In this species, multiple one-male units converge together at night in the form
of a troop at one of the few safe sleeping sites in their habitat: sheer cliff faces
(Kummer, 1968, 1995; Swedell, 2006).

Although closely related, patas and vervet monkeys display strikingly different
sleeping site preferences and behaviors, which appear to be due in large part to
differences in habitat structure, and studies of patas monkey sleeping site habits
suggest that their dispersed sleeping patterns in both time and space may be an
adaptation to avoid predation by nocturnal predators where only small trees exist
(Chism et al., 1983). Vervets do not require such adaptations because they rely on
much taller sleeping trees, which may reduce the risk of predation from terrestrial
predators (see Anderson, 1984). For example, at night, patas scatter over a wide
area and sleep singly in trees (Hall, 1965; Chism et al., 1983; Enstam, pers. obs.),
whereas entire groups of vervets often sleep in the same tree (Struhsaker, 1967;
Enstam, pers. obs.). Moreover, patas rarely sleep in the same trees on consecutive
nights (Chism et al., 1983; Enstam, pers. obs.), whereas vervets frequently sleep
in the same trees on multiple consecutive nights (Struhsaker, 1967, Enstam, pers.
obs.). Also, unlike vervet monkeys (and other cercopithecoids), who typically give
birth at night, patas monkeys typically give birth during the day, which may further
reduce predation at night (Chism et al., 1983).

Diurnal Anti-Predator Behavior

Like sleeping site behavior, the diurnal behavior of vervet and patas monkeys
in the presence of predators can be strikingly different and, I argue, is attribut-
able to differences in habitat structure. In open woodland habitat trees are valu-
able refuges from terrestrial predators once primates get into them (Stacey, 1986;
Cowlishaw, 1997b), but they vary in structure and height. Thus, some trees may
be more effective refuges than others. Taller trees with overlapping canopies are
expected to be more effective as refuges than shorter trees with little overlapping
canopies because the former enable primates to get both up and away from terres-
trial predators. Likewise, taller trees with thinner, more dense, and more vertical
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TABLE 15.3. Responses of patas and vervet monkeys, excluding infants, to mammalian
predator alarm calls (from Enstam & Isbell, 2002, reprinted with permission of Wiley-Liss).
Each response was counted only once in analyses, regardless of the number of animals
displaying that response; includes arboreal scanning only and alarm calling while scanning
arboreally; bhumbers indicate the number of observations of the different types of anti-
predator responses. A “zero” indicates the behavior was not observed; “N/A” indicates that
the behavioral response is not applicable for the specific substrate.

Response Vervets Patas
Riverine habitat Non-riverine habitat Non-riverine habitat
In tree On ground In tree On ground In tree On ground

Arboreal scan? 36P N/A 3 N/A 3 N/A
AC only 0 0 0 0 0 0
Climb tree N/A 0 N/A 2 N/A 3
None 4 0 0 0 2 5
Descend, run 0 N/A 2 N/A 7 N/A
Run away N/A 0 N/A 1 N/A 7
Bipedal scan N/A 0 N/A 1 N/A 10
Climb & scan N/A 3 N/A 1 N/A 6
Active defense 0 0 0 0 0 1
Total 40 0 5 5 22 32

branches might be expected to be more effective as refuges than smaller trees with
thicker, less dense, and more horizontal branches because the latter may be more
accessible to mammalian predators that can climb trees. In Amboseli National
Park, Kenya, for example, leopards were found more often in umbrella trees (Aca-
cia tortilis), which are shorter with thicker and less angled branches than fever
trees (A. xanthophloea), the other available tree species (Isbell, pers. comm.).

At the Segera Ranch site, the same vervet study group used both the riverine
and non-riverine habitats. Since the habitats differ in key structural features, I was
able to examine how differences in tree height and canopy cover between the two
Acacia woodland habitats affect the responses of vervet monkeys to alarm calls at
mammalian predators and to compare their responses to those of the patas study
group. Earlier studies of vervet responses to “leopard” alarm calls at Amboseli
showed that vervets respond by climbing into tall trees, or remaining in them and
not descending (Seyfarth et al., 1980). My research at the Segera Ranch study
site supported these results, as the vervets responded as “typical vervets” to mam-
malian predator alarm calls (Enstam & Isbell, 2002; Table 15.3). Such behavior is
a good strategy to avoid attack by terrestrial predators in riverine habitat, where
trees are quite tall (11.8 m, on average at the Segera Ranch study site) (Enstam &
Isbell, 2002).

