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ABSTRACT

Predation is acknowledged to be an issue of fundamental importance in the study 

of primates. However, while predation has been discussed in theoretical terms, little 

quantified data exist on the subject. This thesis combines the research of primatologists 

with the findings of their counterparts who study large and small predatory mammals, 

raptors, and reptiles to assemble a database on primate mortality due to predation.

There are 176 confirmed or potential predators of primates in the four geographic 

regions inhabited by primates (Africa, Madagascar, Asia, and the Neotropics). From 

questionnaires and the scientific and natural history literature, approximately 3600 

successful, unsuccessful, and suspected predation events were identified. No variables of 

body size, nocturnal or diurnal activity cycles, or strata could be identified that exempted 

primates from predation. However, the evolution of larger body size in arboreal primates 

may have conferred some protection from raptors and small carnivores.

Frequencies of occurrence of primates in predator diets were used to identify 

eleven species of predators that could be deemed “primate specialists.” An analysis of 

the estimated predation rates of primate species indicated that small, nocturnal, arboreal 

primates may undergo higher rates of predation than other categories o f primates. When 

primate anti-predator strategies were placed within the context of sequential behaviors o f 

hunting predators, primates were especially adept in offsetting predation in the early 

stages o f  the predators' actions. When primates were compared to other prey species
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(particularly ungulates) inhabiting the same biomes and preyed on by the same predators, 

some similarities in rates o f predation were apparent between the two groups.
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CHAPTER I.

INTRODUCTION: THEORETICAL VIEWS ON PREDATION

“In these lofty forests, ... the Great Philippine Eagle has made his home, with no enemies 
to trouble him. He is  well known to the natives as a robber o f their poultry and sm all 
pigs, but chiefly as a  destroyer o f monkeys, which are the only animals sufficiently 
abundant in the forests to support such a large bird." (Seth-Smith 1910, p. 286)

Predation is a fundamentally important issue in primate ecology. However, 

insights to predation based on empirical data have been lacking, tending to make it a 

controversial topic. As a result, a theoretical dichotomy currently exists regarding the 

impact of predation as a selective force on primate adaptations.

Some researchers question the role predation has played in primate evolution 

(Eisenberg et al. 1972, Bourliere 1979, Dittus 1979, Wrangham 1979, 1980, Cheney and 

Wrangham 1987). Conversely, others have postulated that patterns o f primate sociality 

resulted from predation pressure (Terborgh 1983, Moore 1984, van Schaik 1983,

Terborgh and Janson 1986, Dunbar 1988) and that major behavioral, morphological, and 

ecological adaptations have evolved as a result of predation (Tilson 1977, Harvey et al. 

1978, Busse 1980, Turin et al. 1983, Sussman and Kinzey 1984, Anderson 1986a, Caine 

1993).

Predation as a demographic parameter often is discounted by primate researchers 

under the assumption that few instances have been observed or recorded (Hall 1966,

I
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Altmann 1974, Hausfater and Hrdy 1984, Cheney and Wrangham 1987, Hrdy et al. 1995). 

The significance of apparent anti-predator morphological, social, and behavioral patterns 

is disputed because most o f these adaptations also can be explained plausibly as responses 

to sexual selection or feeding competition (Struhsaker 1969, Wrangham 1980). Because 

observation of predation in the scientific literature may be anecdotal rather than 

quantitative, there has been a tendency to minimize possible impacts and frequencies, as 

well as to underestimate the pervasive influence predation has on the behavior and ecology 

of primates (Caine 1990). Recent reviews and studies on topics such as the vulnerability 

o f baboons to predation (Cowlishaw 1994), ecological patterns of predation on primates 

(Isbell 1994a), the status of predation research (Boinski and Chapman 1995), predation 

rate versus predation risk (Hill and Dunbar 1998), and the influence of predation on 

arboreal primates (Treves 1999) have expanded theoretical discussion of this topic.

Analyses suggest to some researchers that predation has played a key role in the 

evolution of basic primate attributes, such as group living (Alexander 1974, Terborgh 

1983, van Schaik 1983, van Schaik et al. 1983b, Stacey 1986, Terborgh and Janson 

1986). Much discussion has also centered around the related topics of group size (e.g., 

van Schaik and van Hooff1983, van Schaik et al. 1983a, Stacey 1986, Terborgh and 

Janson 1986, Rodman 1988, Ferrari and Lopes Ferrari 1990) and polyspecific associations 

(e.g., Gartlan and Struhsaker 1972, Waser 1980a, 1984, Gautier-Hion et al. 1983, 

Buchanan-Smith 1990, Terborgh 1990a). Large primate groups are considered beneficial 

because vigilance is enhanced (van Schaik and van Hooff 1983, Caine 1987, Hardie and 

Buchanan-Smith 1997), but off-setting this benefit is increased competition for resources

2
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(Wrangham 1980). Attempts to test for correlations between levels of predation and 

number o f individuals within groups showed positive correlations between estimated rate 

of predation and group size (Anderson1986a, Isbell 1994a). This positive correlation was 

substantiated by one field study (van Schaik and van Noordwijk 1985), but other primates 

living in small groups, e.g., callitrichids, sustain relatively high degrees of predation 

(Terborgh 1983, Sussman and Kinzey 1984, Goldizen 1987, Caine 1993) as do nocturnal 

prosimians (Goodman et al. 1993c).

Some authors (e.g.. Crook 1970, Leutenegger and Kelly 1977) focused on 

predation as an explanation for the existence of multi-male primate groups. However, in 

some instances conspicuous males are selected by predators (Stacey 1986, Boesch and 

Boesch 1989, Struhsaker and Leakey 1990). While one study found correlates between 

the number of males in a group and the level of predation (Anderson 1986a), another 

found no correlation (Cheney and Wrangham 1987).

Low and high predation levels, o f course, are relative terms. Nonetheless, Hill 

and Lee (1998) have assigned qualitative definitions to low, medium, and high predation 

risk: Low risk entails the presence of predators but no actual or attempted predation has 

been observed or suspected; medium predation risk is associated with occasional predation 

attempts but infrequent predation observed or suspected; high predation risk involves 

frequent or regular, actual or attempted predation observed and suspected.

“[S]uccessfiil predation is a rare event — at most it can occur only once in the 

lifetime o f  a prey” (Terborgh 1983, p. 197). Whatever the overall impact o f successful

3
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predation may be, it does not modify the behavioral strategies of a primate living at 

constant risk from successful predation (Dunbar 1988).

There has been little attempt to recruit research carried out on predator species as 

an aid to understanding the impact o f  predation on primates. Primatologists may have 

relied on limited viewpoints, therefore, when discussing predation (Anderson 1986a, 

Cheney and Wrangham 1987, Isbell 1994a, Boinski and Chapman 1995.) Significant 

changes in field research methodology have been called for, such as night observations and 

the study/habituation o f predators along with primate groups, to accomplish an accurate 

appraisal of predation (Busse 1980, Isbell 1994a). The integration of research on 

predatory animals may answer some o f the myriad questions regarding predation on 

primates, such as: Are primates frequent prey for species of felids, diurnal and nocturnal 

birds o f prey, canids, hyaenids, small carnivores or reptiles? What are the correlates of 

predation levels on primates, e.g., habitat, group size, age, sex, morphology? What is the 

relative predation pressure on primates occupying different ecological niches? Which 

predators emphasize which species o f  primates in their diets? What are the factors 

common to primates and other prey taxa? What are the behavioral adaptations 

highlighting co-evolution of primates and their predators? From the fossil record, how 

may predation have affected early hominids, themselves vulnerable primates living in open 

woodland?

To date, no comprehensive attempt has been made to collect and summarize 

published and non-published empirical or anecdotal records o f actual predation events in 

the wild. This thesis is designed (a) to assess the proximate impact of predators upon

4
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primate populations through a study of predation data; and (b) to identify the ultimate 

morphological, behavioral, and ecological adaptations that may have evolved between 

predators and their primate prey. I hypothesize that some predatory species specialize on 

primates as a resource base and that many others kill primates opportunistically. As a 

result, primates have co-evolved with predators and possess the capacity to offset a 

certain level o f predation-induced mortality through their ecological niches, behavior 

patterns, and unique morphological adaptations.

One hundred seventy-six species of potential primate predators have been 

identified: raptors, felids, canids, hyaenids, ursids, small carnivores, reptiles, and sharks. 

The scientific literature dealing with these species was reviewed for quantitative and 

qualitative references to primates as prey. Questionnaires to field researchers were used 

to collect an additional set of quantitative and qualitative data. In addition, the primate 

repertoire of anti-predator behaviors was compiled and placed in the context of 

ethological research on predators.

In Chapter II, I review the wide range of predators that prey on primates, both 

currently and in the fossil record. The extent of successful and unsuccessful predation 

events observed by qualified researchers and naturalists is presented quantitatively in 

Chapter HI. In Chapter IV, I analyze predation data collected through questionnaires and 

literature searches. Information on predators is used to provide a counterbalance to 

primate research and allows cross-checking between the two fields, a technique useful in 

establishing more accurate estimates o f the level and impact o f predation. Direct 

observation o f predatory species, as well as fecal analyses, stomach contents, and prey

5
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remains in nests, dens, or feeding sites (information regularly gathered in studies of 

predatory animals) provides a valuable base of quantitative data from which to assess 

predation on primates. In Chapter V, I give a narrower discussion of the broad categories 

found in the previous chapter, focusing on the predators that are “primate specialists.” In 

Chapter VI, I use body weight data on primates and predators to explore size relationships 

and size increase as an anti-predation strategy. In Chapter VII, I integrate primate defense 

strategies into the context of responses to sequential events initiated by their predators. 

For a wider perspective, in Chapter VIII, I compare primate predation rates with other 

mammalian prey species. In the final chapter, I summarize my findings and conclusions 

concerning primates and their predators.

6
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CHAPTER EL

A REVIEW OF THE MORPHOLOGY, ECOLOGY, AND BEHAVIOR OF

PREDATORS

“The extraordinary habit o f monkeys leaving trees when attacked by [dholes]... is 
common also in the case o f the Nilgiri Black Langur on these hills, and a  good account 
o f this curious trait w ill be fou nd ... published in 1876; no explanation is however offered 
fo r  such peculiar behaviour. That wild dogs profit by thisfailing is evident from  the fact 
that I  have on more than one occasion in the Kundahs found black monkey fu r  in wild 
dog droppings, ” (Phythian-Adams 1939, p. 653)

Predation is a complex interaction of processes between predator and prey. 

Interactions occur on the levels of behavior, physiology, cognitive learning, and ecological 

adaptations, few of which are overt or measurable (Bryden 1976). Within the ecological 

constraints of habitat and prey density, predatory behaviors are shaped by natural selection 

to maximize nutrient intake (Sunquist and Sunquist 1989). The effects of predation are 

eventually apparent in the population dynamics of both predator and prey species (Bryden 

1976).

Current theory holds that under natural conditions (i.e., an environment devoid of 

human perturbations caused by agriculture or technology) prey delimit the ultimate size of 

predator populations (Kruuk 1986). It is unlikely that the reverse is true, i.e., that 

predators ever regulate the size of prey populations under natural conditions (Vezina 

1985). Predators are responsible, however, for many aspects o f the morphology and

7
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behavior o f their prey (Bertram 1978,1979). If  anti-predator defenses have evolved in 

conjunction with predators, populations of prey species will not be unduly affected by 

predation under normal environmental conditions (Kruuk 1986). If, however, coevolution 

has not occurred between predators and prey (e.g., in the case of introduced species), prey 

may be lacking proper defenses and could suffer high mortality to the point o f extinction 

(Kruuk 1986).

It is paradigmatic in the ethological literature that predation can best be studied 

from the perspective of the predator. A look at primate predation from the viewpoint of 

predator research can expand knowledge on this important aspect of primate demography. 

Primatologists concur that progress in understanding the importance of predation on 

primates will come from this approach (Anderson 1986a, Cheney and Wrangham 1987, 

Isbell 1994a, Boinski and Chapman 1995). For example, one o f the highest rates of 

predation was recorded at Gombe National Park, Tanzania, during extensive observation 

o f chimpanzees (.Pan troglodytes) preying on red colobus monkeys (Colobus badhts) 

(Busse 1977, Stanford et al. 1994a).

Primates are preyed upon by diurnal raptors, owls and other predatory birds, felids, 

canids, hyaenids, ursids, viverrids, herpestids, mustelids, procyonids, marsupials, large and 

small crocodiles, snakes, monitor lizards, and tegus. These predators range in size from 

small predatory birds weighing under 100 g (Vanga curvirostris, the Malagasy hook-billed 

vanga) to giant reptiles weighing in excess o f200 kg {Crocodylus palustrts, the mugger 

crocodile).

8
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One hundred seventy-six known or potential species of predators are considered in 

this study; each one exhibits a distinct morphological, ecological, and behavioral 

relationship to its primate prey. Appendix I contains a listing o f these predatory species 

and the sources from which they were identified. Taxonomy o f predatory animals is 

derived from the following sources: birds (Brown and Amadon 1989, Howard and Moore 

1991, Howell and Webb 1995), mammals (Corbet and Hill 1991, Nowak 1991, 1999), 

reptiles (Mattison 1988, Ross 1989, Frank and Ramus 1995), and sharks (Ellis 1996).

The following data are contained in Tables 2.1-2.9:

• Table 2.1. Diurnal raptors, owls, and other birds known or suspected to prey 

on primates (n=8t);

• Table 2.2. Large carnivores known or suspected to prey on primates (n=3 5);

• Table 2.3. Species in four families of small carnivores and one marsupial

identified as known or suspected primate predators (n=22);

• Table 2.4. Species of reptiles known or suspected to be primate predators 

(n=36);

•  Table 2.5. Species of sharks alleged to prey on primates (n=2).

• Tables 2.6 through 2.9. Geographic distributions of these predatory species.

9
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TABLE 2.1. Diurnal raptors, owls and other predatory birds known or suspected to
prey on primates (n=8t). __________________

DIURNAL RAPTORS

Madagascar cuckoo hawk Aviceda madagascariensis
Grey-headed kite Leptodon ccryanensis
Double-toothed kite Harpagus bidentatus
Black kite M ilvus migrans
Brahminy kite Haliastur indus
White-bellied sea eagle Haliaeetus leucogaster
African fish eagle H. vocifer
Madagascar fish eagle H. vociferoides
Tank eagle Ichthyophaga ichthyaetus
Short-toed eagle Circaetus gallicus
Black-chested snake eagle C. pectoralis
Brown snake eagle C. cinereus
Bateleur Terathopius ecaudatus
Crested serpent eagle Spilomis cheela
Madagascar serpent eagle Eutriorchis astur
African harrier hawk Polyboroides typus
Madagascar harrier hawk P. radiatus
Madagascar goshawk Accipiterfrancesii
Madagascar sparrow hawk A. madagascariensis
Bi-colored hawk A. bicolor
Henst’s goshawk A. henstii
Slate-colored hawk Leucoptemis schistacea
White hawk L. albicollis
Common black hawk Buteogallus cmthracinus
Great black hawk B. untbitinga
Crowned solitary eagle Harpyhaliaetus coronatus
Black-collared hawk Busarellus nigricollis
Grey hawk Buieo nitidus
Roadside hawk B. magnirostris
Madagascar buzzard B. brachypterus
Guiana crested eagle Morphnus guianensis
Harpy eagle Harpia harpy fa
Philippine eagle Pithecophaga jefferyi
Asian black eagle Ictinaetus malayensis
Lesser spotted eagle Aquila pomarma
Tawny eagle A. rapax
Imperial eagle A. heliaca

10
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CONTINUED ... TABLE 2.1. Diurnal raptors, owls and other birds known or
suspected to prey on primates ( n - 8 1 ) . _________________________

Golden eagle A. chrysaetos
Verreaux's eagle A. verreauxii
Wahlberg’s eagle Hieraaetus wahlbergi
Bonelli’s eagle H .fasciatus
African hawk eagle H. spilogaster
Chestnut-bellied hawk eagle H. kienerii
Black and white hawk eagle Spizastur melcmoleucus
Martial eagle Polomaetus bellicosus
Cassin’s hawk eagle Spizaetus africamis
Crested hawk eagle S1 cirrhatus
Hodgson’s hawk eagle S. nipalensis
Black hawk eagle S. tyrannus
Ornate hawk eagle S. omatiis
Isidor’s eagle S. isidori
Crowned eagle Stephcmoaetus coronatus
Red-throated caracara Daptrius americam s
Common caracara Polyborus plancus
Laughing falcon Herpetotheres cachinnans
Barred forest falcon Micrastur ruficollis
Slaty-backed forest falcon M  mirandollei
Collared forest falcon M. semitorquatus
Madagascar kestrel Falco newtoni
Madagascar banded kestral F. zoniventris

OWLS

Madagascar red owl Tyto sotimagnei
Bam owl (Madagascar) 71 alba affinis
Bam owl (Neotropics) 71 a. guatemalae
Madagascar scops owl O tusm tilus
Great homed owl Bubo virginianus
Northern eagle owl B. bubo
Desert eagle owl B. ascalaphus
Spotted eagle owl B. africanus
Fraser’s eagle owl B. poensis
Forest eagle owl B, nipalensis
Shelley’s eagle owl B. shelleyi
Verreaux’s eagle owl B. lacteus
Brown fish owl B. zeylonensis
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CONTINUED ... TABLE 2.1. Diurnal raptors, owls and other birds known or
suspected to prey on primates (n=8t).___________________________________

Burrowing owl Athene cttnicularia
Madagascar long-eared owl Asio madagascariensis

MISCELLANEOUS PREDATORY BIRDS

Squirrel cuckoo Piaya cayana
Grey-breasted mountain toucan Andigena hypoglanca
Keel-billed toucan Ramphastos sulfuratus
Chestnut-mandibled toucan R. swainsonii
Hook-billed vanga Vanga curvirostris
Jungle crow Corvus macrorhynchos
Pied crow C. albus
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TABLE 2.2. Large carnivores known or suspected to prey on primates (n=35).

FELIPS

Lion Panthera leo
Jaguar P. onca
Leopard P. pardus
Tiger P. tigris
Cheetah Acinonyx fubatus
Clouded leopard Neofelis nebulosa
African golden cat Felisaurata
Leopard cat F. bengalensis
Caracal F. caracal
Feral cat F. catiis
Jungle cat F. chans
Puma F. concolor
Ocelot F. pardalis
Rusty-spotted cat F. rttbignosa
Servai F. servai
African wildcat F. silvestns lybica
Asiatic golden cat F. temmincki
Oncilla F. tigrina
Fishing cat F. viverrma
Margay F. wiedii
Jaguarundi F. yagotiroundi

CANIDS

Side-striped jackal Canisaduslus
Golden jackal C. aureus
Blackbacked jackal C. mesomelas
Domestic dog C.fam iliaris
Coyote C. latrans
Wolf C. lupus
African hunting dog Lycaon pictus
Dhole Cuon alptnus
Raccoon dog Nyctereutes procyonoides
Red fox Vulpesvulpes
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CONTINUED ... TABLE 2.2. Large carnivores known or suspected to prey on
primates (n=35)._____________________________________________________

HYAENIDS

Spotted hyena Croatia croaita
Striped hyena Hyaena hyaena
Brown hyena H. brunnea

URSIDS

Asian black bear Selenarctos thibe tarns
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TABLE 2.3. Small carnivores and marsupials known or suspected to prey on
primates (n=22)._______________________________

VTVERRIDS

African linsang Poiana richardsoni
Small spotted genet Genetta genetta
Servaline genet G. servalma
Large spotted genet G. tigrina
Giant genet G. victoriae
Indian civet Viverricida indica
African civet cat Civettictis civetta
African palm civet Nandinia binotata
Sulawesi civet Macrogalidia musschenbroekii
Malagasy civet Fossa fossana
Fossa* Cryptoprocta ferox

HERPEST1PS

Ring-tailed mongoose Galidia elegans
Broad-striped mongoose Galidictis (spp.)
Narrow-striped mongoose Mungotictis decemlineata
Malagasy brown-tailed mongoose Salanoia concolor
Striped-necked mongoose Herpestes vitticollis
Marsh mongoose Atilax paludinosus
Black-legged mongoose Bdeogaie nigripes

PROCYONIPS

Coati Nasua nasiia
Crab-eating raccoon Procyon cancrivorus

MUSTELIDS

Tayra Eira barbara

DfDELPirrps

Neotropical opossum Didelphis marsupialis

* The fossa (Cryptoproctaferox) is classified here as a member o f the Viverridae in 
accordance with Corbet and Hill (1991). Other sources classify this species as an 
herpestid (Nowak 1999). Differences in classification stem from controversy over 
single versus multiple radiations o f  carnivores to Madagascar from mainland Africa.
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TABLE 2.4, Reptiles known or suspected to prey on primates (n=36).

REPTILES

Common caiman Caiman crocodilus
Indopacific crocodile Crocodylus porosus
Mugger crocodile C. palustris
Nile crocodile C. niloticus
False gharial Tomistoma schlegeli
Tegu Tupinambis (spp.)
African monitor Varamts niloticus
Asian water monitor V. salvator
Komodo dragon V. komodoensis
Reticulated python Python reticulatus
Indian python P. molurus
African python P. sebae
Malagasy boa constrictor Acrantophis madagascariensis
Malagasy tree boa Sanzinia madagascariensis
Rainbow boa Epicrates cenchria
Emerald tree boa Coralltts comma
Amazon tree boa C. enydris
Boa constrictor Boa constrictor
Anaconda Eunectes murimts
Malagasy forest night snake llhycyphys miniatus
Yellow rat snake Elaphe quadrivittata
Malagasy giant hognose snake Leioheterodon madagascariensis
Mussurana Cleliactelia
Boomslang Dispholidus typus
Egyptian cobra Naja haje
Black cobra N. nigricollis
Black mamba Dendroaspis polylepsis
Green mamba D. viridis
Common mamba D. angitsticeps
Jameson’s mamba D. famesonii
Puff adder Bids arietans
Gaboon viper B. gabonica
Neotropical rattlesnake Crotalus durissus
Fer-de-Iance Bothr ops asper
Jararaca pit viper B. jararaca
Bushmaster Lachesismuta
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TABLE 2.5. Sharks known or suspected to prey on primates (n=2).

SHARKS

Wolf shark Alopias vulpimis
Requiem shark Carcharhinus gcmgeticus

17

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE 2.6. Primate predators -  Africa.

DIURNAL RAPTORS. OWLS. AND OTHER PREDATORY BIRDS

Black kite Mtlvus migrans
African fish eagle Haliaeetus vocifer
Short-toed eagle Circaetus gallicus
Black-chested snake eagle C. pectoralis
Brown snake eagle C. cinereus
Bateleur Terathopius ecaudatus
African harrier hawk Pofyboroides typus
Lesser spotted eagle Aqitila pomcirina
Tawny eagle A. rapax
Imperial eagle A. heiiaca
Verreaux’s eagle A. verreauxii
Wahlberg’s eagle Hieraaetus wahlbergi
Bonelli’s eagle H. fasciatus
African hawk eagle H. spilogaster
Martial eagle Polomaetus bellicostts
Cassin’s hawk eagle Spizaetus ctfricam s
Crowned eagle Stephanoaetus coronatus
Desert eagle owl Bubo ascalaphus
Spotted eagle owl B. africanus
Fraser’s eagle owl B. poensis
Shelley’s eagle owl B. shelleyi
Verreaux’s eagle owl B. lacteus

FELIDS

Lion Panthera leo
Leopard P. pardus
Cheetah Acinonyx fubatus
African golden cat Felis aurata
Caracal F. caracal
Servai F. servai
African wildcat F. silvestris lybica
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CONTINUED ... TABLE 2.6. Primate predators —Africa.

CANIDS

Side-striped jackal Canisadustus
Golden iackal C. aureus
Blackbacked jackal C. mesomelas
African hunting dog Lycaonpictus

HYAENIDS

Spotted hyena Crocuta crocuta
Brown hyena Hyaena brunnea
Striped hyena H. hyaena

VIVERRIPS

African linsang Poiana richardsoni
Small spotted genet Genetta genetta
Servaline genet G. servalina
Large spotted genet G. tigrina
Giant genet G. victoriae
African civet cat Civettictis civetta
African palm civet Nandinia binotata

HERPESTIDS

Marsh mongoose Atilax paludinosus
Black-legged mongoose Bdeogale nigripes

REPTILES

Nile crocodile Crocodyhts niloticus
African monitor Varanus niloticus
African python Python sebae
Boomslang Dispholidus typus
Egyptian cobra Naja haje
Black cobra AC nigricollis
Black mamba Dendroaspis polylepsis
Green mamba D. viridls
Common mamba D. angusticeps
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CONTINUED ...  TABLE 2.6. Primate predators — Africa.

Jameson’s mamba D. famesonii
Puff adder Bitis arietcms
Gaboon viper B. gabonicus
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TABLE 2.7. Primate predators — Madagascar.

DIURNAL RAPTORS. OWLS. AND OTHER PREDATORY BIRDS

Madagascar cuckoo hawk Aviceda madagascariensis
Black kite M ilvus migrans
Madagascar fish eagle Haliaeetus voctferoides
Madagascar serpent eagle Eutriorchis astur
Madagascar harrier hawk Polyboroides radiatus
Madagascar goshawk Accipiterjrancesii
Madagascar sparrow hawk A. madagascariensis
Henst’s goshawk A. henstii
Madagascar buzzard Buteo brachypterus
Madagascar kestrel Falco newtoni
Madagascar banded kestrel F. zoniventris
Madagascar red owl Tylo smtmagnei
Bam owl (Madagascar) 71 atbaqffinis
Madagascar scops owl Otus m tilus
Madagascar long-eared owl Asio madagascariensis
Hook-billed vanga Vanga curvirostris
Pied crow Corvus albus

VIVERRIDS

Indian civet Viverricida tndica
Malagasy civet Fossafossana
Fossa Cryptoprocta ferox

HERPESTIDS

Ring-tailed mongoose Galidia elegans
Broad-striped mongoose Galidictis (spp.)
Narrow-striped mongoose M ungotictis decemlineata
Malagasy brown-tailed 

mongoose
Satanoia concolor
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CONTINUED ... TABLE 2.7. Primate predators — Madagascar.

REPTILES

Nile crocodile Crocodylus niloticus
Malagasy boa constrictor Acrantophis madagascariensis
Malagasy tree boa Sanzinia madagascariensis
Madagascar forest night snake Ithycyphys miniatus
Malagasy giant hognose snake Leioheterodon madagascariensis
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TABLE 2.8. Primate predators — Asia.

DIURNAL RAPTORS. OWLS. AND OTHER PREDATORY BIRDS

Black kite M ilvns migrans
Brahminy kite Haliastur indus
White-bellied sea eagle Haliaeetus leucogasler
Tank eagle Ichthyophaga ichthyaetus
Crested serpent eagle Spilornis cheela
Philippine eagle Pithecophaga jefferyi
Asian black eagle Ictinaetus malayensis
Golden eagle Aquila chrysaetos
Chestnut-bellied hawk eagle Hieraaeius kienerii
Crested hawk eagle Spizaetus cirrhatus
Hodgson’s hawk eagle S. nipalensis
Northern eagle owl Bubo bubo
Forest eagle owl B. nipalensis
Brown fish owl B. zeylonensis
Jungle crow Corvus macrorhynchos

FELIPS

Leopard Panthera pardus
Tiger P. tigris
Clouded leopard Neofelis nebulosa
Leopard cat Felis bengalensis
Jungle cat F. chans
Rusty-spotted cat F. rubignosa
Asiatic golden cat F. temmincki
Fishing cat F. viverrina

CANIDS

Golden jackal Canis aureus
Wolf C. htpus
Dhole Cuonalpinus
Raccoon dog Nyctereutes procyonoides
Red fox Vulpes vulpes

HYAENIDS

Striped hyena Hyaena hyaena
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CONTINUED TABLE 2.8, Primate predators -  Asia.

URSIPS

Asian black bear Selenarctos thibetemus

VTVERRIPS

Indian civet Viverricula indica
Sulawesi civet Macrogalidia

musschenbroekii

HERPESTIPS

Striped-necked mongoose Herpestes vitticollis

REPTILES

Indopacific crocodile Crocodylus porosus
Mugger crocodile C. palustris
False gharial Tomisioma schlegeli
Asian water monitor Varamis salvator
Komodo dragon V. komodoensis
Reticulated python Python reticulatus
Indian python P. molurus
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TABLE 2.9. Primate predators — Neotropics.

DIURNAL RAPTORS. OWLS. AND OTHER PREDATORY BIRDS

Grey-headed kite Leptodon cayanemis
Double-toothed kite Harpagus bidentatus
Bi-colored hawk Accipiter bicolor
Slate-colored hawk Lettcoptemis schistacea
White hawk L  albicollis
Common black hawk Buteogallus anthracinus
Great black hawk B. urubitinga
Crowned solitary eagle Harpyhaliaetus coronatus
Black-collared hawk Buscirellus nigricollis
Grey hawk Buteo nitidus
Roadside hawk B. magnirostris
Guiana crested eagle M orphms guiartensis
Harpy eagle Harpia harpyja
Black and white hawk eagle Spizastur melanoleticits
Black hawk eagle Spizaetus tyrannus
Ornate hawk eagle S. omatus
Isidor’s eagle S. isidori
Red-throated caracara Daptrius americamis
Common caracara Polyborus piemens
Laughing falcon Herpetotheres cachinnans
Barred forest falcon M icrastur ntftcollis
Slaty-backed forest falcon M. mirandollei
Collared forest falcon M  semitorquatits
Bam owl (Neotropics) Tyto alba guatemalae
Great homed owl Bubo virginianus
Burrowing owl Athene cunicularia
Squirrel cuckoo Piaya cay ana
Grey-breasted mountain toucan Andigena hypoglauca
Keel-billed toucan Ramphastos sulfitratus
Chestnut-mandibled toucan R. swainsonii

FELIDS

Jaguar Pantheraonca
Puma Felts concolor
Ocelot F. pardalis
OncQIa F. tigrina
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CONTINUED ... TABLE 2.9. Primate predators — Neotropics,

Margay F. wiedii
Jaguarundi F. yagouroandi

CANTDS

Coyote Canis latrans

PROCYONIDS

Coati Nasua nasua
Crab-eating raccoon Procyon cancrivoms

MUSTELIDS

Tayra Eira barbara

DfDELPFTTDS

Neotropical opossum Didelphis marsupialis

REPTILES

Common caiman Caiman crocodilus
Tegu Tnpinambis (spp.)
Rainbow boa Epicrates cenchria
Emerald tree boa Corallus canima
Amazon tree boa C. enydris
Boa constrictor Boa constrictor
Anaconda Eunectes murinus
Yellow rat snake Elaphe quadrmttata
Mussurana Clelia clelia
Neotropical rattlesnake Crotaius durissus
Fer-de-lance Bothrops asper
Jararaca pit viper B. jararaca
Bushmaster Lachesis tmtta
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Birds of prey

At least 81 species of diurnal raptors (hawks, eagles, falcons), owls, and other 

birds are known or alleged to prey on primates. Strong legs and powerful feet equipped 

with sharp curved talons, in conjunction with a hooked bill, define the birds o f prey. For 

the diurnal birds o f prey, sight is the most important o f all the senses (Brown and Amadon 

1989). Their hooked and curved bills are not tailored to obtaining prey, but are 

universally used by hawks, eagles, and even vultures, to tear apart prey already killed or 

scavenged (Tarboton 1989). It is the relative size, curvature and thickness of talons, along 

with the length o f the toes that vary with the type o f food consumed; a raptor’s feet are 

dangerous, and their power is exceptional (Brown and Amadon 1989). A blow delivered 

by the feet in a strike is at least as important as the gripping or piercing of the talons 

(Kemp 1990).

The size and strength of the talons of some primate-eating raptors are illustrated in 

Fig.2.1. Raptors that prey on mammals have large tarsi, thick toes and well-curved talons. 

The talons probably serve as much to provide anchorage for the powerful grip as to be 

used as daggers for incapacitating prey; the inner and hind toes are the most powerful and 

work in opposition to each other, applying the main grip to prey (Kemp 1990). Harpy 

eagles (Harpia harpyja) have tarsi that are 2.9 cm thick; their feet span 22.9-25.4 cm, and 

the massive dagger-like talons are 8.1-8.5 cm long (Voous 1969, Brown 1977). Crowned 

eagles (.Stephanoaetus coronaius) have exceptionally thick, powerful legs and short thick 

toes that end in very strong rigid talons (Brown et al. 1982).
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Fig.2. L. Feet and talons of (a) harpy eagle (Harpia harpyja), (b) Bonelli’s eagle 
(Hieraaetusfasciatus), (c) African fish eagle (Haliaeetus vocifer), (d) crowned eagle 
(Stephanoaetus coronaius), (e) Asian black eagle (Ictinaetus malayensis). Scale =  50% 
life size. (Redrawn after Brown 1977.)
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There are three large birds of prey that historically have been known as fierce 

predators o f primates: harpy eagles in the Neotropics, crowned eagles in Africa, and 

Philippine eagles (Pithecophaga jejfferyi) on the island of Mindanao. Scientific research 

has upheld and, for the former two species, even expanded upon this reputation. The 

harpy eagle, nearly the largest and undoubtedly the most powerful eagle in the world 

(Brown and Amadon 1989), is the premier predator of many Neotropical monkeys 

(Fowler and Cope 1964, Rettig 1977,1978, 1995, Izor 1985). Harpy eagles attain speeds 

o f 65-80 km/hr and can exert 2045 kg/m upon impact with their prey, nearly three times 

the muzzle energy of a bullet from a heavy rifle (Brown 1977). Momentum allows them 

to continue in flight and carry their victims to nesting or feeding trees. The talons can be 

driven through the body of a monkey to kill it instantly, or the monkey may be struck with 

such force that it dies by falling to the ground (Brown 1977).

Heavy eagles that prey on primates within the canopy, such as the harpy, 

Philippine, and crowned eagle, have short, broad wings and relatively long, graduated tails 

(Brown and Amadon 1989). Tails are 68.0-85.0% of wing length (Brown 1977). These 

morphological adaptations allow the eagles to maneuver better in the air and dodge 

dexterously around trees and other obstacles in thick forest as they target their prey. In 

some cases, these raptors can lift off almost vertically from the forest floor (Brown and 

Amadon 1989). The same pattern o f wing and tail proportions is repeated in smaller 

genera o f forest-hunting raptors, such as Accipiter, Spizaetus, andM icrastur (Brown and 

Amadon 1989).
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The second largest of the African eagles, the crowned eagle, is the most powerful 

raptor on the continent and able to kill the largest prey (Brown 1966, Fannin and Webb 

1975, Andrews 1990). The combination of short tarsi with exceptionally strong talons 

(Voous 1969, Brown 1977) has given the crowned eagle a reputation as a “primate 

specialist” (Gautier-Hion et al. 1983, Skorupa 1989, Cordeiro 1992). Studies o f this 

raptor in Kibale, Uganda, found that 83.7-87.9% of its prey was Colobus, Cercocebus, 

and Cercopithecus (Skorupa 1989, Struhsaker and Leakey 1990, Leland and Struhsaker 

1993). At another research site in Kiwengoma Forest Reserve, Tanzania, blue monkeys 

(Cercopithecus m itis) composed nearly 90.0% of the prey remains at a crowned eagle 

roost (Msuya 1993). Reliance on primate prey has been credited with the evolution of 

such adaptive behaviors in the crowned eagle as coordinated hunting of monkeys by 

breeding pairs (Daneel 1979), soft whistling to attract curious monkeys (Maclatchey 1937, 

Brown and Amadon 1989), and a protracted breeding cycle which leads to economy in the 

utilization of prey (Brown 1966). The latter adaptation -  biennial rather than annual 

breeding -  is also found in the harpy eagle and may indicate coevolution with prey (Brown 

1966). The pressure on prey species, i.e., slow breeding primates, is doubled when a pair 

o f crowned or harpy eagles are feeding a fledgling. Spacing extra food requirements to 

alternate years gives prey a respite to recover their numbers before the next breeding cycle 

o f the eagles.

The hunting behavior of the crowned eagle consists o f silent watchfulness from a 

perch within the forest, culminating in a swift drop onto prey (Brown et al. 1982). If a 

monkey is killed on the forest floor, the eagle will fly almost vertically upward and eat the

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



whole carcass or tom pieces of it while perched on a branch (Brown and Amadon 1989). 

While cercopithecines and colobines are the most commonly-recorded primate prey for 

crowned eagles, a wide range of primate species are within the limits o f this bird, including 

infant bonobos (Pan panisats) (Badrian and Malenky 1984) and subadult mandrills 

[Mandrillus sphinx) (Jouventin 1975).

The third species of robust, primate-eating raptors, the Philippine eagle, has a 

huge, narrow bill (which may be an adaptation to enhance its binocular field of vision) and 

tarsi almost as heavy as the harpy eagle (Brown and Amadon 1989). Pairs o f Philippine 

eagles have been observed hunting together, and estimates for successful capture o f 

monkeys were significantly higher when two birds combined their efforts (Alvarez 1970). 

While data on the frequency of primates in the diet of Philippine eagles are sparse, three 

studies have estimated 3.0-6.3% of their diet is crab-eating macaques (Mcicaca 

fascicular is) (Gonzales 1968, Kennedy 1985, H. Miranda, pers. comm.) — a range of 

percentages that is lower than the level of primates in the diets of harpy or crowned 

eagles.

Forest-hunting raptors are in most cases more threatening to arboreal primates 

than to terrestrial species. Nonetheless, baboons are crowned eagle prey in Southern 

Africa (Maclean 1985), and researchers saw a crowned eagle attack a subadult mandrill on 

the ground, hold on with its claws, and strike repeated blows at the mandrill’s head with 

its beak (Jouventin 1975).

There are many large eagles that hunt by scanning for prey on the ground from a 

perch or while soaring: Verreaux’s eagles (Aquila verreauxii) prey on baboons and semi-
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terrestrial vervets (Vernon 1965, Gargett 1971,1990). Madagascar buzzards (Buteo 

brachypterus), and Madagascar harrier hawks (Polyboroides radiatus) prey on semi

terrestrial ringtailed lemurs (Lemur catta) when they descend to the ground (Sauther 

1989).

Madagascar harrier hawks also have special morphological adaptations of the legs 

that allow them to bend and probe into narrow tree cavities and behind tree bark to find 

resting mouse lemurs (Microcebus spp.) during the day (Goodman et al. 1993c). Another 

Madagascar diurnal raptor, Henst’s goshawk (Accipiter henstii), preys on nocturnal 

woolly lemurs (Avahi laniger) while they cling to trees during daylight hours (Goodman et 

al. 1998).

The hunting technique of small rainforest hawks involves sitting motionless and 

inconspicuous, interspersed with occasional swift and soundless flights from tree to tree 

(ThioIIay 1985). Some species pursue active hunting, such as the Neotropical collared 

forest falcon (Micrastur semitorquatus) which runs along branches, through thickets, and 

even on the ground in pursuit of prey (Thiollay 1985). This species was seen to make 29 

predation attempts on neonate squirrel monkeys (Saimiri oerstedt) at Corcovado, Costa 

Rica; grey hawks (Buteo nitidus) made four attempts, roadside hawks (/?. magnirostris) 

made five attempts, and chestnut-mandibled toucans (Rcunphastos swainsonii) made three 

attempts (Boinski 1987). Successful attacks on neonates were accomplished by the 

toucans and an ornate hawk eagle (Spizaelus ornatus), and a collared forest falcon killed 

one o f the adult female monkeys. Predation on Saimiri oerstedi at Corcovado and S. 

sciureus at Manu National Park, Peru, by diurnal raptors was calculated to occur at the
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rate of one attack every six or seven days (Mitchell et al. 1991). This level o f predation 

pressure by raptors on small Neotropical primates is supported by other studies. Terborgh 

(1983) recorded one or more raptor attacks at Manu in almost all three-week samples; the 

attacks were more frequent against Saimiri and Saguimis than against larger primates, 

such as Cebus. In another study, also at Manu, tamarin groups underwent attacks by 

raptors about once every one or two weeks (Goldizen 1987). In Brazilian Amazonia, 

raptors attacked a mixed group of Saguinus mystax and S. fuscicollis at the rate of once 

every 8.8 days (Peres 1991). In general, birds o f prey launch more successful than 

unsuccessful attacks (Brown and Amadon 1989); based on the sightings of attacks listed 

above, predation pressure on Neotropical primates from predatory birds may be higher 

than records indicate.

Owls usually hunt from perches and at fairly close quarters without the variety of 

adaptations found in diurnal raptors (Brown 1971a). The soft edges of the owl’s feathers 

are an adaptation for quiet flight (Everett 1977). Verreaux’s eagle owl (Bubo lacteus), a 

very large nocturnal bird of Africa, has two hunting patterns: Adults sit singly on an 

elevated perch with a wide field of vision over open ground. Subadults roam more than 

adults, actively seeking out prey by gliding from perch to perch (Newman 1970, Pitman 

and Adamson 1978, Gillard 1979). Although it is the largest of the African owls, 

Verreaux’s eagle owl is not as powerful as the large African eagles (Brown 1971a). 

Nevertheless, it can catch and kill diurnal prey up to the size of vervet monkeys 

(Cercopithecus aethiops) (Pitman and Adamson 1978, Steyn 1982, Andrews 1990), 

although nocturnal bushbabies are probably more common in its diet (Brown 1971a).
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The Madagascar subspecies of bam owl (Tyto alba affinis), the Madagascar red 

owl (71 soumagnei), and the Madagascar long-eared owl (Asio madagascariensis) are 

predators of small, nocturnal prosimians. The bam owl is the most common and widely- 

distributed nocturnal raptor in Madagascar (Langrand 1990). It has unparalleled acoustic 

ability and is able to detect, locate, and catch prey in complete darkness (Payne 1971, 

Goodman et al. 1993c). Mouse lemurs (Microcebus murimts) are small, solitary, 

nocturnal foragers that are particularly vulnerable to bam owl predation (Goodman et al. 

1993b). Madagascar long-eared owls, a reclusive endemic species, feed on bats, rodents, 

and small lemurs (Goodman et al. 1991). At one nest of Madagascar long-eared owls, 

50.0% of the prey identified from pellets (regurgitations o f indigestible bones) were 

sportive lemurs (Lepilemur rmistelimis) (Rasoloarison et al. 1995). At four other sites, 

mouse lemurs made up 16.7-44.4% of the prey killed by a pair of Madagascar long-eared 

owls (Goodman et al. 1993a, Rasoloarison et al. 1995). When the combined predation 

pressure from bam owls and long-eared owls on mouse lemurs at Beza Mahafaly is 

considered, an estimated predation rate of 25.0% per year may be a conservative 

calculation (Goodman et al. 1993c).

Felids

Primates are a frequent prey item of many species o f wild cats. Normally 

opportunistic hunters, availability of prey or total prey biomass are the primary criteria in 

food selection by wild cats (Emmons 1987).
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Nearly every feature o f a cat’s body is related to its ability to detect and catch 

prey, e.g., adaptations such as camouflaging pelage, heightened senses o f sight and 

hearing, skeletal design to enhance speed and power, and specializations of teeth and jaws 

(Kitchener 1991). Olfaction, however, is less important to felids for location of prey than 

other carnivores, such as canids (Guggisberg 1975). The basic sequence of felid predation 

is search, approach, and immobilization (Kruuk 1986). Hunting strategies of various felid 

species can be divided between active, mobile scanning of the the home range until 

potential prey is encountered versus stationary waiting in ambush at a probable locality for 

prey to approach (Kruuk 1986). Once potential prey has been observed, most cat species 

approach through a series of crouched stalks or slinking runs between available cover 

(Ewer 1973). A single, well-directed neck bite which severs the spinal cord is the lethal 

speciality of all cat species, allowing them to kill prey larger than themselves (Rautenbach 

and Nel 1978). In addition, felids possess morphological adaptations for leaping and 

grasping prey with their sharp, retractile claws (Kruuk 1986). Only the cheetah (Acinonyx 

jubatus) has non-retractile claws, along with smaller canines and larger nostrils than other 

large cat species (Lumpkin 1993).

