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Preface 

After r ead ing its title, the ecologist wi th little experience of p r i m a t e 
field research m a y be surprised a t t he contents of this book. All t he 17 
field studies which it includes a re concerned wi th the ecology or 
behav iour of pa r t i cu la r social groups of p r ima tes r a t h e r t h a n of whole 
popula t ions . N o n e of t h e m touches on popu la t ion dynamics in a n y 
d e p t h a n d only two invest igate energet ic aspects of feeding behav iour . 
Ins tead , they describe behav ioura l aspects of ecology: act ivi ty p a t t e r n 
ing, food selection a n d r ang ing behav iour . 

Differences be tween ecological research on p r imates a n d research 
on o ther ver tebra tes have developed for two reasons. First, interest in 
p r i m a t e ecology has been s t imula ted by invest igat ion of the adap t ive 
significance of social systems. Ear ly a t t empt s to invest igate thei r 
functional aspects of social behav iour relied on correlat ions be tween 
par t i cu la r kinds of social system a n d gross ecological var iables such as 
h a b i t a t or diet type (e.g. Crook a n d Ga r t l an , 1966). Subsequen t 
cr i t iques (Struhsaker , 1969; Clut ton-Brock, 1974a; S. A. A l t m a n n , 
1974; Wilson, 1975) po in ted ou t t ha t social behav iour varies widely 
be tween species a l located to the same ecological ca tegory a n d 
chal lenged the view t h a t interspecific differences were closely re la ted 
to ecological var ia t ion a t this level. This , in tu rn , led to the develop
m e n t of deta i led research in those aspects of p r i m a t e ecology most 
likely to reveal the adap t ive significance of differences in social 
b e h a v i o u r : food selection, the avai labi l i ty a n d dispersion of supplies, 
r ang ing behaviour , var ia t ion in g roup ing pa t t e rns a n d an t ip r eda to r 
behaviour . 

A second, a n d pe rhaps more i m p o r t a n t , reason for the divergence 
be tween p r i m a t e studies a n d those of most o ther ver tebra tes , is t he 
difference in accessibility of ecological informat ion. Mos t p r imates 
c a n n o t be t r a p p e d wi th ease; it is often bo th imprac t i cab le a n d un 
desirable to consider killing a d e q u a t e samples of an ima l s ; a n d the 
major i ty of species h a v e relat ively long lifespans. Difficulties a re en
h a n c e d by the fact t h a t only small n u m b e r s of individuals can usual ly 
be sampled since u n h a b i t u a t e d an imals can rare ly be observed 
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consistently. Consequent ly , it is seldom possible to collect the kind of 
informat ion requi red for deta i led research on popula t ion dynamics . 
I n contrast , because indiv idual animals can usually be recognized 
a n d their behav iour followed (if in termi t tent ly) over considerable 
t ime periods, it is often possible to examine a r ange of questions not 
accessible to most studies of o ther ver tebra tes . For example , it is 
frequently feasible to assess in ter indiv idual var ia t ion in food selection, 
to describe sequences of food choice a n d to measure r ang ing pa t te rns . 
Whi le it is i m p o r t a n t t ha t future studies should investigate more 
t rad i t ional ecological questions, the m a i n con t r ibu t ion to ve r t eb ra t e 
ecology tha t p r i m a t e studies can provide m a y lie p r imar i ly in those 
areas of behavioura l ecology to which the observat ion condit ions a re 
best suited. 

Between 1972 a n d 1974, a regular discussion g roup of p r i m a t e 
field workers developed in Eng land . W e me t for one-day workshop 
sessions on par t i cu la r aspects of p r i m a t e ecology or social organiza
t ion—on food selection, on r ang ing behaviour , on social s t ruc ture 
a n d on g roup ing pa t te rns . O u r p r i m a r y interest lay in the functional 
significance of interspecific a n d intraspecific var ia t ion in aspects of 
behav iour and ecology. A t t empts to construct or test general izat ions 
abou t var ia t ion at ei ther level requi red compar i son of the results of 
different studies, a n d a regular compla in t a t our meet ings was the lack 
of comparab i l i ty be tween studies. T h o u g h m a n y of us h a d comple ted 
similar work on different species, our interests var ied a n d it was usually 
impossible to m a k e as wide a r ange of compar isons as the d a t a could 
have allowed. At one of these meet ings, the idea arose of p roduc ing a 
symposium on p r i m a t e ecology, a n d it was agreed t ha t we should d r a w 
u p an out l ine of the topics which a n ideal chap te r should cover a n d 
invite selected workers in the field to wri te similar chapters on different 
species. W e did this, a n d the final list of topics inc luded feeding heights 
a n d sites, activity pa t te rns , food selection (by p a r t a n d species), h o m e 
range size a n d uti l izat ion, d a y r ange length a n d g roup size. For all these 
measures , we wished to compare the ways in which they var ied be tween 
popula t ions , be tween t imes of day , be tween sex/age categories a n d 
between species. Each au tho r was invited to p repa re a chap te r wh ich 
covered as m a n y of these topics as possible. T h o u g h none of the 17 field 
s tudy chapters has covered the whole r ange of topics, the book allows 
compar ison of most topics across a considerable r ange of species. 

As in previous studies, accura te comparisons are compl ica ted by 
methodological differences be tween studies. Sampl ing methods , 
sample distr ibutions, s tudy du ra t i on a n d analyt ical techniques all 
va ry widely a n d past experience shows t ha t such var ia t ion can some-
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t imes p roduce major discrepancies be tween est imates (see A p p e n d i x I). 
At first, it seemed possible t ha t these differences would obscure 
i m p o r t a n t relat ionships a n d migh t inva l ida te quan t i t a t ive compar isons . 
T w o points are re levant to this p rob l em. First, methodologica l var ia t ion 
is more likely to affect absolute values t h a n relat ive ones, so t ha t even 
where the former canno t be compared , it m a y still be possible to 
c o m p a r e intraspecific t rends . Second, the evidence shows t h a t where 
firm predict ions can be m a d e a b o u t relat ionships be tween different 
aspects of feeding a n d r ang ing behav iour at an interspecific level, 
significant associations can be demons t r a t ed in most cases where a 
reasonably large sample of species can be used (see Mi l ton a n d M a y , 
1976; Clut ton-Brock a n d Harvey , in press). W e believe t h a t this 

justifies a t t empts at b road compar isons , t hough results mus t be 
in te rpre ted wi th grea t care (see C h a p t e r 19). 

A n a l te rna t ive view, expressed bo th a t ou r mee t ing a n d elsewhere, 
is t ha t compar isons should no t be m a d e unt i l measur ing techniques 
have been s tandard ized . No t only does the empir ica l evidence ind ica te 
t ha t this is an u n d u l y pessimistic opin ion b u t there is ano the r reason 
why this position is imprac t i cab le . A l though a grea ter degree of 
s t andard iza t ion will p robab ly emerge in future studies, differences in 
observat ion condit ions a n d in the focus a n d du ra t i on of field studies 
will always be sufficient to p reven t full s t andard iza t ion of record ing 
techniques . Consequent ly , quan t i t a t ive compar isons be tween species 
will always be l imited to aspects of behav iour a n d ecology where 
differences a re sufficiently robus t to overr ide the effects of vary ing 
methodology. 

T h e first 17 chapters a re a r r a n g e d in the t axonomic order of the 
species concerned. T h e final two chapters survey some of the general i 
zat ions emerg ing from compar i son of inter- a n d intraspecific differ
ences in feeding a n d r ang ing behaviour . T h e a im of these is to suggest 
areas of pa r t i cu la r interest where research can be usefully developed 
r a the r t h a n to provide definitive answers concern ing interrela t ionships 
be tween behav iour a n d ecology. 

King's College, Cambridge 
May 1977 

Τ . H . C L U T T O N - B R O C K 
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R. W . S U S S M A N 

Department of Anthropology, Washington University, St Louis, Missouri, 
USA 

1. I n t r o d u c t i o n . . . . . . . . . . . 1 
2 . S t u d y a r e a s . . . . . . . . . . . 4 

2 . 1 . A n t s e r a n a n o m b y . . . . . . . . . 4 
2 . 2 . T o n g o b a t o 9 
2 . 3 . B e r e n t y 10 

3 . S a m p l i n g m e t h o d s . . . . . . . . . . 11 
3 . 1 . G e n e r a l m e t h o d o l o g y . . . . . . . . . 11 
3 .2 . D a t a c o l l e c t i o n o n f e e d i n g b e h a v i o u r . . . . . . 12 

4 . F e e d i n g b e h a v i o u r . . . . . . . . . . 13 
4 . 1 . F e e d i n g t e c h n i q u e s . . . . . . . . . 13 
4 . 2 . F e e d i n g h e i g h t s a n d f e e d i n g sites . . . . . . . 15 
4 . 3 . D i u r n a l a c t i v i t y p a t t e r n s a n d p e r c e n t a g e of t i m e s p e n t f e e d i n g . . 17 
4 . 4 . Spec i e s c o m p o s i t i o n of t h e d i e t . . . . . . . 2 0 
4 . 5 . P a r t s of p l a n t s e a t e n . . . . . . . . . 2 6 
4 . 6 . D r i n k i n g 2 8 

5 . F e e d i n g b e h a v i o u r a n d soc ia l b e h a v i o u r . . . . . . 2 9 
6 . P r e d a t i o n . . . . . . . . . . . 3 1 
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1. INTRODUCTION 

In this paper I will describe the diet and foraging behaviour of Lemur 
catta and Lemurfulvus (Figs 1 and 2). These species were studied between 
September 1969 and November 1970, and filmed during July and August 
1974. The focus of the study was to compare the behaviour and ecology 
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FIG. 1. Lemur catta. 
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FIG. 2. Lemur fulvus ruf us (female). 
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of sympat r ic a n d al lopatr ic popula t ions of the two species (Sussman, 
1972, 1974). 