Patas monkeys, on the other hand, respond quite differently to mammalian
predators. While their primary response is to scan the environment (apparently
in an attempt to locate the stimulus of the alarm call), their secondary response
differs depending on the substrate they are occupying at the time of the alarm call.
If they are in trees at the time of a mammalian predator alarm call, patas mon-
keys will descend the tree they are in and run away. Although this behavior is not
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part of the “typical” vervet repertoire in riverine habitat, when they were in the
non-riverine habitat arboreal vervet monkeys were observed to descend and run
away during a mammalian predator alarm call (Table 15.3). Similarly, while patas
monkeys on the ground at the time of a mammalian predator alarm call will climb
trees and scan the environment, just as vervets do (Table 15.3), they will also
engage in behavior not seen in the typical vervet anti-predator repertoire. Specif-
ically, patas monkeys will scan bipedally from the ground, run away (past the
nearest trees without climbing them), or engage in “active defense” by attacking
the predator if it is close to the group (Enstam & Isbell, 2002; Table 15.3).

Even though some behaviors exhibited by patas monkeys are not displayed
by vervets in their “typical” (riverine) habitat does not mean that the vervets’
anti-predator response repertoire is inflexible. Just as vervets (and patas) respond
differently to different types of alarm calls (denoting different predators with dif-
ferent hunting techniques: Seyfarth et al., 1980; Enstam, pers. obs.), vervets also
alter their repertoire of responses depending on habitat type. In the non-riverine
habitat, vervets respond with patas-like behaviors, including descending trees,
bipedally scanning, and running away from predators, rather than climbing the
nearest tree (Enstam & Isbell, 2002; Table 15.3).

Height is not the only aspect of tree structure that may play a role in affect-
ing perceived risk of predation and responses to predators. Tree density is sig-
nificantly higher in the non-riverine habitat of both the vervet home ranges
(Figure 15.2), but degree of canopy cover is lower. Degree of canopy cover is
often an important measure for determining abundance of food resources (e.g.,
Chapman et al., 1994; Pruetz & Isbell, 2000; Wieczkowski, 2004), but it may
also be important in terms of providing viable escape routes for monkeys under
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FIGURE 15.2. Tree density (in hectares) of riverine and non-riverine habitats. The non-
riverine habitat has greater variation in tree density and greater average tree density (from
Enstam & Isbell, 2002, reprinted with permission of Wiley-Liss)
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threat of predation. Because I was interested in discovering which habitat afforded
greater opportunities to remain arboreal during a predator attack, I used a behav-
ioral measure of canopy cover, namely, movements between trees by focal ani-
mals (Enstam & Isbell, 2002). Analysis of movements between trees indicates
that the riverine habitat has more continuous canopy cover than the non-riverine
habitat, because vervets in the former habitat were able to move between trees
without descending significantly more often than the same group of vervets in the
non-riverine habitat (Enstam & Isbell, 2002; Figure 15.3). This change in vervet
behavior indicates that, at least to the monkeys, the non-riverine habitat has a
more discontinuous canopy, and the results agree with data obtained from eco-
logical measurements of average maximum crown diameter (Pruetz, 1999), which
show that the canopy of the riverine habitat overlaps more extensively than the
non-riverine habitat. When not under the threat of predation, vervets in the river-
ine habitat were able to remain arboreal significantly more often than vervets or
patas in the non-riverine habitat. In the presence of mammalian predators this, in
combination with the presence of appreciably taller trees, is especially significant
because it means that vervets can increase their distance from predators both verti-
cally (by climbing or remaining in tall trees) and horizontally (by moving between
trees without descending) (see also Enstam & Isbell, 2002).