Leopards (Panthera pardus) have a wide geographic range over much of Africa 

and southern Asia. They are able to exist in almost any habitat, from arid, semi-desert to 

dense rain forest (Smithers 1968, Hamilton 1986). Hills and riverine habitat are often 

selected by leopards (Mills and Biggs 1993). The hunting strategy o f the leopard is largely 

a matter of lurking in likely places (e.g., waterholes) and stealthy approach followed by a 

quick spring and swipe with the paw (Rosevear 1974). When capturing primates, the
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leopard will grab ahold wherever possible (Tumbull-Kemp 1967). Leopards feed on 

relatively small prey, such as primates, because they hunt alone and need to .carry 

carcasses into trees to keep them from being pirated by larger cats or pack-hunting canids 

or hyaenids (Bertram 1982).

Leopards have a wider prey base than the other large cats enabling them to utilize 

primates of all sizes in their diets (Mills and Biggs 1993). The range of primate species in 

the diet of leopards is extensive. In Africa they are known to prey on bonobos (Pan 

paniscus) (Badrian and Maienky 1984), chimpanzees (P. troglodytes) (Boesch 1991, 

1992), western lowland gorillas (Gorilla g. gorilla) (Fay et al. 1995), rain forest guenons 

(Cercopithecus spp.) (Hart et al. 1996), vervets (C. aethiops) (Isbell 1990a, 1990b), 

geladas (Theropithecus gelada) (Iwamoto et al. 1995), baboons (Papio spp.) (Stoltz 

1977, Cleave 1995), and drills (Mandrillus leucophaeus) (Rosevear 1974). In Asia, 

leopards prey on langurs (Presbyds spp.) (Srivastava et al. 1996), golden snub-nosed 

monkeys (Rhinopithecus roxellana) (Schaller et al. 1985, Schalleretal. 1987), macaques 

(Macaca spp.) (Seidensticker and Suyono 1980), and gibbons (Hylobates moloch) 

(Hoogerwerf 1970).

The proportion of primate prey differs greatly among felid species. Leopards seem 

to rely heavily on primates throughout many parts of their range. Hoppe-Dominik (1984) 

provided a review o f leopard ecology in the Ivory Coast, where seven species o f primates 

accounted for 16.2% o f the prey in the diet o f leopards. Based on fecal analysis, Hanuman 

langurs (Presbytis entellus) were found to comprise 27.0% of leopard diets at Kanha, 

India (Schaller 1967). One of the highest frequencies of primates in a leopard diet
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(81.4%) was also from a research site in India (Srivastava et al. 1996). An absence of 

ungulates in Indonesia's Meru-Betiri Park converted both tigers (Panthera tigris) and 

leopards to reliance on primates as primary prey; primates in tiger and leopard diets 

totaled 33.3% and 56.9%, respectively (Seidensticker and Suyono 1980). Increased 

leopard predation caused an escalation in vervet deaths at Amboseli National Park, Kenya, 

and approximately 45.0% of the population died during a one-year period (Isbell 1990b).

Tigers are solitary, territorial hunters that thrive in dense vegetation where their 

camouflage stripes hide them from prey (Whitfield 1978). Stripes break up the tiger’s 

silhouette giving it a great advantage during the stalking phase of the hunt (McDougal 

1977, Sunquist and Sunquist 1988). Tigers prey on langurs (Thapar 1986, Sunquist and 

Sunquist 1988), orangutans (Pongo pygmaeus) (Rijksen 1978), and macaques 

(Seidensticker and Suyono 1980).

All felids are solitary hunters except lions (Panthera tea) (Kruuk 1986). Schaller 

(1972) calculated that lions hunted with at least one other pride member in 52.0% of his 

observations in the Serengeti. However, the number of prey killed per lion per hunt 

decreases when more than two lions are hunting together (Kruuk 1986). Benefits must 

accrue to groups o f females in maintaining territories and protecting young because the 

foraging benefits of social hunting for lions are not sufficient to account for the formation 

o f  groups (Packer et al. 1990). Lions begin their hunt by randomly searching their 

environment for prey; the stalk can be of varying length, alternating between crouched 

movements and freezing in place; if the prey remains unaware of the stalking lion, it will 

make a final fast dash (Kruuk and Turner 1967). At several African sites, fecal analyses
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showed <1.0-6.0% of total prey consumed fay lions were primates (Kruuk and Turner 

1967, Makacha and Schaller 1969, Pienaar 1969, Schaller 1972). Based on nocturnal 

observations, an estimated >8.0% of the baboon population at Moremi, Botswana was 

killed annually due to predation by lions and leopards (Busse 1980).

The clouded leopard of Southeast Asia (Neofelis nebulosa) is most often sighted in 

trees but is not strictly arboreal (Rabinowitz 1988). It is intermediate in many 

morphological criteria between the large cats of the genus Panthera and the small cats o f 

the genus Felis (Seidensticker 1985). It has a relatively small head with large canines and 

muzzle, equipment unnecessary to capture squirrels or birds, but that would be beneficial 

in the successful capture of primates (Seidensticker 1985). It is known to prey on 

orangutans (Rijksen and Rijksen-Graatsma 1975, Rijksen 1978) and proboscis monkeys 

(Nasalis larvatus) (Boonratana 1994).

Neotropical ocelots (Felis parclalis) hunt by slowly walking a nightly path until 

prey is opportunistically encountered (Emmons 1988). Recorded primate prey from scat 

analyses includes squirrel monkeys (Saimiri sciureus) and tamarins (Sagninasfuscicollis) 

(Emmons 1987). Although they are competent climbers, ocelots in one study were only 

seen to hunt terrestrially (Emmons 1988). Jaguar (Panthera onca), the largest of the 

Neotropical cats, have a wide food base (Schaller and Vasconcelos 1978). Prey capture is 

non-selective and opportunistic (Terborgh 1990b). While the jaguar climbs well and is 

almost as arboreal as the leopard, most hunting is done on the ground (Nowak 1991). It 

is often found near water and is known to swim across rivers while hunting (Green 1991). 

At a site in Venezuela where flooding from a new dam had stranded arboreal prey on
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islands, Peetz et al. (1992) documented a 66.7% decline in a group o f red howlers 

(Alouatta seniculus) during a seven-month period as a result o f jaguar predation.

Canids and hyaenids

Canids can be defined by their hunting strategy of trailing, running down prey, and 

attacking it from the rear (Estes 1967). They lack the claws and powerful fbrelimbs of 

felids, but compensate with heightened olfactory powers, long legs and deep chests that 

give them superior endurance to run down prey (Estes 1967). The African hunting dog 

(Lycaon pictus) is a diurnal predator that relies heavily on sight; no concealed stalk is 

attempted since hunting dogs are usually found only in short grass savannah (Estes and 

Goddard 1967, Fuller and Kat 1990).

Dholes (Cuon alpinus), the wild dogs of Asia, are diurnal and hunt in packs 

composed of approximately four to ten animats (Hoogerwerf 1970, Rice 1986). Due to 

lack o f research on this species, there is no clear account of diet composition for dholes 

(Paulraj 1995). Nevertheless, two studies in India and one in Indonesia found primate 

remains in dhole scats (Johnsingh 1980, Seidensticker and Suyono 1989, Srivastava et al. 

1996). Although it has been assumed that dholes, as pack hunters, concentrate on large 

deer (e.g., chital. Axis axis, and sambar, Cervtis unicolor), 42.0% o f dhole kills in the 

Bandipur Tiger Reserve, India were animals under 25 kg (Johnsingh 1983). .

Jackals and foxes pick up scents and pounce on their prey rather than run it down 

in packs (Estes 1967, Lloyd 1980). In Asia, successful captures o f  arboreal capped leaf 

monkeys (Trachypilhecttspileatu) and semi-terrestrial Hanuman langurs by golden jackals
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(Canis aureus) hunting in pairs were recorded (Newton 1985, Stanford 1989). All 

observed encounters between Jackals and patas monkeys (Erythrocebuspatas) in West 

Africa were aggressive and clearly supported the position that Jackals are predators on 

these primates (Struhsaker and Gartlan 1970). In areas without a full complement of 

larger carnivores, Jackals become major predators of animals the size o f primates by 

hunting cooperatively (Lamprecht 1978, McKenzie 1991).

Hyenas use their powerful teeth and Jaws both to kill and to crush the bones of 

prey (Kruuk 1970). There are records of primates in the diets of all three species of 

hyenas (Croatia Croatia, Hyaena hyaena and H. brunnea) (Bourliere 1963, Pienaar 1969, 

Skinner 1976, Bearder 1977, Steiznerand Strier 1981, Kerbis-Peterhans 1990), but 

instances o f observed predation events on primates are rare. Nevertheless, researchers 

witnessed the capture and killing of an adult male yellow baboon (Papio cynocephahts) by 

a spotted hyena in Amboseli National Park, Kenya (Steiznerand Strier 1981) and zoo 

hyenas caught a red colobus (Colobtts badius) in their enclosure at Abuko Reserve, The 

Gambia (Starin 1991).

Spotted hyenas live in clans of up to 50 members; three-quarters o f their food is 

obtained by hunting and one-quarter by scavenging (Cooper 1990). Because of the 

relatively small size of primates tn relation to large African ungulates, packs o f hyenas 

cannot depend on animals the size of primates as staple food (Henschel and Tilson 1988). 

Primates, instead, appeal to the solitary forager, such as a single spotted hyena that is 

looking for a quick meal (Cooper 1990). The solitary brown hyenas and striped hyenas do 

not hunt in packs and are basically scavengers (Kruuk 1975, Owens and Owens 1978,
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Rautenbach and Nel 1978). However, they are known to hunt and kill small mammals 

opportunistically (Mills 1978, 1989).

The efficiency o f cooperative hunting by hyenas and canids is reflected in capture 

rates (Bertram 1979), e.g., 35% success rate for spotted hyenas and 50-70% for African 

hunting dogs. Their emphasis is entirely on terrestrial species, which limits primate prey in 

Africa to savannah dwellers such as baboons, patas monkeys, and vervets.

Damaging effects on wild animal populations by feral domestic dogs (Canis 

fam iliar is) should not be underestimated (Barnett and Rudd 1983). An evaluation o f dogs 

as predators found that they had killed seven species of primates (Anderson 1986b). In 

populated parts of India and Sri Lanka, feral dogs more frequently attack and kill langurs 

than any other carnivore (Oppenheimer 1977).

Ursids

Bishop (1975) is the only source to mention bears as a potential predator of 

primates. The Asian black bear (Selenarctos thibetanus) is the most carnivorous o f the 

Asian bears (Prater 1971), and individuals of the species are known to kill animals as large 

as adult water buffaloes by breaking their necks (Nowak 1991). The bears o f the 

Himalayan foothills have been credited by locals with killing Hanuman langurs, but there 

was no empirical evidence (Bishop 1975).
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Sm all carnivores

There are four families o f small carnivores known to prey on primates: Viverrids -  

genets, civets, and the Malagasy fossa (Cryptoproctaferox); herpestids -  seven species o f 

mongoose; mustelids -  the tayra (Eira Barbara); procyonids -  raccoons and coatis. One 

species o f marsupial in the didelphid family -  the Neotropical opossum (Didelphis 

marsupialis) — has been identified as a probable primate predator.

Generally, predators are most dangerous to prey when the prey is moving or 

sleeping (Moynihan 1976b). Predatory mammals, many of which are nocturnal, are more 

likely to successfully secure vulnerable sleeping primates than are nocturnal owls because 

small carnivores hunt by smell in addition to sight and sound (Moynihan 1976b). They 

also possess foreiimbs with strong claws that make them likely to dig at the entrances to 

sleeping nests and holes. For example, fossa have been seen to dig out hibernating prey 

such as fat-tailed dwarf lemurs (Cheirogaleus medius) (Rasoloarison et al. 1995).

Viverrids, herpestids, and mustelids are generalist carnivores with simple tooth 

morphology (Andrews 1990), but their attack has been likened to being "bitten by a 

sewing machine" (Ewer 1973). The elongated bodies of these small carnivores are geared 

for speed and maneuverability rather than strength of attack. Genets and many civets are 

nocturnal and highly arboreal, allowing them access to small, canopy-dwelling primates. 

Genets are thought to favor denser vegetation than other small carnivores (Waser 1980b). 

The hunting strategy for genets involves slow, cat-like stalking culminating in a sudden 

pounce (Waser 1980b). The excellent binocular vision of the large-spotted genet (Genetta 

tigrina) enables it to judge distances accurately in the arboreal milieu (Macdonald 1992).
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Genets inflicted significant mortality (33.3% over a two-year period) on a population of 

Senegal bushbabies (Galago senegatensis) in South Africa (Martin and Bearder 1979).

The African palm civet (Nandinia binotata) is omnivorous, consuming fruit along with 

arboreal mammals; records of primate prey include pottos (Perodicticuspotto) (Charies- 

Dominique 1974) and an unsuccessful attack on a mona monkey (Cercopithecus mona) 

(Ewer 1973).

The largest of the viverrids is the endemic fossa of Madagascar, which weighs as 

much as 20 kg. The fossa has adapted to the role felids play on the continents 

(Macdonald 1992). It has evolved the sharp retractile claws, strong mandible, camassial 

molars, and formidable canines to fill the ecological niche of the absent felids (Macdonald 

1984b, Wright et al. 1997). The fossa’s agility in the trees has been compared to the 

clouded leopard of Asia (Wright et al. 1997). Fossa use their front paws to capture prey 

and immobilize it prior to inflicting a killing bite on the back of the head, a killing 

technique unlike other viverrids that seize prey directly in their Jaws (Albignac 1970, 1984, 

Eisenberg and Leyhausen 1972). Male and female fossas have been observed working as 

a team in pursuit of diadem sifakas (Propithecus diadema); this has led to speculation that 

during the breeding season fossas may hunt in pairs (Blakey 1994, J. Powzyk, pers. 

comm.). According to Rasolonandrasana (1994) lemurs constitute the basis of the fossa’s 

diet. He identified remains of mouse lemurs (Microcebtis cf. M  murmus), Coquerel’s 

dwarf lemurs (Mirza coquereli), fat-tailed dwarf lemurs (Cheirogaleus medius), fork- 

marked lemurs (Phanerfurcifer), sportive lemurs (Leptlemur mustelinus), brown lemurs 

(Lem urfulvus), and Verreaux’s sifakas (Propithecus verreauxt) in fossa scats collected at
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two study sites. Current research substantiates that fossa exert considerable pressure on 

the larger lemurs, such as P. verrecruxi (Rasoloarison et al. 1995). The diet of the fossa 

also includes Milne-Edward’s sifakas (P. diadema edwardsi), which weigh 6.S-7.5 kg, and 

are the biggest prey animal taken by any viverrid (Macdonald 1992, Wright et al. 1997).

The typical mustelid method of killing is a bite on the back o f the prey’s neck or 

base of skull, thus severing the spinal cord (Ben-David et al. 1991). However, variations 

on this standard killing technique have been documented (Powell 1978, Rowe-Rowe 

1978) and such versatility allows for a wide range o f potential prey (Ben-David et al. 

1991). The only mustelid species that is a confirmed predator on primates is the marten

like tayra, a Neotropical arboreal carnivore that often travels in pairs or small groups 

(Hershkovitz 1969). Tayras exhibit a strong affinity for close-canopy forests, although 

they den in the ground (Sunquist et al. 1989). Successful predation and unsuccessful 

attacks by tayras have been observed on Saguinus nigrtcollis (Izawa 1978), S. oedipus 

(Moynihan 1970), S. mystax (Ramirez 1989), S. midas (Galef et al. 1976), Leontopithecus 

rosalia (Stafford and Ferreira 1995), Cebus apella (Hemandez-Camacho and Cooper 

1976), C. albifrons (Defier 1980), and Saimiri sciureus (Galef et al. 1976). In addition, 

tayras are suspected of preying on infant woolly spider monkeys (Brachyteles 

arachnoides) (Primes et al. 1996).

Mongoose exploit prey by rapid, opportunistic hunting (Waser 1980b). They are 

agile and terrestrial, preying on small vertebrates (Macdonald 1984b). Four of the seven 

mongoose species identified as predators on primates are indigenous to Madagascan 

narrow-striped mongoose (Mimgoliclis decemlineata), ring-tailed mongoose (Galidia
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elegans), Malagasy brown-tailed mongoose (Salanoia concolor), and broad-striped 

mongoose (Galidictis spp.). Narrow-striped mongoose have been studied in the wild and 

were found to hunt mouse lemurs alone or in pairs during the dry season; however, in the 

wet season they forage in bands and reputedly cooperate in the pursuit oibAicrocebns 

(Macdonald 1992). Ring-tailed mongoose are more arboreal than other herpestids and 

have been seen climbing and descending vertical trunks only 4 cm in diameter (Nowak 

1991). Predation by ring-tailed mongoose on brown mouse lemurs (M. nifiis) and greater 

dwarf lemurs (Cheirogaleits major) has been observed (Wright and Martin 1995, Wright 

et al. 1998). The Malagasy brown-tailed mongoose is said to resemble the ring-tailed 

mongoose in morphology but to have a diet very similar to the narrow-striped mongoose 

(Albignac 1984).

Omnivorous Neotropical opossums (Didelphis marsupialis) are the only 

marsupials suspected to prey on primates (Boinski 1992). They are known to be entirely 

opportunistic, taking any prey they encounter and can kill (Moynihan 1976b). Although 

primarily terrestrial, they are competent climbers and can be found feeding at heights o f 25 

m (Macdonald 1984b).

Procyonids identified as potential primate predators are crab-eating raccoons 

(Procyon cancrivorus) and coatis (Masua nasiia). Their predation on primates is 

suspected to be limited to callitrichids and squirrel monkeys (Ferrari 1988, Boinski 1992). 

Crab-eating raccoons replace the common raccoon (Procyon lotor) in the Neotropics, but 

are very similar in morphology except for a longer tail (Macdonald 1984b). They are 

nocturnal, generalized omnivores, but little else is known of their ecology other than they
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are often found near streams, lagoons, and lakes (Eisenberg 1989). Coatis are similar in 

form and behavior to Old World viverrids (Hershkovttz 1969). They are diurnal, highly 

social carnivores (social bonds between adult females and their young are much like 

primates) that are very tolerant of habitat type, exploiting everything from dry, deciduous 

forest to tropical evergreen forest (Eisenberg 1989). Coatis have strong forelimbs and 

long claws for excavating food in leaf litter and rotten logs; they are also equipped for an 

arboreal lifestyle with squirrel-like retrovertible hind legs to descend trees head first and a 

long, semi-prehensile tail (Macdonald 1984b, Nowak 1991). In addition, their long, 

mobile snouts are well adapted for investigating crevices and holes (Nowak 1991). Males 

tend to take up a solitary existence and turn their attention toward larger vertebrate prey 

(Bisbal 1986).

Reptiles

Crocodiles are master predators on a wide tropical food base. No set hunting 

strategy exists for crocodiles, although stealth, surprise and a sudden final burst of speed 

are always involved (Cott 1961). Besides the strength of a lone individual, which can 

reach 8 m in length (J. Losos, pers. comm.), Nile crocodiles (Crocodylus niloticus) often 

hunt cooperatively and may even divide prey among group members (Pooley and Gans 

1976). For mammalian prey as large as primates, adult crocodiles will lurk offshore near 

game trails and watering places; upon sighting the prey, the crocodile quietly submerges, 

waiting to make a fatal upward rush (Alderton 1991).
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To cross the river at the Abuko Nature Reserve in The Gambia, red colobus 

(Colobus badius) frequently used a narrow land bridge where camouflaged crocodiles 

would lie in the grasses (Starin 1991). Two juvenile red colobus and an adult vervet 

(Cercopithecus aethiops) were captured by the crocodiles.

Remains of baboons (Papio ursinus) and Cercopithecus spp. were found in Nile 

crocodiles in southern Africa (Cott 1961). On two occasions crocodiles seemed to be 

stalking silverback western lowland gorillas {Gorilla g. gorilla) in the Republic o f Congo 

(C. Olejniczak, pers. comm.). In both cases, the male gorillas hastily left the area after 

becoming aware o f the crocodile’s presence. In Indonesia, false gharials {Tomistoma 

schlegeh), previously assumed to eat only fish (Pooley 1989), have been observed preying 

on crab-eating macaques {Macaca fascicularis) and proboscis monkeys {Nasalis larvatus) 

as the monkeys swam across rivers (Galdikas and Yeager 1984, Galdikas 1985, Yeager 

1991).

Asian water monitors (Varanussalvator) measure approximately 1.5-2.0 m in 

length. They have formidable claws and sharp teeth, along with a well-developed sense of 

smell and keen eyesight; in addition they are good swimmers, run at high speed on land, 

and are agile arboreally (Hoogerwerf 1970). The largest o f the monitors, the Komodo 

dragon (V. komodoensis), is terrestrial and feeds mostly on mammals, including monkeys 

(Pfeffer 1989). The hunting strategy of all of the monitor lizards is very active in 

comparison to other reptiles that prey on primates. Monitor lizards pick up scent trails 

with their long forked tongues and follow them to prey (Pfeffer 1989). So few studies
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have dealt with predator/prey interactions of monitor lizards that it is impossible to assess 

what impact they may have on primates.

There is also a paucity of field studies on tropical snakes (Murphy and Henderson

1997). While few data are available on the interactions between primates and these 

predators, there are numerous observations published in the scientific literature 

documenting predation by snakes. To cite a few examples, African pythons (Python 

sebae) have been observed swallowing baboons (Isemonger 1962, Pienaar 1969); 

anacondas (Eunectes murimts) prey on Saguinus mystax (Heymann 1987); Boa constrictor 

is a predator of Cebus capucinus (Chapman 1986); Richard (1978) reported a Malagasy 

colubrid, the forest night snake (Ithycyphus miniatus), strangling an adult gray mouse 

lemur (Microcebus murinus); Rakotondravony et al. (1998) recounted a Malagasy tree 

boa (Sanzinia madagascariensis) suffocating and swallowing a bamboo lemur 

{Hapalemur griseus) in the littoral forest of eastern Madagascar.

The so-called giant snakes, pythons, boas, and anacondas, rely on a combination of 

sensory inputs to locate food, including vision, vibration, heat and odor (Murphy and 

Henderson 1997). Because they eat mostly active animals, they hunt mainly by “sit and 

wait” ambush (Mattison 1995). When prey are encountered, they usually retract the head 

and neck, then rapidly strike, immediately immobilizing the victim by constriction, 

followed by swallowing (Greene 1997). One boa constrictor under study in Panama 

entered a different medium-sized mammal burrow every three or four days, waiting up to 

96 hours for prey to approach within striking distance (Montgomery and Rand 1978).
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Giant snakes eat a wide variety of vertebrates and, generally, this leads them to be 

very opportunistic in their choice of prey, taking advantage of almost any potential prey 

species o f an appropriate size (Murphy and Henderson 1997). Adults of the family Boidae 

— Asian and African pythons (Python molums, P. reticulatus, and P. sebae) and the 

anacondas and boas o f the Neotropics — are restricted to terrestrial or aquatic habitats 

because their heavy weight precludes arboreality (Grzimek 1975). Pythons, however, 

have a wider variety of large terrestrial mammals, such as primates, to choose from than 

do anacondas and boas since fewer large, ground-dwelling species have evolved in the 

Neotropics (Murphy and Henderson 1997). Thus, the range of species and absolute 

numbers of individual primates and other medium to large mammals in the diets o f Asian 

and African pythons can be expected to be greater than those found in the diets of the 

Neotropical boids. A study of African pythons in The Gambia found that the density of 

individuals over 2 m in length (i.e., adults) was approximately 20-25 snakes in a 33.5 ha 

area (Starin and Burghart 1992). The researchers surmised that pythons at this density 

have considerable impact on small and medium-sized mammals.

Vipers and pit vipers (family Viperidae), cobras and mambas (family Elapidae), and 

mussuranas and rat snakes (family Colubridae) have different feeding patterns than the 

large constricting boid snakes because many inject venom, an adaptive strategy which 

allows them to subdue and ingest very large prey (Greene 1997). After cobras and 

colubrids strike, they retain an initial grip until struggling ceases; most vipers, however, 

bite rapidly, release, and then relocate prey after it dies. Poisonous snakes were a
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significant source of mortality to sleeping rhesus macaques (Macaca mulatto) at a 

research site in India (I. Malik, pers. comm.).

Neotropical bushmasters {Lachesis rnita) are the largest of the pit vipers and 

suspected to prey on tamarins (Bartecki and Heymann 1987). This species also uses a sit- 

and-wait hunting strategy; one female bushmaster traveled just 50 m in 35 days, catching 

only one prey item during that time (Greene and Santana 1983).

Sharks

Rhesus macaques have colonized the mangrove swamps in the Sunderbans, West 

Bengal, India (Mukherjee and Gupta 1965). Besides Indian pythons {Python molums) 

and estuarine crocodiles {Crocodilus porosus), wolf sharks (also known as common 

thresher sharks) {Alopias vulpinus) and requiem sharks (Carcharhims gangeticus) prey 

on the macaques when the monkeys swim across estuaries at ebb tide. Wolf sharks are 

approximately 6.1 m, 3 m of which is an elongated tail used to stun prey (Lineaweaver and 

Backus 1970, Ellis 1996). Individuals are usually found offshore but not in exceedingly 

deep waters (Ellis 1996). Requiem sharks are found in tropical and temperate seas and 

reach a maximum length of 4 m (Stafford-Deitsch 1987). Little is known about the 

natural history of requiem sharks or other species in the family Carcharhinidae (Ellis 

1996).
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Primates preying on other primates

Chimpanzees, orangutans, baboons, blue monkeys, capuchin monkeys (Cebus 

spp.), lemurs (Lemur fiilvus rufus), and cheirogaleidids (M irza coquereli) have been 

observed hunting and eating smaller primates. Information on primates eating primates is 

summarized in Appendix 2.

Certain instances of primates preying on other primates are relatively well-studied, 

particularly chimpanzee predation (Uehara et al. 1992, Stanford et al. 1994a, Stanford 

1995b, Stanford and Wrangham 1998). At Gombe National Park in Tanzania, chimpanzee 

predation on red colobus is extensive, alleged to account for “an annual harvest of from 

16.8 to 32.9% o f the red colobus population, depending on the number of male 

chimpanzees and the precise size o f the red colobus population in a given year’1 (Stanford 

et al. 1994a, p. 221). This annual harvest rate is controversial when compared to 

Goodman et ai.’s (1993c) estimation of 25.0% estimated predation rate onMicrocebus, 

which has a higher reproduction capacity than anthropoids. Additionally, the 

extrapolation of Gombe chimpanzee kill rates on red colubus to all chimpanzee 

populations is questionable. Boesch (1994c) believed that human presence had a much 

stronger impact on chimpanzees hunting red colobus in Gombe than in the Tai Forest, 

Ivory Coast. Yet, Boesch and Boesch (1989) identified red colobus as the most 

significant prey item for chimpanzees in the Tai Forest.

The study of primate predators and prey is an intriguing contribution to both 

primatology and paleoanthropology, however, it is outside the scope of this thesis. The 

situation is relatively rare and represents a small number of species, so little can be inferred
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from it regarding broad predator-prey interactions. Data from questionnaires or from the 

literature concerning predation by primates on other primates were not included in any 

analyses in subsequent chapters.

Human predation on primates

The latter half of the twentieth century has seen primates killed for sport, trophies, 

and during capture for the pet trade and medical research. The most current crisis is the 

escalating “bush meat” trade in Africa. In the past decade, logging roads have opened up 

rainforests in West and Central Africa to commercial hunters who kill bush meat (primarily 

antelopes and primates) for urban markets. Some estimates suggest that several thousand 

gorillas (Gorilla g. gorilla), chimpanzees (Pan troglodytes), and bonobos (P. paniscus) 

are killed annually in West and Central Africa to supply this lucrative market (Redmond

1998).

In addition, the greatest insidious threat to the survival of primates is the 

destruction o f habitat in the tropics and subtropics through uncontrolled burning and 

cutting of forests (Mittermeier and Coimbra-Filho 1977).

One facet o f human predation that is closely related to the study presented here is 

subsistence hunting o f primates by indigenes, a situation which may approximate the 

predation levels with which non-human primates and hominids evolved. Predation by 

indigenous hunter-gatherers is a major source of primate mortality in West and Central 

Africa and in Amazonian South America (Mittermeier 1987, Mittermeier and Cheney 

1987, Alvard 1994). The frequency o f occurrence of primates killed by indigenous
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hunters near Manu National Park, Peru, illustrates that humans with simple weapons can 

he formidable predators on other primates. For example, of 81 animals killed with bows 

and arrows by the Yomiwato, 48 (59.2%) were primates (Alvard and Kaplan 1991). The 

Waorani of eastern Ecuador preferentially target large primates; in 867 days of hunting, 

they killed 562 woolly monkeys (Lagothrix lagotricha) and 246 red howlers (Alouatta 

senicuhis) (Yost and Kelley 1983).

Traditional subsistence hunting of primates is obviously an increasing rarity 

throughout the world (Gardner 1972, Sinha 1972, Hart 1978), while commercial 

exploitation of primates in non-traditional ways is on the rise. Both subsistence and 

commercial exploitation of primates by humans are complex issues that require intensive 

examination and are not addressed within this thesis.

Fossil record

Fossil evidence supporting theories of long term coevolution between primates and 

their predators is sparse. Nevertheless, some discoveries tend to generate speculation.

For example, predation on Notharctus, a prosimian-like Eocene fossil, was reconstructed 

based on the size and shape of skull puncture marks which matched the teeth of Vulpavus, 

an arboreal mammalian predator (Alexander 1992).

Gebo and Simons (1984) measured puncture marks on Fayum Oligocene fossil 

primates. Due to tooth structure, they concluded that primitive mammalian carnivores, 

the creodonts, preyed and/or scavenged on these primates. However, based upon their 

assumption that predation on living primates is a rare event, the authors concluded that it
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was also rare in the Oligocene, although 9.0% of the fossils they examined showed 

evidence of predation.

On the basis o f the discovery of a skull evidencing bitemarks, Metaihirus parvulus, 

a fossil felid the size of a modem leopard, was identified as the probable predator of 

Mesopitheciis, an Upper Miocene primate (Zapfe 1981).

Fossil bones of early hominid origin were found with baboon remains in South 

African cave excavations at Swartkrans, Kromdraii and Sterkfontein (Brain 1970, 1978, 

Cavallo 1991). Brain (1981) offered two hypotheses to explain the preponderance of 

australopithecine and cercopithecine remains. Either a specialized primate predator, 

besides leopards and hyenas existed at the sites, or fossil primates and early hominids slept 

in caves providing an excellent opportunity for leopards to kill them and drag the 

carcasses farther into the caves for feeding. The Mt. Suswa lava caves in Kenya provide a 

current analogy to the paleontological record in South Africa and lend credibility to the 

second hypothesis. Mt. Suswa is a favorite sleeping site for baboons, and leopards in the 

area subsist almost entirely on these primates (Coryndon 1964, Simons 1966).
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CHAPTER III.

OBSERVED PREDATION EVENTS

“Spyingfrom  some high-lying place, [the leopard] picks out a  half-grown baboon which 
has wanderedfrom the troop, and with all the cunning o f its race it chooses an ambush 
that w ill bring the baboon within reach o f its merciless claws. No matter how acute the 
baboon's power o f vision, the mantle o f invisibility which the leopard seems to possess 
plays the fo o l with even that astonishing keen-sightedness” (Marais 1939, p.35-36)

INTRODUCTION

Variations on the statement: “Predation is rarely observed../’ (Cheney and 

Wrangham 1987, p.227. Hall 1966, Altmann 1974, Hausfater and Hrdy 1984, Chapman 

1986, Stanford 1989, Isbell 1990a, Srivastava 1991, Peetz et al.1992, Hrdy et al. 1995, 

Nunes et al. 1998) are frequently employed as a caveat when the topic of primates as prey 

is under discussion. It is not an exaggeration to say that the statement has come to be 

accepted as axiomatic within the primatology community and is sometimes used to convey 

that the evolutionary consequences o f predation on primates are as incalculable as the 

unknown magnitude of predation. Yet, a systematic count o f observed predations on 

primate species has never been attempted.

It is not my intention here to define at what level primate predation can be judged 

as “rare” or “common,” since these are relative terms, or to make a statistical statement of 

significant difference between occurrences o f predation and other phenomena in primate
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life histories that have been said to be rarely observed, such as birth or infanticide (Jolly 

1972, Hrdy et al. 1995). My intention is to examine and document the prevalence of 

predation on primates found in the published literature.

Approaching the subject of predation on primates from an objective viewpoint, I 

found it evident that a divergence of views concerning the rarity of predation exists 

between primate researchers and their counterparts studying predatory species. The 

evidence for primates in the diets of many predators is indisputable to researchers who 

study predatory animals, but my specific goal in this chapter is to calculate the total 

published observations of predation that can be found within all the evidence of predation.

An extensive assortment of articles in the primate scientific literature, along with 

general biological and natural history journals, contain observations of predation on 

primates. (See Appendix 3 for sources containing data used in this chapter.)

Some primate researchers have made an attempt to document thoroughly the 

circumstances surrounding an attempted or successful killing of a primate by a predator, 

including the behavioral repertoire of both predator and prey (for instance, Busse 1980, 

Boinski 1987, Starin 1991). Anecdotal descriptions of predatory events have even 

appeared as short reports in scientific journals (Stelzner and Strier 1981, Eason 1989, 

Peres 1990, Sherman 1991, Julliot 1994). However, most field researchers are in the 

process of studying some other aspect o f primate ecology or behavior when the 

unexpected drama o f predation unfolds. Given the instantaneous reaction time necessary 

to process this phenomenon, most records of predation are brief anecdotal asides to the 

main body o f  the published research.
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The wider scientific literature encompassing field research on mammalian 

carnivores, birds of prey, and the large predatory reptiles contains both quantitative and 

descriptive discussions o f primates as prey. Quantitative data are presented through 

sampling methodologies such as the contents o f stomachs, feces, or regurgitations (e.g., 

Kruuk and Turner 1967, Emmons 1987, Rasoloarison et al. 1995), or analyses o f nest and 

den remains (e.g., Skinner 1976, Rettig 1978) and prey carcassses (e.g., Schaller 1967, 

1972).

Such sampling methods provide excellent data on numbers of primates eaten by 

predators. Nevertheless, these are inferred data. Although some species of predators, 

such as cheetah, falcons, and hawks never scavenge food (Eaton 1974, Brown and 

Amadon 1989), other predators — lions, as an example — may occasionally scavenge or 

appropriate another predator's kill (Schaller 1972). One could not exclude the possibility 

that the prey item had died of disease, accident or intraspecific aggression and 

subsequently been eaten by the predator.

To prevent any ambiguity over the process by which a primate died -  whether by 

“natural” causes or through predation -  in this chapter I have considered only those 

reports clearly describing witnessed predation events. From these I have compiled a data 

set including over five hundred published, direct observations from field researchers and 

naturalists so I could document the prevalence of this phenomenon.

Compiling qualitative reports to examine a subject that has not been analyzed 

quantitatively has scientific merit because, while a single anecdotal account may be o f 

limited significance, multiple records warrant deeper investigation (Daly and Wilson 1988,
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Whiten and Byrne 1988, Byrne and Whiten 1990). Although care must be taken as to 

how these data are interpreted, the process of collecting, cataloging, and extracting a 

meaningful pattern from isolated observations is a legitimate approach to the study o f rare 

phenomena (Whiten and Byrne 1988). A branch of statistics — meta-analysis -  involves 

the same approach, i.e., synthesizing the results from independent studies for the purpose 

of integrating the findings (Taylor Halvorsen 1986).

METHODS

From a bibliography of approximately 900 citations, dated 1895-1999 (all of which 

discuss some element of predation), articles were scrutinized for direct observation of 

primates attacked or killed by predators. Although no limits were set on the time period 

of references extracted during this literature search, 91.3% of the articles were published 

between 1960-1998.

Three criteria were used to determine instances of observed predation events 

involving primates.

• Criterion I. An eyewitness account of the killing of a primate by a predatory 

species.

•  Criterion 2. An eyewitness account of a predator carrying a recently-killed 

primate and/or consuming the carcass of a recently-killed primate.

•  Criterion 3. An eyewitness account o f an unsuccessful attack on a primate by 

a predator.
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Predation events meeting the three criteria were collated by region (Africa, 

Madagascar, Asia, and the Neotropics), by predator categories (felids, raptors, 

canids/hyaenids, small carnivores, reptiles, or unidentified predators), and by family or 

subfamily of the species of primate prey.

RESULTS

One hundred eighty-three sources (articles from professional scientific journals, 

n=91; natural history journals, n=l8; authored books, n=34; chapters in edited volumes, 

n=26; dissertations, n=I3; reports, n=l) contained 583 references to eyewitness accounts 

of predation (see Table 3.1). Criterion I (eyewitness to a predatory act) was recorded in 

229 instances (from 96 sources). There were 79 observations (from 43 sources) meeting 

Criterion 2 (eyewitness to predator with fresh carcass). Criterion 3 (eyewitness to 

unsuccessful predation) accounted for the remaining 275 observations (from 92 sources).

Considerable numbers of predations occurred in all geographic areas: 47.3% 

(n=276) o f the observed predations occurred in Africa (47.0%, n=86, o f the citations); 

9.4% (n=55) occurred in Madagascar (7.7%, n=14, of the citations); 16.5% (n=96) 

occurred in Asia (25.1%, n=46, of the citations); 26.8% (n=156) occurred in the 

Neotropics (20.8%, n=38, of the citations).

In Table 3 .2 ,1 categorized the predation sightings by predator taxa. Felids 

accounted for 24.2% o f all witnessed predations; raptors and other predatory birds were 

responsible for 46.3%; species in the dog and hyena families, small carnivores, and
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TABLE 3.1. Summation of observed and published predation events.

REGION AND 
PREDATOR

EYEWITNESS 
ACCOUNT OF 

PREDATION ON 
PRIMATE 

(No. of Published 
Sources)

PREDATOR IN 
POSSESSION OF 

CARCASS OR 
CONSUMING 
RECENTLY- 

KILLED PRIMATE 
(No. of Published 

Sources)

EYEWITNESS 
ACCOUNT OF 

UNSUCCESSFUL 
ATTACK ON 

PRIMATE 
(No, of Published 

Sources)

TOTAL PUBLISHED 
ACCOUNTS OF 

PREDATION 
(No. of Published 

Sources)
AFRICA

Felid 42 (23) 33 (13) 30 (16) 105 (52)
Raptor 36 (22) 17 (7) 46 (22) 99 (51)
Canid/Hyaenid 5 (5) 1 (1) 22 (10) 28 (16)
Small Carnivore 1 (1) 0 4 (2) 5 (3)
Reptile 8 (5) 0 4 (3) 12 (8)
Unidentified Predator 26 (2) 0 1 0 ) 27 (3)

TOTAL AFRICA 118 (58) 51 (21) 107 (54) 276 (133)

MADAGASCAR
Felid 0 0 0 0
Raptor 10 (3) 6 (3) 16 (4) 32 (10)
Canid/Hyaenid 1 0 ) 0 0 1 (1)
Small Carnivore 12 (4) 0 4 (4) 16 (8)
Reptile 4 (4) 2 (!) 0 6 (5)

TOTAL MADAGASCAR 27 (12) 8 (4) 20 (8) 55 (24)
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CONTINUED... TABLE 3.1. Summation of observed and published predation events.

REGION AND 
PREDATOR

EYEWITNESS 
ACCOUNT OF 

PREDATION ON 
PRIMATE 

(No, of Published 
Sources)

PREDATOR IN 
POSSESSION OF 

CARCASS OR 
CONSUMING 
RECENTLY- 

KILLED PRIMATE 
(No. of Published 

Sources)

EYEWITNESS 
ACCOUNT OF 

UNSUCCESSFUL 
ATTACK ON 

PRIMATE 
(No. of Published 

Sources)

TOTAL PUBLISHED 
ACCOUNTS OF 

PREDATION 
(No. of Published 

Sources)
ASIA

Felid 13 0 1 ) 5 (4) 7 (5) 25 (20)
Raptor 2 (2) 2 (2) 9 (7) 13 (11)
Canid/Hyaenid 26 (11) 1 (1) 13 (6) 40 (18)
Small Carnivore 0 0 0 0
Reptile 4 (4) 3 (3) 0 7 (7)
Unidentified Predator U (1) 0 0 11 (1)

TOTAL ASIA 56 (29) 11 (10) 29 (18) 96 (57)

NEOTROPICS
Felid 4 (4) 1 (1) 6 (4) 11 (9)
Raptor 17 (10) 6 (6) 103 (14) 126 (30)
Canid/Hyaenid 0 0 0 0
Small Carnivore 0 1 (1) 10 (7) 11 (8)
Reptile 3 (2) 1 (1) 0 4 (3)
Unidentified Predator 4 0 ) 0 0 4 (1)

TOTAL NEOTROPICS 28 (17) 9 (9) 119 (25) 156 (51)

GRAND TOTAL 229 (116) 79 (44) 275 (105) 583 (265)



TABLE 3.2. Published accounts of observed predation on primates categorized by 
predator taia.__________________________________________________________

PREDATOR TAXA
PREDATION

EVENTS
(N=583)

NUMBER
OF

SOURCES

PREDATION
EVENTS

(%)
Felids 141 64 24.2

Diurnal raptors, owls and other 
predatory birds

270 83 46.3

Canids and hyaenids 69 34 11.8

Small carnivores 32 16 5.5

Reptiles 29 20 5.0

Unidentified predators 42 3 7.2
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reptiles accounted for 11.8%, 5.5%, and 5.0% respectively. In 7.2% of the cases, the 

predator was not identified by the author.

Data were available for ten families of non-human primates (Fig.3.1). The 

subfamily Cercopithecinae represented 45.7% (n=254) o f documented predations; 

references to sightings o f cercopithecine predation were found in 45.9% of the articles. 

Next in magnitude was the family Cebidae (21.8%, n=I2I, found in 12.0% of articles), 

followed by Colobinae (13.1%, n=73,23.5% of articles), Callitrichidae (5.6%, n=31, 8.7% 

o f articles), Cheirogaieidae (5.2%, n=29,5.5% of articles), Lemuridae (3.2%, n=18, 2.7% 

of articles), Lorisidae (2.0%, n=l 1,3.3% of articles), Pongidae (1.6%, n=9, 3.8% of 

articles), Indriidae (1.3%, n=7,2.2% of articles), Hylobatidae (0.4%, n=2, 1.1% of 

articles), and Tarsiidae (0.2%, n=l, 0.5% of articles).