Popula t ions oiL. fulvus a re found in all forested regions of M a d a g a s c a r 
except the south. T h e subspecies t ha t I s tudied, L.f rufus, is located in 
the west a n d south-west a n d inhabi ts the wet deciduous forests in these 
areas. L. catta is located in the south-west a n d south a n d inhabi ts a 
var ie ty of forest types, inc luding very d ry bush a n d scrub forests. M u c h 
of the activity of L. catta takes place on the g round , whereas L. fulvus 
rarely comes to the g round . T h e two species coexist in the south-west 
be tween 20°44' a n d 23°92' south la t i tude . 

T h e s tudy was carr ied ou t in three forests: A n t s e r a n a n o m b y a n d 
T o n g o b a t o in the south-west a n d Berenty in the south. At An t se rana 
nomby , L. fulvus a n d L. catta a re sympatr ic . L. fulvus is found alone a t 
T o n g o b a t o , a n d L. catta is found alone a t Berenty. T h e location of the 
s tudy areas is shown in Fig. 3, a n d the age a n d sex composi t ion of the 
groups censused a t the three forests is given in Tables I a n d I I . Groups 
of L. catta on the average are approx imate ly twice as large as those of 
L. fulvus. T h e two species are similar in genera l morphology, size a n d 
weight . 

2. S T U D Y A R E A S 

2.1. Antserananomby 
A n t s e r a n a n o m b y is 12 k m no r th of the M a n g o k y river (see Fig. 3) . 
T h e major por t ion of m y s tudy in this forest was conduc ted wi th in an 
area of 10 ha , which coincides approx imate ly wi th the h o m e r ange of 
one g roup ofLemur catta a n d 12 groups of Lemur fulvus (Fig. 4) . Approx i 
mate ly 7-5 h a of this a rea conta in a closed canopy domina t ed by 
Tamarindus indica. This closed canopy is p a r t of a gallery forest which 
borders the Bengily river, a t r ibu ta ry of the M a n g o k y river. D u r i n g the 
three mon ths of observat ion a t A n t s e r a n a n o m b y , the river was dry . 
Along the d ry river bed border ing the gallery forest, there are sandy 
regions which are p robab ly covered wi th wa te r w h e n the rainfall is 
extremely heavy. I n these areas (approximate ly 1*5 ha of the tota l 10 ha) 
there a re m a n y small trees a n d bushes, as well as species of large trees 
which are also found in the cont inuous canopy. However , the large 
trees are spread out in the sandy area a n d do not form a cont inuous 
canopy. 

T o the nor th a n d nor th-west of the river the soil becomes drier , there 
is an increase in a l t i tude , a n d a brush a n d scrub vegetat ion replaces the 
closed canopy. Fa r the r to the north-west , there are hills which are also 
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FIG. 3 . S tudy sites. 

covered with primary brush and scrub vegetation. One-and-a-half 
hectares of this dry vegetation are contained within the 10-ha study area. 

The continuous canopy portion of the forest is formed by a Tamarindus 
indica consociation. There is a scattered, discontinuous layer made up 
mainly of Acacia and Terminalia, and more rarely occurring tall trees. 
The distribution of these trees along paths within the closed canopy 
(Fig. 5) is shown in Table III. The number of Acacia and Terminalia is 
higher along the edges of the canopy than in the middle of the forest and 
is highest on the 1-5 ha of the sandy region bordering the closed canopy 
forest. The subordinate tree layer is made up of smaller trees (e.g. 
Flacourtia ramontchi, Poupartia cqffra and Tisomia sp.) and saplings of the 
taller trees. Throughout the forest there are many lianas. The ground 
layer is sparse with a few herbaceous species such as Achyranthes aspera, 
Mimilopsis sp. and Commicarpus commersonii. Epiphytes and ferns are rare. 
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FIG. 4. Antserananomby. Home ranges of Lemur fulvus and Lemur catta. (J^, Ficus soroceoides 
trees; # , Ficus cocculifolia tree.) 

Primary closed ^ ^ C u | t j v a t ed f i e| d 

;J.-\*o. canopy forest 

Brush and scrub Lemur catta 

•Ο·; Γ \ Sand Lemur fulvus ruf us 

T h e a n n u a l cycle of leaf g rowth is very uniform. T h e leaves begin to 
form at the first rains of the hot season (in N o v e m b e r ) . However , 
fruiting a n d flowering of various p lan t species is var iab le t h r o u g h o u t 
the year , a n d there are also some evergreen p lan t species in the forest. 
A l though a detai led s tudy of the phenology of the forest was no t 
possible, the s tudy areas in all three forests were constant ly surveyed to 
de te rmine when the trees a n d species util ized by the animals were in 
fruit and flower. This was possible because of the small areas involved. 

T h e brush a n d scrub forest reaches only the height of the subord ina te 
t ree layer of the cont inuous canopy. T h e r e is no d o m i n a n t tree species 
bu t only an association m a d e u p of m a n y co -dominan t species. T h e 
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FIG. 5 . Antserananomby. Vegetation and transects. 

most f requent of these small trees a re Alchornea sp. , Mimosa delicatrala 
a n d Protorhus perrieri. 

Weste rn M a d a g a s c a r is charac te r ized by a m a r k e d d ry season (austral 
winter) last ing from Apr i l to O c t o b e r or November . I n this region, 
there is a b o u t 700 m m of ra in b u t ha rd ly a t en th of this falls d u r i n g the 
d ry season. Mos t of m y observat ions a t A n t s e r a n a n o m b y were m a d e 
be tween 10th J u l y a n d 20th S e p t e m b e r 1970. T h e t e m p e r a t u r e d u r i n g 
this per iod var ied little. T h e average dai ly m a x i m u m was 32-1° C in 
J u l y a n d 35*5° in Augus t a n d Sep tember . T h e average m i n i m u m 
t e m p e r a t u r e was 11-8° C in J u l y , 13-9° in August , a n d 15-5° in Sep tem
ber. T h e h u m i d i t y d id no t va ry great ly t h r o u g h o u t this per iod. T h e r e 
was no rainfall . 

I coun ted a n d m a d e observat ions on 12 groups of L. fulvus (112 
animals) in this forest. In tensive observat ions were m a d e on one g r o u p 
of 19 L. catta. T h e ranges of two o ther groups of L. catta bo rde red the 
10-ha s tudy area , b u t these two groups were no t rout ine ly followed 
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a n d observations were m a d e on t h e m only w h e n they h a p p e n e d to be 
seen wi thin this a rea . T h e r e were m a n y groups of Propithecus verreauxi 
a n d we est imated their popula t ion to be approx imate ly 40 to 50 
individuals . 

T h e following noc tu rna l species of l emur a re found a t An t se rana 
n o m b y : Lepilemur mustelinus, Phaner furcifer, Cheirogaleus medius a n d 
Microcebus murinus. 

Besides lemurs , the m a m m a l s in the forest were domest ica ted dogs 
a n d zebu (Bos indicus), a t least two species of tenrec (Tenrec ecaudatus 
a n d Echinops telfairi), large fruit bats (Pteropus rufus), a t least one species 

TABLE I 
Composition of groups of L e m u r fulvus ru fus 

A d u l t 
A d u l t J u v e n i l e sex r a t i o 

N a m e of g r o u p M a l e F e m a l e M a l e F e m a l e I n f a n t T o t a l Μ : F 

A n t s e r a n a n o m b y 
A F - 1 4 6 1 1 0 12 1 1-50 
A F - 2 4 5 1 0 0 10 1 1-25 
A F - 3 4 3 0 1 0 8 1-33 : 1 
A F - 4 2 5 2 1 0 10 1 2-50 
A F - 5 4 6 0 2 0 12 1 1-50 
A F - 6 3 2 0 0 0 5 1-50: 1 
A F - 7 3 4 1 1 0 9 1 1-33 
A F - 8 2 2 0 0 0 4 1 1-00 
A F - 9 2 2 1 0 0 5 1 1-00 
A F - 1 0 4 5 2 0 0 11 1 1-25 
A F - 1 1 5 7 1 2 0 15 1 1-40 
A F - 1 2 4 4 1 0 0 9 1 1-00 

T o t a l s 41 51 10 8 0 110 41 : 51 = 1 : 1-24 
M e a n s 3-42 4-25 0-83 0-66 0 9-17 

T o n g o b a t o 
T F - 1 5 8 0 0 4 17 1 1-60 
T F - 2 2 3 1 0 1 7 1 1-50 
T F - 3 4 5 0 1 2 12 1 1-25 
T F - 4 3 4 0 0 1 8 1 1-33 
T F - 5 3 2 0 1 1 7 1 - 5 0 : 1 

T o t a l s 17 22 1 2 9 51 17 22 = 1 : 1-29 
M e a n s 3-40 4-40 0-20 0-40 1-80 10-20 

O v e r a l l to ta l s 5 8 73 11 10 9 161 5 8 73 = 1 : 1-26 
O v e r a l l m e a n s 3-41 4-29 0-64 0-59 0-53 9-47 
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TABLE II 
Composition of groups of L e m u r c a t t a 

A d u l t 
A d u l t sex r a t i o 

N a m e of g r o u p M a l e F e m a l e J u v e n i l e I n f a n t T o t a l Μ : F 

A n t s e r a n a n o m b y 
A C - 1 7 8 4 0 19 1 : 1-14 

B e r e n t v 
B C - 1 4 5 2 4 15 1 : 1-25 
B C - 2 7 6 3 4 2 0 1-17 : 1 

T o t a l s 11 11 5 8 35 11 : : 1 1 = 1 : 1-00 
M e a n s 5-50 5-50 2-50 4-00 17-50 

O v e r a l l t o t a l s 18 19 9 8 5 4 1 8 : : 19 = 1 : 1-05 
O v e r a l l m e a n s 6-00 6-30 3-00 2-70 18-00 

of small ba t a n d the wild pig (Potomochoerus larvatus). Possible p reda tors 
on the lemurs were the viverrid, Cryptoprocta ferox, a n d the hawk, 
Gymnogenys radiata. Snakes, l izards a n d chameleons were plentiful. 