Such a strategy is unavailable in the non-riverine habitat because there the trees
are short with discontinuous canopy cover, which makes them ineffective means
by which an animal can increase vertical and horizontal distance from preda-
tors while remaining arboreal, particularly if those predators can climb trees (see
also Enstam & Isbell, 2002). Monkeys may be able to avoid predation by mam-
malian predators that cannot effectively climb tall trees, such as cheetah (Acinonyx
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Jubatus), if they can simply get high into tall trees before being attacked. “Tall” is
the operative word, however, since lions (P. leo) are large enough to presumably
push a small tree over or swat a monkey out of a short Acacia drepanolobium by
standing bipedally. But vervets and patas do fall prey to mammalian predators,
such as leopard, which can climb trees, and when under threat of predation by
leopard, climbing a tree (even a tall tree) may not be sufficient. Under such cir-
cumstances, horizontal arboreal flight would be the best option, and this option is
only available in the riverine habitat where canopy cover is relatively continuous.

Given the differences in tree structure between the two habitats it is not surpris-
ing that vervets adopt different anti-predator strategies in the non-riverine habitat;
strategies that are comparable to those of patas monkeys. In a habitat filled with
relatively short trees with little continuous canopy cover, the best anti-predator
strategy appears to be to increase horizontal distance between oneself and one’s
predator as quickly as possible by running in the opposite direction of the preda-
tor, even if that means descending a tree one is occupying during the alarm call.
This is exactly what both vervet and patas monkeys do in the non-riverine habitat.

These data on the same group of vervet monkeys indicate a number of important
aspects about the effects of habitat structure on vervet anti-predator behavior that
may also apply to other cercopithecine species. First, as with many other cercop-
ithecine (and, indeed, primate) behaviors, the response of vervets to the threat of
predation from terrestrial predators does not appear to be hard-wired, but rather is
flexible and sensitive, both to the hunting strategy of the specific type of predator
(Seyfarth et al., 1980), and the height and canopy cover of trees in the immedi-
ate habitat (Enstam & Isbell, 2002). While vervets in riverine habitat responded
to mammalian predator alarm calls as “typical” vervets, when they were in the
non-riverine habitat their responses were more similar to the responses of patas
monkeys in the same habitat. In fact, in the non-riverine habitat, vervets responded
to mammalian predator alarm calls with behaviors that were observed in patas in
that habitat, but not in the same group of vervets in the riverine habitat. The change
in the anti-predator behavior of the same group of vervet monkeys is apparently
related to the limited number of refuges (i.e., tall trees with overlapping canopy)
from large mammalian predators that exist in the A. drepanolobium habitat.

Even within the same habitat type, small differences in habitat structure can
lead animals to prefer one microhabitat instead of another. The patas study group
rarely entered the riverine habitat, using the non-riverine habitat almost exclu-
sively (Enstam, pers. obs.; see also Chism & Rowell, 1988). But the non-riverine
habitat is not uniform in structure. Rather, there is a very distinct and abrupt
difference within the non-riverine habitat in tree height. During my two-year
study the patas study group used 2,851 ha of their approximately 4,000-ha home
range. Within these 2,851 ha the microhabitat with tall A. drepanolobium trees
(hereafter called “tall microhabitat”) comprised approximately 80% (2284 ha),
while the microhabitat with apparently perennially short A. drepanolobium trees
(hereafter called “short microhabitat”) comprised approximately 20% (567 ha).
A comparison of the number of observation days the patas group spent in each
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microhabitat relative to its size indicated that the patas group preferred the tall
microhabitat, spending more days there than expected (Enstam & Isbell, 2004).

But what led the patas group to prefer the tall microhabitat? Among cerco-
pithecines, habitat preference may be related to differences in resource avail-
ability (Clutton-Brock, 1975; Gautier-Hion et al., 1981; Harrison, 1983; Olupot
etal., 1997) or predation risk and avoidance (Treves, 1997; Hill & Weingrill, 2006;
this volume), or monkeys may attempt to trade off these variables by preferring
microhabitats that provide either more resources but with greater risk of predation
or greater safety with fewer resources (Cowlishaw, 1997a).