DISCUSSION

Instances of predation on primates have been recorded as anecdotal observations 

in numerous research journals. Predators include: diurnal raptors, owls, and other 

predatory birds (such as toucans), small and large felids, wild canids (e.g., jackals and 

dholes, as well as feral dogs), other carnivorous mammals (e.g., hyenas, genets, civets, 

fossa, mongoose, and tayra), crocodiles, and large snakes.

That predation on primates is a  rarely-observed event with unknown implications 

on primate evolution is an assumption frequently expressed within the primate research 

community (see Cheney and Wrangham 1987). The literature search I describe in this
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1 Cheirogaleidae
2 Lemuridae
3 Indritdae
4  Lorisidae
5 Tarsiidae
6 Callithricfdae
7 Cebidae
8 Cercopithednae
9 Colobinae
10 Hyiobatidae
11 Pongidae

3.2%

13.1%

0 .2%

21.8%

45.7%

Fig.3.1. Percentage of observed predations per primate family or subfamily.

chapter was undertaken to test this popular assumption by assessing the actual numbers of 

witnessed predations on primates.

Two hundred and twenty-nine eyewitness accounts (from 96 sources) were found 

describing the deaths o f primates due to predation. In addition, there were 79 published 

accounts (from 43 sources) of predators seen in possession o f a fresh carcass or 

consuming a recently-killed primate. A further 275 published descriptions (from 92
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sources) concerned unsuccessful attacks on primates by various predators. In total, 583 

successful and unsuccessful predations (published in 183 sources) have been witnessed by 

researchers and naturalists.

The more numerous instances involving Cercopithecinae may be due in large part 

to the quantity o f  field research carried out on three genera — Macaca, Papio, and 

Cercoptihecits — rather than their greater susceptibility to predation. The paucity of field 

studies on tarsiers is probably reflected in the lone instance of observed predation for this 

family. The emphasis on certain species is not problematic since I compiled this data set 

only to assess the extent of published observations of predation.

Two reviews of predation contributed 12.0% (n=70) to the total o f observed 

predation events. One review was based on a questionnaire sent to field researchers and 

reported 42 predations that were not published in the primary literature (Cheney and 

Wrangham 1987). The other review was based on written interviews with researchers 

who had carried out fieldwork in Madagascar and reported 28 previously-unpublished 

predation events (Goodman et al. 1993c). Instances o f predation reported in these two 

reviews were cross-checked against the primary literature to prevent redundancy.

My literature search was not a complete compilation of all observed predation 

events. For instance, birding journals published locally in Africa and Asia may contain 

further references to primates as raptor prey, or reports by national park biologists in 

South Africa prior to I960 may mention sightings of carnivore predation. To review this 

literature thoroughly would have been beyond the scope of my thesis. In addition, new 

field research in Madagascar on owls and indigenous viverrids is forthcoming (S.
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Goodman, pers. comm.)- Furthermore, while salient articles in French, Spanish, and 

Japanese were translated, and several articles in Dutch, Afrikaans, and Portuguese were 

scanned for instances o f observed predation, I did not attempt a thorough review of any 

but English-language literature. However, I feel confident that my review of English- 

language literature was exhaustive and located most observations of primate predation.

Eyewitness Sightings: An Overview

A comprehensive review of all the observed predation events would be of limited 

value in this chapter. I do, however, want to highlight important or unusual sightings, 

such as the earliest published record 1 encountered describing predation on primates: This 

short report (Channer 189S) describes the capture and strangulation of a langur 

(presumably Presbytis entellus) by an Indian python (Python molurus).

Forty-six percent of published eyewitness accounts o f primate predation (from 82 

sources) relate to raptor kills. In a “typical” attack by a crowned eagle (Stephanoaetus 

coronatus), the eagle launched itself 150 m away from feeding vervets; using tree cover to 

make an undetected approach, it suddenly burst skyward from the canopy with a monkey 

grasped in its talons (Steyn 1982). In another instance, a crowned eagle snatched a 

colobus monkey from a tree just 1.5 m above an observer's head, driving its talons straight 

through the monkey’s cranium in the process (Clifton 1977). A harpy eagle (Harpia 

harpyja) attack on an adult male red howler monkey (Alouatta senicuius) was similarly 

dramatic; the eagle soared low over the canopy and hit its victim from the back with
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powerful talons while the monkey was participating in a dawn chorus o f calls. (Peres 

1990).

Researchers were only 10 m away when a lionness (Panthera lea) leaped from 

cover in full daylight and seized an adult female baboon (Papio cynocephalus) from a 

focal troop in the Tana River National Primate Reserve, Kenya (Condit and Smith 1994). 

Another investigator photographed an entire sequence of a tiger (Panthera tigris) locating 

her prey, then stalking, capturing and killing a Hanuman langur (Thapar 1986).

Two attacks by golden jackals (Cants aureus) on capped langurs (Presbytis 

pileata) were witnessed during 1400 hours of field observation in Bangladesh (Stanford

1989). Further, several unsuccessful attempts on adult P. entellus by golden jackals, in 

addition to a successful attack on an infant langur, were seen at a research site in India 

(Newton 1985).

Investigators in Amboseli National Park, Kenya witnessed attacks on, or 

consumption of, both baboons and vervets by leopards (Panthera pardus), biackbacked 

jackals (Canis mesomelas), lions, and tawny eagles (Aquila rapax) (Altmann and Altmann 

1970). A review article, based on interviews with field researchers, reported 28 

previously-unpublished observed predations on Madagascar primates by narrow-striped 

mongoose (Mungotictis decemlineala), ring-tailed mongoose (Galidta elegans), Indian 

civets (Viverricula indica)y fossa (Cryptoproctaferox), domestic dogs (Canisfamiliaris), 

two species of snakes, and three birds of prey (Goodman et al. 1993c).
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Comparing Catastrophic Phenomena: Infanticide and Predation

For perspective, I compared the scale o f eyewitness sightings o f predation to 

published cases of infanticide — another catastrophic phenomenon recorded in studies of 

primate species. Infanticide (the killing of unrelated offspring by males to bring females 

into estrus) is a rare and extraordinary occurrence, also, but -  unlike predation on 

primates — it has attained wide credibility within both the scientific community and the 

general public (Sussman et al. 1995). The sexual selection hypothesis (Hrdy 1974, 1977a, 

1979) suggests that males increase their inclusive fitness through the destruction of other 

males’ progeny. Based on this hypothesis, infanticide has been embraced as an 

evolutionarily adaptive strategy. However, only 48 eyewitness accounts o f infant killing 

have been published (Bartlett et al. 1994). (N.B. Their literature search extended only to

1990). Furthermore, nearly half (n=2l) of the infanticidai events recorded in the literature 

occurred in just one species, Presbytis entellus, and more than 50.0% o f the 48 eyewitness 

accounts took place at a single research site in India (Sussman et al.I995).

The literature search carried out for this chapter uncovered in excess of twelve 

times the number of eyewitness accounts of predation on primates as have been published 

concerning infanticide. Furthermore, unlike infanticide, observed predation events have 

been reported for all regions of the world and for ten non-human primate families.

It has been alleged that witnessed cases o f predation on wild primates are unusual 

occurrences and documentation o f them is less frequently found in the literature than 

observed cases o f infanticide: “Forty-eight observed cases of infanticide is far greater than 

the number o f witnessed cases of predation upon primates that made it into the
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professional literature” (Hrdy et al. 1995, p. 152). The information presented in this

chapter provides quantification of observed primate predation events and serves to answer

this allegation with empirical data.

SUMMARY

• Predation events involving primates as prey are documented in the scientific and 

natural history literature. Information from branches ofbiology that study predators 

o f primates can be used to increase our knowledge of primate predation.

• In 183 sources containing sightings o f predation, I found 308 observations of 

successful and 275 cases of unsuccessful predation on primates.

• Eyewitness accounts of predation were documented throughout the range of extant 

primate species — Africa, Madagascar, Asia, and the Neotropics.

•  Predation was documented in ten non-human primate families; the subfamily 

Cercopithecinae accounted for the highest percentage (46%) of the 583 observed 

predations.

•  Whether or not research protocols can be developed to quantify predation events 

under controlled circumstances, direct observation by researchers substantiates that 

predation is a constant risk in the daily lives of primates (Terborgh 1983, Dunbar 

1988).
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CHAPTER IV. 

QUANTITATIVE ANALYSES OF PREDATION

“.../ witnessed a python catching a half-grown baboon. I  was attracted to the scene by 
the noise o f the baboon troop and arrived shortly after the snake had wrapped its coils 
round its prey. The other members o f the troop crowded round the scene o f the tragedy, 
the more adventurous amongst them occasionally darting forward and nipping the coils 
o f the snake in a hopeless effort to frighten it and make it discard its catch. ” Isemonger 
1962, p. 12)

INTRODUCTION

The dichotomy within the primatology community regarding the subject of 

predation on primates is entrenched. Opinions range from a belief that the role o f 

predation has been minimal (Raemakers and Chivers 1980, Wrangham 1980) to theories 

that predation has been a powerful force in shaping social patterns (van Shaik 1983, 

Terborgh and Janson 1986, Dunbar 1988). To that end, I have collected and analyzed a 

set o f data that can serve as a basis for objective review of this topic.

The previous chapter dealt exclusively with instances o f observed predation events. 

In the present chapter, I address and analyze a wider range o f  data. These data are drawn 

from both published and unpublished sources (viz., scientific journals and questionnaires); 

they are drawn from the fieldwork of primate researchers, ornithologists, herpetologists, 

and mammalogists. Data are derived from both the observed predation events analyzed in 

Chapter IH and studies on predation that have produced quantitative results. The latter
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are confined -  not exclusively, but nearly so -  to research on the predators o f primates and 

offer information on the entire spectrum of prey in the diet of many of the 176 predator 

species identified in Appendix I. Along with other food items, primate remains -  ranging 

from Microcebus to Gorilla -  are found in predator scats, pellets, nests, and dens.

Predator-prey relationships can best be studied from the perspective of the 

predator (Busse 1980). Observation o f only one group of one species (the typical 

parameters o f primate research) provides limited data and often skews perception of 

predation, whereas fieldwork on predatory species gives an ecosystemic view of several 

trophic levels. The home range of a solitary predator usually overlaps numerous prey 

groups and species; while the predator hunts on a daily basis, it may only occasionally 

attack the primate group under study (Busse 1980). For example, the range of an African 

forest guenon, such as the blue monkey (Cercopithecus mitis), is approximately 0.05 km2 

(Aldrich-BIake 1970b); redfronted lemurs (Lemurfiilvus rtffus) in Madagascar have a 

home range of about 0.01 km2 (Sussman 1974); a chacma baboon (Papio ursimts) troop 

may range 2.1-33.7 km2 (Wolfheim 1983).

Within the range of the typical leopard (Panthera pardus), there may be many 

populations of one primate species, as well as many populations o f sympatric primate 

species, and the leopard may be preying on all of them. Home ranges for predatory 

species are large: Leopard home ranges have been estimated to be as small as 6-13 km2 or 

as large as 400 km2 (Seidensticker 1991), and one male leopard in the Kalahari Desert had 

a home range o f800 km2 (Bothma and Le Riche 1984); tigers (P. tigris) defend a territory 

of 33 km2 (Rabinowitz 1991); jaguars (P. onca) hunt over an area o f approximately 50
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km2 (Schaller and Vasconcetos 1978); a pack o f African hunting dogs (Lycaon pfctus) will 

range over 650 km2 (Fuller and Kat 1990); spotted hyena (Crociita crocuta) clans occupy 

a territory of 10-40 km2 (Kruuk 1975); a harpy eagle pair may possess a 100-200 km2 

territory (Collar 1989); Philippine eagle pairs (Pithecophagajefferyi) have a home range 

o f25-50 km2 (Kennedy 1977); the total home range of a pair of crowned eagles 

(Stephanoaetus coronatus) is approximately 10-13 km2.

Even a relatively small carnivore, such as a fossa (Cryptoprocta ferox), is 

estimated to hold a home range of 4-5 km2 (Wright et al. 1977). Researchers tracked one 

individual fossa in the rain forest of southeastern Madagascar which was making regular 

rounds o f four Milne-Edward’s sifaka (Propithecus diadema edwardsi) social groups, 

each separated by at least one km (Wright et al. 1997). They concluded that this fossa’s 

home range was large enough to encompass four sifaka groups and that it took one year 

for the fossa to cycle through the four sifaka territories.

Lions (Panthera leo) move in and out o f the Mahale Mountains National Park, 

Tanzania where there is substantive evidence o f chimpanzees (Pan troglodytes) in their 

diet (Tsukahara 1993). While Tsukahara speculated that predation on chimpanzees could 

be heavy if the lions would permanently stay, it may be that the Mahale Mountains are 

simply one portion of the lions’ home range through which they periodically cycle.

The difference between data gathered from primate and predator researchers can 

be dramatic. This was apparent from questionnaires sent out to the two different research 

communities. Only 19 primatologists out o f227 questionnaire respondents had 

knowledge o f more than two predations on their study populations. Contrast this with the
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responses from predator researchers; known or observed kills by the predator they were 

studying averaged 20 primates, and one researcher had gathered information on 350 

primate kills by leopards (D. Jenny, pers. comm.).

METHODS

Data on predation were gathered from questionnaires and scientific literature. 

Three comprehensive questionnaires were formulated to quantify field researchers’ 

observations (see Appendix 4 for samples) and distributed worldwide to different subsets 

o f researchers. Questionnaire One was distributed to 1928 primate field researchers; 

Questionnaire Two was disseminated to 236 researchers who study predators; 

Questionnaire Three was sent to 62 government wildlife departments, national parks, and 

naturalists in Africa, Madagascar, Asia, and the Neotropics. In addition, Questionnaire 

One was posted on Primate Talk, the e-mail network for primatologists and reproduced in 

Laboratory Primate Newsletter. Rate of response to the questionnaires was excellent: 

Questionnaire One = 227 respondents (11.8%), Questionnaire Two = 43 respondents 

(18.2%), Questionnaire Three = 7 respondents (11.3%). (Appendix 5 acknowledges the 

important contribution o f questionnaire respondents.)

To supplement the information from questionnaires, I undertook a literature search 

to find quantitative and qualitative descriptions of primates as prey that have been 

published in primatology, ornithology, herpetology, mammalogy, general biology and 

ecology journals. (The observed predation events discussed in Chapter III are also 

included in the data set I assembled.) In addition, I searched out published and
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unpublished reports on predation authored by national park biologists, surveys of predator 

species by conservation organizations, and manuscripts of papers presented at symposia.

Data from the above sources were entered on Microsoft Excel 4.0 for Windows 

(Microsoft Corporation, Seattle, Washington) spreadsheets. Primate data were 

categorized as follows: geographic range (Africa, Madagascar, Asia, and Neotropics), 

weight, a size variable of two categories (small=<2 kg and large=>2 kg), stratum occupied 

(arboreal or terrestrial), daily activity cycle (diurnal or nocturnal). For each primate prey, 

the data on its predator were categorized by taxa (felids, raptors, canids/hyaenids, small 

carnivores, reptiles, or unknown), geographic range, weight, stratum occupied (aerial, 

arboreal, terrestrial, or aquatic), daily activity cycle (diurnal or nocturnal).

Numbers o f known or observed predations, unsuccessful attacks, and suspected 

predations were recorded, along with both the age (infant, subadult, or adult) and gender 

o f primate prey if  available. While the parameters of the three categories o f predation 

were at the discretion of the questionnaire respondent (or journal author), there seems to 

be general agreement throughout the literature on their definitions:

• Known predations are confirmed by sightings of kills, predators in possession 

o f a primate, or quantified data such as stomach contents, fecal or regurgitation 

analyses, and prey remains.

•  Unsuccessful attacks are defined as the pursuit of a prey animal at a run (or 

stoop for birds of prey) or any approach toward prey in which there is an 

attempt by the predator to conceal itself during stalking (van Orsdol 1984).
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•  Suspected predations are defined as the disappearance of an animal within 24 

hours o f having been observed in a healthy condition and not found to have 

transferred to another troop (Isbell 1990b). To err on the conservative side, 

some primatologists eliminated from the category of suspected predations any 

study animals in an age group or gender which could transfer to another 

primate group (Busse 1980, Isbell 1990b, Wright 1995).

After an initial look at the sheer magnitude of recorded predation in the four 

geographic regions, I eliminated the data on suspected predations from further analysis. I 

based this decision on a simple rationale: There was an inherent margin of error built into 

the “suspected” classification. Even with the most conservative approach to gauging 

suspected predation, it would be problematic to combine these data with those gathered 

from eyewitness observations and/or results from controlled studies.

At this point in the analysis, I also combined the data from the remaining two 

classifications — unsuccessful attacks and known predations -  since these categories were 

empirical in nature.

Where available, frequencies of occurrence (primates as a percentage of all prey 

consumed) and estimated predation rates (percentage of the primate population removed 

annually by a predator or predators) were entered. (If a range of percentages was given 

by a questionnaire respondent or journal author for these two categories, I calculated the 

mean and entered it in the data set.)
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In 69 instances the estimated predation rate (EPR) was provided by the respondent 

or author; in a further 23 cases I calculated the estimated predation rate from information 

provided. (Appendix 6 gives an example of my methodology.)

Each frequency of occurrence was identified by the sampling method used to arrive 

at the percentage of primates in the predator’s diet (e.g., stomach contents, fecal or 

regurgitation sampling, nest or den remains, analyses of prey carcasses, and direct 

observation of kills). Since all of these measure the percentage o f primates in comparison 

to all prey killed, I combined the six methodologies in the analysis.

Absolute frequency of prey is the amount o f samples examined that contain a 

specific prey item in relation to the total number of all samples; relative frequency is the 

proportion of a specific food in relation to the total number of all the foods (Hoppe- 

Dominik 1984). If both absolute and relative frequency of prey were provided, I entered 

the figure representing relative frequency since it gives the minimum number of prey 

individuals.

Combining data from various sources is commonly carried out in a branch o f 

statistics called meta-analysis (Taylor Halvorsen 1986). Because the broad overview of 

data collected in this study is the first attempt to quantify the entire spectrum of predation 

on primates, a descriptive numerical summary is needed to deal with the data in 

manageable form (Sokal and Rohlf 1981, Mansfield 1986). It was my intent to collect raw 

data and use descriptive statistics throughout to summarize the data. It was not my intent 

to show that there are statistically significant differences between predation by different 

categories of predators or between geographic regions, simply to give the frequencies o f
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predation events as gathered from questionnaires and the literature. Frequency 

distributions were used for the comparison of variables; summaries, based on percentages, 

were employed to interpret specific issues.

Every effort was made to keep the data from containing redundancies. I employed 

cross-referencing procedures to:

•  Prevent redundancy between questionnaires and articles or books by the same 

researcher. (If, for example, observed predations were provided on the 

questionnaire returned by a researcher, I checked publications written by the 

same author to avoid duplication. Of course, additional data were entered 

from published sources by an author who did not duplicate information on a 

questionnaire);

•  Avoid redundant data from more than one published source authored by the 

same researcher;

•  Prevent duplication of data when review articles contained the same data as the 

primary literature.

After comparing data from questionnaires and the literature (see Appendix 7 for 

detailed discussion), it was evident that these were compatible and could be combined into 

one large data set.

Taxonomy and life history information for primates and predatory species were 

taken from Bueler (1973), Ewer (1973), Grzimek (1975), Guggisberg (1975), Kingdon 

(1977), Eisenberg (1981), Brown et al. (1982), Macdonald (1984a, 1984b, 1992), Fleagle 

(1988), Brown and Amadon (1989), Ross (1989), Alderton (1991), Corbet and Hill
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(1991), Howard and Moore (1991), Kitchener (1991), Nowak (1991), and Frank and 

Ramus (1995).

RESULTS

Magnitude o f Recorded Predation

Fig.4.1 is an overall representation o f3592 instances of predation cited in 

questionnaires and literature, classified by predator category and geographic range. Table 

4.1 separates the 3592 predation incidents into unsuccessful attacks (n=679, 18.9%), 

known predations (n=2229,62.1%), and suspected predations (n=684, 19.0%). (See 

Appendix 8 for analyses and graphical representations of the number o f predation events

1000
900
800
700
600
500
400
300
200
100

■  Felids
■  Raptors
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B  Unknown
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Fig.4.1. Overall magnitude o f recorded predation on primates.
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TABLE 4.1. Summation of recorded predations from questionnaires and literature.

REGION
AND

PREDATOR

UNSUCC 
ATT/ 

(No. of!

:e s s f u l
ICKS
Sources)

KNC 
PRED4 
(No. of!

)WN
lTIONS
Sources)

SUSPE 
PRED4 

(No. of

:c t e d
lTIONS
Sources)

AFRICA
Felid 66 (23) 725 (68) 123 (19)
Raptor 199 (30) 573 (61) 36 (12)
Canid/Hyaenid 26 (14) 40 (18) 10 (4)
Small Carnivore 4 (2) 9 (3) 0
Reptile 4 (3) 36 (15) 3 (2)
Unknown 5 (3) 37 (7) 149 (10)

Total Africa 304 (75) 1420 0.72) 321 (47)

MADAGASCAR
Felid 0 3 (2) I (1)
Raptor 18 (_5) 158 (14) 10 (4)
Canid/Hyaenid 0 3 (3) 0
Small Carnivore 5 (5) 63 (15) 17 (6)
Reptile 0 6 (4) 0
Unknown 0 0 2 (2)

Total Madagascar 23 (10) 233 (38) 30 (13)
ASIA

Felid 8 (7) 254 (36) 27 (8)
Raptor 13 (11) 26 (10) 4 (4)
Canid/Hyaenid 13 (6) 58 (24) 100 (16)
Small Carnivore 0 0 0
Reptile 2 (1) 41 (15) 83 (4)
Unknown 0 to (1) 19 (4)

Total Asia 36 (25) 389 (86) 233 Q6L
NEOTROPICS

Felid 10 (6) 20 (12) 6 (3)
Raptor 263 (20) 146 (20) 15 (8)
Canid/Hyaenid I 111 I (1) 1 (1)
Small Carnivore 15 m 3 (2) 2 (2)
Reptile II (3) 7 (6) 1 (1)
Unknown 16 (1) 10 (2) 75 (13)

Total Neotropics 316 (40) 187 (43) 100 (28)

GRAND TOTAL 679 (ISO) 2229 13391 684 (124)
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as a function of the number of sources from which they were collected.) Felids and 

raptors preying on primates accounted for the most predations (40.7% and 34.6%, 

respectively), followed by unknown predators (9.0%), canids and hyaenids (7.0%), 

reptiles (5.4%), and small carnivores (3.3%).

Figs.4.2-4.5 are corollaries to the information in Table 4.1, comparing predation by 

various predator species in different geographic regions. Fig.4.2, representing predations 

in Africa, shows felids and raptors constituting the majority of the recorded predation 

instances on primates. Suspected predations (versus known or unsuccessful) are high for 

felids (n=l23) and in the “unknown predator” category (n=l49). Raptors have the highest 

number o f unsuccessful predation attempts (n=l99). This figure is borne out by 

observations o f unsuccessful attacks on diana monkeys (Cercopithecus diana) several 

times per day by crowned eagles (Stephanoaetus coronatus) (Zuberbuhler et al. 1997).

The corresponding information for Madagascar (Fig.4.3) shows a distinct emphasis 

on raptor and small carnivore predation. Madagascar is the only region in which small 

carnivores (specifically the fossa, Cryptoprocta ferox) are important as primate predators. 

Six. other species of small carnivores prey on Madagascar primate fauna: Indian civet 

(Viverriculct indica), Malagasy civet (Fossafossana), narrow-striped mongoose 

(M ungotictis decemlineata), ring-tailed mongoose (Galidia elegans), Malagasy brown- 

tailed mongoose (Salanoiacortcolor), and broad-striped mongoose (Galidictis spp.).

Since there are no indigenous wild cats on the island, the few instances of felid predation 

are due to feral cats (Felts catus) (see Sauther 1989). Nocturnal raptors, the Malagasy
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□ Suspected
■ Known
■ Unsuccessful

Fig.4.2. Region: Africa — comparison of recorded unsuccessful attacks, known 
predations, and suspected predations.

□ Suspected
■ Known
■ Unsuccessful

Fig. 4.3. Region: Madagascar — comparison o f recorded unsuccessful attacks, known 
predations, and suspected predations.
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□ Suspected
■ Known
■ Unsuccessful

Fig.4.4. Region: Asia — comparison of recorded unsuccessful attacks, known predations, 
and suspected predations.

□ Suspected
■ Known
■ Unsuccessful

Fig.4.5. Region: Neotropics — comparison of recorded unsuccessful attacks, known 
predations, and suspected predations.
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owls, are frequent predators on primates (Goodman et al. 1991, Goodman and Langrand

1993, Goodman etal. 1993a, 1993b).

Asia is unlike the previous two regions in several respects (Fig.4.4). Asian canids 

figure prominently in both suspected and known categories due to golden jackal (Canis 

aureus) and dhole (Cuon cilpimts) predation on primates (Johnsingh 1980, Newton 1985, 

Stanford 1989). Recorded raptor predations for Asia are minimal compared with other 

regions.

Fig.4.5, the Neotropics, shows a paucity of recorded felid predation even though 

two large felid species (jaguar, Panthera onca, and puma, Felts concolor) and four small 

felids (ocelot, F. pardalis, jaguarundi, F. yagouroundi, margay, F. wiedii, and oncilla, F. 

tigrina) are indigenous carnivores suspected or known to prey on primates. The high 

level o f unsuccessful raptor predation in the Neotropics is attributable to recorded attacks 

by hawks, falcons, and toucans on very young squirrel monkeys and callitrichids. 

Terborgh (1983), Boinski (1987), Goldizen (1987), Mitchell et al. (1991) reported fairly 

constant and predictable attacks by raptors on small, arboreal, diurnal primates (see 

Chapter II for a full discussion).

Which primates get eaten?

In the previous section, results concerning the sheer magnitude of recorded 

predation were presented graphically. In the next stage o f data analysis, I attempt to 

isolate the variables that determine which primate species are preyed upon. In Figs.4.6
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through 4 .9 ,1 examine all possible combinations of primate body weight, strata, and 

activity cycles in each of the four geographic regions.

I examine the data to see whether there are primates under or over 2 kg, nocturnal 

or diurnal, arboreal or terrestrial that are exempt from predation or are preyed upon at 

very low levels. Figs.4.6-4.9 indicate that neither weight, stratum, activity cycle, nor 

region were variables that protected primates from predators. Although the rates of 

predation are unknown, primates are preyed upon if they are small or large, nocturnal or 

diurnal, arboreal or terrestrial.

Fig.4.6 compares predation levels between two weight categories of African 

primates (< and >2 kg) within the four possible combinations of strata and activity cycles. 

There are no arboreal, nocturnal primates weighing more than 2 kg; no terrestrial, diurnal 

primates weighing less than 2 kg; no terrestrial, nocturnal primates over or under 2 kg. 

Predation was recorded in the remaining categories in Fig.4.6. The single data point 

representing small, arboreal, diurnal primates refers to predation on Miopithecus, the only 

African primate species in this category. Three categories -  arboreal, diurnal primates 

over 2 kg (guenons, some mangabeys, and Colobus spp.), arboreal, nocturnal primates 

under 2 kg (galagos and lorisids), and terrestrial, diurnal primates over 2 kg (apes and 

Papio) -  account for nearly all the predation.

Madagascar prosimians (Fig.4.7) fill five different ecological niches. Arboreal, 

diurnal primates weighing less than 2 kg is a category filled only by bamboo lemurs 

(Hapalemur spp.); those over 2 kg include Propithecus, Indri, Lemur, and Varecia. The
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Known Predations + Unsuccessful Attacks
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Fig.4.6. Region: Africa — comparison of recorded predation on primates weighing < and 
>2 kg that inhabit different ecological niches. (X’s stand for categories not occupied by 
primate species.)
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Fig.4.7. Region: Madagascar — comparison of recorded predation on primates weighing 
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occupied by primate species.)
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Known Predations + Unsuccessful Attacks
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Fig.4.8. Region: Asia — comparison of recorded predation on primates weighing < and >2 
kg that inhabit different ecological niches. (X’s stand for categories not occupied by 
primate species.)
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Fig.4.9. Region: Neotropics — comparison of recorded predation on primates weighing 
< and >2 kg that inhabit different ecological niches. (X’s stand for categories not 
occupied by primate species.)
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arboreal, nocturnal category less than 2 kg in weight is filled by the Cheirogaletdae. The 

terrestrial, diurnal, over 2 kg category is filled by Lemur catta. Daubentonia is the 

singular primate in Madgascar that is arboreal, nocturnal, and weighs more than 2 kg. 

Except for Daubentonia, predation has been recorded for all other families o f Malagasy 

primates.

Asian primates (Fig.4.8) occupy three ecological niches: arboreal, diurnal primates 

over 2 kg (Pongo, Presbytis, Trachypithecus, Nasalis, eta); arboreal, nocturnal under 2 

kg (Tarsias, Nycticebus, Loris)', terrestrial, diurnal primates over 2 kg (Macaca). Little 

data on predation are available for small, nocturnal Asian primates. Only three ecological 

field studies have been carried out on tarsiers (Niemitz 1972, Fogden 1974, MacKinnon 

and MacKinnon 1980), one field study on slow loris (Nycticebus coucang) (Wiens and 

Zitzmann 1999), and one on slender loris (Loris tardigradtts) (Nekaris 2000).

Considerable predation is recorded for small and large arboreal, diurnal 

Neotropical primates, i.e., Callitrichidae and Cebidae (Fig.4.9). The only species that is 

arboreal and nocturnal in the New World is Aotus, for which a small number of predations 

have been recorded from two studies (Wright 1985, Brooks, in press). There are no 

Neotropical primates filling other ecological niches.

Which species prey on primates?

Figs.4.6 through 4.9 portray the instances of predation that have been reported in 

all regions, weight categories, activity cycles and strata in which primates exist. Figs.4.10
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through 4.13 identify the predators that prey on primates in the four most common 

ecological niches.

Fig.4.10 combines recorded predations on all arboreal, diurnal primates under 2 kg 

in weight. Three-quarters of the predation is attributable to diurnal raptors and other 

diurnal predatory birds such as toucans, crows, vangas, and cuckoos. Small arboreal 

primates are particularly vulnerable to raptors. Being entirely terrestrial, canids and 

hyaenids do not have easy access to these primates. Species of felids and small carnivores, 

often scansorial or folly arboreal, together account for 11.0% of the reported predation. 

Reptiles account for only 3.0%, even though many small species o f snakes are arboreal as 

well as younger individuals (<2 m) of Python and Boa.

Unknown
12% Felids

5%
Reptiles

3%

Sm.Cam.
6%

Can/Hya
0%

Raptors
74%

Fig.4.10. Predators of arboreal, diurnal primates <2 kg.
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Arboreal, nocturnal primates weighing under 2 kg have a similar division of 

predatory species (Fig.4. II). Birds of prey account for 75.0% of all recorded predation, 

but these are mostly owl species preying on primates rather than diurnal raptors. Small 

carnivores (arboreal, nocturnal genets, for example) also figure prominently as predators 

o f this primate category. Felids, canids, hyaenids, and reptiles account for only 6.0% o f 

the total predation.

Reptiles
3% Felids 

/ "  2%

Unknown
1%

Sm.Cam.
18%

Can/Hya ̂ / 1
1% 1

Raptors
75%

Fig.4.11. Predators o f arboreal, nocturnal primates <2 kg.
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Fig.4.12 charts the predators on arboreal, diurnal primates weighing more than 2 

kg. Again, raptors are the dominant predators (59.0%). However, felids are more 

apparent in this category, most likely due to their preference for larger prey. Canids and 

hyaenids and reptiles represent small components of the predation on these primates.

Small carnivores (other than the scansorial fossa in Madagascar) are outweighed by many 

of these larger arboreal primates.

Fig.4.13 provides the percentages of predators on terrestrial, diurnal primates over 

2 kg in weight. In this category, felids compose nearly one-half of recorded predations. 

Raptors still figure heavily, carrying out one-third of the predatory activity. Small 

carnivores have been eliminated as predators, either by increased primate weight or their

Sm.Ca
4%

Reptiles Unknown
5% a  r  o%

Can/Hya
2%

Felids
30%

Raptors /  
59%

Fig.4.12. Predators o f arboreal, diurnal primates >2 kg.
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Unknown
5%

Reptiles
4%

Felids
47%C an /H ya

1 1 %

Raptors
33%

Fig.4.13. Predators o f terrestrial, diurnal primates >2 kg.

inability to kill outside the arboreal milieu. Canids and hyaenids play a considerable role 

(t 1.0%) due to their terrestrial lifestyles.

Age and Sex o f Primate Prey

[n the questionnaires sent to researchers, I inquired about the age and sex of 

primate prey. While these specifics were not universally available, Fig.4.14 presents data [ 

received. In 244 cases both the age and the sex of the primate victim were known, while 

in 678 instances of predation, only the age could be identified. In this sample (based on 

questionnaires alone), most predation events involved adult animals (n—398). Lesser
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o
Z

u Infants
(N=75)

Juv/Sub
(N=205)

Adults
(N=398)

B Females 4 16 84
B Males 3 37 100

□  Uhknown 68 152 214

Fig.4.14. Age and sex of recorded primate prey.

numbers ofjuvenile/subadults (n=205) or infants (n=75) were observed being preyed upon 

in these studies, although often infants were noted to have high mortality due to a variety 

o f causes, including predation. Male primates in the juvenile/subadult and adult divisions 

(n=l37) underwent higher predation levels than females (n=90). There were too few 

infant predations in which gender was noted (n=7) to allow for any conclusions.

Estimated Predation Rate (EPR)

Table 4.2 lists the estimated predation rates (the percentage of the primate 

population that is eliminated annually through predation) available from 40 questionnaire 

respondents and 15 literature sources. Sufficient mandatory information was available in
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TABLE 4.2. Estimated predation rates from questionnaires and literature.

PRIMATE FAMILES 
AND 

SUBFAMILIES

ESTIMATED 
PREDATION 

RATE (%) SOURCE

Cheirogaleidae
M icrocebus murinus 25.0 Goodman et at. 1993c

Indriidae
Propithecus diadema 

edwardsi
6.5 * Wright etal. 1997

P. verreauxi 5.7 * Rasoloarison et al. 1995
Indri Indri 2.0 J. Powzyk (questionnaire)
/. indri 14.0 * J. Powzyk (questionnaire)

Daubentoniidae
Daubentonia

madagascariensis
0 E. Sterling (questionnaire)

Lorisidae
Galago senega/ensis 8.6 * Martin & Bearder 1979
G. semgcilensis 15.0 Cheney & Wrangham 1987 (see Table 

19-1, Bearder and Martin)

Callitrichidae
Saguinusfuscicollis 15.0 Cheney & Wrangham 1987 (see Table 

19-1, Terborgh)
S. imperator 15.0 Cheney & Wrangham 1987 (see Table 

19-1, Terborgh)

Cebidae
Callicebus moloch 4.5 Cheney & Wrangham 1987 (see Table 

19-1, Wright)
Saim iri boliviensis 1.0 R. Fontaine (questionnaire)
S. oerstedii 7.7 * S. Boinski (questionnaire)
S. oerstedii 3.6 * Boinski 1992
S. sciureus 2.5 Cheney & Wrangham 1987 (see Table 

19-1, Bailey)
Alouatta seniadus 83.0 * M. Norconk (questionnaire)

* Estimated predation rate calculated by D. Hart.
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CONTINUED ... TABLE 4.2. Estimated predation rates from questionnaires and
literature.

PRIMATE FAMILES 
AND 

SUBFAMILIES

ESTIMATED 
PREDATION 

RATE(%) SOURCE

A. seniculus 0.5 C. Crockett (questionnaire)
Cebus apella 15.0 * K. Izawa (questionnaire)
C. apella 13.0 Cheney & Wrangham 1987 (see Table 

19-1, Terborgh)
C. capucinus 10.0 L. Rose (questionnaire)
C. nigrivittatus 3.0 Cheney & Wrangham 1987 (see Table 

19-1, Robinson)
Brachyteles

arachnoides
0 F. Mendes (questionnaire)

Lagothrix lagotricha 3.0 P. Stevenson (questionnaire)

Cercopithecinae
Cercocebus spp. 3.0 Struhsaker & Leakey 1990
Cercocebus spp. 1.0 Aldrich-Blake 1970b
C. albigena 18.0 * P. Waser (questionnaire)
C. galeritus 1.6 M. Kinnaird (questionnaire)
Cercopithecus spp. 11.8 * Gautier-Hion et al. 1983
Cercopithecus spp. 1.0 Aldrich-Blake 1970b
C. aethiops 45.0 Isbell 1990b
C. aethiops 11.0 Isbell 1990b
C. aethiops 7.2 * Baidellou & Henzi 1992
C. aethiops 6.0 Cheney & Wrangham 1987 (see Table 

19-1, Whitten)
C. aethiops 15.0 Cheney & Wrangham 1987 (see Table 

19-1, Cheney et al.)
C. ascanius 0.3 Struhsaker & Leakey 1990
C. ascanius 2.0 Cheney & Wrangham 1987 (see Table 

19-1, Butynski)
C. ascanius 10.0 Cheney Sc Wrangham 1987 (see Table 

19-1, Cords)
C. cephus 10.0 Cheney & Wrangham 1987 (see Table 

19-1, Gautier-Hion, Quris & Gautier)
C. m itis 4.0 M. Lawes (questionnaire)

‘ Estimated predation rate calculated by D. Hart.
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CONTINUED ... TABLE 4.2. Estimated predation rates from questionnaires and
literature.

PRIMATE FAMILES 
AND 

SUBFAMILIES

ESTIMATED 
PREDATION 

RATE (%) SOURCE

C. m itis 2.0 T. Butynski (questionnaire)
C. m itis 2.0 M. Beeson (questionnaire)
C. m itis 1.2 Struhsaker & Leakey 1990
C. m itis 10.0 Cheney & Wrangham 1987 (see Table 

19-1, Butynski)
Erythrocebus patas 4.0 J. Chism (questionnaire)
K  patas 11.0 Cheney & Wrangham 1987 (see Table 

19-1, Cords)
Papio anubis 2.5 T. Sambrook (questionnaire)
P. anubis 2.0 R. Sapolsky (questionnaire)
P. anubis 0.8 * B. Smuts (questionnaire)
P. anubis 3.0 Cheney & Wrangham 1987 (see Table 

19-1, Sapolsky)
P. anubis 0.5 B. Bertram (questionnaire)
P. cynocephalus 0 S. Pochron (questionnaire)
P. cynocephalus 14.7 * V. Condit (questionnaire)
P. cynocephalus 5.3 * V. Condit (questionnaire)
P. cynocephalus 9.3 * V. Condit (questionnaire)
P. cynocephalus 3.8 * V. Condit (questionnaire)
P. cynocephalus 6.0 Cheney & Wrangham 1987 (see Table 

19-1, J. Altmann, S. Altmann & 
Hausfater)

P. cynocephalus 4.0 Cheney & Wrangham 1987 (see Table 
19-1, Rhine & Norton)

P. cynocephalus 1.0 T. Williamson (questionnaire)
P. ursinus 0 Anonymous (questionnaire)
P. ursinus 8.0 Busse 1980
P. ursimts 0 P. Henzi (questionnaire)
P. ursinus 9.0 Cheney & Wrangham 1987 (see Table 

19-1, Busse & Smith)
P. ursinus 6.0 * Bulger & Hamilton 1987

^Estimated predation rate calculated by D. Hart.
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CONTINUED ... TABLE 4.2. Estimated predation rates from questionnaires and
literature.

PRIMATE FAMILES 
AND 

SUBFAMILIES

ESTIMATED 
PREDATION 

RATE (%) SOURCE

Theropithecus gelada 0.5 * R. Dunbar (questionnaire)
M acacafascicular is 3.0 J. Fellowes (questionnaire)
M. fascicularis 10.0 Cheney & Wrangham 1987 (see Table 

19-1, van Schaik & van Noordwijk)
M. fitscata 5.0 S. Azuma (questionnaire)
M. mulatto 1.2 * D. Lindburg (questionnaire)
M  mulatto 3.0 J. Fellowes (questionnaire)
M. nigra 0.5 B. O’Brien & M. Kinnaird 

(questionnaire)
M. radiata 3.0 P. Simonds (questionnaire)
M. sinica 0.5 Cheney & Wrangham 1987 (see Table 

19-1, Dittus)
M. sinica 1.0 J. Eisenberg (questionnaire)
M  thibetana 3.3 J. Li (questionnaire)

Colobinae
Colobus spp. 1.0 Alrdrich-Blake 1970b
C. badius 15.3 * E. Starin (questionnaire)
C. badius 0 Struhsaker & Leakey 1990
C. badius 1.5 Cheney & Wrangham 1987 (see Table 

19-1, Skorupa)
C. guereza 0.7 Struhsaker & Leakey 1990
Presbytis entellus 7.5 J. Moore (questionnaire)
P. entellus 0.5 Cheney & Wrangham 1987 (see Table 

19-1, Vogel)
P. entellus 1.0 Cheney & Wrangham 1987 (see Table 

19-1, Moore)
P. entellus 10.0 Cheney & Wrangham 1987 (see Table 

19-1, Moore)
P. entellus 1.0 J. Eisenberg (questionnaire)
Presbytisjohnii 3.5 * Paulrai 1995
P. melalophus 0 E. Bennett (questionnaire)
P. senex 1.0 J. Eisenberg (questionnaire)

♦Estimated predation rate calculated by D. Hart.
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CONTINUED ... TABLE 4.2. Estimated predation rates from questionnaires and
literature.

PRIMATE FAMILES 
AND 

SUBFAMILIES

ESTIMATED 
PREDATION 

RATE (%) SOURCE

Hylobatidae
Hylobates lar 5.0 W. Brockelman (questionnaire)

Pongidae
Pongo pygmaeus 0 C. van Schaik (questionnaire)
Pan troglodytes 0 R. Wrangham (questionnaire)
P. troglodytes 5.5 C. Boesch (questionnaire)
P. troglodytes 6.3 * Tsukahara t993

*Estimated predation rate calculated by D. Ffart.
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22 questionnaires or journal articles for me to calculate an EPR. (See Appendix 6 for an

example o f the methodology used.) EPR’s ranged from zero to 83.0%.

In Table 4 .3 ,1 compare 86 of these 92 EPR’s by primate ecological niche. Two of 

the EPR’s from Table 4.2 were rejected as aberrant situations: (1) A predation rate of 

83.0% estimated for a troop of Alouatta seniculus stranded with a jaguar on an island 

formed by a dam project (Peetz et al 1992), and (2) a 45.0% EPR attributed to a drastic 

increase in leopard predation on vervets {Cercopithecus aethiops) in Amboseli National 

Park during a single year (Isbell 1990b). I rejected another four EPR’s due to insufficient 

information regarding the identification of the primate prey.

According to the data in Table 4.3, the annual rate of predation on small, arboreal, 

nocturnal primates may be higher than for species in other ecological niches. However, 

the sample sizes are very small for three of the categories and relatively large for the other 

two. In an attempt to measure whether this high EPR for small nocturnal primates had 

legitimacy, I calculated the total number of predators that had been identified as preying 

on each category of primates. The aye-aye {Daubentonia madagascariensis) is the only 

species of primate that is nocturnal, arboreal, and weighs over 2 kg; a questionnaire 

respondent assigned a 0% EPR to her study individuals and identified no known predators 

(Sterling, pers. comm.). Excluding the aye-aye, Table 4.4 presents what would appear to 

be a fairly uniform distribution of predator species for the other four classifications of 

primates. I f  concern over the small sample sizes is dismissed, there seems to be evidence 

that small, nocturnal primates may be more prone to predation than diurnal, terrestrial, or 

larger primates that have approximately the same overall number of predators.
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TABLE 4.3. Estimated predation rates for categories of primates.