2.2. Tongobato 
T h e forest of T o n g o b a t o is located in the same genera l a rea as An t se rana 
n o m b y (Fig. 3) . I t is nea r the village of Vondrove , 2 k m no r th of the 
M a n g o k y river a n d 10 k m south of A n t s e r a n a n o m b y . T h e forests of 
A n t s e r a n a n o m b y a n d T o n g o b a t o were p robab ly once p a r t of a con
t inuous forest r ange . T o n g o b a t o is a canopy forest which , unl ike 
A n t s e r a n a n o m b y , does no t g rade into brush a n d scrub, b u t is su r rounded 
by cul t ivated fields a n d deg raded vegeta t ion. I t consists of a cont inuous 
canopy of Tamarindus indica wi th a few areas , where the canopy is 
broken, in which there a re s tands of small trees, ma in ly Flacourtia 
ramontchi. Th i s forest is essentially the same as the cont inuous canopy 
por t ion at A n t s e r a n a n o m b y in bo th s t ruc ture a n d species of p lan t . T h e 
a rea I s tudied here was approx imate ly 8 ha . 

T h e average dai ly m a x i m u m tempera tu re s d u r i n g the s tudy per iod 
in this forest were similar to those recorded d u r i n g the per iod of s tudy 
a t A n t s e r a n a n o m b y . T h e y were 36-1° C in D e c e m b e r 1969, 36*2° in 
M a r c h 1970, a n d 35-3° in Apr i l 1970. T h e evening t empera tu res a t 
T o n g o b a t o were h igher t h a n those a t A n t s e r a n a n o m b y . T h e average 
m i n i m u m daily t e m p e r a t u r e was 18-9° C in December , 19*9° in M a r c h , 
a n d 16*3° in Apr i l . T h e s tudy was conduc ted a t T o n g o b a t o jus t before 
the peak of the ra iny season a n d following the ra iny season, after the 
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roads were passable. T h e total rainfall in December was 160 m m in 
14 days. I n M a r c h a n d Apri l , the rainfall was 0 a n d 3-5 m m respec
tively. 

T h r e e groups of Lemur fulvus were studied. Lemur catta is no t found a t 
T o n g o b a t o . Propithecus verreauxi is c o m m o n in this forest. Both Lepilemur 
mustelinus and Pkaner furcifer were sighted, bu t no a t t e m p t was m a d e to 
census the popula t ion of the noc tu rna l species. M a n y of the m a m m a l s , 
birds and reptiles t ha t are found at A n t s e r a n a n o m b y are also found here . 

2.3. Berenty 
T h e forest a t Berenty borders the M a n d r a r e river in the south of 
M a d a g a s c a r (Fig. 3) a n d has been described in detai l by Jo l ly (1966). 
T h e s t ructure of the vegetat ion at Berenty differs only slightly from tha t 
a t A n t s e r a n a n o m b y a n d T o n g o b a t o . T h e gallery forest is d o m i n a t e d 
by a cont inuous canopy of Tamarindus indica. However , there are m a n y 
species of large trees which are no t found in the o ther two forests (e.g. 
Albizzia polyphylla, Celtis bifida a n d Pithecelobium dulce). T h e m a i n 
s t ruc tura l difference be tween Berenty a n d the o ther forests is the relat ive 
absence of an emergent layer. T h u s the total he ight of the forest a t 
Berenty is less t h a n t ha t a t A n t s e r a n a n o m b y a n d T o n b o g a t o . 

M y study concent ra ted on a b o u t 9 h a of this forest. T h e average 
dai ly m a x i m u m t e m p e r a t u r e du r ing this per iod was 34-7° C a n d the 
average daily m i n i m u m t e m p e r a t u r e was 19-3°. T h u s , the t e m p e r a 
tures at n ight were higher t h a n those a t An t se r ananomby . At Berenty 
the sun rose at abou t 5.00h a n d set a t a b o u t 18.30h. These were similar 
to the times of sunrise a n d sunset a t T o n g o b a t o , b u t the days were 
shorter du r ing the per iod of m y s tudy a t A n t s e r a n a n o m b y (the sun 
rose at 6.00h a n d set a t abou t 18.00h). T h e total rainfall d u r i n g 

TABLE III 
Number {and %) of large trees of the most frequently occurring species at 

Antserananomby along six transects shown in Fig. 5 

T r a n s e c t 
Spec ies 1 2 3 4 5 6 T o t a l 

Tamarindus indica 16 (19) 39 (55) 3 4 (72) 19 (46) 2 3 (52) 53 (55) 184 (48) 
Acaciarovumae 4 0 (47) 16 (22) 10 (21) 9 (22) 19 (43) 35 (36) 129 (33) 
Terminaliamantaly 2 4 ( 2 8 ) 4 (4) 1 (2) 11 (27) 1 (2) 7 (7) 4 8 (12) 
Ficus soroceoides 3 (3) 1 (1) — — — — 4 (1) 
Acaciasp. 2 (2) 1 2 ( 1 7 ) 2 (4) 2 (5) 1 (2) 2 (2) 21 (5) 

T o t a l 85 72 4 7 41 4 4 97 3 8 6 



1. LEMUR CATTA AND LEMUR FULVUS 11 

N o v e m b e r was 27*8 m m . However , t he rainfall a t Berenty was the 
lowest recorded in the last ten years (Char les -Dominique a n d Hlad ik , 
1971). 

T h e 9 h a in which I s tudied inc luded the h o m e ranges of two groups 
of Lemur catta, a l though this was only p a r t of the tota l h o m e r ange of 
one of the groups . T h e r e a re no Lemur fulvus in southern M a d a g a s c a r . 
T h e noc tu rna l lemurs found in Berenty a re Lepilemur mustelinus, 
Microcebus murinus a n d Cheirogaleus medius. M a n y of the same genera of 
m a m m a l s , birds a n d reptiles t h a t a re in western M a d a g a s c a r a re also 
found in the gallery forests of the south. 

3. S A M P L I N G M E T H O D S 

3.1. General Methodology 
D a t a were collected s imul taneously on bo th the activity of the an imals 
a n d the forest s t ra ta a t which this activity took place . Counts were 
m a d e at five-minute intervals of the n u m b e r s of individuals engaged in 
each of six activities a n d the level of the forest in which the activity was 
performed. T h e following activities were r eco rded : feeding—the 
an imal actual ly in the process of ingesting or picking a food i t e m ; 
g r o o m i n g — m u t u a l a n d self g rooming were dist inguished for cer ta in 
analyses; res t ing—no body displacement , or feeding, g rooming , 
sunning, e tc . ; m o v i n g — m o v e m e n t of an indiv idual , inc lud ing indivi
dua l foraging; t r a v e l — m o v e m e n t of the g r o u p ; a n d o ther—e.g . , 
sunning, play, fighting. These d a t a were collected only after the 
animals u n d e r observat ion were reasonably h a b i t u a t e d to the observer. 
E a c h observat ion of an an ima l const i tu ted an indiv idual activity 
record ( IAR) collected in a given five-minute t ime sample . Because of 
the focus of the s tudy a n d the difficulty in keeping cont inuous con tac t 
wi th an indiv idual an ima l , no a t t e m p t was m a d e to follow ind iv idua l 
animals nor to collect statistical d a t a on specific age or sex classes. 
Statistical analyses of the d a t a were compl ica ted by the fact t h a t some 
of the activity records were no t i n d e p e n d e n t of each o ther . T h e me thods 
used for the statistical analyses a re repor ted in Sussman et al. (in press). 

T o de te rmine levels of the forest, I used R i c h a r d s ' (1957) categories 
of forest stratification as a mode l a n d assigned n u m b e r s of one to five 
to the forest layers. Level 1 is the g r o u n d layer of the forest; it includes 
the h e r b a n d grass vegeta t ion. Level 2 is the sh rub layer, from one to 
th ree metres above the g round . Th i s layer is usual ly found in pa tches 
t h r o u g h o u t the cont inuous canopy forest, b u t is m u c h m o r e dense a n d 
is the d o m i n a n t layer in b rush a n d scrub regions. Level 3 of the forest 

Β 
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consists of small trees, the lower b ranches of larger trees, a n d saplings 
of the larger species of trees. This layer is a b o u t th ree to seven metres 
h igh. Level 4 is the cont inuous or closed canopy layer. I t is a b o u t 
five to 15 metres high. T h e d o m i n a n t t ree of the closed canopy, a t all 
th ree forests, is the kily (Tamarindus indica). Level 5 of the forest is the 
emergen t layer a n d consists of the crowns of those trees which rise 
above the closed canopy . I t is usually over 15 metres high. 

All th ree forests in which I m a d e intensive studies were p r i m a r y 
forests a n d the t ree layers were qui te distinct. I n most cases, the pa r 
t icular level in which an an ima l was observed could be dis t inguished 
easily. If I could not de te rmine the forest level unambiguous ly , I d id 
no t record it. 