The patas monkeys appeared to prefer the tall microhabitat for the greater num-
ber of taller than average trees found there. In the tall microhabitat, focal animals
were found in trees that were, on average 4.640.16 m (range: 3.1-5.7 m) in height,
and they climbed into trees that were significantly taller than the average height
of trees in the non-riverine habitat (Enstam & Isbell, 2004; Figure 15.4). More-
over, when focal animals were in trees taller than average tree height (>3 m), they
were found high up in the trees, at higher-than-average tree height (Enstam &
Isbell, 2004; Figure 15.4). Finally, height of focal animals was correlated with tree
height in the tall microhabitat (Figure 15.5), suggesting that the animals climbed
as high into trees as the trees would allow (Enstam & Isbell, 2004).

Patas monkeys at the Segera study site obtain the majority of their food
(83%) from A. drepanolobium trees (Isbell, 1998), with swollen thorns making
up the main part of their diet (Isbell, 1998; Pruetz & Isbell, 2000). However,
swollen thorns do not appear to be less available to patas monkeys in the short
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FIGURE 15.4. Average height of (a) trees (see Enstam & Isbell, 2002), (b) trees into which
focal animals climbed, (c) focal animals in all trees they climbed, and (d) focal animals in
trees >3.0m tall in the microhabitat. Bars represent one standard error (from Enstam &
Isbell, 2004, reprinted with permission of Karger)
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FIGURE 15.5. Correlation between average tree height and average focal animal height in
the tall microhabitat (from Enstam & Isbell, 2004, reprinted with permission of Karger)

microhabitat. First, the density of A. drepanolobium trees did not differ between
the short and tall microhabitats (Enstam & Isbell, 2004). Second, swollen thorns
are found on all A. drepanolobium trees, regardless of height (Isbell, 1998). Third,
patas monkeys typically feed on only 1-2 swollen thorns per tree due to the
fact that the ants (Crematogaster spp.) that live on the A. drepanolobium trees
defend the trees by biting intruders (Isbell, 1998; Isbell et al., 1998; Madden and
Young, 1992; Young et al., 1997). Thus, both short and tall trees provide patas
monkeys with as many swollen thorns as the monkeys can tolerate taking. Finally,
the monkeys seem to prefer feeding in short trees (average feeding height for
swollen thorns: 75 cm) (Pruetz, 1999), perhaps because feeding from the ground
reduces the harassment by the ants that live on the trees.

Instead, it appears that patas preferred the tall microhabitat for its predation
avoidance benefits. Focal animals spent more time scanning from taller than aver-
age trees (>3 m), and spent less time feeding and foraging there. Scanning from
tall trees was also useful in detecting predators. In six focal samples for which the
height of the focal animal was recorded while it gave an alarm call, patas mon-
keys were in trees that were significantly taller than average tree height, and they
were significantly higher in these trees than the average tree height would have
allowed (Enstam & Isbell, 2004). In five of the six cases, the focal animals were
within a half-meter from the top of the tree while giving an alarm call (Enstam &
Isbell, 2004).

Although access to resources is important, these results suggest that the micro-
habitat preference of patas monkeys at Segera Ranch is based more on preda-
tor detection, and the group minimized their used of a microhabitat within their
home range despite the potential opportunity to feed longer or more efficiently on
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short trees that predominate there. As stated earlier in this chapter, the
majority of responses by cercopithecoids to predator presence involves fleeing
(e.g., Seyfarth et al., 1980; van Schaik et al., 1983; Cheney & Seyfarth, 1990;
Isbell, 1994; Iwamoto, 1993; Boesch, 1994; Bshary & Noé, 1997; Boesch &
Boesch—Achermann, 2000; Ramakrishnan and Coss, 2000; Bshary, 2001; Enstam
and Isbell, 2002), and the effectiveness of that flight may be greatly enhanced by
early detection. It is in the tall, rather than the short, microhabitat that patas mon-
keys gain a predator detection advantage based on their ability to scan from taller
than average trees (Enstam & Isbell, 2004).