PRIMATES PRIMATES PRIMATES PRIMATES PRIMATES
<2 KG <2 KG >2 KG >2 KG >2 KG

ARBOREAL ARBOREAL ARBOREAL ARBOREAL TERRESTRIAL
DIURNAL NOCTURNAL NOCTURNAL DIURNAL DIURNAL

(N = 7) (N =  3) (N=l) 3 II ii *

Mean EPR Mean EPR Mean EPR Mean EPR Mean EPR
= 7.0% = 16.2% = 0% = 5.2% = 4.4%

Median EPR Median EPR Median EPR Median EPR Median EPR
= 4.5% = 15.0% = 0% = 3.0% = 3.2%

Range= Range= Range= Range= Range=
1.0-15.0% 8.6-25.0% 0% 0-18.0% 0-15.0%

TABLE 4.4. Number of predator species preying on primates < and >2 kg.

PRIMATES 
<2 KG 

ARBOREAL 
DIURNAL

PRIMATES 
<2 KG 

ARBOREAL 
NOCTURNAL

PRIMATES 
>2 KG 

ARBOREAL 
NOCTURNAL

PRIMATES 
>2 KG 

ARBOREAL 
DIURNAL

PRIMATES 
>2 KG 

TERRESTRIAL 
DIURNAL

PREDATOR 
SPECIES 
(N = 331

PREDATOR 
SPECIES 
(N = 28)

PREDATOR
SPECIES

(N=0)

PREDATOR 
SPECIES 
(N =  34)

PREDATOR 
SPECIES 
(N =  43)

Felid 3 Felid 2 Felid 0 Felid 7 Felid 9
Raptor 16 Raptor 17 Raptor 0 Raptor 12 Raptor 15
Canid/
Hyaenid

I Canid/
Hyaenid

I Canid/
Hyaenid

0 Canid/
Hyaenid

5 Canid/
Hyaenid

11

Sm.Car-
nivore

7 Sm.Car-
nivore

2 Sm.Car-
nivore

0 Sm.Car-
nivore

3 Sm.Car-
nivore

I

Reptile 6 Reptile 6 Reptile 0 Reptile 7 Reptile 7
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Frequencies o f Occurrence

Frequency of occurrence is defined as the number of individual prey animals of one 

taxon relative to all prey eaten (Rabinowitz and Nottingham 1986). Expressed as a 

percentage o f all food intake by a predator, frequencies of occurrence can be attained by 

six different methodologies. (Table 4.5 lists these techniques, along with the number of 

studies in my data set that used each sampling method.) The most commonly used 

methods (fecal sampling, pellet/regurgitation sampling, analysis of nest or den remains, 

and analysis of prey carcasses) provide information on food ingested over an extended 

period o f  time and are non-invasive — unlike analysis of stomach contents which 

traditionally has involved dissection of the predator (Cott 1961, Bothma 1966, Biquand et 

al. 1994, Shine et al. 1998). Direct observation of kills will provide indisputable 

confirmation of predation, rather than scavenging, but it requires both perseverance and 

luck, and yields more limited information since only one meal at a time can be identified.

TABLE 4.5. Frequency of occurrence sampling methodologies.

TYPE OF SAMPLING NUMBER OF 
STUDIES

Stomach contents 6
Fecal sampling 82
Pellets and regurgitations 23
Nest and den remains 64
Analysis of prey carcasses 33
Direct observation o f kills 5
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Another drawback to direct observation is that prey are often alerted to the predator or 

made more vigilant by the presence of human observers (Caro and Fitzgibbon 1992, Isbell 

and Young 1993).

The sampling o f feces, regurgitations, nest or den remains, and prey carcasses 

provide the minimum number of individuals (MNI) of one taxon through a tedious 

cleaning and reconstruction process. Indigestible hard tissue expelled in feces or 

regurgitations (called “pellets” in owls, these regurgitations occur very regularly every two 

or three days) is dried, washed, and broken up in a sieve (Lockie 1959, Vernon 1972). 

Components are identified using comparative osteological collections; paired bones o f any 

taxon are separated and the largest number of elements from either the left or right side 

are considered the minimum number of individuals among prey items (Goodman and 

Thorstrom 1998). Hairs or fur from the prey are also identifiable through a process of 

electron microscope study (Rajaram and Menon 1986) or comparison with museum 

collections of animal hair (Johnsingh 1980).

Nest and den remains yield excellent data for compilation of predator diets.

Several nesting cycles result in large build-ups of prey bones below raptor nests (Brown 

1966, Gargett 1971, Rettig 1978). Ideally, these remains are combined with other prey 

remains from within the nest and from under feeding perches (Boshoff and Palmer 1980, 

Boshoff et al. 1990). The larger the collection o f nest and den remains, the greaterthe 

accuracy of dietary content; the length of time the site has been used does not adversely 

affect the data if care is taken to ascertain that only one species of predator has been in 

residence.
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Frequencies of occurrence were provided from 103 studies on 34 species, plus 

unidentified felids and one completely unidentified predator. The range of percentages of 

primates in a predator’s diet is wide. At the high end of the continuum, a study of forest- 

hunting crowned eagles found that 87.9% of their nest remains consisted of primates. At 

the low end, a study of open-country Verreaux’s eagles (Aqitila verreauxii) identified only 

0.03% o f primates in the diet o f that predator at the time o f the research. In Table 4 .6 ,1 

list the frequency of occurrence ranges, means, and medians for each predator species in 

which field studies have used sampling techniques to achieve components of the diet. The 

four highest mean and median frequencies o f occurrence were all found in birds of prey: 

Harpy eagles (Harpia harpyja) mean = 48.1%, median =50.0% (n=5); Madagascar long- 

eared owls (Asio madctgascariensis) mean = 33.5%, median = 20.5% (n=5); Henst’s 

goshawks (Accipiter henstif) mean = 28.3%, median = 28.3% (n=2);Guiana crested eagles 

(Morphnusguianensis) mean = 25.0%, median = 25.0%, (n=l). All three accipitrid taxa 

(harpy eagles, Henst’s goshawks, and Guiana crested eagles) are classic forest-hunting 

birds with the short wings, long tails, and powerful legs described in Chapter II.

Fig.4.15 is a scatterpiot showing frequency of occurrence percentages divided into 

predator categories. More data exist on felid and raptor diets containing primates than for 

other predators. But, since much published research is available regarding the total range 

o f hyena and wild canid prey (largely ungulate species), it is legitimate to compare them 

with felids and raptors in this figure. Reptile and small carnivore species inhabiting the 

same geographic ranges as primates have not been the focus o f  many studies that have 

generated information on diet composition (reptiles, n=5; small carnivores, n=4). Taking
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TABLE 4.6. Frequencies of occurrence: Percentage of primates in the diets of 
p re d a to r s .________________________________________________________

PREDATOR
NUMBER

OF
STUDIES

FREQUENCY OF OCCURRENCE

Range
%

Mean
%

Median
%

FELIDS
Leopard (Panthera pardus) 30 0.4-81.4 15.2 10.0
Lion (P. leo) 2 0.3-6 .0 3.2 32
Tiger (P. tigris) 6 1.0-33.0 7.7 3.6
Jaguar (P. onca) I 2.5 2.5 2.5
Cheetah (Acinonyx jubatus) 1 0.5 0.5 0.5
Puma (Felts concolor) 1 4.5 4.5 4.5
Ocelot (F. pardalis) 1 1.8 1.8 1.8
African golden cat (F. aurata) 1 3.0 3.0 3.0
Felid (spp.) 2 1.1-6.5 2.1 1.9

RAPTORS
Madagascar buzzard (Buteo 

brachypterus)
i 15.4 15.4 15.4

African hawk eagie (Hieraaetus 
spilogaster)

1 6.7 6.7 6.7

Harpy eagle (Harpia harpyja) 3 31.6-63.6 48.1 50.0
Philippine eagle (Pithecophaga 

jefferyi)
3

rovo1or-i 4.4 4.0

Verreaux’s eagle (Aquila 
verreattxii)

3 0.03-41.6 9.2 2.0

Tawny eagle (A. rapax) 1 0.5 0.5 0.5
Martial eagie (Polomaetus 

bellicostts)
2 2.5-5 .6 4.1 4.1

Crowned eagle (Stephanoaetus 
coronatus)

12 2.1-87.9 16.3 8.9

Bateleur (Terathopius 
ecaudahts)

2 1.9-6.3 4.1 4.1

Guiana crested eagle (Morphmts 
guianensis)

I 25.0 25.0 25.0

Henst’s goshawk (Acctpiter 
henstii)

I 25.0-31.5 28.3 28.3

Verreaux’s eagle owl (Bubo 
lactetts)

I 1.7 1.7 1.7

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CONTINUED ... TABLE 4.6. Frequencies of occurrence: Percentage o f primates
in the diets of predators.____________________________________________ ____

PREDATOR
NUMBER

OF
STUDIES

FREQUENCY OF OCCURRENCE

Range
%

Mean
%

Median
%

Bara owl (Tyto alba afftnis) 3 0.2 -12.3 3.0 0.7
Madagascar red owl (71 

soumagnei)
1 2.6-11.1 6.9 6.9

Madagascar long-eared owl 
(Asio madagascariensis)

3 9.0-66.7 33.5 20.5

CANTDS/HYAENIDS
Dhole (Cuon alpinus) 3 1.1-25.0 9.2 1.5
Golden Jackal (Canis aureus) I 0.7 0.7 0.7
Wolf (C. lupus) I 2.0 2.0 2.0
Spotted hyena (Croatia 

crocuta)
3 0.5-13.6 4.5 1.9

Brown hyena (Hyaena brunnea) 2 2.4-20.0 9.6 8.0

SMALL CARNIVORES
Fossa (Cryptoproctaferox) 3 5.4-54.0 25.1 15.8
Small spotted genet (Genetta 

genetta)
I 1.0 1.0 1.0

REPTILES
Nile crocodile (iCrocodylus 

niloticus)
2 0.8-17.8 6.5 0.8

Reticulated python (Python 
retiadatus)

1 6.2 6.2 6.2

Indian python (P. molurus) I 2.0 2.0 2.0
African python (P. sebae) I 4.0 4.0 4.0

UNKNOWN
Unknown predator I 1.1 1.1 1.1
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this into consideration, however, it is still apparent that felids and raptors are major 

predator groups where the killing of primates is concerned. Only felids, raptors, and one 

small carnivore (the fossa, Cryptoprocta ferox) are above the 90**1 percentile. This level of 

consumption represents an indisputable emphasis on securing primates.

100.0

9Uth Percentile

Raptors

Predator

Can/Hya

Sm.Cam 
Reptiles

Fig.4. IS. Frequency of occurrence o f primates in predator diets. Each point represents a 
datum from a field study on a species of felid, raptor, canid/hyaenid, small carnivore, or 
reptile. Each datum is a percentage o f primates found in the diet o f a single predator.
(M edian values: Felids, 5.2%, n=53; raptors, 7.6%, n=59; canids/hyaenids, 2.0%, 
n= I3; sm all carnivores, 10.6%, n=4; reptiles, 3.0%, n=6.)

DISCUSSION

Measuring the magnitude o f predation has been deemed an important task to 

clarify aspects of primate ecology (Terborgh and Janson 1986). The identification o f
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almost 3600 primate mortalities and unsuccessful predation attempts establishes a baseline 

for understanding the implications of predation on primates and serves the important 

purpose of countering erroneous assumptions. Even proponents of hypotheses citing 

major consequences to primate sodality from the perceived risk of predation have 

assumed that “mortality due to predation appears to be negligible” (Dunbar 1988, p.53).

The importance ofFigs.4.6 through 4.9 is the lack of gaps in the data. I found 

limited data on rates of predation (see section below on estimated predation rates), but 

Figs.4.6-4.9 indicate that some level of predation has been reported for nearly every group 

of primates that exist -  small and large, nocturnal and diurnal, arboreal and terrestrial.

The data in these figures are in conflict with the following assumptions in the literature: 

Arboreal primates are less at risk from predators than terrestrial because they have only 

raptors with which to contend (DeVore and Hall 1965); speries that inhabit open country 

are more exposed to predation than those in forested habitat because they cannot easily 

reach the safety o f trees (Gartlan and Brain 1968); small primates are more vulnerable to 

predation than larger ones because small-sized predators increase the number of animals 

capable of preying on them (Struhsaker 1967b, Terborgh 1983); no gorilla or chimpanzee 

has been seriously hurt by a predator (Bourliere 1979); there are no Asian raptors large 

enough to prey on any but the smallest primates (Whitten 1980, Bennett 1983, Bennett 

and Davies 1994).

Felids and raptors in Africa accounted for the highest frequencies o f predation on 

primates, 45.2% o f all recorded predations (see Table 4.1). That nearly half o f all 

predation data can be attributed to African felids and raptors is most likely an artifact of
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the greater quantity o f questionnaire returns and of scientific articles based on field 

research on that continent. For example, one researcher in the Tai Forest, Ivory Coast 

contributed approximately 10.0% o f the total predations (n=350) (D. Jenny, pers. comm.). 

Tracking seven leopards over a 100 km2 area, Jenny used fecal analysis, carcass remains, 

and direct observation of kills to identify prey. Nine species of primates were preyed on 

by leopards during his two-year study: Pan troglodytes, Colobus badius, C  polykomos,

C. verus, Cercopithecus diana, C. petaurista, C. campbelli, Cercocebus torquatus, and C. 

atys.

The magnitude of predation on primates may be underestimated unless a significant 

amount o f predator research is available, as it is for African felids and raptors. Instances 

of Asian raptor predation in the data are minimal. One reason may be a sheer lack of field 

studies on South and Southeast Asian raptors. (Other than the Philippine eagle, I found no 

literature on the diets of raptor species known to prey on primates.) When a similar body 

of field research becomes available for other regions and other predators, African felids 

and raptors may no longer dominate primate predation.

With regard to currently available data on other primate predators, canids and 

hyaenids are not heavily represented in any region, and since domestic/feral dogs are 

included in this category, the actual level of predation by wild jackals, dholes, wolves, fox, 

and other canids (plus three species of hyenas) appears to be relatively low throughout 

primate geographic ranges. However, several studies have recently identified canid 

species that have not heretofore been considered primate predators. N. Itoigawa 

(pers.comm.) cited evidence o f red fox (Vulpes vulpes) and raccoon dog (Nyctereutes
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procyonoides) predation on Japanese macaques (M acacafit scat a). Wolves {Cants lupus) 

still exist in Saudi Arabia and other parts of Southwest Asia and are known as 

quintessential opportunists throughout their nearly global range. Remains of Papio 

hamadryas were found in wolf scats in the Arabian Peninsula (Biquand et al. 1994). The 

decline in large carnivores has been dramatic over the last twenty-five years, but in the 

early 1970’s, both wolves and Asian black bears {Selenarctos thibetanus) in Nepal were 

alleged to prey on Presbytis entellus (Bishop 1975).

Reptiles are recorded in low numbers of unsuccessful attacks (2.5%), known 

predations (4.0%), and suspected predations (12.7%). It is my opinion, based on 

discussions with herpetologists, that these low percentages are attributable to a lack of 

reptile fieldwork in Africa, Madagascar, Asia and the Neotropics. The smaller arboreal 

snakes, such as tree boas {Corallus spp.) in the Neotropics, have not been studied in situ 

so future fieldwork may change this picture. The first quantitative study of large tropical 

snake diets was published less than two years ago (Shine et al. 1998). Specimens of 

Python reticulatus, a giant snake (females routinely reach 7 m) that most authorities credit 

with being the longest and second-heaviest in the world (Pope 1980), were examined for 

stomach contents within the context of commercial exploitation for the skin trade. Larger 

prey were more identifiable in the hindgut than smaller species (Shine et al. 1998). Of the 

417 identifiable remains of food in the python alimentary tracts, 3.4% consisted of 

primates (n=I4) o f the following species: M acacafascicularis (4930 g), Presbytis 

melalophos (6543 g), and Trachypithecus cristata (6608 g). Giant snakes also consume 

small, nocturnal, arboreal primates (Wiens and Zitzmann 1999). During a study of slow
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loris (Nycticebus coucang, 880 g) in Indonesia, weak signals from a radio-collared focal 

animal were traced to a patch of dense ferns on the forest floor. When these signals 

continued over a three-day period from such an unlikely location for an arboreal primate, 

the authors investigated and found a reticulated python (Wiens and Zitzmann 1999). They 

confirmed that the signals were being emitted from the interior of the python which had, 

undoubtedly, swallowed the loris. Using this unexpected opportunity, they radio-tracked 

the python for a week longer until it excreted the radio collar. However, there was no 

trace of the slow loris in the feces. This report illustrates that predations involving small 

primates are nearly impossible to observe indirectly; the predator/prey connection is 

revealed only if researchers are on the scene.

Predation by small carnivores comprised only 3.3% of the total for all regions in 

Table 4.1. This is a very low percentage considering that four families of carnivores -  

viverrid (four genets, six civets, and the fossa), herpestid (seven species of mongoose), 

procyonid (coati, Nasua nasua, and crab-eating raccoon, Procyon cancrivorus), mustelid 

(tayra, Eira barbara) — and one family of marsupials (Neotropical opossum, Didelphis 

marsupialis) have been reported to prey on primates. More than half the predatory data 

included in the small carnivore category refer to the fossa of Madagascar, which is the 

only species of small carnivore that has been the subject of repeated studies with the object 

of understanding the relationship between it and its primate prey (Rasolonandrasana 1994, 

Rasoloarison et al. 1995, Goodman et al. 1997, Wright et al. 1997). A single study on 

galagos and their predators, large-spotted genets (<Genetta tigrina), resulted in data on 

primate mortality by another small carnivore (Martin and Bearder 1979).
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Viverrids and herpestids are formidable Old World predators. Their counterpart in 

the Neotropics, the tayra, is suspected by many researchers to be a major predator of 

arboreal New World monkeys (Galef et al. 1976, Defier 1980, Ramirez 1989, Stafford and 

Ferreira 1995).

Age and sex o f primate prey

The effect predation has on the demographics of a primate group depends not only 

on levels of mortality but on total population size, age, and sex of prey animals (Cheney 

and Wrangham 1987). Theoretically, predation would exert the strongest pressure 

demographically when three factors are present simultaneously: small population, high 

predation rate, and mortality of reproductive age females (Cheney and Wrangham 1987). 

Infants are often assumed to be the focus o f predatory activity, but it is unlikely that 

younger age classes are the primary target o f all predators, particularly if opportunistic 

hunting is taking place (Emmons 1987, Peetz et al. 1992), or if adult males become 

conspicuous and, therefore, more vulnerable while defending the group (Boesch and 

Boesch 1989, Struhsaker and Leakey 1990).

Although Fig.4.14 shows limited predation on infants, this conclusion is not 

supported by other published data. For example, one investigator saw 41 attempts by 

hawks and toucans to remove neonates from female Sahmri oerstedi (Boinski 1987). 

Another group of researchers recorded >0.011 attacks per hour on S. sciuretts by hawks 

and toucans, mostly directed at mothers and newborn infants (Mitchell et al. 1991). 

Estimated rates of predation on immature primates (infant and juvenile age classes) in
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comparison to adults have been collected; the predation rate was 3-17 times higher for 

immatures than adults in species of cercopithecines and 3-6 times higher in cebids (Janson 

and van Schaik 1993). Saguimts oedipus in Panama lost 50.0% of its offspring to raptors 

(Dawson and Dukelow 1976); the same mortality rate for infant S. fuscicollis and S. 

imperator under the age o f one year was observed in Peru (Wright 1984). An estimated 

57.0% o f infant vervets in Amboseli do not survive their first year; 70.0% of this mortality 

is due to predation (Cheney et al. 1988). High infant mortality also has been calculated for 

baboons (Rowell 1969), macaques (Dittus 1975), and chimpanzees (Teleki et al. 1976), 

but the portion that can be attributed to predation is unknown.

Some data reveal that predators may not target any particular age or sex of 

primate prey. Fossa are “equal opportunity” predators according to Wright et al. (1998). 

Deaths due to fossa predation in three groups of Milne-Edward’s sifakas (Propithecus 

diadema edwardsi) were spread over all age and sex classes.

Estim ated Predation Rates

Estimated predation rate per year (i.e., the percentage of the primate population 

killed annually by predators) is a valuable insight into the effect predation has on a primate 

group. Removal of infants may be high in some populations (as discussed above), but 

EPR calculations measure the effect of predator mortality on all components of the 

population, including the reproductively-active segments.

The estimated predation rate for Microcebus murmus is 25.0% (Goodman et al. 

1993c). This rate is based on predation by two genera o f owls and does not include
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predation by diurnal raptors, snakes or small carnivores. High reproductive potential for 

M  imirimts adjusts what would seem to be an intolerable level o f predation (Goodman et 

al. 1993c, Hill and Dunbar 1998). Unlike other primate species, female Microcebus have 

an average o f two infants twice per year (Martin 1972). The mouse lemur is able to 

sustain a predation rate of 25.0% because the species, for a primate, has a high 

reproductive capacity (Martin 1972, Goodman et al. 1993c).

A higher rate of predation for small, arboreal, nocturnal primates (Table 4.3) is 

partially reflective of the 25.0% EPR calculated for mouse lemurs and may not be an 

indication o f more than this one high EPR. In addition, the sample sizes are very small for 

three of the categories and relatively large for the other two. However, high reproductive 

potential is inherent in Microcebus (Martin 1972, Goodman et al. 1993c), and the genus 

may have evolved the ability to sustain predation pressure from a wide variety of nocturnal 

and diurnal predators of many sizes. Alternatively, the high rate for mouse lemurs may 

reflect the thorough study of Madagascar owls (Goodman et al. 1991, Goodman and 

Langrand 1993, Goodman et al. 1993a, 1993b); similar studies o f owls in the ranges o f 

other small primates may yield comparable rates.

Frequency o f Occurrence

A standard tool for basic data collection on predators involves compiling the 

frequency o f occurrence of prey species in the diet of the predator. Boshoff et al. (1994) 

give an excellent explanation o f how this tool provides a good approximation of the
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composition and spfecies richness of prey; any biases can be assumed to be common to all 

samples so comparison between samples is valid.

Frequencies o f occurrence of primates in predator diets are based on conservative 

estimates for several reasons. Biases against finding the remains of arboreal, young, small 

or noctumally-active prey are great (Muckenhim 1972, Rice 1986, Thapar 1986). Smaller 

species, such as primates, are always underrepresented when frequencies o f occurrence are 

calculated from direct observation of kills or examination of prey carcasses due to the 

rapidity with which small carcasses are consumed by large carnivores (Foster and Kearney 

1967, Pienaar 1969, Schaller 1972, Eloff 1973, Floyd et al. 1978, Bothma and Le Riche 

1986). Observing the kill of a secretive, nocturnal predator, such as the leopard, is 

particularly problematic. Even though an estimated 45.0% of the vervet population fell 

victim to leopards during one year at Amboseli, no vervets were killed within sight of 

researchers (Isbell 1990b, 1994b). In addition, the chance that skeletal remains pass 

through the digestive tract of a leopard in recognizable form are greater for large prey 

animals than for smaller ones (Muckenhim 1972).

Even when the largest primates, gorillas, fall prey to a carnivore, the remains 

disappear rapidly in tropical climates. All traces of a western lowland gorilla killed by a 

leopard in Gabon were nearly gone three or four days after death due to the primary 

predator, scavengers, and insects (Tutin and Benirschke 1991). A similar amount of time 

was noted for disappearance of a chimpanzee carcass after leopard predation in the Tai 

Forest, Ivory Coast (Boesch 1991). Fecal samples are also difficult to collect in tropical 

forests because they may be destroyed within hours by dung beetles and trigonid bees;
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only those containing large amounts of fur or those placed in sunny areas survive a few 

days (Emmons 1987).

When all data on frequencies of occurrence presented in Table 4.6 are combined 

into predator categories, i.e., to give the mean and median frequency of occurrence per 

predator group, felids, raptors, and small carnivores appear to have considerably higher 

consumption rates of primates than do canids, hyenas, or reptiles (Table 4 .7).

TABLE 4.7. Frequencies of occurrence categorized by predator taxa.

PREDATOR CATEGORY FREQUENCY OF OCCURRENCE

Mean Median
% %

Felids (0=53) 12.1 5.2
Raptors (n=59) 15.5 7.6
Canids/Hyaenids (n=l3) 6 .6 2.0
Small Carnivores (n=4) I9.I 10.6
Reptiles (n=6 ) 5.3 3.0

Any comparison between felids and raptors and other predator categories is likely 

skewed by the disparity in the number of studies producing data and may not represent a 

true picture of the difference in levels of primates being taken. It should be noted that the 

number o f data points on which the means and percentiles for individual species are based 

vary a great deal, also. For example, there are 37 data points from 12 studies of crowned 

eagles (Stephanoaetus coronatus) and only one data point from one study for Madagascar 

buzzards (Buteo brachypterus), African hawk eagles (Hieraaetus spilogaster), Guiana
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crested eagles (Morphrtus guianensis), tawny eagles (Aquila rapax), and Verreaux’s eagle 

owls (Bubo lacteus).

Nevertheless, information based on frequency of occurrence data underscores 

recommendations that progress in understanding the importance of predation on primates 

will come from the study of the predators themselves (Anderson 1986a, Cheney and 

Wrangham 1987, Isbell 1994a, and Boinski and Chapman 1995).

Frequencies of occurrence of primates in diets of individual predator species 

(based on data in Table 4.6) are discussed in detail in Chapter V.

SUMMARY

• Known primate deaths, unsuccessful attacks, and suspected predations were tabulated. 

Data on almost 3600 separate instances of predation were available from 

questionnaires and the scientific and natural history literature.

•  Diurnal raptors, owls, and other birds were the top predators on primates (40.7% of 

the total, n=l460), followed by felids (34.6%, n=I243), canids and hyaenids (7.0%, 

n=253), reptiles (5.4%, n=l94), and small carnivores (3.3%, n=l 18). Further 

fieldwork is necessary to corroborate these findings since many predator species have 

not been studied in situ.

• No region, weight, activity cycle or stratum could be identified in which primates were 

free o f predation.

•  The limited data available from questionnaires indicate that adult primates are more 

often prey than other age groups and that males are more often prey than females.
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However, Infant mortality Is Identified in many sources as being very high, and a good 

portion of this mortality may be due to predation.

• Estimated typical predation rates varied from 0-25.0%. Limited evidence pointed to 

small, nocturnal, arboreal primates having higher predation rates than larger, diurnal, 

or terrestrial species.

• The frequencies of occurrence of primates in the diets of predators ranged from 

0.03%-87.9%; raptors and felids had the highest percentages of primates in their diets.
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CHAPTER V. 

PRIMATE SPECIALISTS

“That the crowned eagle in the Congo forest is primarily a  monkey-eater, the 
examinations o f crop and stomach in eight cases clearly show. Five o f them had been 
eating monkeys, o f the genera Colobus and Cercopithecus; in fo u r cases these remains 
were noted as o f young monkeys, but in at least one case, afull-grown Cercopithecus had 
been devoured, one foo t and a  tibia being contained in the crop and stomach ofafem ale 
eagle." (Chapin 1932, p.583)

INTRODUCTION

My intent in this chapter is to narrow the focus of primate predation down to 

those species that may warrant the term primate specialist. I selected this label to help 

designate predators that depend on primates as food sources and may have coevolved 

with their primate prey.

Anecdotal references to certain predators, in particular leopards (Panthera 

pardus), several eagle species, the fossa of Madagascar (Cryptoproctaferox), pythons in 

Africa, and crocodiles in Java, indicate there are historical and legendary beliefs about 

the preference certain predators have for primates above all other fbod. Nineteenth- 

century naturalists referred to the fossa as “the scourge of lemurs” (R. Orenstein, pers. 

comm.), and it was stated unequivocally that baboons and snakes are natural enemies, 

evidenced by the way African pythons (Python sebae) employ cover o f  darkness to 

snatch stray youngsters from baboon sleeping sites (Isemonger 1962).
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In 1933, several residents of Java fell victim to an Indopacific crocodile 

(Crocodylusporosus). The local administrator wrote to Jakarta requesting permission to 

trap eight proboscis monkeys (Nasalis larvatus) as bait to capture the man-eater, based on 

the Javan belief that these primates were the crocodiles’ most favored prey (Hoogerwerf 

1970).

Crowned eagles (Stephanoaetus coronatus) have been labeled “leopards o f the 

air,” thereby implicating both leopards and crowned eagles as rapacious hunters of 

rainforest monkeys (Chapin 1925). The Usambara of the former Belgian Congo called 

the crowned eagle Kttmbakima, “the monkey beater” (Brown 1953). The Philippine 

eagle’s scientific nomenclature (Pithecophaga jefferyi Grantl896) emphasizes predation 

on monkeys — Pithecophaga is derived from the Greek words pithekos, meaning 

monkey, and phagem , eater. Its common name was officially changed from “monkey- 

eating eagle” to “Philippine eagle” in 1978 by President Ferdinand Marcos as a public 

relations move, since the “monkey-eating” appellation was seen as denigration of the 

noble bird (Kennedy 1981).

O f course, historical references may not be entirely accurate. For instance, the 

Philippine eagle relies more on a diet of colugos, also known as flying lemurs 

(iCynocephahts valans), than on monkeys (Kennedy 1977, 1981, 1985). Crowned eagles 

inhabiting treeless savannah environments, instead of dense rainforest, hunt fewer 

monkeys and turn to rock hyrax (Procavia capensis) as preferred prey (Jarvis et al. 1980). 

New studies show that fossa may substitute large numbers o f Microgate cowani, a small 

Malagasy insectivore in the tenrec family, for lemur prey in certain biomes (Goodman et 

al. 1997).
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There are also disagreements among authors o f earlier articles. According to one 

investigator, leopards were routinely Iive-trapped and reintroduced in baboon-infested 

areas to eliminate the burgeoning baboon populations in a certain parts of Kenya (Wright 

1960). Other authors refer to the exaggerated mythology surrounding leopard predation 

on baboons (Hall 1966, Norton et al. 1986, Hamilton 1981).

There may be predators that rely on primates only because primates are the most 

available prey to access. This is likely the situation for the barn owl in Madagascar (Tyto 

alba affinis) which is a major predator of mouse lemurs (Microcebus spp.) in undisturbed 

habitats (Goodman and Langrand 1993). But barn owls (unlike the endemic owls of 

Madagascar) are able to colonize disturbed areas near human settlements (Goodman and 

Thorstrom 1998). When bam owl diets are measured in newly-colonized territory -  

where introduced species, such as Rattiis rattus, abound as human commensals -  there is 

a demonstrable shift from small nocturnal prosimians to the introduced exotics. This 

switch to commensals is not the case with the Madagascar red owl (Tyto soumagnei) 

(Goodman and Thorstrom 1998). Another endemic, the Madagascar long-eared owl 

(Asio madagascariensis), will also feed on introduced rodents (Goodman et al. 1991. 

Goodman and Langrand 1993, Goodman et al. 1993a).

I propose that primate specialists be divided into two categories: dedicated and 

opportunistic. The former is defined as specifically choosing primate prey; the latter as 

killing relatively large numbers o f primates but doing so in an opportunistic manner and 

substituting any other favored prey, when available, to the exclusion o f primates.
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METHODS

Percentages of primates in predators’ diets (frequency o f  occurrence) were 

available from questionnaires and the literature for 34 species (see Table 4.6), including 

eight felids, eleven diurnal raptors, four owls, three canids, two hyenas, two viverrids, 

one crocodile, and three snakes. Numbers of known successful and unsuccessful 

predations were tabulated for the same 34 species from questionnaires and the literature. 

Initially, I plotted these two measurements on a log scale to determine which of the 34 

predator species fell into each of four possible sectors: I) low predation level and low 

frequency of occurrence, 2) high predation level and low frequency of occurrence, 3) low 

predation level and high frequency of occurrence, 4) high predation level and high 

frequency o f occurrence. To achieve a more precise definition of primate specialists, I 

calculated and plotted the median for both numbers of predations and frequencies of 

occurrence. I chose the median value, instead of the mean, to give the best measure of 

central tendency, since the data for frequencies of occurrence were highly skewed. I 

identified primate specialists as those species failing above the median; species falling 

above the 80th percentile were designated as dedicated primate specialists.

Tn addition, I supplemented this plot with qualitative data on the number of 

primate families or subfamilies preyed upon by each primate specialist and the range o f 

data from field studies that had yielded information on the primate component of each 

primate specialist’s diet.

120

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



RESULTS

I used the number of predations and the frequencies of occurrence in predator 

diets to determine species that could be designated as primate specialists. In Fig.5.1,1 

plotted the number o f primate predations for 34 predators as a function o f the median 

frequency of occurrence. Eleven species could be immediately identified as primate 

specialists due to their position on the graph in the high predation level-high frequency o f 

occurrence sector. Leopard (point #1 on graph), Madagascar buzzard (9), harpy eagle 

(I I), Philippine eagle (12), crowned eagle (16), bateleur (17), Henst’s goshawk (19), 

Madagascar long-eared owl (23), fossa (29), reticulated python (32), and African python 

(34) fell above the median (frequency of occurrence, x=3.8; number o f predations, y=I3). 

Four species -  leopard (I), harpy eagle (I I), crowned eagle (16), and fossa (29) — fell 

above the 80 percentile (frequency of occurrence, x=9; number of predations, y=48). 

One species, the harpy eagle (II), fell above the 90th percentile (frequency of occurrence, 

x=l9; number o f predations, y=90).

When literature and questionnaire data were surveyed as a qualitative check on 

primate specialist species identified in Fig.5.1, results were mixed. In Table 5.1,1 

compare the primate families and subfamilies recorded as prey of primate specialists to 

see the breadth o f their reliance on primate prey. Leopards preyed on the foil spectrum 

o f  primate families available (excluding tarsiers) within their geographic range. Three of 

the Malagasy primate specialists, the Madagascar buzzard (Buteo brachyptenis), Henst’s 

goshawk (Accipiter henstii), and fossa have been recorded preying on all available 

prosimian families (excluding Daubentonia); the fourth Malagasy predator, the 

Madagascar long-eared owl (Asio madagascariensis), weighs only 305 g and is limited to
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1.0 10.0 
Frequency of Occurrence, Median %

Fig. S. 1. Number of predations as a function of percentage of primates in predator diets 
(frequency of occurrence). (Identification code: Felids - 1,leopard; 2, lion; 3, tiger,
4, jaguar; 5, cheetah; 6 , puma; 7, ocelot; 8, African golden cat. Raptors -  9, Madagascar 
buzzard; 10, African hawk eagle; 11, harpy eagle; 12, Philippine eagle; 13, Verreaux’s 
eagle; 14, tawny eagle; 15, martial eagle; 16, crowned eagle; 17, bateleur; 18, Guiana 
crested eagle; 19, Henst’s goshawk; 20 , Verreaux’s eagle owl; 21, bam owl; 22, 
Madagascar red owl; 23, Madagascar long-eared owl. Canids/Hyaenids -  24, dhole;
25, golden jackal; 26, wolf; 27, spotted hyena; 28, brown hyena. Small Carnivores -  
29, fossa; 30, small spotted genet. Reptiles -  31, Nile crocodile; 32, reticulated python; 
33, Indian python; 34, African python.)

smaller primates in the cheirogaleid and lemurid families. Likewise, the crowned eagle 

would be too small at 3640 g to include chimpanzees or gorillas in its diet, although it is 

capable o f killing adult male Colobus gttereza that weigh in excess o f 10000 g (Skorupa 

1989) and subadult mandrills (Mandrillus sphinx) (Jouventin 1975). The Philippine eagle 

is basically limited to Macaca fasicidaris as primate prey since the other two indigenous
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TABLE S.I. Primate specialists.

PREDATOR SPECIES FREQUENCY
OF

OCCURRENCE

RECORDED 
PREDATIONS 
(No. of Sources)

PRIMATE 
PREY: 

FAMILY OR 
SUBFAMILY

NUMBER OF 
DATA 

POINTS 
MEASURING % 
OF PRIMATES 

IN PREDATOR’S 
DIET

Mean
(%)

Median
(%)

DEDICATED PRIMATE SPECIALISTS
Leopard (Panthera pardus) 15.2 10.0 994 (85) Lorisidae

Cercopithecinae
Colobinae

Hylobatidae
Pongidae

37

Harpy eagle (Harpia harpyja) 48.1 50.0 135 (15) Cebidae 5
Crowned eagle (Stephanoaetus coronatus) 16.3 8.9 659 (58) Lorisidae

Cercopithecinae
Colobinae

19

Fossa (Cryptoprocta ferox) 25.1 15.8 49 ( 12) Cheirogaleidae
Lemuridae
Indriidae

3
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CONTINUED ... TABLE 5.1. Primate specialists.

PREDATOR SPECIES FREQUENCY
OF

OCCURRENCE

RECORDED 
PREDATIONS 
(No. of Sources)

PRIMATE 
PREY: 

FAMILY OR 
SUBFAMILY

NUMBER OF 
DATA 

POINTS 
MEASURING % 
OF PRIMATES 

IN PREDATOR’S 
DIET

MEAN
(%)

MEDIAN
(%)

OPPORTUNISTIC PRIMATE 
SPECIALISTS

Madagascar buzzard (Buteo brachypterus) 15.4 15.4 13 (3) Cheirogaleidae
Lemuridae
Indriidae

1

Philippine eagle (.Pithecophaga iefferyi) 4.4 4.0 24 (4) Cercopithecinae 3
Bateleur (Terathopius ecaudatus) 4.1 4.1 13 (3) Lorisidae

Cercopithecinae
2

Henst’s goshawk (Accipiter henstii) 28.3 28.3 14 (2) Cheirogaleidae
Lemuridae
Indriidae

2

Madagascar long-eared owl (Asio 
madagascariensis)

33.5 20.5 46 (3) Cheirogaleidae
Lemuridae

5

Reticulated python (.Python reticidatus) 6.2 6.2 25 (8) Lorisidae
Cercopithecinae

Colobinae
Hylobatidae

1

African python (P. sebae) 4.0 4.0 16 (6) Cercopithecinae
Colobinae

1



primates on the islands are nocturnal. The rest of the primate specialist species in Table 

5.1 have not been observed exploiting the full range of primates available to them.

One field study may produce several frequencies of occurrence, i.e., data points 

separated by time or location. Therefore, I tabulated the number o f data points generated 

in field studies producing frequency o f occurrence information to check on the depth o f 

the data.

DISCUSSION

The morphological, behavioral and ecological parameters o f certain predators 

make them particularly suited for preying on primates. Morphological characteristics 

include talon length and tarsus strength in raptors, canine length in carnivores, and mouth 

gape extension in snakes; behavioral repertoires include team hunting in eagles, raptor 

flight patterns in rainforest canopy, and noctumality in many felids, canids, hyaenids, and 

small carnivores; ecological parameters include use of heavy forest, open savannah, or 

riparian habitats and biennial breeding in large eagles.

Coevolution between predator and prey is a case of “the deer flees, the wolf 

pursues” (Janzen 1980, Bakker 1983). Major destabilizations in predator-prey 

coexistence come about from evolution of the preyfollowed by predator counter

adaptations (Roughgarden 1983). Thus, coevolution between predators and their primate 

prey is most visible from the behavioral and morphological adaptations in primates that 

are traceable to specific predators. For example, primate polyspecific associations are 

limited to geographic regions inhabited by monkey-eating raptors (e.g., harpy eagles o f 

the Neotropics and crowned eagles o f Central and West Africa) that provided a strong
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incentive for aggregation (Gautier-Hion et al. 1983, Terborgh 1990a). Harpy eagles have 

exerted strong selective pressure on many Neotropical primate species, manifested in 

both behavior (crypticity and group living) and morphology (increased size) (Terborgh 

1983, Peres 1990).

Coevolution seems to have occurred between present-day lemurs in Madagascar 

and an extinct Holocene eagle, Stephanoaetus mahery, which is a congener with the 

extant crowned eagle (S. coronatus) of sub-Saharan Africa. Goodman (1994a) has 

described the subfbssil o f this immensely powerful raptor which may have specialized in 

capturing large, diurnal members of Lemuridae and Indriidae. There are strong 

stereotypic responses to birds of prey given by Lemur catla and Propithecus verreauxi 

(Sauther 1989, Macedonia 1990a, 1990b), but the diurnal hawks currently inhabiting 

Madagascar that evoke anti-predation behavior in these lemurs are black kites (Milvus 

mi grans), Madagascar harrier hawks (Polyboroides radiatus), and Madagascar buzzards 

(Buteo brachypterus). They are relatively small compared to the subfossil raptor and 

would have extreme difficulty in subduing and killing an adult lemur (Goodman 1994b). 

The long hind talons of the subfbssil eagle are equal in size and massiveness — and the 

tarsometatarsus is larger — than modem specimens of Stephanoaetus coronatus 

(Goodman 1994a). S. mahery would have been a formidable predator o f lemurs, just as 

S. coronatus is the premier threat to African forest monkeys today.

An “intermediate” social form (i.e., not the small family groupings of nocturnal 

lemurs or the large multi-male groups of Lemur catta) has been observed in the diurnal 

bamboo lemur (Hapelemur griseus). These groupings may be an adaptation specifically
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to guard against the ring-tailed mongoose (Galidia elegans) or other small Malagasy 

carnivores (Hladik 1979).

Consistently high predation rates on primates give indications o f long term 

predator-prey relationships and also can be used to infer coevolution. Studies of leopard 

predation on vervets {Cercopithecus aethiops) at Amboseli have found estimated 

predation rates (i.e., the percentage removed yearly from a population by predators) are 

11.0-15.0% (Cheney and Wrangham 1987, Isbell 1990a, 1990b). Owl predation on 

mouse lemurs {Microcebus murinus) (Goodman et al. 1993b) was estimated to be 25.0% 

annually. However, a “high” estimated predation rate is not the only, or necessarily most 

important, criterion to illustrate that certain predators preferentially kill primates for food. 

The estimated predation rates for crowned eagle exploitation of cercopithecines and 

colobines in the Kibale Forest are only 0.3-3.0%, depending on the species of primate 

(Struhsaker and Leakey 1990).

The frequency of occurrence of primates in the diet of a predator is a more precise 

measure of the predator-prey relationship since estimated predation rates can be the 

collective effect from many predators in an ecosystem. Frequencies o f occurrence, on the 

other hand, present a clear connection between the predator and its prey.

Primates have been observed to be secondary prey in some geographic locations 

and primary prey for the same predator species in another (Brown 1966, 1971b, 

Seidensticker and Suyono 1980). Differences may exist in levels of predation on primates 

due to richness o f other fauna or because other prey species have been eliminated by 

natural or human-induced causes. While primates may compose as much as 87.9% o f a 

crowned eagle’s diet in forested areas of Central Africa (Msuya 1993), the percentage
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drops to 2.1-38.9% on the savannah of East Africa (Brown 1953, 1982) where far fewer 

sympatric primate species exist. As an example o f human influence on levels o f primate 

predation, investigators discovered that Trachypitheciis cristata andM acaca fasciciilaris 

were the predominant food of large predators in Meru-Betiri Reserve, Indonesia 

(Seidensticker and Suyono 1980). The situation in Meru-Betiri is quite different from 

other areas of Asia where leopard, tiger (Panthera tigris), and dhole (Cuon alpinus) have 

been studied concurrently (see Johnsingh 1980, 1983, Rice 1986) because small 

ungulates have been extirpated by humans. In Meru-Betiri, primates are the substitute for 

a range o f other prey normally available to large Asian carnivores.