Observat ions recorded in this m a n n e r m a y be biased because 
animals t ha t a re active in cer ta in levels of the forest m a y be m o r e 
difficult to see t h a n those active a t o ther levels. (This is discussed in 
detai l in Aldrich-Blake, 1970b a n d Clut ton-Brock, 1975a.) I a t t e m p t e d 
to min imize this p rob l em by following a relatively small n u m b e r of 
an imals (usually from five to ten) t h roughou t a per iod of cont inuous 
observat ion, keeping t rack of all the an imals . For Lemur fulvus this 
usually inc luded the whole g roup , which was small and , for the most 
pa r t , moved together . I t was more difficult to do this w h e n observing 
Lemur catta, for which it was often necessary to follow a n d observe sub
groups of the larger g roup . T h e larger g roup would disperse, especially 
du r ing foraging a n d feeding, a n d du r ing afternoon rest periods. 

D a y ranges were m a p p e d by following a g roup from one n ight rest ing 
site in the m o r n i n g to the t ime it settled in ano the r n ight resting site 
in the evening. T h e locat ion of the g roup was p lo t ted t h roughou t the 
d a y on a p r e p a r e d m a p of the forest a n d the a m o u n t of t ime the g r o u p 
spent in each locat ion was recorded . H o m e ranges inc lude the sum of 
all of the d a y ranges . T h e d a t a on h o m e ranges a re l imited, however , 
a n d p robab ly do no t represent to ta l h o m e ranges of the groups , since 
the s tudy in each a rea was l imited to a few months . 

3.2. Data Collection on Feeding Behaviour 
T h e n u m b e r of animals feeding a n d the level of the forest in which they 
were feeding was recorded d u r i n g the collection of five-minute act ivi ty 
records. T h e p l an t a n d the p a r t be ing ea ten were recorded direct ly on 
the d a t a sheet. P l an t specimens were collected whenever possible a n d 
were la ter identified by A r m a n d Rakotozafy of the Labora to i r e 
Bo tan ique of O R S T O M , T a n a n a r i v e . All d a t a on the feeding behav iour 
a n d diet of the two species are from direct observat ion only. 
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T h e following quan t i t a t ive d a t a on feeding behav iour a n d diet were 
o b t a i n e d : (a) the m e a n p ropor t ion of t i m e a Lemur catta a n d Lemur fulvus 
spent feeding for each of the 25 half-hour t ime periods (from 6.00 to 
18.25h) ; (b) the m e a n p ropor t ion of t ime each species spent feeding a t 
each level of the forest; (c) the n u m b e r of p l an t species which L. catta 
a n d L. fulvus were observed ea t ing ; (d) the p ropor t ion of t ime the 
an imals were observed feeding on var ious species of p l an t s ; (e) the 
p ropor t ion of t ime L. catta a n d L. fulvus were observed feeding on 
fruits, leaves, bark , etc. D a t a were also collected on the locat ion of 
an imals wi th in the forest a n d g r o u p foraging pa t t e rns . All the d a t a were 
collected a n d c o m p a r e d for L. catta a n d L. fulvus a t all three forests. 

4. FEEDING B E H A V I O U R 

4.1. Feeding Techniques 
Both species use essentially the same postures while feeding in the trees. 
T h e behav iour of Lemur catta d u r i n g feeding has been descr ibed by 
Jo l ly (1966). Both species frequent ly feed in the finest b ranches on the 
tops a n d edges of tall trees. T h e y move ou t to the fine ne t of t iny 
branches a n d then h a n g on wi th th ree extremities while reach ing a leaf 
or b r a n c h a n d pul l ing it t oward t h e m . T h e y then pul l the edible p a r t 
to their m o u t h a n d pick it off the twig wi th a j e rk of the head . L. catta 
also feed this way on the tops of bushes or trees in the subord ina te layer 
of the forest. Whi l e feeding on fruits, bo th species tilt the i r heads back 
while chewing. Mos t large fruits a re held in the hands , squirrel fashion, 
a n d chewed. However , the fruits of some trees were too large for t he 
animals to hold. For example , the fruit of Ficus cocculifolia ( " a d a b o " ) 
was ea ten from one t ree by L. catta a t A n t s e r a n a n o m b y (see be low) . 
L. catta fed on this t ree by push ing the large, apple-sized fruit against 
the b r a n c h a n d then tak ing one or two large bites. I n m a n y cases, as 
m a n y as th ree or four of these fruit would d r o p to the g r o u n d before 
the an ima l was successful in suppor t ing one long enough to get a b i te . 
L. catta would no t feed on the fruit which d r o p p e d to the g r o u n d whi le 
there were still an imals in the t ree feeding. Often, in the morn ing , the re 
were zebu (hump-backed catt le) rest ing u n d e r the t ree . W h e n the 
cat t le were there , they would wai t for a fruit to d r o p a n d finish it w i th 
one bite. L. catta would eat the a d a b o fruit wh ich h a d d r o p p e d to the 

a In this paper, "proportion of time" is used to refer to the proportion of IARs for the specific 
activity, level of the forest, or component of the diet. 
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FIG. 6 . Lemur fulvus feeding on sap of Terminalia tree. 
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ground only w h e n there were no o ther L. catta in the t ree above a n d 
w h e n there were no zebu rest ing u n d e r the t ree . 

Lemur catta often feeds on the g round , ei ther on fallen fruit or on 
herbs or small bushes. He rbs or b ranches of bushes a re b r o u g h t to the 
m o u t h by one or two of the an imal ' s hands , while he s tands b ipedal ly 
or t r ipedal ly . La rge fallen fruit a re also b r o u g h t to the m o u t h wi th one 
or bo th hands , while small fruit a re usually picked u p wi th the m o u t h 
from a q u a d r u p e d a l s tanding or a sitt ing posit ion. 

Both species feed on sap from large trees. T h e animals usual ly lick 
the sap directly from the ba rk (Fig. 6) . However , it is also possible t ha t 
they use their tooth c o m b to scrape the sap off the bark . 

4.2. Feeding Heights and Feeding Sites 
Lemur fulvus is very specific in its choice of vert ical hab i t a t . O v e r 9 5 % 
of all its activity takes place in the top layers of the forest (levels 3, 4 
a n d 5) . T h e animals spent 4 5 % (Tongoba to) a n d 6 0 % (Antserana
nomby) of their feeding t ime in the cont inuous canopy of the forest 
and over 8 5 % in the u p p e r three forest levels (Tab le I V ) . Lemur catta 
was active at all levels of the forest. I t spent more t ime on the g r o u n d 
than in any one of the o ther four levels ( 3 6 % at Berenty a n d 3 0 % a t 
A n t s e r a n a n o m b y ) , a n d most of the g roup t ravel took place on the 
g round . L. fulvus spent less t h a n 2 % of the t ime on the g round . L. catta 
frequently fed in all of the avai lable levels of the forest. O v e r 6 5 % of its 
feeding was done in levels 1, 2 a n d 3, a n d less t h a n 2 0 % in level 4. 

Groups of L. fulvus fed in relatively few trees t h r o u g h o u t the day . 
L. catta foraged, the g roup moving from one feeding site to ano ther , a n d 
frequently from one a rea to ano ther . Wi th in a per iod of seven to ten 
days the g roup visited most of its total r ange . Th is cons tant survei l lance 
of the h o m e range al lowed the an imals to discover p lants which were 
in flower a n d fruit wi th in a short t ime. Even after finding a pa r t i cu la r 
p roduc ing t ree or s tand of trees, the g r o u p would not feed a t the site 
exclusively b u t would con t inue to move constant ly t h r o u g h o u t the day . 
I n most instances, m o v e m e n t be tween food species was no t re la ted to 
any not iceable deple t ion of the food avai lable . O v e r half of the species 
ea ten by L. catta a t a pa r t i cu la r forest were often uti l ized wi th in t he 
course of one day . However , the g r o u p would frequently begin a n d end 
their day by foraging in a par t icu la r ly favourable site. 

Groups of L. fulvus moved very little t h r o u g h o u t the d a y (day 
ranges were a b o u t 125-150 m) a n d h a d h o m e ranges be tween a b o u t 
0-75 a n d 1-0 ha . T h e y fed, for the most pa r t , in the evenly d is t r ibuted 
species of trees wi th in their h o m e r ange b u t often more t h a n one g r o u p 
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T A B L E IV 
Mean percentage of animals observed at each level 

for each activity and regardless of activity 

Level 
Activity 1 2 3 4 5 

Lemur fulvus rufus at Antserananomby 
Feeding 0-00 2-58 15-60 59-66 22-16 
Grooming 0-00 0-54 9-34 78-24 11-88 
Resting 0-00 1-20 14-05 79-60 5-15 
Moving 2-61 0-60 18-14 66-16 12-48 
Travel 0-00 0-00 2-60 87-84 9-56 
Other 0-00 8-33 5-95 54-70 31-02 

All 
activities 0-44 2-21 10-95 71-03 15-38 

Lemurfulvus rufus at Tongobato 
Feeding 2-17 11-40 5-01 44-66 36-76 
Grooming 0-00 0-60 9-93 79-99 9-49 
Resting 0-34 0-83 8-03 79-91 10-89 
Moving 6-02 1-27 4-14 78-64 9-93 
Travel 0-95 3-69 5-92 82-94 6-50 
Other 0-00 5-00 15-00 56-18 23-82 

All 
activities 1-58 3-80 8-00 70-39 16-23 

Lemur catta at Antserananomby 
Feeding 27-58 12-78 25-23 19-01 15-40 
Grooming 4-37 15-90 20-42 46-00 13-31 
Resting 9-54 16-74 25-62 35-02 13-08 
Moving 44-73 5-88 21-62 17-58 10-20 
Travel 64-70 1-81 13-47 17-46 2-57 
Other 28-70 5-02 27-31 22-50 16-47 

All 
activities 29-93 9-69 22-28 26-26 11-84 

Lemur catta at Berenty 
Feeding 30-84 15-10 41-56 12-32 0-18 
Grooming 10-16 23-35 27-97 38-38 0-14 
Resting 14-01 26-14 28-18 31-68 0-00 
Moving 55-32 13-51 15-82 15-35 0-00 
Travel 70-93 6-44 5-48 17-15 0-00 
Other 35-71 17-27 20-61 26-41 0-00 

All 
activities 36-16 16-97 23-27 23-55 0-05 

1 6 
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would share more rarely occur r ing species of trees which h a p p e n e d to 
be in flower or fruit a t the t ime. T h e d a y ranges of L. catta were usually 
be tween 900 a n d 1000 m. A l though L. catta slept each n ight in the 
cont inuous canopy , a t A n t s e r a n a n o m b y it spent 5 8 % of the d a y 
outside of the closed canopy area , even t hough this represented only 
3 0 % of the tota l a rea of its r ange . H o m e ranges were 8-8 h a for the 
g roup a t A n t s e r a n a n o m b y a n d 6-0 h a for t h a t a t Berenty. However , in 
a more ar id region of Berenty, Budni tz a n d Dainis (1975) s tudied a 
g roup wi th a h o m e r ange of 23 ha . 