Trees are only one aspect of habitat structure that affects predation risk, how-
ever. Ground cover is also important to consider because ground cover affects
the visibility of both predators and prey. Prey species that rely heavily on con-
cealment to avoid being detected by predators often use protective cover to avoid
detection (e.g., Lloyd et al., 2000; Fisher & Goldizen, 2001). On the other hand,
species like diurnal cercopithecines that are unable to hide from predators rely on
detecting the predator before being detected themselves. Cercopithecines may use
a number of different strategies to increase their ability to detect predators, includ-
ing living in (larger) groups, forming mixed-species associations, and using areas
with reduced ground cover (e.g., Struhsaker, 1981; Rasmussen, 1983). Areas with
reduced ground cover also provide the additional benefit of reducing hunting suc-
cess in many mammalian predators that rely on cover to get as close to their prey
as possible before attacking (e.g., Schaller, 1972; Eaton, 1974; van Orsdol, 1984;
Bothma et al., 1994; Caro, 1994; Cowlishaw, 1994).

Because both vervet and patas monkeys are highly terrestrial (Chism &
Rowell, 1998; Enstam & Isbell, 2002; Isbell, submitted), effects of ground cover
may be a significant aspect of habitat structure affecting their perceived risk of
predation and anti-predator behavior. After a wildfire burned the ground cover
of a significant portion of the home range of a vervet study group, the vervets
ranged significantly farther from the core of their home range along the river,
moving into the burned area, where they had never been observed to go before
the fire occurred (Enstam, 2002). Three lines of evidence indicate that the vervets
entered the burned area because they perceived a lower risk of predation there.
First, the wildfire significantly reduced grass cover and enabled the vervets to see
significantly farther while on the ground in the burned area, potentially increasing
their ability to detect predators at a greater distance (Enstam, 2002). Second, the
burned area was safer because it contained fewer mammalian predators and poi-
sonous reptiles for vervet monkeys to encounter (Enstam, 2002). Finally, female
vervets scanned bipedally less often in the burned area than in the unburned areas
(Enstam, 2002). Among cercopithecines, rates of scanning have been correlated
with predation risk (e.g., Cowlishaw, 1998), so the reduced rate of scanning in
vervets suggests that they felt less threatened in the burned area (Enstam, 2002).
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Conclusions

Predation has been argued to have exerted strong selection pressures on primates,
favoring a number of behavioral and morphological traits (e.g., Busse, 1977;
Harvey & Kavanagh, 1978; Struhsaker, 1981; Gautier-Hion et al., 1983; Terborgh
& Janson, 1986; Cords, 1987; Cheney & Wrangham, 1987; Henzi, 1988; van
Schaik, 1983; Isbell et al., 1990; Isbell, 1994; van Schaik & Horstermann, 1994,
Plavcan & van Schaik, 1994; Struhsaker, 2000). Cercopithecines, like other pri-
mates, display a variety of behaviors in response to the threat of predation, includ-
ing alarm calls and the formation of polyspecific associations. These responses are
not always successful, however, and many cercopithecines, including vervet and
patas monkeys, can suffer relatively high mortality due to predation (Isbell, 1990;

FIGURE 15.6. Evidence of suspected predation attempt on an adult female patas monkey.
Note the healed wounds that resemble scratches on her right hip (photo: K.L. Enstam)
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Chism et al., 1984; Isbell & Enstam, 2002; Table 15.2). Despite these sometimes
high mortality rates, not all predation attempts are successful (Figure 15.6). It is
possible that primates can extract themselves from death by responding appro-
priately based on both the hunting strategy of the predator and the structure of
habitat they are in when the predator attacks. Vervet and patas monkeys exem-
plify the ability of cercopithecines to respond to predation risk with flexibility,
altering their behavior when changes in risk occur. Predation risk and predation
rate can be difficult variables to quantify. Since predation risk depends greatly
on habitat structure, studies of the effects of multiple aspects of habitat structure
on primate behavior (e.g., Boesch, 1994; Stanford, 1995; Cowlishaw, 1997a,b;
Enstam & Isbell, 2002, 2004) promise to help primate behavioral ecologists gain
a better understanding of the variables that affect predation risk, and ultimately,
predation rate.
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