Temporary ecological shifts on the part of a predator (e.g., leopards moving into a 

new range or an increase in the number of leopards using the same territory) sometimes 

results in increased predation on primates rather than increased predation on many 

different prey species (Isbell 1990a, 1990b). When the estimated predation rate on 

primates rises as more predators enter the ecosystem, but the composition of prey 

biomass (i.e., the relative percentage of primates compared to the total weight of all prey 

species) stays the same, it can be assumed that primates are preferential prey items.

There is wide variation in the number of studies and data points on frequencies of 

occurrence of primates in predator diets. I have analyzed predator species for which 

there are small numbers o f studies and data points showing high percentages of primates 

in their diets along with predators for which there are ample data. Leopards have been 

the subject o f 30 field studies yielding 37 frequencies of occurrence, and crowned eagles 

have been the subject of 12 field studies yielding 19 frequencies o f occurrence. The 

number o f  studies carried out on the remaining nine predators ranged from one to three;
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the number o f data points produced by the studies ranged from one to five, with a mean 

of 2.6 frequencies of occurrence.

Leopards, harpy eagles, crowned eagles, and fossa emerged from the data analysis 

as dedicated primate specialists. These predators may be selective in their choice o f prey 

and concentrate on primates. The first three species come as no surprise given the 

published research (cf. Chapter II).

Fossa, the alleged “scourge of lemurs,” may be exactly that. Although studies on 

this cat-like viverrid are few in number as yet (Rasolonandrasana 1994, Rasoloarison et 

al. 1995, Wright et al. 1997), all have concluded that fossa exert considerable pressure on 

the larger species of lemurs. Calculations based on known kills estimate that fossa 

remove nearly one-third of the yearly population growth of Propithecus verreanxi in the 

Kirindy Forest (Rasolonandrasana 1994, Rasoloarison et al. 1995, Ganzhom and 

Kappeler 1996).

There are several species listed on Table 5.1 that have not garnered a reputation as 

primate predators. Goodman et al. (1991) documented the first case of predation on 

Microcebus by a nocturnal bird of prey only within the past decade. It was by pure 

chance, as explained by these authors, that a nest of Madagascar long-eared owls (Asio 

madagascariensis) was found which yielded pellets containing primate remains.

A five-year study of red colobus (Colobus badtus) in Abuko Nature Reserve, The 

Gambia found that predation by reptiles (Python sebae and Crocodyhts niloticus, in 

particular) was a major proximate cause o f mortality in adult monkeys (Starin 1991). 

Based on direct observation o f kills and the examination of carcasses, 40.0% of known 

deaths were attributable to reptiles. In addition, 13 red colobus that disappeared were
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suspected to have been python victims since this form of predation leaves no evidence 

unless the event is witnessed or the snake’s stomach contents are examined.

New information on lions (Panthera leo) in the Mahale Mountains indicates that 

this felid could be a major predator o f primates (Tsukahara 1993). The Mahale 

chimpanzee population has been the subject of long-term demographic research (Nishida 

et al. 1990). Until an analysis confirmed the presence of chimpanzee hair in lion feces 

(Inagaki and Tsukahara 1991, 1993), predation as a mortality factor on chimps was 

assumed to be negligible. This assumption has been challenged by evidence of 

chimpanzee hair, bones, and teeth in four out of eleven samples of lion feces collected 

over widely-spaced periods of time. Predation by lions may constitute an important 

selective pressure on chimpanzees in Mahale (Tsukahara 1993).

In another instance involving lion predation, a questionnaire respondent reported 

two lionesses at Mana Pools National Park, Zimbabwe selectively preying on baboons (T. 

Williamson, pers. comm.). While other members of their pride did not exhibit a 

predilection for primates, two females began preying on baboons as juveniles and have 

continued the practice into adulthood. Six sightings of baboon kills by the two lionesses 

have been recorded in a four-year period.

Tigers are usually assumed to take only very large prey. Nevertheless, langurs 

(Presbytis entellus) are one of the major prey species of tigers in the forest of 

Ranthambhore, India, where they fall prey when caught on the ground (Thapar 1986). 

During Thapar’s study, he discovered remains of four fresh tiger kills containing 

remnants o f langurs, observed an unsuccessful attack by a tiger on a group o f langurs, 

and photographed a kill sequence from the tiger’s first awareness o f the langur until the
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consumption of the carcass. Although langurs were a regular part o f the tigers’ diets in 

the Ranthambhore study, finding langur carcasses is rare because a 12-19 kg monkey is 

consumed completely at one feeding (Thapar 1986). Fecal samples gathered in Royal 

Chitwan National Park, Nepal confirmed the inclusion of langurs in the tiger’s diet 

(Sunquist and Sunquist 1988), and at Kanha, India, langurs and rhesus monkeys are 

commonly captured by tigers (Schaller 1967).

New findings on the diets of tigers, lions, Malagasy owls, pythons, and the fossa 

indicate that far more predators could be relying on primates as a prey base than has so 

far been thought.

SUMMARY

• I propose a new category, termed primate specialist, to describe predator species for 

which there is evidence of high levels of predation on primates.

•  Eleven primate specialists could be determined based on the level o f recorded 

predations as a function of the percentage of primates in the predator’s diet.

•  I have tentatively identified four of these primate specialists — one felid, two raptors, 

and a viverrid — as “dedicated” predators by both quantitative and qualitative 

measurements.

•  Seven predator species (four diurnal raptors, one owl, and two snakes) may best be 

identified as “opportunistic” primate specialists since studies have shown that other 

available prey is easily substituted for primates in their diets.

•  Recent research indicates that, when more quantitative data are available, the total 

number of species that could be classified as primate specialists may increase.
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CHAPTER VT.

THE EFFECTS OF BODY SIZE ON PREDATION

“King o f the raptorine birds, the Harpy eagle is a flying w olf From the topmost branch 
ofsom e deadforest giant it surveys the forest belowfor signs o f movement. Then, like a  
bolt from  the blue, it swoops with unerring accuracy upon a sleeping sloth or a leaping 
monkey and bears o ff its prey in triumph. " (Hanif 1970, p. 24)

INTRODUCTION

Body size is a basic aspect of primate adaptations (Fleagie 1988). Protoprimates 

from the Paleocene are hypothesized to have been small, arboreal, nocturnal insectivores 

resembling present-day tree shrews (Conroy 1990). As primates evolved, body size 

increased along with other adaptations such as terrestriality, diumality, 

frugivory/folivory, and complex social structure. Size has been associated with 

locomotion, behavior, diet and other aspects of ecology. It may also be valuable to look 

at relative body weights of predators and primates for insight into size as an adaptation to 

minimize predation, an approach proven useful in the study of invertebrate and 

mammalian predator-prey associations (Rosenzweig 1966, Paine 1976).

Generally size is credited with being a compelling arbiter o f the sheer number of 

potential predators, with smaller primates more susceptible to predation than larger ones 

(Struhsafcer 1967b, Terborgh 1983). It was found that body size was negatively correlated 

with available estimated predation rates (Cheney and Wrangham 1987, Isbell 1994a), but
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this pattern has been examined for only a few species. In this chapter, I present an 

overview o f the effects of body size on predation through two analyses: (a) I compare 

the body weights o f all primates with the body weights of their known or alleged 

predators and discuss whether or not this comparison supports the hypothesis that 

increased body size is an evolutionary response to predation, and (b) I compare the body 

weights of primates and predators from recorded predation events and discuss their 

relationship.

METHODS

Adult body weights were gathered for 161 primate species (Macdonald 1984a, 

Fleagle 1988, Willis 1995) and from a variety of sources for 100 known or alleged 

predators (Fowler and Cope 1964, Voous 1969, 1988, Guggisberg 1975, Grzimek 1975, 

Brown et al. 1982, Terborgh 1983, Macdonald 1984a, 1984b, Brown and Amadon 1989, 

Pfeffer 1989, Dunning 1993, and D. Payne, pers. comm.). These weights are provided in 

Tables 6.1 and 6.2. In species of predatory animals exhibiting sexual dimorphism, the 

heavier sex was used to compute weights. Accordingly, adult male weights were used 

with the exception o f hyenas, raptors, some viverrids, and the large pythons, taxa in 

which females may be significantly larger.

Descriptive statistics and histograms of weights were used to compare all 

primates with all their predator species for which weights were available. More 

specifically, the tenth, twenty-fifth, fiftieth, seventy-fifth and ninetieth percentiles o f 

primate weights were calculated, and the number o f predator species falling above those 

values was counted.
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TABLE 6.1. Adult body weights of 161 primate species.

SPECIES
BODY

WEIGHT
(g)

SPECIES
BODY

WEIGHT
fe)

Microcebus mwrimts 70 Nycticebus coucang 920
M. rttfus 60 AC pygmaeus 300
M ina coquereli 330 Tarsius syrichta 122
Cheirogaleus major 450 T. bancanus 123
C. medius 300 T. spectrum 140
Phcmerfitrcifer 400 Pithecia pithecia 1800
Allocebus trichotis 100 P. monachus 2800
Lemur catta 2670 Chiropotes satanas 2980
L.Jiilvus 2500 C. albinasus 3125
L  mongoz 2025 Cacajao calvus 3450
L  macaco 2401 C. melanocephalus 2800
L. rubriventer 2350 Aotus trivirgatus 1220
L  coronatus 2000 Callicebus torquatus 1490
Varecia variegata 3800 C. moloch 1070
Hapalemur griseus 880 C. personatus 1700
H. simus 2500 Cebusapella 3300
H. aureus 1200 C. albrfrons 3260
Lepilemur mustelinus to o o C. capucinus 3700
Avahi laniger 920 C. nigrivitlatus 3500
Propitheats verreauxi 3780 Saimiri sciureus 960
P. diadema 6500 S. oerstedii 750
Indri indri 10000 Alouatta seniculus 7880
Daubentonia
madagascariensis

2800 A. palliata 11590

Otolemur crassicaudatus 1151 A. villosa 12000
0 . gam ettii 760 A. caraya 8280
Galago senegalensis 215 Lagothrix lagothricha 8700
Euotiats elegantulus 274 Brachyteles arachnoides 15000
E  matschiei 210 Ateles paniscus 9000
Galagoides demidovii 70 A. geoffroyi 7730
G. thomasi UO A. belzebuth 5902
G. zanzabaricus 150 Callimico goeldii 630
G. alleni 295 Saguimis nigricollis 465
Perodicticus potto 1150 S. fuscicollis 462
Arctocebus calabarensis 265 SL mystax 580
Loris tardigradus 275 S. labiatus 580
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CONTINUED ... TABLE 6,1. Adult body weights of 161 primate species.

SPECIES
BODY

WEIGHT
(R)

SPECIES
BODY

WEIGHT
(2)

S. imperator 400 C. Ihoesti 6500
S. midas 570 C. negleclus 6320
S. inustus 740 C. mona 6000
S. oedipus 490 C. wolfi 5000
S. leucopus 490 C. diana 4994
Leontopithecus rosalia 500 C. petaurista 8172
L. chrysomelas 550 C. campbelli 4086
L. chrysopygus 550 C. aethiops 5370
Callithrix jacchus 310 Allenopithecus nigroviridis 6900
C. penicilata 340 Miopithecus talapoin 1380
Cebtiella pygmaea 135 Erythrocebus patas 11100
M acaca nemestrina 10210 Colobus guereza 10100
M  sylvanus 12939 C. poly/comos 10000
M  sinica 5448 C. satana 9000
M  radiata 6280 C. badius 8240
M . assamensis 9060 C. angolensis 11350
M . fascicularis 4930 Procolobus vents 4280
M. m datta 7730 Trachypithecus cristata 6608
M .fuscata 13166 T. francoisi 7350
M  arctoides 9060 T. geei 10850
M . silenus 6810 T. obscttra 7903
M . nigra 9988 T. phayrei 7710
M  thibetana 11800 71 pileata 12750
Cercocebus albigena 8980 Presbytis entellus 19100
C. torquatus 10625 P. senex 6860
C. galeritus 9988 P.johnii 11500
Papio hamadryas 21300 P. rub icunda 6339
P. amtbis 25100 P. melalophos 6543
P. cynocephalus 22800 P. comata 6800
P . ursinus 31200 P: frontata 5570
M andrillus sphinx 26900 P. hosei 6178
M. leucophaeus 20000 P. fem oralus 6261
Theropitheciis gelada 19000 P. potenziani 6407
Cercopithecus mitis 7264 P. thomasi 6766
C. nictifans 6500 Rhinopithecus avxmctilus 8000
C. ascanius 4170 R. roxellana 17930
C. cephus 4000 Nasalis larvatus 20370
C. pogonias 4500 Simias concolor 8750
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CONTINUED ... TABLE 6.1, Adult body weights of 161 primate species.

SPECIES
BODY

WEIGHT
(g)

SPECIES
BODY

WEIGHT
(g)

Pygathrix nemaeus 10900 H. muelleri 5760
Hylobates syndactylus 10900 Pongo pygmaeus 81000
H. concolor 6300 Pan troglodytes 43000
H. hoolock 6930 P. paniscus 45000
H. klossii 5670 Gorilla g. beringei 159200
H .lar 5700 G. g. graueri 175200
H. moloch 5700 G. g. gorilla 169500
H. agilis 5830
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TABLE 6.2. Adult body weights of 100 predator species.

SPECIES
BODY

WEIGHT
(s)

SPECIES
BODY

WEIGHT
fe)

DIRUNAL RAPTORS. OWLS. AND OTHER PREDATORY BIRDS

Leptodon caycmensis 540 A. verreaitxii 4600
M ilvus migrans 827 Hieraaetus wahlbergi 1000
Haliaeetus vocifer 3400 H .fasciatus 2500
Ichtyophaga ichthyaetus 2480 Spizastur melanoleucus 850
Circaetus gallicus 1703 Polomaetus bellicosus 4230
G  cinereus 2048 Spizaetus cirrhalus 1810
Terathopius ecaudatus 2950 S. tyrannus 1025
Spilom is cheela 1237 S. ornatus 1421
Polyboroides typus 950 Stephanoaetus coronatus 3640
Accipiter bicolor 436 Daptrius americamis 586
A. henstii 1150 M icrastur ntficollis 196
Leucoptemis shistacea 1000 M  semitorquatus 900
L. albicollis 650 Tyto alba affinis 334
Buteogallus urubitinga 1068 Bubo poensis 746
Buteo nitidus 460 B. lacteus 2625
B. magnirostris 269 Athene cunicularia 159
M orphm s guianensis 1750 Asio madagascariensis 305
Harpia harpyja 7600 Piaya caycma 108
Pithecophaga jefferyt 7000 Ramphastos sidfuratns 339
Aquila rapax 2500 R. swainsonii 660
A. heliaca 3395 Vanga curvirostris 72
A. chrysaetos 4913 Corvtts macrorhynchos 582

FELIDS

Panthera leo 190960 R  catus 4500
P. onca 102000 R  chaus 9000
P. pardus 70000 R  concolor 100000
P. tigris 190000 R  pardalis 15800
Acinonyxjubatus 72000 R  serval 18000
Neofelis nebitlosa 21900 R  temmincki 11000
Felts aurata 15000 R  viverrina 14000
R  caracal 18000 R  yagouroundi 9000
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CONTINUED ... TABLE 6.2. Adult body weights of 100 predator species.

CANIDS

Canis adustus 15000 C. lupus arabs 20000
C. aureus 11000 Lycaon pictus 27000
C. mesomelas 13500 Cuon alpimts 17000
C. fam iliaris 17000 Nyctereutes procyonoides 7500
C. latrans 13620 Vtdpes vutpes 5200

HYAENIDS

Croatia Croatia 80000 H. hyaena 40000
Hyaena brunnea 50000

VIVERRIDS

Genet ta genetta 3000 Nandinia binotata 3000
G. tigrina 2300 Cryptoprocta ferox 20000
Viverriada indica 4000

HERPESTIDS

Galidia elegans 900 Atilax pahidinosus 3500
Mungotictis decemiineata 800 Bdeogale nigripes 3000

MUSTELIDS

Eira barbara 6000

REPTILES

Caiman crocodilus 90800 P. sebae 70000
Crocodylus paiustris 227000 Acrantophis

madagascariensis
18160

C. nilotiais 199760 Corallus canima 1816
Tomistoma schlegeli 181600 Boa constrictor 60000
Varamts salvator 45400 Etmectes murinus 150000
V. komodoensis 136200 Leioheterodon

madagascariensis
1362

Python reticulatus 100000 Bids arietans 6810
P. molunts 100000 Bothropsasper 2724
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Data sets from questionnnaires and the literature contained 1858 entries of 

recorded predation events containing both the weight of the predator and the weight of 

the primate prey. Adult body weights were analyzed for (a) the range and mean of 

primate weights taken by five categories of predators, and (b) the range and mean of 

primate weights taken by predator species classified as primate specialists in Chapter V. 

Regression analyses were conducted to compare primate prey weights to predator 

weights in recorded predation events.

RESULTS

Comparing the weight distribution of all primates and their non-primate predators 

(Fig.6.1) reveals considerable overlap in weight categories between predatory animals 

and the primates they consume. However, this overlap varies by predator type.

Most species of primates outweigh most birds of prey (Fig.6.2). Table 6.3 shows 

that the 50th percentile o f primate weights (5.45 kg) is greater than all but two raptor 

species; 57.0% of the birds fall in the 25th-50th percentile range, but only 5.0% of the 

raptors exceed the 50th, and none exceed the 75th.

Unlike avian predators, most mammalian carnivores listed in Table 6.2 outweigh 

the majority of primate species (Fig.6.3a). However, the weight o f mammalian predators 

varies considerably by group.

The weights of small carnivores -  viverrids, herpestids, and the only mustelid 

known to prey on primates, the tayra (Erra barbara) — are lower than many primates 

(Ftg.6.3b). The single species in this category outweighing many primates is the fossa 

(Cryptoprocta ferox), which fills the ecological niche of felids in Madagascar and was
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previously misclassified as one (Macdonald 1984b). By virtue of its cat-like claws, teeth, 

and mandible, the fossa is equipped to kill mammals nearly its own size (Wright et al. 

1997). With the exception of the fossa, the percentile relationships listed in Table 6.3 are 

similar for small carnivores and raptors.

Felids, as a group, tend to have higher body weights than their primate prey 

(Fig.6.3b). I combined canid and hyaenid body weights due to similarities in ecological 

niche and social behavior, although taxonomically hyenas are more closely related to

160-
140“
120 -

100-

Primates

All Predators

250150 200100

Fig.6.1. Distribution by weight of all primates and all animals that prey upon them.
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Fig.6.2. Distribution by weight of all primates and birds that prey upon them.

TABLE 6.3. Numbers and percentages of predators weighing more than the 10th, 
25th, SOth, 75th, and 90th percentile of primate weights.______________________

PREDATORS PRIMATES

Percentile
(Weight)

10"* 
(0.30 kg)

25"* 
(0.92 kg)

50“* 
(5.45 kg)

75"* 
(8.98 kg)

90“* 
(15.00 kg)

Raptors 39 (89%) 25 (57%) 2 (5%) 0 (0%) 0 (0%)
Felids 16(100%) 16(100%) 15 (94%) 15 (94%) II (69%)
Canids/hyaenids 13 (100%) 13 (100%) 12 (92%) 11 (85%) 8 (62%)
Small carnivores 10 (100%) 8 (80%) 2 (20%) I (10%) I (10%)
Reptiles 16 (100%) 16 (100%) 13 (81%) 12 (75%) 12 (75%)
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•ig.6.3a. Distribution by weight o f ail primates and mammals that prey upon them.
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?ig.6.3b. Distribution by weight o f mammals that prey upon primates; the counts of 
three categories o f mammals are stacked to show their representation in the general 
mammalian class.
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viverrids (Kruuk 1972a). The distribution of weights for wild dogs and hyenas (Fig.6.3b) 

is similar to felids, although no species of canid or hyaenid exceeds 100 kg. Table 6.3 

indicates that 85% of canid/hyaenid predators are larger than all but the top 10.0% of 

primates.

The distribution of reptile weights (Figs.6.4a and 6.4b) is also similar to felids in 

the sense that reptilian predators include extremely large animals. Quantitative 

summaries presented in Table 6.3 show similar patterns for reptile, felid, and 

canid/hyaenid weight relationships to primates.

In Fig.6.5,1 turn to an analysis of recorded predation events from the 

questionnaire and literature data sets. Of the five predator categories analyzed, felids 

have the widest range and highest mean size of primate prey, followed by 

canids/hyaenids, and reptiles. Raptors and small carnivores had the lowest mean prey 

weights. Table 6.4 lists the minimum, maximum, and mean sizes o f primate prey. All 

categories of predators took primates under 600 g, but small carnivores had a maximum 

prey size 2.7-3.7 times smaller than canids/hyaenids, raptors, and reptiles, and 15.1 times 

smaller than felids.

Fig.6.6 deals only with the eleven predator species classified in Chapter V as 

primate specialists. Again, the only felid in this classification, the leopard (Panthera 

pardus), has the widest range and highest mean size of primate prey. According to these 

recorded predations, seven of the primate specialists — six raptors and the fossa — are 

limited to primate prey weighing under 8000 g. The crowned eagle (Stephanoaetus 

coronatus) is noteworthy in its unusual ability to take prey many times its own weight.
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Fig.6.5. Range and mean size o f primate prey for five categories o f predators.
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TABLE 6.4. Range and mean primate prey weights for five categories of predators.

MINIMUM MAXIMUM MEAN
PREDATOR WEIGHT OF WEIGHT OF WEIGHT OF

TAXA PRIMATE PRIMATE PRIMATE
PREY (g) PREY (g) PREY (g)

Raptors 60 31200 5310
Felids 140 175200 22434
Canids/hyaenids 60 43000 16653
Small carnivores 60 11590 2274
Reptiles 580 31200 9170

TABLE 6.5. Range and mean size of primate prey for predator species classified as 
primate specialists.______________________________________________________

PRIMATE
SPECIALIST

SPECIES

MINIMUM 
WEIGHT OF 

PRIMATE 
PREY (g)

MAXIMUM 
WEIGHT OF 

PRIMATE 
PREY (z)

MEAN 
WEIGHT OF 

PRIMATE 
PREY (g)

Leopard (Panthera pardits) 1150 175200 22227
Harpy eagle (Harpia hcirpyfa) 960 7880 4193
Crowned eagle

(Stephcmoaetus coroncitus)
1150 31200 6445

Fossa (Cryptoproctaferox) 70 6500 2865
Madagascar buzzard (Buteo 

brachypterus)
300 3800 1455

Philippine eagle
(Pithecophaga jefferyi)

4930 4930 4930

Bateieur (Terathopius 
ecctudcitus)

1151 5370 1800

Henst’s goshawk (Accipiter 
henstii)

70 2500 1030

Madagascar long-eared owl 
(Asio madagascariensis)

60 1000 256

Reticulated python (Python 
reticidatus)

920 9988 6470

African python (Python 
sebae)

1380 31200 10069
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The reticulated python (Python reticulattis) is the largest of the primate 

specialists, weighing 100000 g, but the maximum recorded prey size taken is 

considerably below the crowned eagle, African python (P. sebae), and the leopard. Table 

6.5 provides the ranges and means of primate weights taken by individual species of 

primate specialists.

Fig.6.7, a regression analysis showing the relationship between the weights of all 

recorded primate prey and their predators, illustrates the low predictability between 

predator weight and primate prey weight (r*=0.1356, f=0). Low predictability is 

supported by Figs.6.8-6.12, regression analyses for five categories of predators and their 

primate prey. Predator weight is not a good predictor of primate weight for raptors 

(^=0.1721, f=0), felids (^=0.0008, f=0), canids/hyaenids (^=0.3546, f=0), small 

carnivores (1^=0.0875, f=0), or reptiles (^=0.2326, f=0).

DISCUSSION

Habitat is a critical consideration for this discussion of body weights in primates 

and their predators. One theory contends that terrestrial primates are more subject to 

predation than arboreal species because not only are terrestrial species at risk from 

raptors, snakes, arboreal carnivores, and large terrestrial carnivores, but that they are also 

far from trees where they might run for safety (Crook and Gartlan 1966, Dunbar 1988). 

This theory has been challenged because (a) arboreal primates seem to be more 

vulnerable to raptors, but less vulnerable to carnivores, than terrestrial species (Cheney 

and Wrangham 1987), and (b) the vulnerability of small, arboreal primates is exacerbated
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Fig.6.7. Regression line shows straight line fit between primate prey weights and all 
predator weights for recorded predation events (n=I858) (^=0.1356).
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Fig.6.8. Regression line shows straight line fit between primate prey weights and raptor 
weights for recorded predation events (n=832) (^=0.1721).
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Fig.6.9. Regression line shows straight line fit between primate prey weights and felid 
weights for recorded predation events (n=737) (^=0.0008).
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Fig.6.10. Regression line shows straight line fit between primate prey weights and 
canid/hyaenid weights for recorded predation events (n=I26) (r2=0.3546).
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Fig.6.11. Regression line shows straight line fit between primate prey weights and small 
carnivore weights for recorded predation events (n=93) (r=0.0875).
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weights for recorded predation events (n=70) (rz=0.2326).
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due to greater densities of small predators in comparison to large predators which may 

underestimate the intensity o f predation on arboreal primates (Isbell 1994a).

Nonetheless, arboreality has been hypothesized to confer some protection from 

predation because all primates (with the exception of gorillas, the largest species) sleep in 

trees, cliffs, or off the ground in some manner (Busse 1977, Isbell 1994a). Examining the 

size relationships of primates and predators ranked by arboreal competence suggests that 

primates can avoid many arboreal predators — but few terrestrial predators — by being 

larger than they are. This statement is underscored by the high maximum prey size of 

felids in Fig.6.5, which represents predation on two o f the largest primate species, e.g., 

leopard predation on gorillas in the Central African Republic (Fay et al. 1995), leopard 

predation on chimpanzees in the Tai Forest (Boesch 1991), and lion predation on 

chimpanzees in the Mahale Mountains (Tsukahara 1993).

Eagles and hawks are the major—and most competent — predators on primates 

worldwide (Dittus 1975, Struhsaker 1975, Charles-Dominique 1977, Rettig 1978, 

Terborgh 1983, Wright 1985), and most primate species are larger than most raptor 

species. Many birds of prey are to a large degree “all feathers,” efficient killing machines 

that weigh little and, with very few exceptions, take prey that is half or less the bird’s 

own weight (Brown and Amadon 1989). The crowned eagle is an exception to this rule 

and kills extremely large prey for a raptor, e.g. adult male colobus monkeys, juvenile 

mandrills, and juvenile baboons. But, since adult primate weights were used throughout 

the data analysis, the maximum prey weight (Papio ursimts, 31200 g) for crowned eagles 

in Table 6.5 (and the raptor category in Table 6.4) is no doubt higher than the weight of 

the actual prey animal.

152

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



One analysis o f raptor predation found that nine primate species weighing less 

than 2 kg were preyed upon by five confirmed and nine suspected avian predators, while 

eight primate species weighing over 5 kg had only one confirmed and two suspected 

raptor predators (Cheney and Wrangham 1987). An analysis of the data collected for this 

thesis produced compatible results: Twenty-four primate species weighing less than 2 kg 

were preyed upon by 32 confirmed avian predators, while twenty-four primate species 

weighing over 5 kg had 15 confirmed and two suspected raptor predators.

While large raptors can kill small prey, small birds of prey do not take large 

primates (Terborgh 1983). Fig.6.13 compares the relative body and talon sizes o f the 

harpy (Harpia harpyja), the largest Neotropical eagle (7600 g), to one o f the smaller 

birds of prey, the grey hawk (Buteo nitidrn) (460 g). Both species are known predators of 

primates (Rettig 1978, Boinski 1987), but their “predation potential” (Voous 1969) — a 

measure of strength which places raptors in an ecological hierarchy -- is indicated by 

body size plus talon length and dictates the size of their prey.

Intense predation has been speculated to be the cause of many behavior patterns 

observed in Hon tamarins (Leontopithecus rosalia), a callitrichid weighing only 500 g 

(Coimbro-Filho 1978). Their constant state of alertness, readiness for swift flight, and 

descent to lower strata in the forest when sensing danger may be indicative of the large 

number of diurnal raptors that prey on the tamarins. Neotropical hawk species are twice 

as common as Old World species mainly because o f the added small-sized forest falcons 

o f the genus M icrastur (Thiollay 1985). Early retirement to night shelters and the small 

diameter of shelter openings suggest that nocturnal predators, such as the great homed 

owl (Bubo virgtnianus), also put lion tamarins at risk (Coimbro-Filho 1978).
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Fig-6.13. Comparison of harpy eagle (Harpia harpyja) and grey hawk (Buteo nitidus) 
body sizes and talon lengths. (Redrawn after Voous 1969.)
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The majority of small carnivores are outweighed by the majority of primate 

species. Many o f the small carnivores, especially the genets, are nocturnal and highly 

arboreal which allows them access to small canopy-dwelling primates. Like raptors, 

though, small carnivores are eliminated as predators when primate species reach certain 

critical weights. The elongated bodies, speed, and maneuverability o f many small 

carnivores make them rapacious predators, but they are constrained when trying to kill 

animals larger than themselves that are active and capable of defensive movements (Ben- 

David et al. 1991). For example, the tayra, a fairly large mustelid weighing 6000 g, has 

been recorded preying only on callitrichids and small cebids weighing between 500-3000 

g (Moynihan 1970, Galef et ai. 1976, Hemandez-Camacho and Cooper 1976, Izawa 

1978, Defier 1980, Ramirez 1989, Stafford and Ferreira 1995).

All snakes are capable tree climbers. However, only the smaller snakes, those 

about 2 m or less in length, are arboreal predators (Grzimek 1975, Pfeffer 1989). 

Furthermore, snakes, like raptors, tend to hunt prey significantly smaller than themselves. 

Snakes are inhibited in their intake of large prey both because they must swallow their 

prey whole (Shine 1991) and because satiated immobilization may occur after ingestion 

of animals above a certain ratio to the snake’s own weight (Mehrtens 1987). It appears 

that most primate species are too large to be attractive prey to snake species that hunt 

arboreally.

While the bulk of their hunting activities are terrestrial, most felids have some 

arboreal competence. Small openings to lion tamarin night shelters may reflect a  risk o f  

predation by scansorial or arboreal Neotropical felids, such as ocelots (Felispardalis), 

margays (F  wiedii), jaguarundis (F. yagoiiarottndi), and oncillas (F. tigrinci) (Coimbro-
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Filho 1978). Size is a less important limiting factor with felids than with predators 

discussed above, since the maximum size prey many wild cats are able to kill is 

exponentially related to their own body size (Kruuk 1986, Kitchener 1991). For example, 

ocelots weigh an average of 15 kg and prey on animals weighing up to 12 kg 

(Kitchenerl99I). However, caracals (F. caracal) weighing approximately 18 kg, prey on 

animals twice their own mass (Kitchener 1991), and tigers (Panthera tigris) are able to 

kill animals four times their own weight (Hoogerwerf 1970). Lions (P. leo) have the 

added advantage of social grouping, and the size of prey increases with the number of 

lions present at the hunt (Kruuk and Turner 1967). Few primate species are larger than 

felid predators, and even the largest primates are within the size range of felid prey (see 

Fay et al. 1995).

Canids and hyaenids have terrestrial lifestyles. Most of these predators are larger 

than the majority o f primates. In addition, most canids and hyaenids employ a 

cooperative hunting strategy, which reduces the protective role o f large size in their prey. 

Even smaller canids, such as golden jackals (Canis aureus), use cooperative hunting 

methods to capture colobines weighing 6000-7000 g (Newton 1985, Stanford 1989,1990, 

1991). Very few primates are protected from canid and hyaenid predation by size alone.

Crocoditians are aquatic in lifestyle, and monitors may be terrestrial, aquatic, or 

arboreal (Hoogerwerf 1970). Crocodiles cannot pursue prey but must take advantage of 

prey species’ dependence on water. False gharials ( Tomistoma schlegeli) were observed 

preying upon crab-eating macaques (M acacafascicularis) and proboscis monkeys 

(Nasalis larvatus) as the primates crossed rivers during foraging (Galdikas and Yeager 

1984, Galdikas 1985, Yeager 1991). For crocoditians, there is a direct relationship
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between the size o f the individual crocodile and the size of the prey taken. Over 60.0% 

of the diet of large crocodiles consists o f mammals; mature individuals do not expend 

energy on very small prey even if it is available (Pooley 1989). Most primate species are 

within the size range o f monitor prey and all are within the size range for crocoditians.

The limits o f a predator’s ability to kill and consume prey are based on size 

relationships (Vezina 1985). As a result, the number o f predators on primate species 

should decrease as primate body weight increases. While the number o f total predators 

will decrease, results o f data analysis show that size increase may confer protection for 

primates only within some groups of predators. There is a clear tendency for primate 

species to be larger than most arboreal predator species, but smaller than most terrestrial 

predator species.

Eagles and hawks have relatively little variation in body size across the globe, and 

Old World monkeys may have employed increased body weight as an adaptation to avoid 

predation from raptors (Wright 1985). When the whole range of arboreal and terrestrial 

predators are considered, the smaller size of vervet monkeys (Cercopithectis aethiops) 

makes them vulnerable to four times as many predators as baboons (Papio spp.) and 

makes it necessary for vervets to remain close to the safety of trees (Struhsaker 1967b).

Terborgh (1983) discussed size and escape from predation for the Neotropical 

primates at Cocha Cashu, Peru. He identified three distinct strategies by Neotropical 

primates to thwart predation: Crypticity, group-living, and escape through an increase in 

size. The smallest primates under 1500 g spend many hours per day in safe hiding 

places. Slightly larger species, such as Cebus and Saimiri seek protection in groups. The 

latter strategy -  size increase — applies to adults of the largest species (i.e., Ateles,
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Lagothrix, and Alonatta). These primates are often found at rest in conspicuous exposed 

perches in the canopy (Terborgh 1983). From such vantage points, the larger primates 

scan for the largest eagles, harpy and Guiana crested (Morphmis guianensis), species in 

which a few birds are highly dispersed over huge territories. Increased size, combined 

with group-living and agility may render the larger Neotropical primates very difficult 

prey even for the harpy eagle (Sherman 1991). Howler monkeys were observed to evade 

and chase a harpy eagle that attacked one of their group (Eason 1989), but the successful 

capture of a fully-grown adult male howler by a harpy eagle was witnessed, even though 

smaller individuals were in the same group and available as prey (Peres 1990). However, 

it is more common for harpy eagles to prey on medium-sized capuchins (Cebus apella 

and C  albifrons), sakis {Pitheciapithecia, P monachus, P. irrorata, and P albicans), and 

bearded sakis (Chiropotes satanas and C. albinastis) (Peres 1990). Medium-sized 

monkeys in the range o f2000-4000 g constitute regular prey for harpy eagles (Voous 

1969).

It is difficult to separate consequence from causation. There are 81 species of 

diurnal raptors, owls, and other predatory birds known or suspected to prey on primates 

(cf. Table 2.1). Many of the smaller birds (<1000 g), e.g., toucans (Ramphastos 

sulfaratus, R. swainsonii, Andigena hypoglauca), owls {Tyto alba affinis, T a. 

guatemalae, T. soumagnei, Asio madagascariensis, Athene cunicularia, Otus radius), 

kites {Milvus migrans, Haliastur indus, Leptodon cayanensis, Harpagtts bidentatus), 

cuckoos {Piaya cayana), vangas (Vangacurvirostris), crows (Corvus albus, CL 

macrorhynchos), small hawks and falcons (Accipiter bicolor, A .francesii, Polyboroides 

typus, Leucoptemis albicollis, M icrastur mirandollei, M  rttficollis, M  semitorqnatus,
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Buteo nitidns, B. magmrostris, Falco newtoni, F. zoniventris, Aviceda madagascariensis, 

Herpetotheres cachinnans), and caracaras (Daptrius americatms, Polyborous plancus) 

prey on only the smallest primates (Terborgh 1983, Boinski 1987, Mitchell et al. 1991, 

Goodman et al. 1993c, and additional sources listed in Appendix 1). A clear 

consequence o f most primate species size is that they are too large to be attractive prey to 

many of the predators most active in their arboreal habitats.

It appears that the first primates were arboreal and small and that increased size 

was a later adaptation (Conroy 1990). “Large body size may be seen as an evolutionary 

response to greater predation risk that has resulted in lower predation rates” (Isbell 1994a, 

p. 68).

Observations presented here are consistent with the hypothesis that size increase 

was, at least in part, an evolutionary response to predation. However, it is unlikely that 

predation is the sole explanation for primate species’ size increases. Examining Table 

6.3 suggests that most of the “gain” (escape from predators through growth) is in the 

25th-50th percentile weight range of primates. Below this range, there must be 

advantages to small size that outweigh greater vulnerability to predation. Above this 

range, there is little gain in terms of safety from predators, so it seems likely that size 

increase above this level was driven by different rewards.

SUMMARY

• Most primate species are larger than most o f the arboreal predators (birds, small 

carnivores, and snakes approximately 2 m in length) that prey upon them.
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•  Most primate species are smaller than most of the terrrestrial predators (felids, canids 

and hyaenids, large snakes, monitors, and crocodiles) that prey upon them.

• Based on recorded predation events, felids had the highest mean primate prey body 

weights; raptors and small carnivores had the lowest means.

•  Overall, predator weight is not a good predictor of primate prey weight.

•  The first primates were arboreal and small. The emergence of larger arboreal 

primates may have been, in part, an evolutionary response to arboreal predation.

•  Reduced predation is unlikely to have been the only reward for increased size; many 

larger primate species show size increases unlikely to confer increased protection 

from predation.
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CHAPTER VII.

COUNTERING PREDATION: ASPECTS OF PRIMATE BEHAVIOR

“A pride o f lions was taking its midday siesta close to a drinking-pool when a  troop o f 
baboons was heard approaching. A t once the lions layflat, except two lionesses, which 
getting up, strolled o ff into a neighbouring patch o f bush, about a  hundred yards away. 
The baboons came on unsuspectingly, and when they were w ell inside the trap the two 
lionesses suddenly rushed out, with the effect o f sending the whole panic-stricken horde 
straight into the jaws o f the rest o f the pride. A complete massacre ensued. The baboons 
were apparently too terrified even to try to escape up any o f the surrounding trees, and 
hid  their faces in their hands while the lions simply struck them down right and left with 
blows o f their paws." (Stevenson-Hamilton 1947, p. 262)

INTRODUCTION

There is basic asymmetry in the evolutionary rate of prey defenses and the 

predatory mechanisms challenging them. This imbalance is called the "life/dinner" 

principle: A missed predation attempt saves the life of the prey, but only loses a meal for 

the predator, so defense mechanisms are more strongly selected for than counter-defenses 

(Endler 1991).

Anti-predation behavior has been a frequent subject o f primate studies, both in the 

field and in the laboratory. Anti-predation behavior exhibited by individual animals is 

employed along with adaptive strategies, such as group living, polyspecific associations, 

and nocturnality, to thwart predators. Morphological characteristics comprise yet another 

method o f defense against predation. A combination of several anti-predator defenses 

may be necessary for primates undergoing severe predator pressure (Sussman 1999),
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e.g., the rain forest potto (Perodicticus potto) or the savannah patas monkey 

(Erythrocebus patas). The potto is a nocturnal prosimian with a wide array of defense 

mechanisms including: a scapular shield used in defensive postures, muscular and 

vascular enhancement o f the limbs which allows a strong grip on branches while dealing 

with predators, a repertoire of behaviors to confuse predators (i.e., dropping to the 

ground, running a short distance and freezing), slow, cryptic locomotion, and a 

disagreeable odor (Charles-Dominique 1977). Patas monkeys are renowned for their 

speed during flight from predators. In addition, they scan for predators bipedally and live 

a silent, furtive life in small, highly-dispersed groups (Kummer 1971). A conspicuous 

male stays on the periphery to distract potential predator’s attention away from his group 

o f females and young (Hall 1965). Patas give birth diumally to avoid olfactory cues to 

nocturnal mammalian predators, and females and infants have cryptic coloration (Chism 

and Rowell 1988).

A review o f recent ethological literature reveals that all predation may be divided 

into six stages (Endler 1991): encounter, detection, identification, approach, subjugation, 

and consumption. For each of these stages, prey adapt by developing specific anti- 

predator defenses.

Primate behavior fits into many o f these stages. To cite a small number of 

examples, alarm vocalizations are a common primate anti-predator strategy to offset the 

encounter stage o f predation (Cheney and Wrangham 1987); crypsis is a  typical anti

predator strategy observed in small primates to prevent detection by predators (Charles- 

Dominique 1974, 1977, Terborgh 1983, Caine 1987); male baboons (Papio spp.) employ 

threat behaviors to foil the approach/attack stage of predation (Altmann and Altmann
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1970, Stoltz and Saayman 1970). Chemical defense mechanisms, such as toxins, have 

also evolved in primates (Alterman 1995). Increase in body size, another morphological 

adaptation to predation (Terborgh 1983), has been discussed previously in Chapter VI.

Predation is an important source of evolutionary change (Vermeij 1982). The 

total range of taxa that prey on primates (see Appendix I) cannot be viewed as a single 

entity or their evolutionary influences as a single phenomenon. Each taxon of predators 

may have promoted varying types of adaptations. The resulting primate anti-predator 

defenses are species-specific and geared to compensate for the morphology, behavior, or 

ecology o f their predators.

In this chapter, I discuss the act o f predation from the predator’s viewpoint, 

showing correlation between primate anti-predation behaviors observed by field and 

laboratory researchers and the behavior of the predators that trigger defensive responses.

METHODS

Questionnaires One, Two, and Three, sent to primate researchers, predator 

researchers, and naturalists/park personnel, contained an inquiry about anti-predation 

behaviors exhibited by primates in study populations. I provided a nucleus o f eight 

common defense behaviors and asked respondents to list any other behaviors they had 

observed. A total o f 14 anti-predation behaviors emerged from the questionnaires and 

were entered as data (i.e., scanning, crypsis, mobbing, fleeing to trees or cliffs, alarm 

vocalization, running on the ground, fleeing through the canopy to the tree trunk, diving 

to the ground, charge/attack, breaking or dropping branches, chestbeat, defensive posture, 

strong body odor, and the disruption of ranging/sleeping behavior).
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I assessed these behaviors in two ways: (a) the predator taxa which elicited the 

behavior, and (b) the primate family or subfamily exhibiting the behavior. For the latter, 

the behavior was divided into percentages directed at specific predator taxa. In addition, 

I searched the literature for further examples of primate defense strategies. I used 

Endler’s (1991) outline o f predation and corresponding anti-predator defenses as a 

template upon which to correlate primate defense behaviors as they related to predator 

actions. Anti-predation behaviors from both questionnaires and the literature were 

grouped by the predator action that had initiated a primate counteraction.

RESULTS

Respondents to questionnaires noted 1036 instances o f anti-predation behavior.