4.3. Diurnal Activity Patterns and Percentage of Time Spent 
Feeding 
Lemur catta a n d Lemur fulvus a re act ive a t different t imes of the day . T h e 
two species do not feed, rest, move or t ravel du r ing the same hours 
of the day . N o r do they spend the same propor t ion of t ime in each 
of the no ted activities. F igure 7 represents the m e a n percen tage of 
animals engaged in each of the six activities du r ing periods of several 
hours . 

T h e most striking differences be tween the two species a re seen in the 
d a t a from A n t s e r a n a n o m b y . At this forest, L. fulvus rested t h r o u g h o u t 
the afternoon, whereas L. catta rested for only a short t ime a t m i d d a y 
(dur ing the th i rd per iod) . L. fulvus rested longer in the midd le of the 
day t h a n L. catta. Sixty per cent or m o r e of the L. fulvus rested be tween 
10.00 a n d 16.00h (6 hours) a t A n t s e r a n a n o m b y , a n d be tween 9.30 a n d 
15.00h (5-5 hours) a t T o n g o b a t o . I n L. catta, 6 0 % or more of the an imals 
rested from 12.00 to 14.30h (2-5 hours) a t A n t s e r a n a n o m b y a n d from 
10.30 to 12.30h (2 hours) a t Berenty . L. fulvus rested more t h a n L. catta 
in all of the forests. T h e activi ty to rest ratios a t the three forests a re as 
follows: 

Lemur fulvus 
T o n g o b a t o : 5 0 / 5 0 - 1 - 0 0 
A n t s e r a n a n o m b y : 44/56 = 0· 79 

Lemur catta 
A n t s e r a n a n o m b y : 59/41 = 1-44 
Beren ty : 61/39 = 1-56 

T h e feeding schedules of L. catta a n d L. fulvus a re i l lustrated in Fig. 8. 
T h e feeding activity of bo th species can be descr ibed by a b imoda l 
curve . However , L. fulvus fed very early in the m o r n i n g a n d la te in the 
afternoon a n d travel led little to ob ta in its food. L. catta began to feed 
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F i g . 8. Percentage of indiv idual act ivi ty records for feeding d u r i n g each half-hour from 
6.00 to 18.25h. (a) Lemur fulvus a t A n t s e r a n a n o m b y ; (b) L. fulvus a t T o n g o b a t o ; (c) Lemur 
catta a t A n t s e r a n a n o m b y ; (d) L. catta a t Berenty . 

later in the morning and stopped earlier in the evening than L. fulvus. 
Groups of L. catta travelled greater distances to obtain food, foraging 
throughout the afternoon. At Antserananomby, L. catta spent an 
average of 25% of the time—from 6.00 to 18.25h—feeding in relation 
to the other five activities recorded, and at Berenty 31% (Table Vj . 
At Antserananomby, L. fulvus spent an average of 26% of the time 
feeding (Table V). At Tongobato, L. fulvus was observed feeding an 
average of only 16% of the time. The data from Tongobato, however, 
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m a y not be as rel iable as d a t a collected at the o ther forests. A t T o n g o 
ba to the animals were difficult to find a n d observe in the m o r n i n g a n d 
afternoon w h e n they were most act ive. T h e y were also h a r d to a p p r o a c h 
because of the frequent h u n t i n g in this forest. 

TABLE V 
Mean percentage of individual activity records for each activity each half-hour 

Activity 
Species and forest Feeding Grooming Resting Moving Travel Other 

Lemur fulvus rufus 
Tongobato 16-59 11-30 49-73 7-77 12-21 2-41 
Antserananomby 26-22 5-25 56-58 3-09 2-47 6-40 

Lemur catta 
Antserananomby 24-94 4-67 41-42 7-45 11-34 10-19 
Berenty 31-12 10-97 38-63 6-30 6-91 6-07 

At Berenty, L. catta began to feed earlier in the m o r n i n g a n d its 
peak of resting was earlier t h a n at A n t s e r a n a n o m b y . I t also began to 
feed earlier in the afternoon a n d stretched out its af ternoon feeding 
activity over a longer per iod of t ime. These differences, which are most 
likely re la ted to the early sunrise a n d high early m o r n i n g t empe ra tu r e s 
a t Berenty, m a k e the activity pa t t e rn of L. catta a t this forest a p p e a r 
similar to t ha t of L. fulvus. Even though the t e m p e r a t u r e a n d t ime of 
sunrise at T o n g o b a t o were more similar to those at Berenty t h a n they 
were to those a t An t se r ananomby , the pa t t e rn of behaviour of L. fulvus 
was similar in bo th the forests in which it was s tudied. Seasonal 
differences (in this case, t ime of sunrise a n d sunset a n d t ime of the 
m a x i m u m t e m p e r a t u r e du r ing the day) seem to affect the dai ly act ivi ty 
cycle of L. catta more t h a n tha t of L. fulvus. 

A statistical analysis was performed on the feeding a n d rest ing activi
ties of L. catta a n d L. fulvus a t A n t s e r a n a n o m b y for each five-minute 
observat ion per iod. T h e results of the analysis a re shown in Figs 9 a n d 
10 (see Sussman et al., in press, for further discussion). Statist ical analyses 
c o m p a r i n g d a t a from different forests were difficult to in te rpre t because 
of the differing forest condit ions. 

4.4. Species Composit ion of the Diet 
Differences in the diets of the two species can be corre la ted wi th 
differences in the use of vert ical a n d hor izonta l space by the two species. 
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FIG. 9. Ζ scores for the feeding activity of Lemur fulvus and Lemur catta at Antserananomby, 
computed for each five-minute observation period. 
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FIG. 10. Ζ scores for the resting activity of Lemur fulvus and Lemur catta at Antserananomby, 
computed for each five-minute observation period. 

The more restricted use of space by Lemur fulvus is related to a less 
varied diet than that of Lemur catta. The plants which L. fulvus was 
observed eating during the study are listed in Table VI. I recorded 
L. fulvus eating only eight plant species at Tongobato and 11 at 
Antserananomby. There was a total of 13 different plant species eaten 
by L. fulvus in the two forests. L. catta, on the other hand, had a much 
more varied diet. At both Antserananomby and Berenty, L. catta was 
observed to feed on 24 different plant species (Table VI). There was a 
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total of 45 p l an t species ea ten by L. catta in the two forests. L. catta a te 
only th ree of the same species of p lants a t bo th forests. L. fulvus was 
observed to feed on only two plants which were not used by L. catta 
[Lawsonia alba a n d Tisomia sp.) . 

M a n y of the p l an t species ea ten by L. catta a t A n t s e r a n a n o m b y were 
found in port ions of the forest which were not util ized by L. fulvus. T h e r e 
were 12 species of p lants at A n t s e r a n a n o m b y on which L. catta was 
observed to feed which were not used by L. fulvus. O f these 12 species, 
three were g round plants (Commicarpus commersonii, Achyranthes aspera, 
Mimilopsis sp.) , th ree were vines on small trees, a n d four were species 
found on the per iphery or outside of the closed canopy forest. T w o of 
the la t ter were ea ten by L. fulvus a t o ther forests in our survey. L. fulvus 
was observed to feed on only one species of vine (Papilionaceae) which 
grew main ly on the kily trees. 

T h e diets of L. fulvus a n d L. catta do no t differ solely in the species 
of p lants eaten, bu t also in the frequencies at which these p lants a re 
util ized. Since each forest was s tudied at a different t ime of year , 
intraspecific var ia t ion in the diet m a y be d u e to seasonal condit ions as 
well as to differences in the forests. L. fulvus appear s specialized in its 
choice of diet . D u r i n g the per iod of observat ions a t T o n g o b a t o , th ree 
species of p lants const i tuted m o r e t h a n 8 0 % of the diet of L. fulvus 
(Table V I I ) {Flacourtia ramontchi, Tamarindus indica a n d Terminalia 
mantaly).3, Tamarindus indica accounted for almost 5 0 % of the diet . 

TABLE VII 
The number and percentage of individual activity records 

(IARs) for feeding on identified species of plants 

No. % 
P l a n t Spec ie s of I A R s of I A R s 

Lemur fulvus rufus a t A n t s e r a n a n o m b y 
Tamarindus indica L . 1802 75-68 

Γ 7 5 - 3 0 Ί 
L 0 - 3 8 J 

[ L e a v e s ! 
L F r u i t J 

1 , 9 

Acacia s p . 
Ficus soroceoides B a k . 
Acacia rovumae O l i a 
Terminalia mantaly H . P e r r . 
Qjiisivianthe papinae Ba i l l . 
O t h e r 
T o t a l 

156 
141 

74 
21 
18 

169 
2381 

6-55 
5-92 
3-10 
0-88 
0-75 
7-06 

99-94 

(continued) 

a
 I n this p a p e r , percen tage of diet refers to the percen tage of individual act ivi ty records for 
feeding on identified species of p lants or on various par t s of these p lants (Tab le V I I ) . 



TABLE VII {continued) 

N o . % 
P l a n t Spec ies of I A R s of I A R s 

Lemur fulvus rufus a t T o n g o b a t o 
Tamarindus indica L . 2 7 6 48-85 

L e a v e s " 2 3 7 " "41-95 ' 
F l o w e r s 26 4-60 
F r u i t 10 1-77 
B a r k 3 0-53 

Terminalia mantaly H . P e r r . 127 22-47" 
Flacourtia ramontchi L ' H e r . 6 9 12-21 
Acacia rovumae O l i a 38 6-72 
Vitex beravensis V a t k e 18 3-18 
O t h e r 37 6-54 
T o t a l 5 6 5 99-97 

Lemur catta a t A n t s e r a n a n o m b y 
Tamarindus indica L . 3 7 4 24-36 

" F r u i t " 1 8 3 " "11-92" 
L e a v e s 174 11-33 
F lowers_ 17 1-11 

S m a l l t r e e s : 320 20-84 
Alchornea s p . 
Flacourtia ramontchi L ' H e r . 
Grevia s p . 
Poupartia caffra H . P e r r . 

G r o u n d p l a n t s (al l species) 2 2 5 14-65 
Ficus soroceoides B a k . 194 12-63 
V i n e s (al l species) 140 9-12 
Quisivianthe papinae Ba i l l . 9 4 6-12 
Vitex beravensis V a t k e 82 5-34 
Ficus cocculifolia Bak . 4 0 2-60 
Acacia rovumae O l i a 18 1-17 
O t h e r 4 8 3-12 
T o t a l ' 1535 99-95 

Lemur catta a t B e r e n t y 
Tamarindus indica L . 

"Leaves"] 
I F r u i t 

B a r k 
Rinorea greveana H . B n . 
Pithecelobium dulce B e n t h 
Phyllanthus s p . 
Melia azedarach L . 
Ehretia s p . 
G r o u n d p l a n t s (al l species) 
Opuntia vulgaris M i l l 
Annona s p . 
V i n e s (al l species) 
O t h e r 
T o t a l 

5 1 9 22-97 
" 2 7 4 " - 1 2 - 1 3 " 

2 2 5 9-96 
2 0 0-88 

4 7 4 20-98 
4 3 3 19-16 
137 6-06 
132 5-84 
130 5-74 
124 5-48 

8 4 3-71 
38 1-68 
27 1-19 

151 7-10 
2 2 5 9 99-91 
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L. fulvus fed on the leaves, pods , stems a n d ba rk of this t ree, b u t a t 
T o n g o b a t o the leaves of the kily t ree a lone m a d e u p 4 2 % of the to ta l 
diet . T h e animals feed on bo th m a t u r e a n d y o u n g leaves of this species. 
T h e fruit of the kily was no t in season d u r i n g the t ime of m y observa
tions at e i ther T o n g o b a t o or A n t s e r a n a n o m b y . At A n t s e r a n a n o m b y , 
Acacia sp., Ficus soroceoides a n d Tamarindus indica accoun ted for over 
8 5 % of the diet of L. fulvus, a n d over 7 5 % of its diet consisted of mostly 
m a t u r e kily leaves. Therefore , a t bo th T o n g o b a t o a n d A n t s e r a n a n o m b y , 
a few species of p lants m a d e u p a large p ropor t ion of the diet , a n d kily 
leaves were the m a i n staple. T h e a m o u n t of t ime spent feeding on 
various species of p lants o ther t h a n kily in these two forests was p r o b 
ably directly re la ted to the d is t r ibut ion a n d seasonality of these p lan ts 
wi th in the small h o m e r ange of a n y pa r t i cu la r g r o u p a n d wi th in a 
par t i cu la r forest. 

T h e diet of L. catta is m o r e var ied t h a n t h a t of L. fulvus. A t An t se rana 
n o m b y , the following species m a d e u p over 7 0 % of the diet (Tab le VII): 

T h e kily t ree provided 2 4 % of the diet of L. catta in this forest. However , 
less t h a n half of this (11%) was leaves. Ki ly pods m a d e u p 1 2 % of the 
diet a n d g r o u n d plants (Achyranthes aspera a n d Mimilopsis sp.) 1 5 % . 

T h e diets of L. catta a t Berenty a n d A n t s e r a n a n o m b y consisted of 
different p l an t species, b u t since the foraging pa t t e rns in the two forests 
were very similar, the diets also were very similar in var ie ty of species 
consumed. At Berenty the following species accoun ted for over 8 0 % 
of the observed plants e a t e n : 

T h e kily t ree provided L. catta wi th 2 3 % of its diet . Ki ly leaves were 
ea ten in 1 2 % of the observat ions a n d kily pods in 1 0 % . T h e fruit of 
two o ther trees (Rinorea greveana a n d Pithecelobium dulce) together 
accounted for 4 0 % of the diet . T h u s , the species composi t ion of the diet 
of L. catta differed in the two forests. Th is is likely to be d u e to the fact 
t h a t (a) the species composi t ion of the forests differed a n d (b) the two 
forests were s tudied a t different t imes of the year a n d species of p lants 
in fruit a n d flower were no t the same. However , the foraging p a t t e r n 

Achyranthes aspera 
Alchornea sp. 
Ficus soroceoides 
Flacourtia ramontchi 

Mimilopsis sp. 
Grevia sp. 
Poupartia caffra 
Tamarindus indica 

Achyranthes aspera 
Boerhaavia diffusa 
Cassia sp. 
Melia azedarach 

Phyllanthus sp. 
Pithecelobium dulce 
Rinorea greveana 
Tamarindus indica 
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of L. catta (constant surveil lance of the h o m e range , covering the total 
h o m e range wi th in seven to ten days, a n d feeding a t all levels of the 
forest) was similar in bo th forests. This pa t t e rn p robab ly guaran tees a 
cer ta in a m o u n t of var ie ty in the diet of L. catta a n d a more or less 
consistent pa t t e rn to the diet , given the a m o u n t of a rea covered a n d 
the dis t r ibut ion a n d a b u n d a n c e of p lants wi th in this a rea . I n more a r id 
regions, the pa t t e rn of foraging p robab ly remains similar, bu t the size 
of the h o m e range , as well as the a m o u n t of t ime spent foraging, m a y 
increase (see Budni tz a n d Dainis , 1975). 

4.5. Parts of Plants Eaten 
Both Lemur catta a n d Lemur fulvus eat the fruit, leaves, flowers a n d some
times the ba rk a n d sap of various species of trees a n d plants . T h e 
a m o u n t of t ime tha t they spend feeding on the various par ts of the 
plants depends u p o n the fruiting or blossoming season of the p lants . 
For example , a t A n t s e r a n a n o m b y bo th L. catta a n d L. fulvus a te m o r e 
leaves t h a n fruit. L. catta was observed ea t ing leaves 4 4 % of the t ime 
a n d L. fulvus for 8 9 % of the t ime (Tab le V I I I ) . D u r i n g the major 
por t ion of m y s tudy in this forest ( Ju ly t h rough Sep tember ) , only two 
species of p lants began to fruit (Ficus soroceoides a n d Ficus cocculifolia). 
L. fulvus was observed feeding on fruit in this forest in only 7 % of the 
feeding observations, while L. catta a te fruit for 3 4 % of the feeding 
observations. 

T h e ma in difference be tween the p ropor t ion of fruit ea ten by the two 
species is re la ted to the abil i ty of the animals to use different par t s of 
the forest. T h e major por t ion of fruit ea ten by L. fulvus was from the 
large Ficus soroceoides trees. T h e r e were two of these trees in the forest 
a n d only five of the 12 groups of L. fulvus h a d h o m e ranges which 
inc luded one of the trees (Fig. 4) . Whi le Ficus soroceoides was fruiting, 
L. catta foraged in one or the o ther of the two trees each morn ing or 
afternoon. T h e fruit of this t ree m a d e u p 1 3 % of the diet of L. catta. 