In Fig.7.1,1 give the frequencies o f the 14 categories of defense behaviors. Alarm 

vocalizations were the most frequently-observed defense strategy used by primates 

(30.7%). This was followed in frequency by scanning (15.7%), mobbing (13.5%), 

fleeing to trees or cliffs (12.9%), charge/attack against predator (8.3%), crypsis (5.3%), 

defensive posture (5.2%), running on the ground (5.0%), fleeing through the canopy to 

the tree trunk (1.4%), breaking or dropping branches (1.4%), diving to the ground from 

the trees (0.2%), chestbeat (0.1%), strong body odor (0.1%), disruption of ranging and 

sleeping behavior (0.1%).

In Table 7.1,1 have calculated the predator taxa that elicited the 14 anti-predation 

behaviors. Alarm vocalizations, the most frequently observed behavior, were used as a 

defense strategy against all five categories of predator taxa — felids, raptors, 

canids/hyaenids, small carnivores, and reptiles. This is also the case with scanning,
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^  20.0

CODE IDENTIRCATION
1 Scanning (np163)
2 Crypsis (n=55)
3 Mobbing (n=140)
4 Reeing to trees/cliffs (r>=134)
5 Alarm vocalization (n=318)
6 Running on ground (n=52)
7 Reeing through canopy t o

tree trunk (n=14)
8 Diving to ground (n=2)
9 Charge/attack (n=86)
10 Breaking/dropping 

branches (n=15)
11 Chestbeat (n=1)
12 Defensive posture (n=54)
13 Strong body odor (n=1)
14 Disruption of ranging 

behavior (n=1)

1 2 3 4 5 6 7  8 9 10 11 12 13 14

Anti-Predation Code N u n te r

Fig.7.1. Frequencies o f anti-predation behaviors.
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TABLE 7.1. Primate anti-predator behaviors; percentage directed at predator taxa.

Anti-Predation
Behavior

Felids
(%)

Raptors
(%)

Canids/
Hyaenids

(%)

Small
Carnivores

(%)
Reptiles

(%)
Scanning

(n=l63)
22.1 30.7 27.0 6.1 14.1

Crypsis
(n=55)

12.7 45.4 16.4 16.4 9.1

Mobbing
(n=I40)

35.0 12.9 17.8 13.6 20.7

Fleeing to 
trees/cliffs 

(n=134)

28.6 11.6 41.3 8.3 10.5

Alarm
vocalization

(n=318)

23.9 34.6 20.4 6.9 14.2

Running on 
ground 

(n=52)

23.1 7.7 63.5 1.9 3.8

Fleeing through 
canopy to tree 
trunk

(n=l4)

7.1 78.6 14.3

Diving to ground 
(n=2)

— 100.0 — — —

Charge/attack
(n=86)

26.8 26.8 30.2 8.1 8 A

Breaking/
Dropping
branches

(n=15)

33.4 13.3 13.3 40.0

Chestbeat
(u=I)

— — 100.0 — —

Defensive
posture

(n=54)

22.2 25.9 29.6 9.3 13.0

Strong body odor
(n rt)

100.0 — — — —

Disruption of 
ranging behavior 

(n=l)

100.0
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mobbing, crypsis, fleeing to trees/cliffs, running on the ground, charge/attack, and 

defensive posture. Other behaviors were directed exclusively at specific categories of 

predators. For example, diving to the ground from a tree was a reaction directed only at 

raptors; additionally, more than 78.0% of the time primates fled through the canopy to the 

tree trunk, it was because raptors were present. Breaking and dropping branches was a 

behavior directed at terrestrial predators only and was never used to defend against 

raptors. Three behaviors were specific to gorillas: chestbeat, which was elicited only by 

canids/hyaenids, and strong body odor and disruption o f ranging/sleeping behavior 

evoked by felids.

Tables 7.2a and 7.2b classify anti-predation behavior observed by questionnaire 

respondents in two ways: a) the family or subfamily o f primates that exhibited the 

behavior and (b) the predator groups to which the behavior was directed. More data were 

available for lemurs, callitrichids, cebids, cercopithecines, colobines and pongids than 

were available for cheirogaleids, indriids, and gibbons. No data on anti-predation 

behavior was provided by questionnaire respondents for Iorisids or tarsiers.

• Cheirogaleidae: These exclusively nocturnal primates used only one of the anti

predation behaviors, alarm vocalization, as a defense against owls.

•  Lemuridae: Scanning and alarm vocalizations were the most frequently noted 

behaviors; these were most often used as a defense against raptors. Raptors were 

also the most frequent elicitors o f crypsis, mobbing, running on the ground, 

fleeing to trees, fleeing within the canopy, charge/attacks, and defensive postures.

•  Indriidae: Raptors and small carnivores were the only predators that elicited 

defensive behavior. Scanning and charge/attacks were used exclusively against
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CONTINUED ... TABLE 7.2b. Anti-predation behaviors exhibited by primate families, %. (F=felids; Ra-raptors; 
C/H-canids/hyaenids; Sm C=smaH carnivores; R e = r e p t i l e s . ) ___________________________________

Family or 
Subfamily

Diving to 
ground

Charge/
attack

Breaking/
Dropping
branches Chestbeat

Defensive
Posture

Strong
body
odor

Disruption 
of ranging 
behavior

Colobinae (n=4)
Ra= 25.0 

C/H= 75.0

(n=5)
Ra= 40.0 

C/H= 60.0
Hylobatidae
Pongidae (n=3)

F= 66.7 
Re= 33.3

(n=l) 
C/H= 100,0

(0=1)
F= 100.0

(0=1)
F=100,00



raptors. Crypsis, alarm vocalizations, and fleeing through the canopy were used 

against both birds of prey and small carnivores.

•  Callitrichidae: Tamarins and marmosets reacted to all predator groups, but 

raptors elicited the majority of scanning, crypsis, and alarm vocalizations. 

Reactions to domestic dogs included mobbing, fleeing to trees and running on the 

ground, alarm vocalization, charge/attack, and defensive posture. Encounters 

with reptiles evoked mobbing, fleeing to trees, and alarm vocalization. Mobbing 

was the major reaction against felids. Small carnivores — the tayra (Eira 

barbara), coatis (Nasua nasua), raccoons (Procyon cancrivorus) -  and the 

Neotropical opossums (Didelphis marsupialis) caused the most mobbing 

incidents, but crypsis, fleeing to trees, and alarm vocalizations were used also.

• Cebidae: Cebids employed a wide range of defensive strategies, but alarm 

vocalizations were used at least 1.7 times more often than any other anti-predation 

behavior. Cebids were the only primate family to dive to the ground from trees or 

break and drop branches as defenses against predators; raptors caused all 

instances of diving, and felids and reptiles were the animals that most often 

caused the branch breaking and dropping behavior. Cebids employed 

charge/attack as a strategy against all predator taxa.

•  Cercopithecinae: Cercopithecines reacted to predators twice as often with alarm 

calls than with any other defensive behavior; alarm vocalizations were given to 

felids, raptors, and canid/hyaenids at nearly the same frequencies, but less often to 

reptiles. Small carnivores seldom elicited any anti-predation behaviors. 

Canid/hyaenids and felids evoked the most scanning, mobbing, runnning on the
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ground, charge/attacks, defensive posture, and fleeing to trees or cliffs. Raptors 

were most often met with crypsis.

• Colobinae: Colobines used alarm vocalizations twice as often as any other form 

o f defensive behavior. Canids and hyaenids were most often the cause of 

scanning, crypsis, fleeing to trees, running on the ground, charge/attack, and 

defensive posture. Felids were the predator group most often mobbed by 

colobines.

• Hylobatidae: Only four of the anti-predation behaviors were employed by 

gibbons -  scanning, mobbing, alarm vocalization, and fleeing through the canopy. 

Reptiles or raptors elicited all o f the observed defensive actions.

•  Pongidae: The most frequently observed behavior was alarm calling. Felids 

evoked two of the three charge/attacks and escape to trees. Scanning was evenly 

directed toward felids, canid/hyaenids, and reptiles; mobbing was evenly divided 

between felids and reptiles. Gorillas used three unique behaviors -  chestbeat, 

strong body odor and disruption of ranging behavior.

After analyzing the data from questionnaires, I turned to the literature for 

additional descriptions of primate defensive behaviors and strategies. In Table 7.3 ,1 

identify where, in relation to the predator’s action, primate defensive behaviors and 

strategies are emphasized within the context of Endler’s stages of predation and 

corresponding anti-predator defenses.

Primates interrupt the encounter stage of predatory action with apparent rarity and 

one-upmanship. The detection stage o f predation is countered with crypsis, confusion, 

and limits to sensory perception. No primate defensive strategies have evolved to counter
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TABLE 7.3. The six stages of predation and corresponding anti-predator defenses; 
primate defense strategies are shown in bold and underlined (after Endler 1991).

 1____ ENCOUNTER, or get within a distance from which predator can detect prev

A Rarity: reduces the random encounter rate between predator and prey.
Rarity makes predator specialization unlikely 

B Apparent raritvi similar effects to raritv. but without the mate-finding 
and other costs
fB Differences between predator and prev in activity times or

seasons
fii) Hiding or inconspicuous resting places
(iii) Polymorphism
(iv) Seasonal changes in color patterns or other signals

C One-upmanship: greater detection distance of predators bv nrev than
vice versa

 2____ DETECTION of nrev as objects which are distinct from the background

A Immobility: for any sensory mode which detects motion: mav depend
unon seasonal changes in color patterns 

B Crypsis: reduces signals of nrev in predator’s sensory field
C Confusion: makes detection of a single individual more difficult, or

makes it difficult to ,fixr on a single individual for lone enough to 
identify it as edible
li) Random or unpredictable movement; mav also shift nredatorrs

attention to other objects or other prev species
(ii) Movement between contrasting sensory backgrounds
(iii) Random or unpredictable sensory effects, especially when 

enhanced by, and genetically correlated with, color patterns
(iv) Extreme abundance: predator saturation; concerted behaviors
(v) Polymorphism

D Sensory limits and perception
ffl Minimum distance for detection of anv spot or pattern element
fiD Minimum distance for detection of cotor
(iii) Flicker fusion
(iv) Trivate wavelengths'
(v) Sealed shells to prevent leakage of chemical cues

3 IDENTIFICATION as profitable or edible prey and decision to attack

A Masquerade (special resemblance to inedible objects)
B Confusion
C Aposematism (conspicuousness associated with distastefulness)

175

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CONTINUED ... TABLE 7.3. The six stages of predation and corresponding anti- 
predator defenses; primate defense strategies shown in bold and underlined (after 
Endler 1991). ____

D Mullerian mimicry (less distasteful species strongly resembling more
distasteful species

E Batesian mimicry (palatable species strongly resembling distasteful
species

F Honest signaling o f unprofitability

4  APPROACH (attack)

A Mode o f fleeine
(i) Speed
fin Sprint to cover
(iii) Different stvle than predator (flying, running, swimming) 

B Unpredictable behavior (same as 2C and 2D above)
C Rush for cover or other predator-inaccessible microhabitat
D Startle. Muffins and threat behavior
E Redirection
F Encouraging premature attack
G A zereeation and predator saturation

5 SUBJUGATION (prevent escape)

A Strength to escape
B Mechanical methods

(i) Physical toughness to withstand handling
(ii) Mucus or slime
(iii) Autotomy o f body parts (e.g. salamander and lizard tails)
(iv) Snines or other structures 

C Noxiousness
(i) Spines and prickles
(ii) Jaws and ctaws (bite and scratch at predator)
(iii) Bad tastes, toxins, stings 

D Lethality
E Group defense, mobbine. etc.
F Resistance to venom

6 CONSUMPTION

A Safe passage through the gut (e.g. snails & bivalves)
B Emetic
C Poisonous
D Lethal

176

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the identification stage of predation. The approach stage of predation is met with 

different modes of fleeing, unpredictable behavior, rushing for cover, startling, bluffing, 

threats, and predator saturation. The subjugation stage of predation is countered with 

strength, body structures that deter the predator, noxiousness, lethality, and mobbing. 

Primates have not evolved anti-predator defenses to counter the consumption stage of 

predation.

DISCUSSION

Predators of primates employ all o f the six stages of predation -  encounter, 

detection, identification, approach, subjugation, consumption. Prey have available 

numerous behaviors, strategies, and adaptations to avoid predation. These are 

specifically oriented to certain phases of predation; not all anti-predation defenses are 

appropriate for all of the phases (Vermeij 1982). Primates, as an order, respond by 

adopting a repertoire of anti-predator defense behaviors to interrupt the process at only 

four o f these stages of predatory activity -  encounter, detection, approach, and 

subjugation.

The encounter stage o f predation

At this stage the predator is searching for prey, but no specific prey has been 

identified. For carnivores, this stage can be initiated by prey stimulus, hunt rhythm (the 

diurnal or nocturnal activity cycle of the predator), or hunger (Elliot et al. 1977). Many 

reptilian predators hunt by speculation, wandering around until they come within range of 

suitable prey (Cloudsley-Thompson 1994). Ocelots (Feltspardalis) may travel more
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than 12 hours without rest looking for prey (Emmons et al.1989). Knowledge of the 

geography and topography of the environment is crucial for the predator at this stage 

(Peters and Mech 1975), and an ongoing strategy of movement is more efficient for the 

predator than completely random movement patterns (Krebs 1975). The search stage has 

been defined as “the reduction of predator-prey distance for prey which has not been 

specifically located” (Elliot et ai. 1977:1813). Success at this stage is dependent on the 

rate of movement of the predator in relation to the dispersion and rate o f movement o f the 

prey (Elliot et al. 1977).

Primate anti-predator defenses at the encounter stage include adaptive strategies 

such as noctumality, found in many small prosimians (Charles-Dominique and Petter

1980) and the owl monkey (Aolus trivirgatus) (Wright 1982). The timing of births in 

primate species is also an encounter stage defense. Nocturnal primates tend to give birth 

during the day in the safety of their sleeping shelters, while diumal monkeys give birth at 

night so females are not left behind by their troop and become vulnerable to predators 

(Jolly 1972). Patas monkeys, however, are an exception and give birth during the day to 

avoid predation because their group composition and open savannah habitat make them 

particularly vulnerable at night (Chism et al. 1983). Nine species o f carnivores are 

potential nocturnal predators of patas: lions (Panthera led), leopards (P. pardus), caracal 

(Felis caracal), serval (F, serval), golden jackal (Canis aureus), blackbacked jackal (C. 

mesomelas), side striped jackal (C. adustus), spotted hyena (Crocuta crocuta), and 

striped hyena (Hyaena hyaena). To counter this array o f nocturnal predators, patas have 

adapted by emphasizing unpredictability, wide dispersal, and concealment in their

178

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



sleeping patterns; nocturnal births would provide olfactory cues to their location and 

undermine the other defense strategies (Chism et al. 1983).

Callitrichids are among the primate species with the most adaptations to high 

levels o f  predation (Caine 1993, 1998). A. complex of behaviors for safe retirement at 

night, including torpor, careful selection o f sleeping sites, entry into nests before dusk, 

and prolonged vigilance, are adaptations observed by researchers (Moynihan 1970, 

Coimbra-Filho 1978, Caine 1987,1993).

Inaccessible nocturnal shelters in the tallest trees, on cliffs, or on sheer rock walls 

are sought by all species o f baboons (Hall I960, Bert et al. 1967, Anderson 1981b, Byrne 

1982). Proboscis monkeys (Niasalis larvatus) and crab-eating macaques (Macaca 

fascicularis) select trees growing along river banks for nighttime nests (Fittinghoff and 

Lindburg 1985, Bismark 1990), while black and white colobus (Colobits guereza) were 

observed to be more tightly clustered in their sleeping trees on nights when visibility was 

greater (von Hippel 1998). Aotus, being nocturnal, prefers sleeping sites in lodge trees 

with numerous lianas as a screen against diurnal predators (Garcia and Braza 1993). 

Milne-Edward’s sifaka (Propithecus diadema edwardsi) day resting sites are positioned 

lower than feeding sites to avoid avian predation, and night sleeping sites are higher to 

avoid predation from fossa (Cryptoproctaferox) (Wright 1998). The more vulnerable 

immatures in Hanuman langur (Presbytis entellus) bands avoid the periphery o f sleeping 

trees and huddle close together (Sommer et al. 1998). However, in baboon troops, the 

young steep closest to the top of the tree with the strongest adults close to the trunk to 

prevent leopards from climbing up (Verschuren 1958). This is also the positioning that
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white-handed gibbons (.Hylobates lar) take in sleeping trees, with infants using thinner 

branches and higher sections of the tree (Uhde and Sommer 1998).

It is an advantage to prey to be aware o f a predator before the predator is aware of 

the prey (Edmunds 1974) since early detection of the predator usually means escape o f  

the prey (Bertram 1978). Alarm calls are typically given after a predator has been sighted 

(Harvey and Greenwood 1978). But, one-upmanship is a delicate balance for prey.

While alarm calling enables prey to adjust to the presence of a predator, rather than being 

caught unaware and forced into panic flight, it also draws attention to the individual 

sounding the alarm (Edmunds 1974). As highly social species, it is not unexpected that 

primate alarm vocalizations -  often individually disadvantageous, but socially 

advantageous (Maynard Smith 1965) — exceed other forms of anti-predation behaviors.

Struhsaker (1967a) identified species-specific alarm calling in vervets that could 

be divided into distinct sounds associated with aerial and terrestrial predators. A long

term study o f vervet monkey (Cercopithecus aethiops) vocalizations has been carried out 

in Amboseli Reserve, Kenya in which learned predator-specific alarm calls for leopards, 

small carnivores, eagles, snakes, baboons and unfamiliar humans have been identified 

(Seyfarth and Cheney 1980, 1986, Seyfarth et al. 1980a, Cheney and Seyfarth 1981). 

Captive Japanese macaques (Macaca fascata) also exhibit specificity in alarm calling 

(Fedigan 1974). Free-ranging rhesus macaques (M mulatto) on Cayo Santiago 

responded with alarm calls to the unusual appearance o f a raptor, but never gave alarm 

calls to other large, non-predatory birds (Chapais and Schulman 1980). Neotropical 

callitrichids (Pola and Snowdon 1975, Moody and Menzel 1976, Vencl 1977, Neyman

1977) and cebids (Norris 1990, Fedigan et al. 1996) also exhibit predator-specific alarm
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calls. This sophisticated defense mechanism is not limited to anthropoids; Sussman 

(1977), Sauther (1989), Macedonia (1990a, 1990b), and Pereira and Macedonia (1991) 

recorded species-specific alarm calls in ringtailed lemurs (.Lemur catta).

Alarm vocalizations may be given and interpreted interspecifically. Ringtailed 

lemurs respond to predator alarm calls given by Verreaux’s sifakas (Propithecus 

verreauxi) (Oda and Masataka 1996). Vervets respond to the alarm signal o f the superb 

starling (Spreo superbus) (Hauser 1988). Redtailed monkeys (Cercapithecus ascanius), 

blue monkeys (C. mitis), and red colobus (Colobus bcidius) can distinguish between the 

calls o f  potential predators, resource competitors, and non-competitors (Hauser and 

Wrangham 1990). Recognition of raptor versus other non-predatory bird calls occurs in 

captive Geoffroy’s marmoset (Callithrix geojffroyi) (Searcy and Caine 1998).

In the ongoing adaptations between predator and prey, some predators have 

evolved the capacity to localize alarm calls given by prey species (Harvey and 

Greenwood 1978). The alarm vocalizations emitted by Kloss’s gibbons (Hylobates 

klossii) are wide-frequency, extremely loud, and repetitious, giving rise to speculation 

that predators can localize the sounds (Tenaza and Tilson 1977).

Scanning, the second most frequent anti-predation behavior, is consistent with a 

taxon dependent more on visual cues than odors (Richard 1985). Scanning is one of the 

benefits from group living, since the more detectors, the higher the probability of 

detecting the predator before it detects its prey (Bertram 1978, Terborgh 1990a).

Vigilance against predators, defined by Treves (1999) as “scanning beyond arm’s 

reach,” has been the focus of many primate field studies, particularly centered on the 

concept o f  the role it plays in promoting benefits to members o f large primate groups and
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poly specific associations (Struhsaker 1969, Altmann 1974, Waser and Homewood 1979, 

van Schaik et al. 1983b, Addicott 1984, Pulliam and Caraco 1984, de Ruiter 1986, Stacey 

1986, Gautier-Hion and Tutin 1988, Srikosamatara 1988, Terborgh 1990a, Fleagle 1994, 

Rose and Fedigan 1995, Gould et al. 1997, Hardie and Buchanan-Smith 1997).

Polyspecific associations are permanent or semi-permanent mixed species 

groupings o f primates, such as red colobus and diana monkeys (Cercopithectts diana) 

(Bshary and Noe 1997b, Noe and Bshary 1997), tamarins (Saguimts labiatus and S. 

fuscicollis) (Buchanan-Smith 1990, Hardie and Buchanan-Smith 1997), squirrel monkeys 

(Saimiri spp.) and capuchins (Cebus spp.) (Terborgh 1983), African guenons (Gartlan 

and Struhsaker 1972, Gautier and Gautier-Hion 1983, Gautier-Hion 1988), and guenons, 

colobus, and mangabeys (Struhsaker 1981).

One of the most vulnerable periods in primate life is the time o f dispersal or 

emigration from the natal group (Hall 1965, Dittus 1975, 1977a, Sugiyama 1976, 

Harcourt 1978, Cheney and Seyfarth 1983). Since philopatry enhances familiarity with a 

home range and, therefore, reduces the need to learn about predators in a new territory, it 

may be selected for as an anti-predation adaptation (Isbell et al. 1990a, 1993, Isbell 

1994a).

Troop progressions, the order or form in which groups of baboons travel to 

maximize the safety o f group members, was identified in pioneering field studies as a 

defensive strategy wherein dominant males protected adult females and infants in the 

center o f the group while subordinate males and juveniles were a first line of defense in 

the front and back (DeVore and Washburn 1963). This “idealized” order was disputed by 

other researchers who hypothesized that baboons travel in random order (Altmann 1979).
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Still others found systematic positioning of adult males toward the front and back, 

particularly in potentially dangerous situations, and identified it as an adaptation for 

terrestrial coexistence with predators (Rhine and Westlund 1981). Although no particular 

placement o f age or gender was noted, chimpanzees (Part troglodytes) formed large 

parties containing adult males as a defense strategy when traveling through open, non

forested habitat in Senegal (Tutin et al. 1983).

Total avoidance of predators is the ultimate goal in one-upmanship, since it 

completely interrupts the encounter stage. Rhesus macaques rapidly shifted a distance of 

12 km after hearing the roar of a tiger (Panthera tigris) (Lindburg 1977). In 33 of 34 

observed dangerous situations, hamadryas baboons (Papio hcimadryas) silently moved 

away from the danger zone (Sigg 1980). Captive tamarins (Saguinus labiatus and S. 

oedipus)) exhibited an innate recognition of fecal scents, showing more avoidance and 

anxiety toward Neotropical predator scents than control scents (Caine and Weldon 1989, 

Buchanan-Smith et al. 1993).

Snakes, in particular, have success catching their prey by inconspicuously lying in 

wait for it to approach (CIoudsley-Thompson 1994). Avoidance of snakes is a well- 

documented behavior in primates (cf. van Schaik and Mitrasetia 1990, Vitale et al. 1991, 

Nunes et al. 1998) although primates sometimes approach them out of curiosity (Dittos 

1977b). There is support both for theories that this is innate behavior -  see, for example, 

studies on chacma baboons (Papio ursinus) (Bolwig 1959), squirrel monkeys (Saimiri 

sciureus) (Masataka 1993), and different species of callitrichids (Ziegler and Heymann 

1996) -  and the theory that it is learned behavior, e.g., studies on squirrel monkeys
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(Osada 1991), macaques (Joslin et al. 1964, Bertrand 1969, Mineka et al. 1980, Cook and 

Mineka 1990), and lemurs (Bayart and Anhouard 1992).

The detection stage o f predation

The detection, or orientation, stage of predation involves a reduction in the 

distance between the predator and prey, which has been located but which is unaware or 

minimally alarmed by the predator (Elliot et al. 1977, Caro 1980). For felids, this is the 

critical stage in predation. Once the prey has been located, if there is any reciprocal 

detection of the fetid predator, the cat will abandon the hunt (Schaller 1972, Bertram 

1978). Visual stimuli are the major inputs of sensory information to prey during the 

process o f stalking (Elliot et al. 1977). Mechanisms used by prey at this stage are in the 

category of primary defenses because they go into force before a potential predator 

launches pursuit or attack (Whitfield 1978). This is a key stage for prey since primary 

defenses reduce the possibility that prey will need to actively fight off the onslaught of 

the predator (Kruuk 1986). Predatory mammals usually have post-detection predation 

success of less than 50% (Vermeij 1982), but snakes have no chance of a successful kill 

i f  the prey discovers them at this stage (Owen 1980).

Crypsis, combined with camouflage color patterns, is a common anti-predator 

strategy that makes detection difficult for predators (Alcock 1993). Crypsis, as a defense 

mechanism for primates, may be particularly advantageous in dense rain forest 

environments where detection by predators can be minimized (Wright 1998). Another 

theory poses that small callitrichids, such as pygmy marmosets (Cebuel lapygmaea) and 

cottontop tamarins (Sagninus geoffroyi) who are exudate feeders, exhibit the most cryptic
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peiage coloration because they feed on exposed tree trunks (Ramirez 1989). The 

coloration o f the pygmy marmoset is highly cryptic, as is their propensity for frozen 

immobility (Moynihan 1976a). These two defense strategies are used by most species of 

tamarins and marmosets (Sussman and Kinzey 1984) but are also found in Old World 

monkeys. De Brazza’s monkey (Cercopithecus neglectus) curls itself into a ball to cover 

facial and rump markings when perceiving danger and will remain immobile for several 

hours (Gautier-Hion and Gautier 1978, Wahome et al. 1993).

Confusion of the predator is employed to thwart the detection stage of predation. 

For example, marmosets huddle together in a large ball at night which may be perceived 

as one large animal by a predator (Ferrari and Lopes-Ferrari 1990). When tamarins 

group tightly together, they have been observed to mimic a termite nest (Dawson 1979).

Disruption o f ranging and sleeping behavior by western lowland gorillas (Gorilla 

g. gorilla) (C. Olejniczak, pers.comm.) when predators are in the vicinity is an example 

of unpredictable or random movement to shift the predator’s attention away from the 

primate prey. Slow and silent locomotion, interspersed with immobility, manifests the 

same strategy in the lorisines (Charles Dominique 1974, 1977).

Protective coloration and pelage patterns that confound the sensory perception of 

predators are found in the bright golden shade of lion tamarins (Leontopithecus rosalia) 

(Coimbra-Filho and MittermeierI973), the dull green-gray o f the olive colobus (Colotus 

vents) (Noe 1996), and the brown-gray agouti for of some cercopithecines (Kingdon 

1988).
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The approach stage o f predation

The approach or attack stage of predation actively maximizes the probability of 

predator-prey contact (Elliot et al. 1977). The predator ignores discovery by the prey at 

this stage; stealth is used, but there may be follow through even if the prey becomes 

aware o f the predator (Elliot et al. 1977). The exact point of awareness by prey will 

influence whether the predator takes up a chase, continues it, or gives up (Curio 1976). 

Carnivores exhibit the most diversification of hunting methods in the approach stage of 

predation (Kruuk 1986). Felids, canids, hyaenids, and mustelids use a slow and partly 

concealed approach to their intended prey, their bodies held lower than the normal 

position (Kruuk 1972b, Lloyd 1980, Pounds 1981, Welch and Bekoff 1982). Felids stalk 

their prey in elaborate fashion before rushing; crouching over periods of several minutes 

up to an hour, making considerable use of cover, the stalk is facilitated by feline 

morphology and camouflaged coloration (Kruuk 1986). For felids, the minimum 

distance covered in the final charge is strongly correlated with a successful kill (Sunquist 

and Sunquist 1989). Nile crocodiles (Crocodyhis niloticus) also exhibit a burst of speed 

as they attack prey and are capable of chasing prey on land at the speed of 10 km/h 

(Cloudsley-Thompson 1994).

Patas monkeys employ vigilance and speed as defenses against this stage of 

predation (Hall 1965). Male patas have an effective defense in their speed, since the 

predator may give up pursuit when the prey has outdistanced it or does not fall back soon 

enough (Curio 1976). Rapid escape from predators is also used by bushbabies (Galago 

spp.) (Charles-Dominique 1977) and squirrel monkeys (Terborgh 1983).
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Talapoins (Miopithectis talapom) react to the approach o f a predator by changing 

the medium in which pursuit must take place. Talapoin sleeping trees overhang water, 

and when nocturnal predators enter their trees, individuals closest to the ground drop into 

the water and swim away (Gautier-Hion and Gautier 1971, Gautier-Hion 1973). Pottos, 

particularly in encounters with arboreal snakes, will suddenly drop to the ground, run 

quickly for a short distance and then freeze in order to confuse the predator (Charles- 

Dominique 1977).

Arboreal agility is the major defense against diurnal predators for cercopithecines 

(Struhsaker 1967b), lemurs (Albignac 1973), and colobines (Gebo et al. 1994). Fleeing 

to trees or cliffs, fleeing through the canopy to the tree trunk, and diving to the ground 

comprised a total of 14.5% of all observed defense behaviors reported by questionnaire 

respondents. The chief mechanism of defense in langurs is fleeing to trees, causing them 

to stay close to trees when they are on the ground (Beck and Tuttle 1972, Vogel 1976). 

Woolly monkeys (Lagothrix lagotricha) flee through the canopy to the tree trunk when 

attacked by Isidor’s eagles (Spizaetus isidori) (Lehmann 1959). Blue monkeys 

(Cercopithecus mitis) flee to understory trees when crowned eagles (Stephanoaetus 

coronatus) are in the vicinity (Cordeiro 1992). Goeldi’s monkeys (Callimico goeldii) 

rush downward and into denser vegetation when they become alarmed (Pook and Pook

1981), as do buffy-headed marmosets (Callithrixflciviceps) (Ferrari and Lopes Ferrari 

1990) and crowned lemurs (Lemur coronatus) (Wilson et al. 1989). Tamarins (Saguinus 

mystax and 5. fitscicollis) dive downward in trees in reaction to alarming stimuli 

(Heymann 1990). Pursuit by predators triggered running on the ground in only 5.0% of 

the anti-predation behaviors observed by questionnaire respondents. Explosive startle
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reactions followed by flight were evidenced by captive Cercopithecus ascamus, C. diana, 

and C. Vhoesti when exposed to a fear-inducing event (Macdonald and Pinel 1991).

Assuming a defensive posture comprised 5.2% of all observations of anti-predator 

behavior by questionnaire respondents. Pottos and angwantibos (Arctocebus 

calabarensis) tuck their heads between their forelimbs in a defensive posture; the potto 

makes violent thrusts at the predator with its scapular shield and the angwantibo will lift 

its leg and bite its attacker while in a defensive posture (Charles-Dominique 1977).

Chestbeating, accompanied by screams, are used as warning threats by gorillas 

(Zahl I960, Schaller 1963). Calls that mimic sounds of other predators can also be used 

as a threat against an approaching predator (Klump and Shalter 1984). Many bird species 

use this tactic when approached at the nest, but other than Aotus hooting like an owl 

(Moynihan 1976b), primates do not seem to employ this defensive strategy.

Aggregation and predator saturation are used to foil the attack stage of predation. 

Synchronous births in squirrel monkeys (Saimiri oerstedi) and guenons may reduce the 

risk of predation to mothers and their infants by producing a predator-swamping effect 

(Butynski 1988, Boinski 1989). A saturation effect can also occur during the confusion 

o f flight from a predator. A “flurry o f animals” running in every direction makes it 

difficult for a leopard to catch another baboon if it misses its first intended victim 

(Altmann and Altmann 1970). An “explosion of prey” as the result of an attack has also 

been observed in vervets (Struhsaker 1967a).
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The subjugation stage of predation

At this stage of predation, contact is made between predator and prey with the 

intent o f immobilizing the prey (Kruuk 1986). Secondary defenses, either passive or 

active, are now employed by prey to increase chances of surviving the assault (Whitfield

1978). Passive secondary defenses in primates can be morphological or chemical. The 

scapular shield, which is formed from vertebral protuberances, is a morphological 

defense mechanism that is used by pottos for protection and thrusting attacks when a 

predator cannot be evaded by other means (Charles-Dominique 1977). Additionally, 

pottos have unique vascular bundles in their limbs that allow them to maintain a strong 

grip on branches for long periods during encounters with predators without experiencing 

muscle fatigue (Suckling et al. 1969). Pottos also exhibit great strength to escape from 

predators. When attacked in a tree by a carnivore, the potto can topple a predator three 

times its weight to the ground (Charles-Dominique 1977).

Chemical secondary defenses include the noxious taste and unpleasant odor o f 

tarsiers ( Tarsius spp.) that serve to inhibit predators (MacKinnon and MacKinnon 1980). 

Initial research has indicated that chemical signals of toxicity given off by slow loris 

(Nycticebus coucang) may be recognizable to mammalian predators (Aiterman 1995). 

Both pottos and slender loris (Loris tardigradus) have a disagreeable odor which may 

serve as a warning or distraction to predators (Petter and Hladik 1970, Charles- 

Dominique 1977).

In contrast to secondary defenses of a passive nature, active secondary defenses 

aim to inflict serious injury on the predator (Whitfield 1978). This last line of defense, 

termed “protective aggression” is intended to drive the predator completely away or
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sufficiently interrupt the predation so prey can escape (Archer 1988). Active defenses by 

primates may be in the general mammalian category, employing teeth or nails and claws 

-  e.g., the angwantibo biting a predator on the nose (Charles-Dominique 1974, 1977) — 

or they may be uniquely primate, such as using sticks or branches as weapons.

Approximately 8.0% of the observed anti-predator behaviors from questionnaire 

respondents were classified as charge/attacks. Male sexual dimorphism, e.g., 

characteristics such as larger size and canine length, are associated with group defense 

from predators as well as intrasexual and intertroop competition (Washburn and 

Hamburg 1968, Crook 1972, Leutenegger and Kelley 1977, Harvey et al. 1978). Adult 

males will charge and attack raptors (Gonzales 1968, Boggess 1976, Eason 1989, 

Gautier-Hion and Tutin 1988, Struhsaker and Leakey 1990), felid predators (DeVore and 

Washburn 1963, Hamburg 1971, Baenningeret al. 1977), canid predators (DeVore and 

Washburn 1963), and mustelids (Klein 1974). Adult females also act aggressively 

toward predators, particularly in defense of an infant. For example, most threat and 

attack behaviors by female baboons involve an infant (Hamburg 1971), and a female 

indri (Indri indri) successfully stopped an attack on her infant by a Madagascar harrier 

hawk (Polyboroides radiatus) (J. Powzyk, pers. comm.). A captive ruffed lemur 

(Varecia variegata) matriarch regularly attacked carnivores that came into the lemur 

compound (Macedonia 1993). A female chimpanzee being rehabilitated into the wild in 

Mt. Assirik, Senegal took the lead in charging a leopard that was flushed from cover 

(Gandini and Baldwin 1978).

Mobbing has been defined as several or all individuals o f a group gathering 

around giving alarm cries, approaching, and even attacking a predator (Bartecki and

190

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Heymann 1987). Snake mobbing has been reported in groups of tamarins (Bartecki and 

Heymann 1987), langurs (Srivastava 1991), and lemurs (Colquhoun 1993). Mobbing o f a 

leopard by langurs was witnessed (Ross 1993), as well as a tiger being mobbed by 

gibbons (Uhde and Sommer 1998). Marmosets have mobbed margays (Felis wiedii) 

(Passamani 1995) and capuchins have mobbed tayras (Phillips 1995). Captive marmosets 

were observed mobbing a dead predator (Chamove 1996).

In a field experiment, wild chimpanzees were presented with a stuffed leopard 

which they attacked with sticks and small trees (Kortlandt 1967). Chacma baboons threw 

stones at human observers in conjunction with typical fear and escape behaviors 

(Hamilton et al. 1975). Breaking off or dropping branches was only observed in 

members o f the family Cebidae by questionnaire respondents, and all aggressive 

retaliation of this kind was directed at felids and reptiles. Captive capuchins (Cebus 

apella) were found to be capable of aimed throwing of stones (Westergaard and Suomi 

1994), and a wild white-faced capuchin (C. capucinus) clubbed a venomous snake 

(Bothrops asper) to death (Boinski 1988).

Killing the predator is the ultimate act o f defense. Out of eleven aggressive 

retaliations against leopards by baboons, the leopard was killed in four instances 

(Tumbull-Kemp 1963, Altmann and Altmann 1970, Saayman 1971, Goodall 1986). 

Chimpanzees in Mahale attacked a female leopard and killed her cub (Hiraiwa-Hasegawa 

et al. 1986, Byrne and Byrne 1988), while a single dominant male chacma baboon 

maimed or killed three or four large dogs when they attacked his troop (Stoltz and 

Saayman 1970).
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SUMMARY

• According to data gathered from questionnaires, alarm vocalizations were used more 

frequently by primates than other defensive strategies. Alarm calls were used by all 

primate families and subfamilies for which data were available and were used against 

all predator taxa.

• Scanning was the second most frequently used defense strategy by primates. The 

need for vigilance against predators promotes larger group size and polyspecific 

associations that provide “more eyes” for scanning.

• Basic ethological principles can be used to classify primate anti-predation behavior. 

Primates incorporate many of the same anti-predator defenses as other vertebrate 

taxa.

• Using Endler’s stages of predation as a template for predator-prey interactions, 

primates are able to interrupt predation during the encounter, detection, approach, and 

subjugation stages with evolved anti-predator adaptations.
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CHAPTER VID.

COMPARISON OF PRIMATES TO OTHER PREY SPECIES

“It is a well known fact that monkeys in forests live generally in company with deer such 
as chital, and on the slightest suspicion o f danger, specially at the approach o f their 
deadly foe, the leopard, the chital give the warning cry and the monkeys in their turn take 
up the alarm and jump awayfrom tree to tree to safer quarters." (Alikhan 1938, pp. 
556-557)

INTRODUCTION

An emphasis on research into the social responses used by primates in the face of 

predation has tended to obscure other avenues of study, such as the similarities between 

primates and other mammals in their ecological responses to predation (Isbell 1990a). 

Ungulates (hoofed animals) often serve as models of "typical" prey animals. A removal 

rate o f approximately 9.0-10.0% of the total ungulate population per year is the level of 

mortality due to predation estimated for African ungulates that have co-evolved with 

large carnivores (Schaller 1972). Many primate populations also sustain 10.0% or higher 

predation rates (see Table 4.2).

There may be similarities in the pressure exerted on ungulates and primates by 

large carnivores. Wildebeest (Connochaetes taurinus) and patas monkeys (Erythrocebus 

patas), both terrestrial species that inhabit African savannahs and are prey for large 

carnivores, have converged in one anti-predation strategy by selectively giving birth
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diumaily when the likelihood of encountering their nocturnal predators is less (Chism et 

al. 1983).

Raptors, a major category of primate predators, are limited in their prey choice by 

size; only the largest eagles can prey on the smaller species of ungulates (Brown 1971a, 

1977). Large reptiles, such as pythons and anacondas, frequently capture antelope, forest 

deer, and wild pigs (Hoogerwerf 1970, Pope 1980, Branch 1991, Nettlebeck 1995, Shine 

et al. 1998). The only category of primate predator that does not also kill ungulates is the 

small carnivore.

The overall population numbers of ungulates (particularly gazelles, wildebeest, 

and zebra o f East African savannahs) are much higher than primate species. However, 

prey species susceptibility to predation cannot be gauged by the total number o f animals. 

A better indicator is the estimated predation rate (the percentage of the prey population 

killed by predators annually) compared to the recruitment rate (new individuals added by 

birth to the population).

METHODS

Based on the estimated predation rates (EPR) that I gathered from questionnaires 

and the scientific literature (see Chapter IV), I calculated the mean EPR for each family 

or subfamily of primates for which I have data. For the cercopithecines and colobines, I 

also calculated EPR’s by region to compare them to Asian and African ungulates.

I conducted a literature search to find estimated predation rates for ungulate 

species. The EPR’s for primates were based on predation offtake as a percentage o f 

population numbers, but some ungulate estimated predation rates are based on biomass o f
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prey (Tamang 1982, Emmons 1987). Numbers of prey animals are estimated and 

multiplied by average weights to give the biomass; if the weight of prey eaten by a 

predator (the offtake) is estimated, calculations can be made concerning the proportion of 

available prey eaten each year by one or a set of predators (Emmons 1991). If a single 

average weight of the prey species is used in the calculations, biomass EPR equals 

population count EPR, making it feasible to compare data from the two methods.

I compared EPR’s for individual species or sympatric groups of ungulates with 

species of primates that inhabit the same biome by calculating the mean EPR for each 

primate species that inhabited the three biomes for which ungulate data were available.

RESULTS

Estimated predation rates for ungulates were limited and referred only to 

predation by large carnivores, such as felids, canids, and hyaenids. A tendency in the 

literature to combine many species of ungulates (as well as other related prey species) 

together made it impossible to compare individual primate species and individual 

ungulate species in all cases.

In Table 8.1, the mean estimated predation rates by primate family and subfamily 

are given, based on the individual EPR’s found in Table 4.2. Since estimated predation 

rates o f ungulates often combine many species together as “large prey” of carnivores, I 

calculated the mean estimated predation rates of whole groups of primates to compare 

primates and ungulates. Thus, based on the available data, Neotropical primates have a 

mean estimated predation rate that ranges between 5.8-15.0%; African monkeys range 

from 4.6-5.6%, and Asian monkeys range from 3.1-3.5%.
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TABLE 8.1. Estimated predation rates of primates by family, subfamily, and 
r e g i o n . _________ _______________________________________________

PRIMATE FAMILIES, 
SUBFAMILIES,

AND
GEOGRAPHIC REGIONS

MEAN 
ESTIMATED 
PREDATION 

RATE(%)

Cheirogaleidae 25.0
Indriidae 7.1
Lorisidae 11.8
Callitrichidae 15.0
Cebidae 5.8
Cercopithecinae (African species) 5.6
Cercopithecinae (Asian species) 3.1
Colobinae (African species) 4.6
Colobinae (Asian species) 3.5
Hylobatidae 5.0
Pongidae 5.9

In Table 8 .2 ,1 compare the estimated predation rates of ungulates in three biomes 

-  African savannah, Asian moist deciduous forest, and Neotropical rain forest ~  to 

primate species that also inhabit those biomes. Three large herbivorous rodents, the 

agouti (Dasyprocta variegata), paca (Agoutipaca), and capybara (Hydrochaeris 

hydrochaeris), are included with Neotropical ungulates since they fill the same niche and 

are preyed upon at the same rates by jaguar (Panthera onca) and puma (Felis concolor) 

(Emmons 1987).

Large Serengeti predators combined are estimated to kill 9.0-10.0% of all 

ungulate prey (Schaller 1972). The mean estimated predation rate is 6.2% for all primate 

species that live in the same savannah habitat as East African ungulates and for which I 

have data, viz., vervets (Cercopithecus aethiops), patas monkeys (Erythrocebuspatas),
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TABLE 8,2. Comparison of estimated predation rates between ungulates and primates in selected biomes.