T h r e e o ther trees p rovided L. catta wi th fruit : Vitex beravensis ( 5 % ) , 
Ficus cocculifolia (3%) a n d Tamarindus indica ( 1 2 % ) . At A n t s e r a n a n o m b y 
these three p lants were no t sources of fruit for L. fulvus. D u r i n g the 
per iod of m y study, the fruit of these trees was found only outside of the 
mid-forest a rea . T h e only kily trees t h a t still h a d pods were those 
which were isolated or in small s tands in the b rush a n d scrub port ions 
of the forest. Fal len berries of V. beravensis were ea ten from the dry 
river bed by L. catta. D u r i n g the afternoon the an imals would sit and 
rest in the sand of the d ry r iver bed casually ea t ing the berries which 
h a d fallen from the trees. F. cocculifolia p roduced fruits the size of large 
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TABLE VIII 
The number and percentage of 

individual activity records for feeding on 
identified parts of plants 

P a r t of N o . % 
p l a n t e a t e n of I A R s of I A R s 

Lemur fulvus rufus a t A n t s e r a n a n o m b y 
L e a v e s 2 1 2 3 89-16 
F r u i t 161 6-76 
F l o w e r s 9 0 3-77 
B a r k 7 0-29 
T o t a l 2 3 8 1 99-98 

Lemur fulvus rufus a t T o n g o b a t o 
L e a v e s 2 7 5 52-08 
F r u i t 2 2 4 42 -43 
F l o w e r s 2 6 4-92 
B a r k 3 0-56 
T o t a l 5 2 8 99-99 

Lemur catta a t A n t s e r a n a n o m b y 
L e a v e s 6 7 0 43-64 
F r u i t 5 1 6 33-61 
H e r b s 2 2 5 14-65 
F l o w e r s 124 8-07 
T o t a l 1535 99-97 

Lemur catta a t B e r e n t y 
F r u i t 1335 59-30 
L e a v e s 5 5 0 24 -43 
F l o w e r s 137 6-08 
H e r b s 124 5-50 
B a r k , s a p , 

c a c t u s 105 4-66 
T o t a l 2 2 5 1 99-97 

apples. I saw L. fulvus eat this fruit in a forest at the edge of the Mangoky 
river during my surveys. There was only one of these trees in the forest 
at Antserananomby, and it was located on the side of the river opposite 
to the continuous canopy portion of the forest (Fig. 4 ) . L. fulvus rarely 
crossed the river and was never seen in this tree. L. catta, on the other 
hand, crossed the river and fed in this tree regularly for a number of 
days when the fruit was ripe. 
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Both L. catta a n d L. fulvus a te relatively more fruit in those forests 
in which they were found a lone t h a n a t A n t s e r a n a n o m b y . T h e in ten
sive s tudy was done a t the beginning of a n d immedia te ly after the ra iny 
season at T o n g o b a t o , a n d at the onset of the ra iny season at Berenty. 
T h e intensive s tudy a t A n t s e r a n a n o m b y was carr ied ou t in the midd le 
of the dry season. D u r i n g the mon ths of observat ion a t these forests, 
there were more species of trees bear ing fruit a t T o n g o b a t o a n d 
Berenty t h a n at An t se r ananomby . L. catta was seen ea t ing fruit in 
5 9 % of the observations a t Berenty, a n d L. fulvus a te fruit in 4 2 % of 
the feeding observations a t T o n g o b a t o . L. fulvus a te leaves in this forest 
du r ing 5 2 % of the observations a n d ate the fruit of six of the eight 
p lants in which it was observed feeding. All of these plants were 
relatively c o m m o n in the forest. L. catta a te leaves in trees du r ing 2 4 % 
of the observed feeding activity a n d leaves a n d stems of g round p lants 
in 5 % . At Berenty, in ano the r pa r t of the forest, g r o u n d plants m a d e u p 
2 0 % of the diet of L. catta du r ing J u n e th rough September , 1963 
(Jolly, 1966). 

L. catta a te flowers be tween 6 - 8 % of the t ime a n d L. fulvus a te flowers 
be tween 4 - 5 % of the t ime. Bark a n d sap were ea ten by bo th species 
in all three forests, bu t m a d e u p less t h a n 5 % of the total observat ions. 
L. catta was observed feeding on the pu lp of a cactus p l an t (Opuntia 
vulgaris) a t Berenty abou t 4 % of the t ime. At this forest, L. catta was 
also seen chewing dir t in a few observat ions. 

4.6. Drinking 
Both Lemur catta a n d Lemur fulvus p robab ly ob ta in most of their wa te r 
by licking the dew off leaves early in the m o r n i n g a n d from the 
wate r conta ined in the fruits a n d leaves u p o n which they feed. Animals 
of bo th species d r a n k from hollows in trees in which ra in-wate r h a d 
collected. T h e y ob ta ined the wa te r by l app ing it directly from the 
hollows. L. catta were often seen placing their hands into the hollows 
a n d then licking the wate r from their fingers. L. catta also d r a n k from 
puddles which formed on the g round after a ra in a n d sometimes 
d r a n k directly from the M a n d r a r e river (Jolly, 1966; Budni tz a n d 
Dainis , 1975). I never saw L. fulvus d r inking wa te r from sources on the 
g round . Budni tz a n d Dainis (1975) also repor t t ha t du r ing long d ry 
spells, L. catta h a d to spend a grea t deal of t ime in d ry bush a n d scrub 
areas of Berenty ea t ing succulent p lants (e.g. Xerosicyos perrieri, which 
they ate regular ly) . I n this d ry region, groups h a d to cover more g round 
in order to ob ta in the less densely dis t r ibuted food resources and to find 
sufficient water . 
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5. FEEDING B E H A V I O U R A N D S O C I A L BEHAVIOUR 

T h e density of Lemur fulvus was very h igh in the forests in which I 
s tudied, r each ing 1200 a n i m a l s / k m 2 a t A n t s e r a n a n o m b y . T h e biomass 
was roughly 25 kg /ha a t A n t s e r a n a n o m b y a n d 20 kg /ha a t T o n g o b a t o . 
T h e average size of the groups censused a t the two forests was 9-5 
(Table I) a n d groups r anged in size from four to 17 animals . However , 
the two groups observed wi th 15 a n d 17 individuals were not iceably 
less cohesive t h a n the smaller groups . 

I n bo th s tudy sites, the h o m e ranges of groups were qui te evenly 
dis t r ibuted wi th in the por t ion of the forest which conta ined a con
t inuous canopy . Ranges over lapped extensively (Fig. 4) a n d boundar ies 
of the ranges were no t defended. Groups often fed or rested in opposi te 
b ranches of the same large t ree. W h e n encounters be tween groups 
occurred , they were usually prec ip i ta ted by one g roup surpris ing 
ano the r as it moved in to the b ranches of a t ree in which the first was 
feeding or resting. These encounters seemed to function to ma in t a in 
the integri ty of the groups a n d not to m a i n t a i n pa r t i cu la r boundar ies . 
This p a t t e r n of g roup dispersion a n d in terac t ion al lowed a n u m b e r of 
groups to feed on rare ly occurr ing species which h a p p e n e d to be in 
fruit or flower a t any one t ime wi thou t affecting the ut i l izat ion of the 
more a b u n d a n t , evenly d is t r ibuted kily trees. 

Groups of L. fulvus were very cohesive. Agonistic encounters w i th in 
the g roup were very r a re a n d there were no not iceable h ierarchies . 
Activity of g r o u p m e m b e r s was synchronous a n d animals usually fed, 
t ravelled, rested du r ing the day , a n d slept a t n igh t in the same trees. 
Given the size of the average g r o u p of L. fulvus a n d the size of the 
resource units they utilize, there seems to be no need for compet i t ion 
be tween m e m b e r s of the same g roup for food or for feeding, resting, or 
sleeping sites. 

T h e popu la t ion densities of Lemur catta have been es t imated as 
be tween 167 /km 2 a n d 3 5 0 / k m 2 in different areas in which they have 
been s tudied (Jolly, 1966; Sussman, 1972; Budni tz a n d Dainis , 1975). 
I n m y two s tudy sites, the densi ty of L. catta was 2 1 5 / k m 2 a t An t se rana 
n o m b y a n d 2 5 0 / k m 2 a t Berenty, a n d the biomass was be tween 4 a n d 
6 kg /ha a t the two forests. A l though m o r e de ta i led comparisons r ema in 
to be m a d e , there seems to be a direct re la t ionship be tween the a b u n 
dance a n d dis t r ibut ion of resources ( including water ) a n d the density, 
size of h o m e ranges , a n d n u m b e r of groups of L. catta in an area . I n m o r e 
ar id regions wi th scarce a n d widely d is t r ibuted resources, h o m e ranges 
a re large a n d groups m a i n t a i n m o r e exclusive use of their ranges . En-
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counters be tween groups in these areas are ra re a n d dis tance is p robab ly 
ma in ta ined be tween t hem by spontaneous vocalizations given th rough
out the day (Sussman a n d R i c h a r d , 1974). W h e r e resources are more 
a b u n d a n t , the groups still seem to select for a var ie ty of food i tems in 
their diet a n d cover their whole range in a short per iod of t ime, con
stant ly moni tor ing resources wi th in it. However , there is m u c h more 
over lap of h o m e ranges be tween groups a n d m a n y more i n t e rg roup 
encounters . I n these areas, a t ime p lan shar ing of resources occurs 
(A. Jol ly , 1972a; Sussman and R icha rd , 1974). 

Agonistic encounters are frequent be tween members of the same g r o u p 
in L. catta. T h e r e is a clear a n d separa te d o m i n a n c e h ie ra rchy a m o n g 
the males and females, a n d females have been repor ted to be d o m i n a n t 
over males (Jolly, 1966; Budni tz a n d Dainis , 1975). T h e g roup is 
organized a r o u n d a core subgroup consisting of the adu l t females, their 
infants a n d younger juveni les , a n d the d o m i n a n t male or males . As the 
g roup travels, the core g roup usually moves together ahead of t h e 
subord ina te males a n d older juveni les . T h e subord ina te males a n d 
juveniles also tend to feed a n d rest together . T h e g roup is thus frequently 
divided into subgroups which separa te while moving , foraging a n d 
feeding, a n d resting. T h e females, a n d young a n d more d o m i n a n t males , 
get first choice of feeding, d r ink ing a n d d a y rest ing sites. I n some 
cases, cer ta in resources (e.g. small fruiting trees, wa te r holes or bushes) 
are depleted before all the member s of the g roup have h a d access to 
t hem. I n very ar id brush and scrub regions, where resource units a re 
small a n d scat tered, the larger g roup often divides in to a n u m b e r of 
subgroups a n d spreads out over a wide area . However , the m e m b e r s h i p 
of these smaller subgroups has not yet been analysed. T h e high frequency 
of agonistic encounters a n d the clear h ie ra rchy wi th in the g roup thus 
seem to be most clearly re la ted to establishing priori ty of access to 
food (and water) resource units of small size a n d l imited a b u n 
dance by facilitating the division of the g roup into smaller, foraging sub
groups. 