BIOME UNGULATE
PREY

PREDATOR ESTIMATED 
PREDATION 

RATE, %

SOURCE PRIMATE
PREY

MEAN 
ESTIMATED 
PREDATION 

RATE, %
African savannah Wildebeest 

(Connochaetes 
taurinus)

Lion 2,2-3.3 Schaller 1972 Vervet
(iCercopithecus 
aethiops)

9,8

Wildebeest 
(C, taurinus)

Spotted
hyena

1.6-2.6 Kruuk 1972 Patas monkey 
(.Erythrocebus 
patas)

7.5

Wildebeest 
(C, taurinus)

Spotted
hyena

11.1 Kruuk 1972 Chacma baboon 
(Papio ursinus)

7,7

Zebra (Equus 
burchelli)

Lion 5,9-7.2 Schaller 1972 Olive baboon 
(P. anubis)

1.7

Zebra (E. 
burchelli)

Spotted
hyena

9,4 Kruuk 1972 Yellow baboon 
{P, cynocephalus)

6.4

Zebra (E, 
burchelli)

Spotted
hyena

1.7-2.3 Kruuk 1972

Zebra (E, zebra 
hartmannae)

Spotted
hyena

2.2 Henschel and 
Tilson 1988

Gazelles 
{Gazella grantii, 
G, thomsonii)

Spotted
hyena

3.4 Kruuk 1972

Gazelles 
(G. grantii,
G, thomsonii)

Spotted
Hyena

2.2-6.5 Kruuk 1972

Gemsbok 
{Oryx gazella)

Sponed hyena 14.3 Henschel and 
Tilson 1988
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CONTINUED ... TABLE 8.2. Comparison of estimated predation rates between ungulates and primates in selected 
biomes.

BIOME UNGULATE
PREY

PREDATOR ESTIMATED 
PREDATION 

RATE, %

SOURCE PRIMATE
PREY

MEAN 
ESTIMATED 
PREDATION 

RATE, %
Asian moist 
deciduous forest

Chital (Axis 
axis), hog deer, 
(A, porcinus), 
sambar (Cenws 
unicolor), 
barking deer 
(Muntiacus 
muntjak), wild 
boar (Sus scrofa)

Tiger 8.0-10.0 Sunquist 1981 Hanuman langur
(Presbytis
entellus)

4.0

Chital (A, axis), 
hog deer (A, 
porcimts), 
sambar (C. 
unicolor), 
barking deer (A/. 
muntjak), wild 
boar (S, scrofa)

Tiger 7.0 Tamang 1982 Nilgiri langur 
(P, johnif)

3.5

Crab-eating
macaque
(Macaca
jfascicularis)

6.5
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CONTINUED TABLE 8,2. Comparison of estimated predation rates between ungulates and primates in selected 
b io m e s .___________________________________________________

BIOME UNGULATE
PREY

PREDATOR ESTIMATED 
PREDATION 

RATE, %

SOURCE PRIMATE
PREY

MEAN 
ESTIMATED 
PREDATION 

RATE, %
Rhesus macaque 
(M, mulatto)

2.1

Bonnet macaque 
{M, radiata)

3.0

Thibetan 
macaque 
(M thibetana)

3.3

Neotropical 
rain forest 
(prey includes 
large rodents)

Peccary
{Tayassu tajacu), 
brocket 
deer (Mazama 
americana), 
agouti
(.Dasyprocta 
variegata), 
paca {Agouti 
paca), capybara 
{Hydrochaeris 
hydrochaeris)

Jaguar,
puma

8.0 Emmons 1987 Saddle-back
Tamarin
{Saguinus
fuscicollis)

15.0
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CONTINUED ... TABLE 8.2. Comparison of estimated predation rates between ungulates and primates in selected 
biomes._____________________________________________________  ______

BIOME UNGULATE
PREY

PREDATOR ESTIMATED 
PREDATION 

RATE, %

SOURCE PRIMATE
PREY

MEAN 
ESTIMATED 
PREDATION 

RATE, %
Emperor tamarin 
(S, imperator)

15.0

Squirrel monkey
(Saimiri
boliviemis)

1.0

Squirrel monkey 
(S, oerstedii)

5.7

Squirrel monkey 
(S, sciureus)

2.5

Red howler 
(Alouatta 
seniculus)

0.5

Tufted capuchin
(Cebus
Apella)

14.0

White-throated 
capuchin (C. 
Capucinus)

10.0

Wedge-capped 
capuchin (C. 
Nigrivittatus)

3.0
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CONTINUED ... TABLE 8.2. Comparison of estimated predation rates between ungulates and primates in selected 
biomes.__________________________________________________________________

BIOME UNGULATE
PREY

PREDATOR ESTIMATED 
PREDATION 

RATE, %

SOURCE PRIMATE
PREY

MEAN 
ESTIMATED 
PREDATION 

RATE, %
Woolly monkey
(Lagothrix
lagotricha)

3,0



and baboons (Papio spp.). Primates have an EPR that is 2.8-3.8% less than the ungulate 

population; however, when individual species in a specific location are compared, the 

difference between ungulate and primate predation rates is minimal. For example, lions 

(Pcmthera leo) in the Serengeti take approximately 5.9-7.2% of the zebra (Equus 

burchelli) population per year (Schaller 1972) and spotted hyenas (Crocuta crocuta) take 

1.7-2.3% (Kruuk 1972a), for a total EPRof7.6-9.5%. Vervets, patas monkeys, and 

yellow baboons (all indigenous to the same area of East Africa) have mean EPR’s of 

9.8%, 7.5%, and 6.4% respectively.

EPR’s for ungulates vary by geographic location. Spotted hyenas in Ngorongoro 

Crater kill 11.1 % of the wildebeest population, 9.4% of the zebra population, and 3.4% of 

the estimated population of all species of gazelle (Kruuk 1972a). In the Serengeti, 

spotted hyenas ate lower proportions of their main prey species -  1.6-2.6% of the adult 

wildebeest, 1.7-2.3% of zebra, and 2.2-6.5% of all gazelle species combined (Kruuk 

1972a).

Tigers (Pcmthera ligris) kill 7.0-10.0% o f the standing crop of prey per year 

(Sunquist 1981, Tamang 1982). The Asian primates that coexist with tigers — Hanuman 

langurs (Presbytis entellus), Nilgiri langurs (P. johnif), crab-eating macaques {Macaco 

fascicularis), rhesus macaques (M. mulatto), bonnet macaques (M radiata), and thibetan 

macaques (M  thibetana) — have an overall mean estimated predation rate o f 3.9%.

EPR’s for individual species in this group of primates range between 2.1-6.5%.

Pumas and Jaguars at Cocha Cashu, Peru remove an estimated 8% of large 

terrestrial mammalian prey each year (Emmons 1987). Primates living in ecosystems 

containing pumas and jaguars have an overall mean estimated predation rate o f 7.2%.
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EPR’s for individual genera or species in this group are: tamarins (Sagiiimis spp.), mean 

EPR=15.0%; titi monkeys (Callicebus moloch), mean EPR=4.5%; squirrel monkeys 

(Saimtri spp.), mean EPR=3.7%; howler monkeys (Alouatta seniculus), mean 

EPR=0.5%; capuchins (Cebus spp.), mean EPR=10.3%; woolly monkeys (Lagothrix 

lagotricha), mean EPR=3.0%.

DISCUSSION

For ungulates, the general pattern of predation is similar over many species (Hirst 

1969). Juveniles and subadults bear the brunt of predation, animals in their prime, i.e., 

early adulthood, have the highest resistance, and remaining classes have a uniform degree 

of susceptibility (Hirst 1969). The similarity of the predation rates by large carnivores 

(between 7.0-10.0%) across species and geographic areas may reflect a limiting 

equilibrium state for large predators and their large prey (Emmons 1987).

Precise comparison is not possible between estimated predation rates of ungulates 

and primates because the variables in the predator base (number of predator species that 

were integrated into calculation of the EPR) are not consistent. In Table 8.2, the 

predation rate of 8.0% on Neotropical deer, peccaries, and large rodents is due to jaguars 

and pumas (Emmons 1987). Jaguars and puma prey on Neotropical cebids (Schaller 

1983, Emmons 1987, Peetzet al. 1992, Olmos 1994, Jorgenson and Redford 1995) and 

ocelots (Feltsparclalis) prey on callitrichids (Emmons 1987, Goldizen 1987). The EPR’s 

for the primate species in Table 8.2 in that biome, however, represent predation by 

raptors or an unidentified predator base. Some primate species used in the comparison in 

Table 8.2, such as vervets, are preyed upon by large carnivores, raptors and reptiles. One
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vervet EPR represented predation sustained from four predator species, while another 

EPR represented predation from only two predator species (Cheney and Wrangham 

1987). Any comparisons between primate and ungulate estimated predation rates can 

only be viewed in the most general terms; nevertheless, Neotropical primates and East 

African terrestrial primates have similar predation rates to ungulates in the same biomes.

The hyrax (Procavia capensis) is an African prey species that is more equivalent 

in size to many primates than are ungulates. Hyrax weigh approximately 4 kg and are 

heavily preyed upon by some o f the same predators as primates, e.g., crowned eagles 

(Stephanoaetus coronatus), Verreaux’s eagles (Aquila verreanxti), and leopards 

(Panlhera pardus) (Brown 1955, 1966, Gargett 1971, 1990, Brain 1981). A study in 

Zimbabwe calculated that Verreaux’s eagles would take 3.0-6.0% of the hyrax population 

annually in the Matopo Hills, and with mortality from leopards and other predators 

factored in, the overall predation rate on hyrax would be under 10.0% (Gargett 1990). 

This is a comparable figure to the vervet, patas monkeys, and baboon EPR’s that range 

from 6.4-9.8%.

An alternative way o f comparing primates to other prey species is to identify in 

what circumstances predators feed primarily on primates. Such a study was undertaken 

to identify the environmental correlates where primates comprise a major portion o f large 

felid diets in South Asian habitats (Seidensticker 1983, 1985, 1991) with the following 

results: If  there were abundant ungulate species in the <50 kg range, leopards ate fewer 

primates. If ungulates in this size class were present but at low density, leopards had 

intermediate numbers of primates in their diet. If this size class o f ungulate was missing 

from the fauna! composition, leopards had high proportions o f primates in their diet.
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In four cases this pattern is substantiated: a) tigers and leopards switched to 

primate prey in the absence of ungulates at Mem-Betiri Park, Indonesia (Seidensticker 

and Suyono 1980); b) in the Periyar Tiger Reserve, India where the Nilgiri langur 

comprises 81.4% o f the leopard diet, a small ungulate, the Nilgiri tahr (Hemitragus 

hylocrius), occurs only in isolated pockets (Srivastava et al. 1996); c) at another site in 

India, Eravikulam National Park, tahr, sambar (Cervus unicolor\ and barking deer 

(M untiacus rmmtjak) were common and formed 77.0% o f the leopard diet while primates, 

porcupines, rodents, reptiles, and insects constituted the remainder (Rice 1986); d) unlike 

East Africa, Niokolo-Koba National Park in Senegal does not have dense concentrations 

of ungulates, and Guinea baboons (Papio papio) are the commonest large mammal 

(Byrne 1982). A high risk of predation from relatively dense concentrations of both 

diurnal (African hunting dog Lycaon pictus) and nocturnal predators (leopard, lion, and 

spotted hyena) was inferred from alarm vocalizations, unusually large groups, extreme 

wariness o f open spaces, and a paucity o f secure sleeping sites (Byrne 1982).

SUMMARY

• As wholly terrestrial species, ungulates are preyed upon most commonly by large 

carnivores. Although raptors and reptiles also prey on ungulates (especially their 

young), ungulates do not have as wide a range of predators as primates.

•  There may be a limiting equilibrium for large predators and their large ungulate prey. 

Seven to ten percent removal rate per year by predators has been estimated for East 

African grasslands, South Asian deciduous forests, and Neotropical rain forests.
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•  A comparison of ungulates and primates sharing three biomes found some primate 

EPR’s were comparable to some groups o f ungulates, but several variables in data 

collection and computation make comparisons imprecise.

• Leopards switch to primates as major prey if ungulates <50 kg are missing from the 

ecosystem.

• It is probable that primates have similar levels of predation-induced mortality as other 

prey animals, although sparse data currently make it impossible to confirm this.

206

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER IX.

CONCLUSIONS

“In 19091 met afarm er at Harrismith in the Transvaal who had a pair o f Verreaux’s  
[eagles] resident on his estate. He told me they lived almost entirely on hyrax, an 
occasional young rhebok and many young baboons; they never raided his poultry or 
lambs, and in return fo r keeping the baboon in check he never molested the eagles. " 
(Meinertzhagen 1959, p. 117)

In this thesis, I have collected and analyzed the data currently available on 

predation of primates. To summarize:

•  81 species of diurnal raptors, owls, and other birds, 35 large carnivores, 22 

species in five families of small carnivores, 36 species of reptiles, and two species 

of sharks are known or suspected to prey on primates. Primates sustain levels of 

predation that designate them as a resource base for certain species of predators.

•  Eyewitness accounts of predation were documented throughout the range of 

extant primate species — Africa, Madagascar, Asia and the Neotropics. Observed 

predation events are published for ten non-human primate families; the subfamily 

Cercopithecinae accounts for the highest percentage of observed predations.

•  No region, weight, activity cycle, or stratum could be identified in which primates 

were free of predation.

•  Estimated typical predation rates on primates varied from 0-25.0%. Limited 

evidence points to small, nocturnal, arboreal primates having higher predation
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rates than larger, diurnal, or terrestrial species. The frequency of occurrence of 

primates in the diets of predators ranges from 0.03-87.9%; raptors and felids have 

the highest percentages o f primates in their diets.

•  Eleven primate specialists could be determined based on the level o f recorded 

predations as a function o f the median percentage o f primates in the predator’s 

diet. I tentatively identified leopards (Pantherct pardtts), harpy eagles (Harpia 

harpyja), crowned eagles (Stephanoaetus coronatus), and fossa (Cryptoprocta 

ferox) as “dedicated” predators on primates based on evidence of significant 

predation by both quantitative and qualitative measurements.

• Overall, predator weight was not a good predictor o f primate prey weight.

•  The first primates were arboreal and small, and the emergence of larger arboreal 

primates may have been an evolutionary response to arboreal predation.

•  Primates are able to interrupt predation with anti-predator adaptations during four 

stages o f predatory action — the encounter, detection, approach, and subjugation 

stages. Coevotution between primates and predators is inferred based on predator 

strategies and anti-predator defenses.

•  It is probable that primates have similar levels of predation-induced mortality as 

other prey animals, although sparse data currently make this difficult to confirm.

in addition to the above summary, four cardinal insights, which I discuss below, 

are suggested by the data:
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I) Primates are “generalist ” prey

Despite the evidence found to identify certain predators as primate specialists (see 

Chapter V), I take the position that primates are “generalist” prey in the sense that, as a 

taxon, they range in size from 60 g to 169 kg, they inhabit geographic ranges throughout 

the tropics, subtropics, and a few temperate forests, they range from totally arboreal to 

totally terrestrial, and they include both nocturnal and diurnal species. Their successful 

radiation into many niches carried with it the potential to interact with many predators. 

The list of known and potential predators I have identified (see Appendix I) contains 

mostly generalist and opportunist feeders. While there are dedicated primate specialists 

among these species — viz., crowned eagles, harpy eagles, leopards, and fossa — there 

are no examples o f predators with a rigidly narrow food base. There are no mammalian 

predators, for example, comparable in their food selectivity to aardwolves (Proteles 

cristatus) that eat only termites or baleen whales that must strain tiny crustaceans known 

as krill from sea water (Nowak 1991). There are no birds of prey employing hunting 

strategies that limit their prey, such as bat falcons (Falco nrftgnlaris) and bat hawks 

(Machaerhamphus alchms) both o f which take only flying animals (e.g., bats, swallows, 

swifts, hummingbirds, insects) on the wing at great speed (Brown and Amadon 1989). 

There are no reptiles with morphological adaptations that exclude normal-sized prey, 

such as the African slender-snouted crocodile (Crocodylus cataphractus) which is similar 

to no other member of its genus with its radically modified snout limiting it to a diet of 

crabs, frogs, and snakes (Ross and Magnusson 1989).

The closest examples o f non-generalist feeders that are also primate predators are 

two genera of eagles, the snake eagles of Africa and Asia, and the African and Malagasy
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fish eagles. There are three species of snake eagles (Circaetiis cinereus, C. gallicus, and 

C. pectoralis)\ 70.0-95.0% of their diet is reptiles, although they will hunt and eat 

mammalian prey (Brown and Amadon 1989). Members of this genus possess long legs 

covered with rough hexagonal scales believed to be an adaptation to deflect snake bites 

(Brown 1971a). Toes are short and similarly scaled; talons are also short (Brown and 

Amadon 1989). African fish eagles (Haliaeetus vocifer) and Madagascar fish eagles (//. 

vociferoides) rarely catch or eat mammals (Steyn 1982). Fish, both dead and alive, 

constitute approximately 90.0% of their diets (Brown and Amadon 1989). The two fish 

eagle species have long claws with spicules on the pads of their feet for grasping slippery 

fish (Steyn 1982).

One felid species, the cheetah (Acinonyx jubatus), might be considered a non

generalist in comparison to other wild cats that prey on primates. Cheetah differ radically 

from other cats in both generalized morphology and hunting techniques (Sunquist and 

Sunquist 1989). Unlike the other members of the family Felidae, their bodies are geared 

for high-speed pursuit of prey, not stealthy ambush (Eaton 1974, Hamilton 1981). 

Cheetah prey are smaller in size than prey of felids o f comparable weight, and their non- 

retractile claws make them completely terrestrial (Sunquist and Sunquist 1989). 

Compared to the other large cats, few records exist of cheetah predation on primates.

Two unsuccessful attacks on baboons were reported (Stevenson-Hamilton 1947, DeVore 

and Washburn 1963), and one successful kill of a chacma baboon (Papio ursinus) was 

recorded in Kruger National Park (Pienaar 1969).
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2) Current predation on primates reflects predation on early hominids

Predation on living primates may reflect predation on early hominids (Brain

1981). The first primates were arboreal and small (Conroy 1990); the emergence of 

larger arboreal primates may have been partly an evolutionary response to arboreal 

predation by raptors and small carnivores. After the australopithecine transfer to a 

terrestrial bipedal existence, raptors were virtually eliminated as predators due to size 

constraints. The large terrestrial carnivores, however, were powerful predators of these 

hominids. The Sterkfontein, Swartkrans, and Kromdraai caves in South African contain 

australopithecine and baboon fossils. These fossils are thought to be discarded food 

remains, and the potential predators that either brought the primates into the caves or 

preyed on primates sleeping there include leopards, false saber-tooth cats (Dinofelis spp.), 

saber-tooth cats (Megantereon spp.), along with hyenas (Crocuta and Hyaena) and 

cursorial hunting hyenas (Euryboasspp.) (Brain 1981).

When Brain formulated his hypotheses about predators of australopithecines and 

baboons at Swartkrans, he found it “a remarkable state of affairs” that over 50.0% of all 

the animals in the Member I macrovertebrate assemblages were hominids or 

cercopithecoids. He questioned why fossil leopards had concentrated so intensively on 

this kind of prey when studies of contemporary leopards suggested that primates formed 

only a small part of leopard diets. Other assemblages, where baboons constituted only 

3.0% o f  the remains, conformed more closely to the assumption of low leopard predation 

on baboons.

Recent data on primate predators have implications on the interpretation of fossil 

hominid and baboon remains. Three of the four large Old World felids of the genus

211

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Panthera are now known to prey on apes: lions on chimpanzees (Tsukahara 1993), 

leopards on chimpanzees and gorillas (Boesch 1991, Tutin and Benirschke 1991, Fay et 

al. 1995), and tigers on orangutans (Rijksen 1978). The frequency of occurrence of 

primates in leopard diets ranges as high as 81.4% (Srivastava et al. 1996).

Brain (1981) constructed two hypotheses to explain the high percentages of 

hominid and baboon remains: a) there was an unknown predator that specialized in 

primates, or b) leopards took advantage of primates that were using the cave as a sleeping 

refuge. Both of these hypotheses may be correct. However, a third possibility exists that 

— particularly if <50 kg ungulates were less available — leopards were acting as primate 

specialists in the Pleistocene.

3) Predation rate versus predation risk

Predation rate involves the annual mortality of a certain percentage of a primate 

population due to predators. Predation risk involves the entire spectrum of 

compensations primates must make to offset predation. Direct observation by researchers 

substantiates that predation risk is constant in the daily lives of primates (Terborgh 1983, 

Dunbar 1988). Predation rates are variable, but, “ ... events have a powerful selective 

effect if  the event completely eliminates an individual’s genetic contribution to the next 

generation ... for a dead individual, any [predation] rate above zero is highly 

significant...” (Anderson I986a:24).

Terborgh (1983) postulated that predation was, of necessity, a  rare event at the 

level o f  a whole primate group. He speculated, for example, that a Cebus apetta troop 

could not sustain more than one loss to predation per year since the replacement level
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(i.e., birth rate) is only 1-2 infants per year. Estimated typical predation rates in the 

database I collected varied from 0% to 25.0%. Limited evidence pointed to small, 

nocturnal, arboreal primates having higher predation rates than larger, diurnal, or 

terrestrial species.

A predation rate of 25.0% annually for mouse lemurs {Microcebus murinus) 

(Goodman et al. 1993c), seems to belie Terborgh’s cautionary comments. Higher 

predation rates are acceptable only if  the species’ potential reproductive rate is high 

enough to compensate for losses to predation (Hill and Dunbar 1998). The mouse lemur 

is able to sustain a predation rate of 25.0% because the species, for a primate, has a high 

reproductive capacity (Martin 1972, Goodman et al. 1993c). Microcebus has two litters 

per rainy season to offset predation; an average annual production o f four offspring per 

breeding female with a 50.0% infant survival rate provides the mouse lemur with the 

ability to rapidly replace its population (Martin 1972). This description o f reproductive 

capability in Microcebus calls into question the accuracy o f considering the very high 

rates (16.8-32.9%) of chimpanzee predation on red colobus at Gombe National Park 

(Stanford et al. 1994a) as anything other than an aberrant situation.

Predation risk not predation rate, nevertheless, is what drives the animal’s anti

predation behavior (Hill and Dunbar 1998). Unsuccessful predation attempts, i.e., the 

failure o f predators to catch prey, underlie selection for defense behaviors (Vermeij

1982). Cowlishaw (1997a) constructed a field experiment to measure perceived versus 

actual risk in chacma baboons (Papio cynocephalus). He found that females in small 

groups are expected to be at the greatest risk from predators and that they perceived the 

greatest risk, but mates had equal or higher mortality rates. These results suggest that
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females invest highly in anti-predator behavior which compensates for their susceptibility 

to predators.

Animals strive to reduce their predation risk because it represents the sum total of 

all past unsuccessful encounters with predators plus their perception of the likelihood of 

future attack (Young 1994, Hill and Dunbar 1998). Behavior is predicated on predation 

risk not predation rate because animals react to unsuccessful attacks, but die from 

successful ones.

4) Primates have selected strategies to offset predation at its earliest stages

Primates, as intelligent mammals, focus on the prevention of predation at the 

earliest stage of predatory action. Prey are able to interrupt predation during any o f six 

stages: the encounter stage, the detection stage, the identification stage, the approach 

stage, the subjugation stage, and the consumption stage (Endler 1991). The advantage 

lies with prey that interrupt the predation sequence at the earliest stage because: a) the 

risk of a successful predation is reduced, causing b) less current energy to be expended in 

defensive behavior, allowing c) future fitness to be enhanced through the channeling of 

saved energy into growth and reproduction, given the fact that d) the relative frequency 

of the early stages of predation will be higher than later stages (Endler 1991).

Prey animals face the dilemma of being preyed on by more than one species or 

group o f predators. Their difficulty lies in evolving defense strategies that are effective 

in all circumstances (Bertram 1979). The early predation stages are more general (Endler 

1991); therefore, more different types of predators can be countered with a similar 

defensive strategy if  prey respond in the earliest stages.
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Primate anti-predator adaptations are centered on the first stage of predator 

activity -  the encounter stage. Alarm vocalizations, scanning, social grouping, and 

polyspecific associations to enhance vigilance are all methods to achieve what Endler has 

termed “one-upmanship,” or detection of the predator before the predator has detected the 

prey. Alarm vocalizations were used more frequently than other defensive strategies by 

primates according to the data I collected from questionnaires. Alarm calls were used by 

all primate families and subfamilies for which there were data and were used against all 

predator groups. Scanning was the second most frequently used defense strategy and was 

also used against all categories o f predators.

The choice of defenses used by prey depends on the relative cost and benefits and 

the evolutionary history of the taxon (Endler 1986). Most diurnal primates live in a 

social group which results in more effective vigilance to locate predators than is possible 

for a solitary individual (Bertram 1978). Nocturnal primates do not use group size as an 

anti-predator defense (Hill and Dunbar 1998), but noctumality is, itself, a defense 

strategy countering the first stage o f predation.

Primates have evolved a variety of strategies to keep the predation sequence from 

passing into later stages. Evidence exists that the need for vigilance promotes mixed 

species associations that provide “more eyes” for a primate group (Gautier and Gautier- 

Hion 1983, Gautier-Hion 1988, Buchanan-Smith 1990). Further, predator specific alarm 

vocalizations that identify raptors, snakes, or terrestrial carnivores are found in Old 

World and Neotropical monkeys and lemurs (Struhsaker 1967a, Sussman 1977, Cheney 

and Seyfarth 1981, Sauther 1989, Macedonia 1990a, 1990b, Norris 1990, Fedigan et al. 

1996). Additionally, tamarin sleep behavior is a suite of adaptations including retirement

215

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



before dusk with up to an hour of monitoring before entering sleeping holes (Caine 1984, 

1987, Peres 1993, Boinski and Chapman 1995).

* * * * * *

Predation as a demographic parameter in primate populations has been one of the 

least studied areas because little empirical information on predation has been available. 

Predation is undoubtedly significant and may be the leading source of mortality in 

populations of primates (Terborgh 1983). It is the main conclusion of my study that 

species o f primates are influenced to varying degrees by predation and that major 

morphological, ecological and behavioral adaptations have evolved in response to 

predators.

Primates are at risk from predation; at question is only the degree to which it 

influences the life history o f the individual or shapes the phylogeny o f a species. Insights 

into the individual and phylogenetic impacts on primates from predation will come only 

from increasingly sophisticated field studies that emphasize the inter-relationship 

between primate prey and their predators.
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APPENDIX 1.

Table A l.I provides the published source or personal communication by 

questionnaire used to designate 176 species as observed or suspected primate predators.

TABLE A l.I. Sources for known or suspected primate predators.

DIURNAL RAPTORS, OWLS, AND OTHER 
PREDATORY BIRDS

SOURCE

Madagascar cuckoo hawk Aviceda mcidagascariensis Charles-Dominique & 
Petter(l980)

Grey-headed kite Leptodon caycmensis Printes et al. (1996)
Double-toothed kite Harpagits bidentatus E. Heymann (pers. comm.)
Black kite M ilvus migrans Sauther (1989)
Brahminy kite Haliastur indus Dittus(1975)
White-bellied sea eagle Haliaeetus leucogaster Dittus(1975)
African fish eagle H. vocifer Steyn (1982)
Madagascar fish eagle H. vociferoides Wilson et al. (1989)
Tank eagle Ichthyophaga ichthyaetus Dittus(1975)
Short-toed eagle Circaetus gallicits Brown (1971a)
Black-chested snake eagle C  pectoralis Seyfarth et al. (1980b)
Brown snake eagle CL cinereus Brown (1971a)
Bateleur Terathopms ecaudatus Steyn (1982)
Crested serpent eagle Spilornis cheela Boonratana (1994)
Madagascar serpent eagle Eutriorchis astur R. Thorstrom (pers. comm.)
African harrier hawk Polyboroides typus Richard (1978)
Madagascar harrier hawk P. radialus Langrand (1990)
Madagascar goshawk Accipiterfrancesii Wilson et al. (1989)
Madagascar sparrow hawk A. madagascariensis Langrand (1990)
Bi-colored hawk A. bicolor Terborgh (1983)
Henst’s goshawk A. henstii Goodman et al. (1998)
Slate-colored hawk Leucoptemis schistacea Glanz(1991)
White hawk L. albicollis Boinski (1987)
Common black hawk Buteogallus anthracinus Lindsay (1979)
Great black hawk B. urubitinga Lindsay (1979)
Crowned solitary eagle Harpyhaliaetus coronatus Garcia & Braza (1993)
Black-collared hawk Btisareffus nigricollis Heymann (1990)
Grey hawk Buteo nitidus Boinski (1987)
Roadside hawk B. magnirostris Boinski (1987)
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Madagascar buzzard B. brachyptems Sauther (1989)
Guiana crested eagle M orphms guianensis Mitchell et al. (1991)
Harpy eagle Harpia harpy fa Voous (1969)
Philippine eagle Pithecophaga fefferyi Kennedy (1977)
Asian black eagle Ictinaetus malayensis Stanford (1989)
Lesser spotted eagle Aquila pomarina Treves(1997)
Tawny eagle A. rapax Brown (1971a)
Imperial eagle A, heliaca Brown (1971a)
Golden eagle A. chrysaetos Izawa & Nishida (1963)
Verreaux’s eagle A. verreauxii Gargett (1971)
Wahlberg’s eagle Hieraaetus wahlbergi Steyn (1982)
Bonelli’s eagle H.fasciatus Brown (1971)
African hawk eagle H. spilogaster Steyn (1982)
Chestnut-bellied hawk 

eagle
H. kienerii Manley (1985)

Black and white hawk eagle Spizastur melanoleiictts Mitchell et al. (1991)
Martial eagle Polomaetus bellicosus Brown & Amadon (1989)
Cassin’s hawk eagle Spizaetus qfricamts Skorupa et al. (1985)
Crested hawk eagle S1 cirrhatus Manley (1985)
Hodgson’s hawk eagle S. nipalensis Manley (1985)
Black hawk eagle S. tyranm s Fischer (1984)
Omate hawk eagle S. omatus Boinski (1987)
Isidor’s eagle S. isidori Fischer (1984)
Crowned eagle Stephanoaetus coronatus Brown (1971b)
Red-throated caracara Daptrius americanus Boinski (1987)
Common caracara Poly boms plancus L. Rose (pers. comm.)
Laughing falcon Herpetotheres cachinnans L. Rose (pers. comm.)
Barred forest falcon Micrastur ruficollis Izawa (1978)
Slaty-backed forest falcon M  mirandollei Rylands (1981)
Collared forest falcon M  semitorquatus Boinski (1987)
Madagascar kestrel Falco newtoni Wilson etal. (1989)
Madagascar banded kestrel F. zoniventris Wilson etal. (1989)
Madagascar red owl Tyio sottmagnei Goodman & Thorstrom 

(1998)
Bam owl (Madagascar) 71 albaaffinis Langrand (1990)
Bam owl (Neotropics) 71 a. guatemalae A. Baker (pers. comm.)
Madagascar scops owl O tusm tilus Wilson etal. (1989)
Great homed owl Bubo vtrginianus Wright (1994)
Northern eagle owl B~ bubo J. Moore (pers. comm.)
Desert eagle owl B. ascalaphus Brown (1971a)
Spotted eagle owl B. afiicanus Steyn (1982)
Fraser’s eagle owl B. poensis Kingdon (1974)
Forest eagle owl B. nipalensis Dittus (1975)
Shelley’s eagle owl B. shelleyi Kingdon (1974)
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Verreaux’s eagle owl B. lacteus Brown (1971a)
Brown fish owl B. zeylonensis Dittos (1975)
Burrowing owl Athene cimicularia Stafford & Ferreira (1995)
Madagascar long-eared owl Asio madagascariensis Goodman et al. (1991)
Squirrel cuckoo Piaya caycma H. Queiroz (pers. comm.)
Grey-breasted mountain 

toucan
Andigena hypoglauca M. Norconk (pers. comm.)

Keel-billed toucan Ramphastos sulfuratus Dawson (1976)
Chestnut-mandibled toucan R, swainsonii Boinski (1987)
Hook-billed vanga Vanga curvirostris Goodman et al. (1993c)
Jungle crow Corvus macrorhynchos Manley (1985)
Pied crow C. albtts Wilson etal. (1989

FELEDS SOURCE

Lion Panthera leo Kingdon (1974)
Jaguar P. onca Schaller Sc Vasconcelos 

(1978)
Leopard P. pardus Smithers(197l)
Tiger P. tigris Sunquist Sc Sunquist (1989)
Cheetah Acinonyx jubatus Kingdon(1974)
Clouded leopard Neofelis nebulosa Nowell Sc Jackson (1996)
African golden cat Felisaurata Nowell Sc Jackson (1996)
Leopard cat F. bengalertsis Bishop (1975)
Caracal F. caracal Kingdon(1974)
Feral cat F. catus MacKinnon Sc MacKinnon 

(1980)
Jungle cat F. chans Bishop (1975)
Puma F. concolor Jorgenson & Redford 

(1993)
Ocelot F. pardalis Hershkovitz (1969)
Rusty-spotted cat F. mbignosa Manley (1985)
Serval F. serval Kingdon(1974)
African wildcat F. silvestris lybica Struhsaker (1967b)
Asiatic golden cat F. temmincki MacKinnon (1974)
Oncilla F. tigrina Nowell Sc Jackson (1996)
Fishing cat F. viverrina Manley (1985)
Margay F. wiedii Hershkovitz (1969)
Jaguarundi F. yagourotmdi Dawson (1976)

CANIDS SOURCE

Side-striped jackal Cants adustus Chism et al. (1983)
Golden jackal C. aureus Stanford (1989)
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Blackbacked jackal C. mesomelas Chism et al. (1983)
Domestic dog C.familiaris Kingdon (1974)
Coyote C. latrcms Wright (1985)
Wolf G  lupus Biquand et al. (1994)
African hunting dog Lycaon pictus Kingdon (1974)
Dhole Cuon alpinus Johnsingh (1983)
Raccoon dog Nyctereutes procyonoides N. Itoigawa (pers. comm.)
Red fox Vulpes vulpes N. Itoigawa (pers. comm.)

HYAENIDS SOURCE

Spotted hyena Croatia Croatia Kingdon (1974)
Brown hyena Hyaena brunnea Kingdon(1974)
Striped hyena H. hyaena Kingdon (1974)

uRsros SOURCE

Asian black bear Selenarclos thibetanus Bishop (1975)

VTVERRIDS SOURCE

African linsang Poiana richardsoni Charles Dominique (1977)
Small spotted genet Genetta genetta Kingdon (1977)
Servaline genet G. servalina Charles-Dominique (1977)
Large spotted genet G. tigrina Kingdon (1974)
Giant genet G. victoriae Kingdon (1977)
Indian civet Viverricula indica Colquhoun (1993)
African civet cat Civettictis civetta Charles-Dominique (1977)
African palm civet Nandmia binotata Charles-Dominique (1977)
Sulawesi civet Macrogalidia

musschenbroekii
MacKinnon & MacKinnon 

(1980)
Malagasy civet Fossa fossana Colquhoun (1993)
Fossa* Cryptoprocta ferox Sauther (1989)

HERPESTIDS SOURCE

Ring-tailed mongoose Galidia elegans Colquhoun (1993)
Broad-striped mongoose Galidictis (spp.) Petteret al. 1977
Narrow-striped mongoose Mungotictis decemlmeata Macdonald (1992)
Malagasy brown-tailed 

mongoose
Salanoia concolor Albignac (1973)

Striped-necked mongoose Herpestes vitticollis Manley (1985)
Marsh mongoose Atilax paludinosus Charles-Dominique (1977)
Black-legged mongoose Bdeogale nigripes Charles-Dominique (1977)
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PROCYONIDS SOURCE

Coati Nasua nasua Boinski (1992)
Crab-eating raccoon Procyon cancrivorus Ferrari (1988)

MUSTELIDS SOURCE

Tayra Eira Barbara Ramirez (1989)

DIDELPHIDS SOURCE

Neotropical opossum Didelphis marsupialis Boinski (1992)

REPTILES SOURCE

Common caiman Caiman crocodilus Klein (1974)
Indopacific crocodile Crocodylus porosus Boonratana(l994)
Mugger crocodile C. palustris Roonwal & Mohnot (1977)
Nile crocodile C. niloticus Goodman et al. (1993c)
False gharial Tomistoma schlegeli Galdikas (1985)
Tegu Tupinambis (spp.) M. Monteiro da Cruz (pers. 

comm.)
African monitor Varams niloticus Starin & Burghardt (1992)
Asian water monitor V. salvator Yeager (1991)
Komodo dragon V. komodoensis Pfeffer(I989)
Reticulated python Python reticulatus Boonratana (1994)
Indian python P. molurus Wall (1921)
African python P. sebae Kingdon (1974)
Malagasy boa constrictor Acrantophis

madagascariensis
Colquhoun (1993)

Malagasy tree boa Saminia madagascariensis Goodman et al. (1993c)
Rainbow boa Epicrates cenchria Wright (1985)
Emerald tree boa Corallus canima Bartecki & Heymann 

(1987)
Amazon tree boa C. enydris Bartecki & Heymann 

(1987)
Boa constrictor Boa constrictor Chapman (1986)
Anaconda Em ectes mnrinus Heymann (1987)
Madagascar forest night 

snake
[thycyphys miniatus Richard (1978)

Yellow rat snake Elaphe qnadrivittata R. Fontaine (pers. comm.)
Malagasy giant hognose 

snake
Leioheterodon

madagascariensis
Sauther (1989)
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Mussurana Clelia clelia Bartecki & Heymann 
(1987)

Boomslang Dispholidus typus Izawa & Itani (1966)
Egyptian cobra Nafa hafe Bourliere et al. (1970)
Black cobra M. nigricollis Izawa & Itani (1966)
Black mamba Dendroaspis polylepsis Seyfarth et al. (1980b)
Green mamba D. viridis Starin & Burghardt (1992)
Common mamba D. cmgiisticeps Seyfarth et al. (1980b)
Jameson’s mamba D.jamesonii Struhsaker (1970)
Puffadder Bitis arietans Kingdon (1974)
Gaboon viper B. gabonicus Jones (1969)
Neotropical rattlesnake Crotalus durissits S. Perry (pers. comm.)
Fer-de-lance Bothrops asper Boinski (1988)
Jararaca pit viper B. jararaca Correa & Coutinho (1997)
Bushmaster Lachesis muta Bartecki & Heymann 

(1987)

SHARKS SOURCE

Wolf shark Alopias vtdpimis Mukhergee & Gupta (1965)
Requiem shark Carcharhimts gauge tia /s Mukhergee & Gupta (1965)
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APPENDIX 2.

Table A2.1 synthesizes the current literature regarding primate predators and their 

primate prey. Further information on this topic is available from references included in 

the bibliography.

TABLE A2.1. Primates preying on other primates.

PRIMATE PREDATOR PRIMATE PREY SOURCES

Cheirogaleidae

M irza coquereli Microcebus murinus Hladik 1980

Lemuridae

Eulemur Julvus rufus Lemur catta Pitts 1996

Cebidae

Cebus apella Callicebus moloch Freese and Oppenheimer
Aotus trivirgatus 1981, Wright 1984

C. albifrons C. moloch 
A. trivirgatus

Wright 1984

Cercopithecidae •

Cercopithecus mitis Galago spp. Butynski 1982a, 1982b
Papio cynocephalus G. senegalensis Kingdon 1974, Teleki 1975,

Cercopithecus aethiops Hausfater 1976, Cheney 
etal. 1988

Pongidae

Pongo pygmaeus Nycticebtts coucang Sugardjito and Nurhuda
Hylobates spp. 1981, Utami and van 

Hooffl997
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CONTINUED ...TABLE A2.1. Primates preying on other primates.

PRIMATE PREDATOR PRIMATE PREY SOURCES

Pongldae (con’t )

Pan troglodytes Perodicticus potto 
Galago spp.
G. crassicaudatus 
G. alleni 
G. senegalensis 
Cercopithecus ascanms 
C. pogonias 
C. cephus 
C. m itis 
C. aethiops 
C  campbelli 
C. diana 
Cercocebus atys 
Colobus badius 
C  polykomos 
C. vents 
C. guereza 
Papio anubis 
P. cynocephalus 
Pan troglodytes

Goodall 1965, 1977,1986, 
Kawabe 1966, van 
Lawick-Goodall 1968a, 
1968b, Suzuki 1971, 
Nishida 1972, Teleki 
1973a, 1973b, 1975, 
Kingdon 1974, 
Wrangham 1974, Busse 
1977, 1978, McGrew et 
al. 1978, 1979, McGrew 
1979, Nishida et al.
1979, 1990, Ransom 
1981, Norikoshi 1983, 
Ghiglieri 1984, Takahata 
et al. 1984, Nishida & 
Kawanaka 1985, 
Takahata 1985, Cheney 
& Wrangham 1987, 
Boesch & Boesch 1989, 
Wrangham & Bergmann 
Riss 1990, Hamai et al. 
1992, Ueharaetal. 1992, 
Alp 1993, Alp & 
Kitchener 1993, 
Bakuneeta et al. 1993, 
Tutin & Fernandez 1993, 
Boesch 1994a, 1994b, 
1994c, Stanford et al. 
1994a, 1994b, Hosaka 
1995, Stanford 1995a, 
1995b, 1996, 1998, 
Kurodaetal. 1996, 
Bshary & Noe 1997a, 
Ihobe 1997, Nakamura 
1997, Noe & Bshary 
1997, Stanford & 
Wrangham 1998
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APPENDIX 3,

The data on observed predation events presented in Chapter IE were drawn from 

the following published sources:

Agoramoorthy, G. 1992. Reproductive biology of the Hanuman langur, Presbytis
entellus, in Jodhpur, western India. Journal o f Bombay Natural History Society 
89(l):84-93.

Alikhan, I. 1938. Method adopted by teopards in hunting monkeys. Journal o f the 
Bombay Natural History Society 40:555-557.

Alonzo, C. and A. Langguth. 1989. Ecologia e comportamento de Callithrix jacchus 
numa ilha de Floresta Atlantica. Rev. Nordestina Biol. 6:105-137.

Aitmann, S. and J. Altmann. 1970. Baboon Ecology. University of Chicago Press, 
Chicago.

Anderson, J. 1986. Encounters between domestic dogs and free-ranging non-human 
primates. Applied Animal Behaviour Science I5(I):71-86.

Badrian, N. and R. Malenky. 1984. Feeding ecology of Pan parriscus in the Lomako
forest, Zaire. In: The Pygmy Chimpanzee: Evolutionary Biology and Behavior. 
R. Susman (ed.). Plenum Press, New York. pp. 275-99.

Baldellou, M. and S. Henzi. 1992. Vigilance, predator detection, and the presence of
supernumerary males in vervet monkey troops. Animal Behavior 43(3):451-46t. •

Bartecki, U. and E. Heymann. 1987. Field observation of snake-mobbing in a group of 
saddle-back tamarins (Saguimis fuscicollis nigrifrons). Folia Primatologica 
48:199-202.

Baumgartel, W. 1976. Up Among the Mountain Gorillas. Hawthorn Books, Inc., New 
York.

Bernstein, I. 1967. A field study of the pigtail monkey. Primates 8:217-228.

Boinski, S. 1987. Birth synchrony in squirrel monkeys: A strategy to reduce neonatal 
predation. Behavioural Ecology and Sociobiology 2l(6):393-400.
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Boonratana, R. 1994. The ecology and behaviour of the proboscis monkey (Nasalis 
larvatus) in the Lower Kinabatangan, Saba. PhD. dissertation, Mahidol 
University, Thailand.

Brain, C. 1981. The Hunters or the Hunted? University o f Chicago Press, Chicago.

Brander, A. 1939. Behaviour of monkeys when attacked. Journal o f Bombay Natural 
History Society 41:165.

Brown, L. 1955. Supplementary notes on the biology of the large birds of prey o f Embu 
District, Kenya Colony. Ibis 97:38-64;183-221.

 . 1966. Observations on some Kenya eagles. Ibis 108:531-572.

 . 1971. The relations o f the crowned eagle, Stephanoaeius coronatus, and some of
its prey animals. Ibis 113:240-243.

Brown, L. and D. Amadon. 1989. Eagles. Hawks and Falcons of the World. Wellfleet, 
Secaucus, NJ.

Brynard, A. and U. de V. Pienaar. I960. Annual report of the biologist, 1958-1959. 
Kruger National Park. Koedoe 3:1-205.

Bulger, J. and W. Hamilton III. 1987. Rank and density correlates o f inclusive fitness 
measures in natural chacma baboon (Papio ursinus) troop. International Journal 
ofPrimatology 8:635-650.

Burbridge, B. 1928. Gorilla: Tracking and Capturing the Ape Man of Africa. The 
Century, Co., New York.

Busse, C. 1980. Leopard and lion predation upon chacma baboons living in the Moremi 
Wildlife Reserve. Botswana Notes Records 26:132-160.

Butynski, T. 1990. Comparative ecology of blue monkeys (iCercopithecus mitis) in high 
and low density subpopulations. Ecological Monographs 60:1-26.

Carpenter, C. 1934. A field study of the behavior and social relations of howling 
monkeys. Comp. Psychol Monogr. 10:1-168.

Channer, O. 1895. The food o f the python. Journal o f Bombay Natural History Society 
9:491.

Chapin, J. 1925. The crowned eagle, ogre o f Africa's monkeys. Natural History, New 
York 25:459-469.
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 . 1932. The birds of the Belgian Congo. (I.) Bulletin o f the American Museum o f
Natural History 65(l):534-655.

Chapman, C. 1986. Boa constrictor predation and group response in white-faced cebus 
monkeys. Biotropica 18(2):I71-172.

Charles-Dominique, P. 1977. Ecology and Behaviour of Nocturnal Primates:
Prosimians o f Equatorial West Africa. Duckworth, London.

Charles-Dominique, P, and J. Petter. 1980. Ecology and social life of Phanerfurcifer.
In: Nocturnal Malagasy Primates: Ecology. Physiology, and Behavior. P. 
Charles-Dominque, H. M. Cooper, A. Hladik, C. Hladik, E. Pages, G. Pariente,
A. Petter-Rousseaux, J. Petter, and A. Schilling (eds.). Academic Press, New 
York. pp. 75-95.

Cheney, D., R. Seyfarth, S. Andeiman, and P. Lee. 1988. Reproductive success in vervet 
monkeys. In: Reproductive Success: Studies of Individual Variation in 
Contrasting Breeding Systems. T. Clutton-Brock (ed.). University of Chicago 
Press, Chicago, pp. 384-402.

Cheney, D. and R. Wrangham. 1987. Predation. In: Primate Societies. B. Smuts, D. 
Cheney, R. Seyfarth, R. Wrangham, and T. Struhsaker (eds.). The University of 
Chicago Press, Chicago, pp. 227-239.

Chism, J., D. Olson, and T. Rowell. 1983. Diurnal births and perinatal behavior among 
wild patas monkeys. International Journal o f Primatology 4:167-184.

Chism, J. and T. Rowell. 1988. The natural history of patas monkeys. In: A Primate 
Radiation: Evolutionary Biology of the African Guenons. A. Gautier-Hion, F. 
Bourliere, J. Gautier, and J. Kingdon (eds.). Cambridge University Press, 
Cambridge, pp. 412-429; 432-437.

Cilliers, W. 1963. Lions apparently do eat baboons. African W ild Life 17:17-18.

Clark, J. 1970. Observations on the crowned eagle, Polemaetus coronatus. The 
Lammergeyer 12:74-77.

Clifton, M. 1977. Attack on a colobus monkey. East Africa Natural History Society 
Vol. 5.

Collins, D. 1984. Spatial patterns in a troop of yellow baboons (Papio cynocephalus) in 
Tanzania. Animal Behaviour 32:536-553.
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Colquhoun,I. 1993. The socioecology of Eulemur macaco-. A preliminary report. In: 
Lemur Social Systems and Their Ecological Basis. P. Kappeler and J. Ganzhom 
(eds.). Plenum Press, New York. pp. 11-23.

Condh, V. and E. Smith. 1994. Predation on a yellow baboon (Papio cynocephalus 
cynocephalus) by a lioness in the Tana River National Primate Reserve, Kenya. 
American Journal ofPrimatology 33:57-64.

Correa, H. and P. Coutinho. 1997. Fatal attack of a pit viper, Bothrops jararaca, on an 
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Cowlishaw, G. 1994. Vulnerability to predation in baboon populations. Behaviour 
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Davies, A. G. 1994. Colobine populations. In: Cotobine Monkevs: Their Ecology. 
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Ewer, R. 1973. The Carnivores. Cornell University Press, New York.
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APPENDIX 4.

SAMPLE QUESTIONNAIRES 

Three questionnaires dealing with predation on primates were sent to field 

researchers and naturalists. Questionnaire One was distributed to 1928 primate 

researchers. Questionnaire Two was disseminated to 236 researchers who study 

predators. Questionnaire Three was sent to 62 government wildlife departments, national 

parks, and naturalists in Africa, Madagascar, Asia, and the Neotropics.

I wish to acknowledge the kind assistance of Dr. Richard Wrangham who 

supplied a sample questionnaire which had been used to gather information later 

published in Cheney and Wrangham (1987). This prototype was very helpful in 

constructing the three questionnaires I used for gathering data.

Questionnaires One, Two, and Three are reproduced on subsequent pages.
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[QUESTIONNAIRE ONE]
PRIMATE PREDATION QUESTIONNAIRE

This questionnaire is designed to gather information on one 
species at one site; however, data collected over many years of 
research may be combined on a single questionnaire. If you have 
studied more them one primate species at one site or many primate 
species at many sites, please photocopy or request more question
naires so that each primate species at each site is dealt with on 
a separate questionnaire. Thanks for assisting this research.

1. Primate species:________________________________ _
2. Study site:_____________________________________________
3. Were other researchers concurrently studying the same population of primates? Yes ___  No____Name(s) of other researcher(s):_________________________

4. Habitat description (check one):Tropical rain forest ___  Monsoon forest____
Tropical montane forest ___  Temperate rain forest ___Temperate deciduous/evergreen forest ____Shrubland ___  Savanna ____  Other_________________

5. Total research time at site: _______ monthsCurrently ongoing? Yes ___ No   If notcurrentlyongoing, during which year(s) did research occur: 
6. Number of observation hours: Diurnal ___  Nocturnal ____
7. Number of animals in your study group (give average figureover research period) :_____ ________Number of animals in population containing your study group (give average figure over research period): __________
8. Has there been an attempt/intent to document or estimate predation? Yes ___  No ___
9. Predator species actually observed (by you or other researchers) preying upon or known to have killed individuals in your study population. Please give specific and common names. Include dogs, people and any other "unnatural1* predators:(1) Most important__________________________________

(2 ) ___________________________________________________________________
( 3  ) ___________________________________________________________________(4 )________________________________________________(5 )________________________________________________
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10. Predator species, other them those above, suspected to have killed individuals in your study population:(1) Most important _____________________________
( 2 ).
(3).
(4).
(5).

11. Predator species that are present but appear not to be important predators. Include only species that might reasonably be expected to kill primates:
(1) Most important_____________________________________________
(2  ) __________________________________________________________________(3 )________________________________________________
( 4  )_______________________________________________________________
( 5  ) __________________________________________________________________________

12. Predator species that elicit behavioral reactions from primates. Please match anti-predator behaviors below to the predator responsible for them:
CD_________________________________________(2)________________________________________________
( 3  ) _______________________________________________________________
(4  ) _______________________________________________________________
( 5  ) __________________________________________________________________

Scanning = SC Charge/attack = C/ACrypsis = CR Alarm vocalization = AV
Nobbing = M Defensive posture = DPFleeing to trees = FL Running on ground = RU Other = O

13. Total number of predations actually observed during your study: ____
14. Total number of predations suspected to have occurred during your study: ____
15. Were there unexplained night-time disappearances in study population? Yes ____  No__If so, which age/sex classes were involved? Adult Male ___Adult Female ___  Subadult Male   Subadult Female ____

Infant ___Do you suspect predation? All ___  Some _____ %____
Why? ___________________________________________________

16. Based on observations throughout the study, is it possible to give an estimated predation rate (percent of population taken by predators per year) for the primates you studied? 
Yes ____ NoIf yes, what is your estimate? ____ %(Error estimate for above, e.g., maximum and minimum): ____If possible, briefly describe how this estimated predation 
rate was determined: ___________________________ _
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17. Based on observations throughout the study, is it possible to give the proportion of all predation deaths occurring in each age/sex class? Yes ___  No_________If yes, see below. If numerical data are not available, feel free to comment where possible (e.g., "none”) :Infants (<l year old)_____________________Juvenile/subadult males___________________Juvenile/subadult females_________________Adult males______________________________Adult females____________________________
Total number of predations on which above data are based:

18. Anecdotal observations and/or comments from indigenes regarding predation on primates:
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19. How should your data be cited?

20. Are there researchers working at or near your site studying predatory species that prey on primates? If so, please provide their names and mailing addresses below:

Name and address of individual completing questionnaire:
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[QUESTIONNAIRE TWO]
PR TM A T B  PREDATION QUESTIONNAIRE

1. Predator species (indicate family and order):
Diurnal ___ Nocturnal____Terrestrial Arboreal   AquaticApproximate adult weightIf sexually dimorphic: Male wt.   Female wt.

2. Study site: _____________________________________Country: ________________________________________

Habitat description (check one):Tropical rain forest   Monsoon forestTropical montane forest ___  Temperate ram forestTemperate deciduous/evergreen forest ____Shrubland Savanna Other

4. Study duration: Years   MonthsCurrently ongoing? Yes ___  No ___  If not currentlyongoing, during which year(s) did research occur? _____

5. Number of observation hours: Diurnal   Nocturnal

6. Primate species found in study area: _______________

7. Did you ever observe predation on primates? Yes __  NoIf so, which species? ________________________________
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8. Estimated number of primates killed by predators during study: ___________

9. What age/sex classes of primates were killed? Give percentages if available, or comment where possible (e.g., "none”):Infants (<l year old)___________________________Juvenile/subadult males_________________________Juvenile/subadult females_______________________Adult males________ ___________________________Adult females
Total number of predations on which above data are based:

10. Methodology used to analyze predator's diet:Fecal sampling ___  Direct observation of killsAnalysis of prey carcass ____  Raptor nest remainsStomach contents Other

11. Freguency of occurrence of primates in predator's diet (i.e., primates as a percentage of all food consumed):

12. Estimated predation rate on primates (i.e., percentage of primate population removed annually by study population of predators): _________
Error estimate (e.g., maximum and minimum), if available:

13. Primates as a percentage of biomass consumed by predator 
species being studied: _______If available, estimated total prey biomass of ecosystem:

14. If direct observation of primate-predator interactions was recorded, what anti-predator defenses did primates employ? If more than one behavior, number in seguence:Scanning __ Crypsis   Charge/attack ____Alarm vocalizations ___  Defensive posture ___Mobbing   Fleeing to trees____Running on ground ____ Other________________

15. What is the estimated percentage of instances in which these defenses were successful? __

2
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16. Anecdotal observations and/or comments of indigenes regarding predation on primates:

17. How should your data be cited?

18. For the species or genera you have studied, please list any published sources containing information about predation on primates:

3
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19. Can you recommend other researchers to whom this question
naire may be sent? Please list names and mailing addresses:

Name and address of individual completing questionnairer

4
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[QUESTIONNAIRE THREE]
PRIMATE PREDATION QUESTIONNAIRE

I. Name of reserve or national park: ________

2. Location: ___________________________________ _

3. Habitat description (check one):Tropical rain forest   Monsoon forestTropical montane forest ___  Temperate rain forest _Temperate deciduous/evergreen forest ___Shrub land ___  Savanna   Other_________________

4. What species of predators are present that might reasonably be expected to kill primates? (Please indicate both common and specific names):
Raptors: ______________________________________________

Large carnivores:

Small carnivores:

Snakes:

Crocodiles and other reptiles:

1
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5. What species of primates are present? (Please give estimated population size of each species if known):

6. Are records kept of observed predation? Yes ___  NoWho is in charge of keeping records? Park rangers __Naturalists Guides   Visitors

7. How many primates were killed by predators in each of the years in which records are available?
Primate Species No. Killed Year Predator

8. Is there an estimated predation rate on primates (i.e.,percentage of primate population removed annually by predators)? Yes ___  No____If yes, please estimate each species of primate separately:

2
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9. Is the frequency of occurrence of primates in predator diets known for any predatory species (i.e., primates as a percentage of all food consumed) ? yes _____ Mo____ _____
If yes, please give frequency of occurrence percentage for
each species of predator separately:

10. Direct observations of behavioral reactions by primates to 
predators. If more than one behavior, number in sequence:Scanning ___  Crypsis ___  Charge/attack_____Alarm vocalizations ___  Defensive posture ___Mobbing ___  Fleeing to trees ___Running on ground ___  Other ________________

11. Are there any unusual observations concerning primates and their predators?

12. Name and address of individual filling out questionnaire:

13. Names and mailing addresses of individuals who may haveinformation concerning predation on primates to whom this questionnaire may be sent: (Continue on back if necessary.)

3
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APPENDIX 5.

ACKNOWLEDGMENTS TO RESPONDENTS

The time and attention to detail involved in completing a questionnaire makes it a 

task not easily undertaken. I want to acknowledge and thank the researchers listed below 

for the effort they expended to insure the accuracy of this thesis and increase the 

understanding of predation on primate species.

RESPONSES TO QUESTIONNAIRE 
ONE:

Amran Achmad 
Dept, o f Forestry 
Hassanuddin University 
Ujung Pandang, South Sulawesi 
Indonesia

G. Agoramoorthy 
Department o f Biology 
National Sun-yat Sen University 
Kaohsiung, 80424 
Taiwan
Republic o f  China

Ms. Rosalind Alp 
c/o Tradelinks 
10 Rawdon Street 
PMB833 
Freetown 
Sierra Leone 
West Africa

Jeanne Altmann 
Dept, o f Ecology and Evolution 
University o f Chicago 
Chicago, IL 60637

James R. Anderson 
Centre de Primatologie 
Universite Louis Pasteur Strasbourg 
Fort Foch
F 67207 Niederhausbergen 
France

Anonymous
Department o f Anthropology 
University o f Durham 
43 Old Elvet 
Durham DH1 3HN 
England
United Kingdom

Anonymous 
Kirkcaldy 
United Kingdom

Ryosuke Asaba 
Imajayama Monkey Park 
Genrokuyamacho 8 
Arashiyama, Saikyoku 
Kyoto 
Japan
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Jose M. Ayres 
Museu Goeldi 
C.P. 399 
Belem, Para 
Brazil

Shigeru Azuma 
Primate Research Institute 
Kyoto University 
Inuyama City, Aichi 484 
Japan

Anne Baker 
Bumet Park Zoo 
I Conservation Place 
Syracuse, NY 13204

Mary Baker 
Dept, o f Anthropology 
University o f California 
Riverside, CA 92521

Christopher Bakuneeta, 
Budongo Forest Project 
P.O. Box 362 
Masindi 
Uganda

Robert A. Barton 
Dept, o f Anthropology 
Univ. o f Durham 
43 Old Elvet 
Durham, DHl 3H 
United Kingdom

Mark Beeson 
Easdon Farmhouse 
Man^ton, Devon TQ13 9XB 
United Kingdom

Jorge Benitez-Rodriquez 
Facultad de Biologia 
Universidad Veracruzana 
A J.. 270
91000 Xalapa, Ver.
Mexico

Elizabeth Bennett 
7 Jalan Ridgeway 
93200 Kuching 
Sarawak 
Malaysia

David Bergeson 
Department o f Anthropology 
Washington University 
Campus Box 1114 
St. Louis, MO 63130

Hari Bhat
107 Awanti Apartments
OPP: Kamala Nehru Park
Erandawana
Pune-411004
India

P. S. Bhatnagar 
Dept, of Zoology 
University o f Rajasthan 
Jaipur 302.004, Rajasthan 
India

Amanda Biggs 
10 Pulfbrd Avenue 
Prenton 
Birkenhead 
Merseyside, L43 0TB 
United Kindom

C.R. Birkinshaw 
The Orchard 
Stanedge Road
Bakewell Derbyshire DE45 IDG 
United Kingdom
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Naomi Bishop 
Department o f  Anthropology 
California State University, Northridge 
18111 NordhofF Street 
Northridge, CA 91330-8244

William Bleisch 
Wildlife Conservation Society 
Bronx, NY 10564

Christopher Boehm
Director Jane Goodall Research Center
University o f Southern California
Anthropology Department
Social Science 154
Los Angeles, CA 90089-0032

Christophe Boesch 
Institute o f Zoology 
University o f Basel 
Rheinsprung 9 
CH-4051 
Basel
Switzerland

Sue Boinski 
Dept, o f Anthropology 
1350 Turlington Hall 
University of Florida 
Gainesville, FL 32611

Ramesh Boonratana
Center for Conservation Biology
Dept, o f Biology, Faculty o f Science
Mahidol University
Rama VI Road
Bangkok 10400
Thailand

Warren Brockelman
Center for Conservation Biology
Department of Biology
Faculty o f Science
Mahidol University
Rama 6 Rd., Bangkok 10400
Thailand

Daniel Brooks 
Department of Biology 
University o f Houston-Downtown 
Houston, TX 77030

Hannah Buchanan-Smith 
Dept, of Psychol.
Univ. o f St. Andrews
St. Andrews, Fife KYI 6 9JU
Scotland
United Kingdom

Tom Butynski 
Zoo Atlanta 
P.O. Box 24434 
Nairobi 
Kenya

Eva and David Bynum 
1126 John Jones Road 
Bahama, NC 27503

Rogerio Castro 
Dept, of Biology 
Washington University 
St. Louis, MO 63130

Colin Chapman 
University o f Florida 
Department o f Zoology 
Gainesville, FL 32611
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Adriano G. Chiarello 
Wildlife Research Group -  Department 

o f Anatomy 
University of Cambridge 
Downing Street 
Cambridge CB2 3DY 
England
United Kingdom

Janice Chism 
Dept, of Biology 
Winthrop University 
Rock Hill, SC 29733

Margaret R. Clarke 
Tulane Regional Primate Center 
18703 Three Rivers Road 
Covington, LA 70433

Ian C. Colquhoun 
Dept, of Anthropol.
Univ. o f Western Ontario 
London, Ontario N6A 5C2 
Canada

Vicki Condit
Department of Anthropology 
Emory University 
Atlanta, GA 30322

Marina Cords 
Anthropology Department 
Columbia University 
452 Schermerhom 
New York, NY 10027

Carolyn Crockett 
Washington Primate Center 
SJ-50
University of Washington 
Seattle, WA 98195

Ian Martin Coulson
Sengwa Wildlife Research Institute
Private Bag 6002
Gokwe
Zimbabwe

Marian Dagosto
Department of Cell, Molecular, and 

Structural Biology 
Northwestern University Medical School 
303 E. Chicago Avenue 
Chicago, IL 60611-3008

Andrew De Vries
Axys Environmental Consulting, Ltd.
Suite 2630
1075 W. Georgia
Vancouver, BC v6E 3C9
Canada

Barbara Decker 
236 Big Canoe 
Big Canoe, GA 30143

Mario Di Bitteti
Department of Ecology and Evolution 
State University of New York at Stony 

Brook
Stony Brook, NY 11794-5245

Lee Drucraner 
Department o f Zoology 
Southern Illinois University -  

Carbondale 
Carbondale, IL 62901

Robin Dunbar 
Department of Psychology 
Liverpool University 
P.O. Box 147 
Liverpool L69 3BX 
United Kingdom
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Joe Erwin
Diagnon Corporation 
Division ofNeurobioIogy and Behavior 
9600 Medical Center Drive 
Rockville, MD 20850-3336

Chris Fairgrieve 
ICAPB
University o f Edinburgh 
Kings Buildings 
West Mairs Road 
Edinburgh EH9 3JT 
Scotland 
United Kingdom

Linda M. Fedigan 
Department of Anthropology 
University o f Alberta 
Edmonton, Alberta T6G 2H4 
Canada

John Fellowes 
Department of Zoology 
Univerity ofHong Kong 
Pokfiilam Road 
Hong Kong

Alison Fletcher
Department o f Zoology, School of 

Biological Sciences 
University ofBristoI 
Woodland Road 
Bristol BS8 IUG 
United Kingdom

Roy Fontaine
Pennsylvania College of Technology 
I College Avenue 
Williamsport, PA 17701

Debra Forthman 
Conservation Arc.
Zoo Atlanta
800 Cherokee Avenue, SE 
Atlanta, GA 30325-1440

Barbara Fruth
Forschungsstelle fiir Humanethologie 
In derMax-Planck-Gesell Schaft 
Von-Der-Tann-Strasse 3-5 
D-82346 Andechs 
Germany

Agustin Fuentes 
Dept, of Anthropology 
University of California at Berkeley 
Berkeley, CA 94720

Paul Garber 
Dept, of Anthropology 
109 Davenport Hall 
University of Illinois 
Urbana, IL 6I80I

Kellen Gilbert
Department o f Sociology, Social Work 

and Criminal Justice 
Southeastern Louisiana University 
Hammond, LA 70902

Kenneth Glander 
Duke University 
Biological Anthropology 
3705-B Erwin Road 
Durham, NC 27705

Mary E. Glenn 
204 Leeds Drive 
Valparaiso, IN 46383

AH. Harcourt 
Dept, o f Anthropology 
University of California 
Davis, CA 95616

Michele Goldsmith 
Bar Hokou Gorilla Research Center 
Dzanga-Ndoki National Park 
Central African Republic
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Yasumi Ishii 
Copo MIyazima 205,
1-4-3 Maebara-higashi,
Funabashii City 
Chiba, 274 
Japan

Prof. N. Itoigawa 
Dept, of Psychology 
Faculty o f Human Sciences 
Osaka University 
Suita, Osaka 
Japan

Kosei Izawa
Miyagi University o f Education 
Aoba, Aramaki,
Sendai 980 
Japan

Li Jin-hua
Department of Biology 
Anhui University 
Hefei, Anhui 230039 
Republic o f China

Alison Jolly
Dept, of Ecology and Evolutionary 

Biology 
Princeton University 
Princeton, NJ 08544

Catherine Julliot
Lab. d'Ecotogie Generale
Museum National d'Histoire Naturelle
4 Av. du Petit Chateau
91800 Brunoy
France

Gladys Kalema 
33 Albemarle Avenue 
Potters Bar 
Herts EN6 4NN 
England 
United Kingdom

Beth Kaplin 
Department of Zoology 
University of Wisconsin 
430 Lincoln Drive 
Madison, WI 53706

Ellen Kapsalis 
P.O. Box 420375 
Summeriand Key, FL 33042

Margaret Kinnaird 
Jl. Babe Palar 68 
Manado 95117 
Sulawesi Utara 
Indonesia

Barbara Kirkevold 
Dept, o f Psychol.
NI-25
Univ. o f Washington 
Seattle, WA 98195

Karen Kool
School of Biological Sciences 
University of New South Wales 
Sydney, NSW 2052 
Australia

Adriaan Kortiandt 
8 Woodstock Road 
Oxford OX2 7ND 
United Kingdom

Naoki Koyama 
405 Rumon Arashiyama 
Nakaoshimocho 20-30 
Nishikyoku, Kyoto 616 
Japan

R. Krishnamani 
Project “Singaalika”
Sithanadi BPO 
Hebri 576 112 
Karnataka 
India
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Hiroko Kudo-Hirotani 
Prefectural Museum Construction 
c/o Kanagawa Prefectural Education 

Agency 
33, Nihon-Odori, Naka-ku 
Yokohama 231 
Japan

Ajith Kumar
Salim Ali Centre for Ornithology and 
Natural History 
Coimbatore 641 010 
India

Suehisa Kuroda
The University of Shiga Prefecture 
2500 Hassaka-cho, Hikone 
Shiga 522-8533 
Japan

Jutta Kuster
Ruhr-Universitat Bochum 
Abteilung
Funktionelle Morphologie 
Geb. MAO/44 
D-44780 Bochum 
Germany

Mukesh Kumar Chalise 
Department of Biology 
Kathmandu University 
Lazimpat cha-2-808 
G.P.O. Box 2799 
Kathmandu 
Nepal

Isabelle Lardeux Gilloux 
50 rue Edouard 
Delanglado 
13006 Marseille 
France

M. J. Lawes
Department of Zoology & 

Entomology 
University of Natal 
P.O. Box 375 
3200 Pietermaritzburg 
South Africa

Phyllis C. Lee
Department of Biol. Anthropology 
University of Cambridge 
Downing Street 
Cambridge CB2 3DZ 
United Kingdom

Suzi Leonard 
Apto. 668 
Iquitos 
Peru

Donald Lindburg 
Zoological Society of San Diego 
Post Office Box 551 
San Diego, CA 92112-0551

Iqbal Malik
540 Asian Games Village 
New Delhi 110069 
India

Nobuo Masataka
Kyoto Primate Research Institute
Inuyama City
Aichi, 484
Japan

Reena Mathur 
Dept, o f Zoology 
University o f Rajasthan 
Jaipur 302.004, Rajasthan 
India
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Shuichi Matsumura 
Primate Research Institute 
Kyoto University 
Inuyama, Aichi 484 
Japan

Kelley McFarland 
Department o f  Anthropology 
CUNY -Graduate School 
33 West 42nd Street 
New York, NY 10036

Carol McMillan 
Wenatchee Valley College 
Omak Campus 
P.O. Box 2058 
Omak, WA 98841

Francisco Dyonisio Cardoio Mendes 
Rua Maranhas 1019 5° and 
Sao Paulo, SP 0124-001 
Brazil

Shaily Menon 
384 King Avenue 
Columbus, OH 43201

Russell Mittermeier 
Conservation International 
1015 18th Street, N.W.
Suite 1000
Washington, D.C. 20036 

Jim Moore
Dept, o f  Anthropology 
9500 Gilman Road - Dept. 0101 
University o f Califomia-San Diego 
La Jolla, CA 92093

Klaus Muller 
Deutches Primatenzentrum 
Kellnerweg 4,
37077 Gottingen 
Germany

Mr. Philip Muruthi 
Mpala Research Centre 
P.O. Box 555 
Nanyuki 
Kenya

Joel Mwangi Gathua 
Nat. Museums of Kenya 
Mammalogy Dept.
P.O. Box 40658
Nairobi
Kenya

Tilo Nadler
Cue Phuong National Park 
Nho Quan District 
Ninh Binh Province 
Vietnam

Marilyn A. Norconk 
Kent State University 
123 Lowry Hall 
Dept, of Anthropology 
Kent, OH 44242

Pia Nystrom 
Dept, of Anthropology 
Washington University 
Campus Box 1114 
St. Louis, MO 63130

Timothy O'Brien 
Jl. Babe Palar 68 
Manado95ll7 
Sulawesi Utara 
Indonesia

Toru Oi
Forestry and Forest Products Res. Inst. 
Tohoku Research Center 
Shimokuriyagawa, Morioka 02001 
Japan
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Ms. Claudia Olejniczak Susan Perry
Department o f Anthropology Dept, of Anthropology
Washington University 1054 LSA Building
Campus Box 1114 University of Michigan
St. Louis, MO 63130 Ann Arbor, MI 48109-1382

Maria Adelia Oliveira-Monteiro Andrew Petto
da Cruz Center for Biology Education

Rua General Abreu e Lima, 186 660WARF
Rosarinho Recife-PE University of Wisconsin
CEP 52041-040 610 N. Walnut Street
Brazil Madison, WI 53705-2397

William Olupot Kim Phillips
MUIENR Dept, o f Psychology
P.O. Box 10066 University of Georgia
Kampala Athens, GA 30602-3013
Uganda

Deborah Overdorff
Sharon T. Pochron 
Department of Anthropology

Duke University University of New Mexico
Biological Anthropology and Anatomy Albuquerque, NM 87131
3705-B Erwin Road-Wheeler
Durham, NC 27705 Doris Podzuweit

Amy Parish
Institute of Anthropology 
Buergerstrasse 50

Department o f Anthropology D-37073 Goettingen
University o f California, Davis Germany
Davis, CA 95616

Marcelo Passamani
Joyce Powzyk 
346 D Street

Depto. de Zoologia/Tnstituto de Ciencias Springfield, OR 97477
Biologicas

Universidade Federal de Minas Gerais Cristofer S. Price
Av. Antonio Carlos Building 112, Room 205
6627 Belo Horizonte - MG NTH Animal Center
31270.901 Elmer School Road
Brazil Poolesville, MD 20837

Claudio Pereira-Nogueira Sydney Purloe
Estacao Biologica de Caratinga Department ofPsychoIogy
Caixa Postal 82 Haverford College
Ipanema-MG 36950-000 370 Lancaster Avenue
Brazil Haverford, PA 19041-1392
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Wenyuan Qu 
Biology Dept.
Henaa Normal University 
Zinxiang 453002 
People's Republic o f China

Helder L. Queiroz 
Projeto Mamirsus 
Caixa Postal 38 
Tefe -  Amazonas 
Brazil

Ulrich Reichard 
Institut fur Anthropolgie 
Burgerstrasse 50 
37073 Gdttingen 
Germany

Rosalind Ribnick 
1505 P Street 
Eureka, CA 95501-2545

Martha Robbins 
Department o f Zoology 
Birge Hall 
430 Lincoln Drive 
University of Wisconsin 
Madison, WI 53706

Tamar Ron
Israel Nature Reserves Authority 
78 Yirmeyahu Street 
Jerusalem 94467 
Israel

Ms. Lisa Rose
Department o f Anthropology 
Washington University 
Campus Box 1114 
St. Louis, MO 63130-4899

Thelma Rowell
Department o f Integrative Biology 
University o f California -  Berkeley 
Berkeley, CA 94720

Anthony Rylands 
Dept. Zoologia
Universidade Federal de Minas Gerais 
31270-901 Belo Horizonte 
Minas Gerais 
Brazil

J. Sabater-Pi
Department de Psiquiatria i 

Psicobiologia 
Facultat de Psicolgia 
Universitat de Barcelona 
08028 Barcelona 
Spain

Tom Sambrook 
Psychology Department 
University of St. Andrews 
St. Andrews, Fife KY16 9JU 
Scotland 
United Kingdom

Robert Sapolsky 
Dept, of Biol. Sci. & Neurosci. 
Stanford University 
Stanford, CA 94305

Michelle Sauther 
Dept, of Anthropology 
Washington University 
Campus Box 1114 
St. Louis, MO 63130

Anne Savage 
Roger Williams Park Zoo 
1000 Elmwood Avenue 
Providence, RI 02907

Juan Carlos Serio-Silva 
Calle I4-A#1532 
Col. Federal CP 94570 
Cordoba, Veracruz 
Mexico
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Lori Sheeran 
Dept, o f Anthropology 
P.O. Box 34080
California State University-Fullerton 
Fullerton, CA 92634-9480

Gilberto Silva-Lopez
Programa Bioconservacion
Institute de Investigaciones Biologicas
Universidad Veracruzana
Aptd. Post. 294
Xatapa, Veracruz 91000
Mexico

Paul E. Simonds 
Department o f Antrhopology 
University of Oregon 
Eugene, OR 97403-1218

Hilary Simons-Moriand 
Wildlife Conservation Society 
International Programs 
Bronx, NY 10460

Barbara Smuts 
Department o f Psychology 
University of Michigan 
Ann Arbor, MI 48109

Volker Sommer 
Department o f Anthropology 
University of California 
Davis, CA 95616

C. H. Southwick
Dept, of Environmental, Population and 

Organismic Biology 
University of Colorado, Boulder 
Boulder, CO 80309

Craig B. Stanford 
Dept, of Anthropology 
University o f Southern California 
Los Angeles, CA 90089-0032

Erica D. Starin 
32B Warwick Avenue 
London W9 2PT 
United Kingdom

Romy Steenbeek
Ketambe Research Center
P.O. Box 4
Kutacane 24601
Aceh Tenggara
Sumatra
Indonesia

E.H.M. Sterck 
University of Utrecht 
Ethology & Socioecology 
P.O. Box 60086 
3508 TB Utrecht 
The Netherlands

Eleanor Sterling 
SPEF 
BP 416 
Toamasina 501 
Madagascar

Pablo R. Stevenson
A. A. 18226 
Santa Fe de Bogota 
Colombia

Karen B. Strier 
Dept, of Anthropology 
University of Wisconsin-Madison 
1180 Observatory Drive 
Madison, WI 53706

Thomas Struhsaker 
Duke University 
Box 90383
Biological Anthropology and Anatomy 
Durham, NC 27708-0383
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Shirley C. Strum 
D ept of Anthropology 
University of California - San Diego 
La Jolla, CA 92093

Robert Sussman 
Department of Anthropology 
Washington University 
Campus Box 1114 
S t  Louis, MO 63130

Yukio Takahata
Naruto University o f Education
Takashima, Naruto-cho
Naruto 772
Japan

Patricia Teixidor 
School of Psychology 
University of St. Andrews 
S t Andrews 
Fife KY16 9JU 
Scotland 
United Kingdom

Kanaizuka Tsutomu 
908-206 Ohonocho Saikigun 
Hiroshima-Ken 
Japan

Caroline E. G. Turin 
S.E.G.C.
B.P. 7847 
Libreville 
Gabon

Shigeo Uehara
Sapporo University
3-7-3-1 Nishioka, Toyohira-ku
Sapporo 062
Japan

C. P. van Schaik
Department of Biological Anthropology 

and Anatomy 
Duke University 
Durham, NC 27705

Natalia Vasey
Department o f Anthropology 
Washington University 
Campus Box 1114 
S t Louis, MO 63130

Francois Vincent 
Universite of Paris 
10 rue de la Tuilerie 
78650 Saulx-Marchais 
France

Joseph M. Wahome 
Department of Integrative Biology 
University of California at Berkeley 
Berkeley, CA 94720

Mwangi-W ahungu
Dept, of Wildlife Management
Moi University
P.O. Box 1125
Eldoret
Kenya

RJD. Warren
Dept, of Human Anatomy & Cell 

Biology 
University of Liverpool 
P.O. Box 147 
Liverpool L69 3BX 
United Kingdom

Peter Waser
Department of Biological Sciences 
Lilly Hall of Life Sciences 
Purdue University 
West Lafayette; IN 47907
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Frances White 
Duke University
Biological Anthropology and Anatomy 
Wheeler Bldg.,
Box 90383 
Durham, NC 27708

Frank Wiens
Abt. Funktionelle Morphologie 
Geb. MAO/44 
Ruhr-Universitaet Bochum 
D-44780 Bochum 
Germany

R. W. Wrangham 
Department of Anthropology 
Peabody Museum 
Harvard University 
Cambridge, MA 02138

Juichi Yamagiwa 
Primate Research Inst.
Kyoto University 
Inuyama 484 
Aichi 
Japan

Tomoo Yoshimura 
Japan Monkey Centre 
Kanrin 26, Inuyama 
Aichi 484 
Japan

Anne Zeller 
Dept, o f  Anthropology 
University of Waterloo 
Waterloo, Ontario 
Canada N2L3GI

Klaus Zuberbuhler 
Ethologie und Wildforschung 
Universitat Zurick-IrcheL 
Winterthurerstrasse 190 
CH-8057 Zurich 
Switzerland

Gabriel Zunio
Museo Argentino de Ciencias Naturales 
Av. Angel Gallardo 470 
1405 Buenos Aires 
Argentina

RESPONSES TO QUESTIONNAIRE 
TWO:

Senor Marcelo Aranda 
Institute deEcologia 
Apdo. Postal 63 
Xalapa 91000, Veracruz 
Mexico

James Berkelman
Department o f Fisheries and Wildlife 
Sciences
Virginia Polytechnic Institute and State 
University
Blacksburg, VA 24061

Brian Bertram
Fieldhead
Amberley
Stroud, Gloucestershire GL5 5AG 
United Kingdom

Christophe Boesch 
Institute of Zoology 
University o f Basel 
Rheinsprung 9 
CH-4051 
Basel
Switzerland

Prof. J. du P. Bothnia 
Centre for Wildlife Management 
University of Pretoria 
0002 Pretoria 
South Africa
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David Bygott 
Box 161 
Karatu 
Tanzania

Tim Caro
Wildlife and Fisheries Biology 
University of California 
Davis, CA 95616

Scott Creel
Rockefeller University 
Field Rsearch Center 
Box 38B, RR. 2, Tyrrel Road 
Millbrook, NY 12545

Rob Davies 
P.O. Box 1390 
Halfway House 1685 
Midrand 
South Africa

Mr. Divyabhanusinh
Vice-President, Northern Region
Taj Group of Hotels
Mandlik House
Mandlik Road
Bombay 400 001
India

Sarah Durant 
Institute o f Zoology 
Zoological Society of London 
London NWI 4RY 
United Kingdom

Vincent Egan
Terrestrial Ecology Research Unit 
Department o f Zoology 
University of Port Elizabeth 
P.O. Box 1600 
Port Elizabeth 6001 
South Africa

John F. Eisenberg 
Florida Museum o f Natural History 
Dept, of Natural Sciences 
University of Florida 
Gainesville, FL 32611-2035

Louise Emmons 
Smithsonian Institution 
Museum of Natural History 
Division of Mammals 
10th & Constitution, NW 
Washington, DC 20560

Field Director 
Similipal Tiger Reserve 
Bhanjpur, Baripada 
Orissa 757 002 
India

George Frame 
P.O. Box 822
Cape May Court House, NJ 08210-0822 

Laurence Frank
Field Station for Behavioral Research 
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APPENDIX 6.

The calculations below are an example of the methodology used to arrive at 

estimated predation rates, i.e. the percentage o f a primate population that is removed 

yearly by predators.

Sam ple methodology fo r  calculating estimated predation rate (EPR):

Wright, P., S. Heckscher and A. Dunham. 1997. Predation on Milne-Edward’s sifaka 
(Propithecus diadema edwardsi) by the fossa (Cryptoprocta ferox) in the rain 
forest of southeastern Madagascar. Folia Primatologica 68(l):34-43.

• Milne-Edward’s sifakas live in groups of 3-9 individuals. There were three groups 

under study -  a maximum of 27 individuals.

•  Fossas killed 7 individuals between 1990-1994 (4 years) from the 3 groups.

• Maximum 3-group size = 27 individuals. Deaths (n=7) divided by 27 = 0.2592 

divided by 4 years = 0.065 (6.5%), estimated predation rate.
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APPENDIX 7.

A qualitative comparison between data gathered from questionnaires and data 

found in published sources is presented in this appendix. This comparison was 

undertaken to ascertain the similarity between the two data sources. The questionnaire 

and literature data were compared by region and by predator taxa, using the number of 

predations as the evaluation criterion. Data gathered from the questionnaires and data 

found in published sources exhibited the same characteristics and followed the same 

trends, thus the two data sources were combined into one data set

Sources o f Data

Predation data collected in this study were gathered through two methods: (a) 

questionnaires sent to 2226 researchers, and (b) an exhaustive literature search. Two 

hundred seventy-seven responses were received from questionnaires and 253 applicable 

articles were found in the published literature; a total o f3592 primate predation events 

were reported from the combined questionnaires and literature. As shown in Fig.A7.I, 

questionnaires accounted for 37.0% of predations, while the literature accounted for 

63.0%.

Data Set Comparison by Region

In Fig. A7.2,1 compare the percentage o f  primate predations gathered from the 

questionnaires and published sources for each region. The questionnaire data and the 

literature data exhibited the same characteristics and trends. In both data sets the
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Percent of Predations

Fig.A7.1 Sources of primate predation data. Literature=253 publications and 2262 
primate mortalities. Questionnaires = 277 responses and 1330 primate mortalities.

majority of predation data was reported from Africa (50.0%, n=667, from the 

questionnaires compared to 61.0%, n=l378, from the literature). Both data sets recorded 

7.0-8.0% (questionnaires, n=l 14, literature, n=I72) of predations from Madagascar. 

Predations from Asia totaled 22.0% (n=303) from questionnaires compared to 15.0% 

(n=355) from the literature. Eighteen percent (n=248) of all predations were from the 

Neotropics in the questionnaire data set compared to 15.0% (n=3 55) from the literature.

Neotrop.
■ Literature

■ Questionnaires

20 40
Percent of Predations

Fig. A7.2. Comparison o f questionnaire data to literature data by region.
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Data Set Comparison by Predator

The percentages of predations on primates gathered from questionnaires and data 

from published sources are compared for each predator group in Fig.A7.3. Data shown 

in this figure are for all four regions combined. As seen in the figure, questionnaire data 

and literature data again exhibited the same characteristics and trends. In both data sets, 

the majority o f predations were repotted for felids and raptors. Although there were 

more raptor predations found in the literature than from questionnaires and more felid 

predations found in questionnaire responses than in the literature, these reversals are not 

important because the most visible characteristic of the comparison is the domination of 

the data by these two taxa. The percentages of predations reported for canids/hyaenids, 

small carnivores, reptiles, and unknown predators were approximately 10.0% or less for 

each predator group.

Unknown 

Reptiles 

SmCam.

Canid/Hya.

Raptors 

Felids

0 10 20 30 40 50
Percent of Predations

FigA7.3. Comparison of questionnaire data to literature data by predator group.
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I took the data presented in Fig. A7.3 (all four regions combined) and then 

compared percentages of predator groups within each region: Fig. A7.4 — Africa, 

Fig.A7.5 — Madagascar, Fig.A7.6 — Asia, and Fig.A7.7 ~  Neotropics. For each region, 

the two sets of data, in general, had similar trends with the same predator categories 

dominating the data.

Unknown 

Reptiles 

SmCam.

Canid/Hya.

Raptors 

Felids

0 20 40 60 80
Percent of Predations

Fig. A7.4. Comparison of questionnaire data to literature data by predator group -  Africa.
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Fig.A7.5. Comparison of questionnaire data to literature data fay predator group -  
Madgascar.
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Fig. A7.6. Comparison o f questionnaire data to literature data by predator group — Asia.
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Fig. A7.7. Comparison of questionnaire data to literature data by predator group 
Neotropics.
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APPENDIX 8.

An analysis o f the relationship between recorded predation events and the number 

o f  sources (questionnaires and literature) from which they were drawn is summarized 

below:

• Total number of predation events = 3592

• Number of sources = 613

• Mean predation events per source = 5.9

The total number of predation events can be divided into suspected predations 

(n=684, mean predation events per source = 5.5), unsuccessful attacks (n=679, mean 

predation events per source = 4.5), and known predations (n=2229, mean predation 

events per source = 6.8). (See Figs.A8.1 and A8.2.)

C

■  Suspected 
#  Unsuccessful 
+Known

2000

0 100  200  300  400
N u m b e r  o f  S o u r c e s

Fig. A8.1. Number o f predation events as a function of number o f sources.

334

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



JS
S u sp ec ted  
U nsuccessfu l 

A  Known

100 200 300

Number of Sources

400

Fig.A8.2. Number o f predation events per source as a function of number o f sources.
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