L. catta is found t h roughou t the south-west a n d south of M a d a g a s c a r . 
This is the most ar id region on the island a n d most of the und i s tu rbed 
vegeta t ion is brush a n d scrub or desert-like, Didierea, forest. T h e 
rang ing and foraging pa t t e rn a n d the g roup s t ruc ture a re most likely 
adap ta t ions to these ar id envi ronments in which resources a re sparse, 
unpred ic tab le a n d unevenly dis t r ibuted. 
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6. PREDATION 

T h e most dangerous p r eda to r of the d iu rna l lemurs is m a n . If the 
an imals a re a p p r o a c h e d by a m a n to w h o m they are not accus tomed, 
Lemur fulvus face the in t ruder , g run t , a n d w a g their tails a n d then 
usually leave, r u n n i n g th rough the dense closed canopy. If the an imals 
r ema in aroused, their g run ts t u rn in to h igh-p i tched bird-l ike chirps. 
Th i s usually elicits ch i rp ing in o ther nea rby groups . 

Lemur catta m a k e no noise unless cer ta in t ha t they have been not iced. 
T h e y try to move away silently in the trees unt i l they can descend to the 
g round . O n c e on the g round , they r u n off quie t ly in to the dense unde r 
brush. After a few minutes , they begin to meow quiet ly a n d in this way 
relocate each other . I would often relocate a g r o u p after it h a d been 
frightened by listening for these quie t vocal izat ions. Because of the 
evasive tactics of L. catta, the Malagasy often use dogs to h u n t this 
species. If L. catta a re p u t into a position where they canno t escape to 
the g round a n d run away, they m o b the in t ruder . I n these instances, 
the lemurs will all face the m a n or dog a n d ba rk at h im. 

T h e r e are two potent ia l n o n - h u m a n preda tors of the d iu rna l lemurs 
in the south a n d south-west of M a d a g a s c a r : the large hawk (Gymnogenys 
radiata) a n d the fossa (Cryptoprocta ferox). L. catta, L. fulvus a n d Propithecus 
verreauxi move into the densest foliage of the closed canopy a n d give 
par t i cu la r loud vocalizat ions w h e n a G. radiata flies overhead . All th ree 
species give the calls in unison. These calls a re never given to ano the r 
species of bird nor to the large fruit ba t (Pteropus rufus) t h a t f requently 
flies over the trees early in the evening. 

T h e fossa was observed only once d u r i n g the s tudy. L. catta saw the 
a n i m a l a n d ba rked a n d then r e m a i n e d silent, closely wa tch ing it as it 
moved away . L. fulvus reac ted in the same w a y as they do to h u m a n s . 
T h e y wagged their tails a n d g run ted . T h e viverrid passed quickly a n d 
d i sappea red into the dense u n d e r b r u s h . 

7. S U M M A R Y A N D D I S C U S S I O N 

1. T h e focus of this field s tudy was to c o m p a r e the ecology a n d 
behav iour of two sympat r ic , closely re la ted species of Lemur: Lemur 
catta a n d Lemur fulvus. By s tudying sympat r ic popula t ions , I was able 
to c o m p a r e a n d contras t the m a n n e r in which these species ut i l ized 
potent ia l ly ident ical resources. I f differences in the ut i l izat ion of the 
env i ronmen t were noted , hypotheses concern ing the re la t ionship 



32 R. W. SUSSMAN 

between these differences a n d differences in indiv idual a n d social 
behaviour (as well as morphophysiology) could then be formulated. 
T h e two species were also s tudied where they occur red alone to de ter 
mine if any of the not iceable differences were caused by the in terac t ion 
be tween the popula t ions . I n this paper , I describe the differences t h a t 
were found in the feeding behav iour of the two species. 

2. S tudy areas. Because of the design of the research, th ree forests 
were chosen for s tudy, one in which the two species were sympat r i c 
(Antse rananomby) a n d two where they were found alone ( T o n g o b a t o 
a n d Berenty) . T h e three s tudy areas were chosen because the forests 
were similar in s t ructure , the major por t ion of each conta in ing a con
t inuous canopy d o m i n a t e d by a Tamarindus indica (kily) consociation. 
T h e more rare ly occurr ing species of trees were also similar a t An t se rana 
n o m b y a n d T o n g o b a t o , b u t m a n y species were not found at Berenty 
which were relatively c o m m o n in the o ther two forests. A n t s e r a n a n o m b y 
was studied du r ing the d ry season. T o n g o b a t o a n d Berenty were s tudied 
du r ing the beginning of the ra iny season. A major l imita t ion of t he 
s tudy was tha t I was only able to s tudy each forest d u r i n g one season 
a n d thus seasonal var ia t ion in the behav iour of the animals in the s ame 
forest was not known. 

3. Sampl ing methods . Quan t i t a t i ve d a t a were collected a t five-
m i n u t e intervals on the n u m b e r of individuals engaged in each of six 
activities—feeding, grooming, resting, moving, t ravel , a n d o t h e r — a n d 
the level of the forest a t which activities were performed. T h e m o v e 
ments of groups wi th in the forest were recorded on p r e p a r e d maps . 
W h e n animals were feeding, the place a n d level a t which they were 
feeding were recorded as well as the p l an t species a n d p a r t being ea ten . 
T h e propor t ion of feeding records in which the animals were observed 
eat ing a par t i cu la r species or pa r t of a p l an t was r ega rded as an es t imate 
of the t ime which the animals spent feeding on tha t pa r t i cu la r i tem. 
Compar isons were m a d e be tween the quan t i t a t ive d a t a collected on 
the two species a n d be tween those collected on al lopatr ic popula t ions 
of the same species. 

4. Feeding behaviour . 

4 . 1 . Feed ing techniques . Lemur catta a n d Lemur fulvus were similar 
a n d qui te var iab le in the postures they used while feeding in the trees. 
T h e y usually fed in the small t e rmina l branches . L. catta, however , often 
fed while sitt ing or s tanding on the g round . Both species picked food 
i tems off the b ranches directly wi th their mou ths or held food in their 
h a n d s squirrel fashion while chewing. T h e r e was very little m a n i p u l a 
t ion of food i tems, a n d no peel ing or o ther food p repa ra t ion wi th the 
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h a n d s was observed. However , bo th species were seen licking wa te r 
from their hands . 

4.2. Feeding heights a n d feeding sites. Groups ofLemur fulvus moved 
very little t h r o u g h o u t the d a y a n d h a d very small h o m e ranges . D a y 
ranges were be tween 125 a n d 150 m a n d h o m e ranges were be tween 
0-75 a n d 1-0 ha . This species r ema ined in the cont inuous canopy of the 
forest a n d moved hor izontal ly from tree to t ree . T h e animals spent 
most of their feeding t ime in the closed canopy level of the forest or a t 
the s t ra ta direct ly adjacent to this level. L. fulvus ra re ly c a m e to the 
g r o u n d or visited port ions of the forest wh ich necessitated terrestr ial 
locomotion. 

H o m e ranges of groups of Lemur catta were 6 h a (Berenty) a n d 8-8 h a 
(An t se r ananomby) , b u t in very ar id regions they have been repor ted 
to be as large as 23 ha . D a y ranges were a b o u t 900-1000 m . T h e g r o u p 
visited its total h o m e range wi th in seven to ten days, visiting a var ie ty 
of food resources a n d constant ly moni to r ing its r ange . Groups of L. catta 
moved main ly on the g r o u n d a n d spent over 5 8 % of the day t ime in 
areas outside of the cont inuous canopy port ions of the forest, a l though 
they slept in the canopy a t n ight . T h e an imals fed in all the avai lable 
s t ra ta of the forest. 

4 .3 . D i u r n a l activity pa t t e rns a n d percen tage of t ime spent feeding. 
Lemur catta a n d Lemur fulvus a re act ive a t different t imes of the day . T h e 
two species do not feed, rest, move or t ravel d u r i n g the same hours . 
L. fulvus fed very early in the m o r n i n g a n d la te in the afternoon. L. catta 
also h a d two peaks of feeding bu t they were la ter in the m o r n i n g a n d 
earlier in the afternoon. Seasonal var ia t ions were m o r e p ronounced in 
L. catta a n d seemed to be re la ted to the t ime of sunrise a n d the length of 
the day . L. fulvus was active for m u c h less t ime d u r i n g the day t h a n 
L. catta. A l though bo th species spent approx ima te ly the same a m o u n t s 
of t ime feeding ( 2 5 - 3 0 % of the d a y ) , L. catta moved constant ly a n d 
covered relatively long distances to ob ta in its food. A t A n t s e r a n a n o m b y , 
L. catta spent 4 4 % of the d a y feeding, t ravel l ing a n d moving while 
L. fulvus spent only 31 % of the d a y in these activities. 

4.4. Species composi t ion of the diet . Lemur catta h a d a m u c h more 
var ied diet t h a n Lemur fulvus, ea t ing two to th ree t imes as m a n y species 
of p lants . A t bo th T o n g o b a t o a n d A n t s e r a n a n o m b y , only th ree species 
of p l an t m a d e u p over 8 0 % of the diet of L. fulvus, wi th kily account ing 
for 4 9 % a n d 7 6 % , respectively. L. catta, on the o ther h a n d , used one 
p a r t of its h o m e r ange for th ree to four days a n d then changed to ano the r 
pa r t . Even w h e n one feeding site was par t icu la r ly favourable , the g roup 
moved cont inuously while feeding. Th i s m o v e m e n t was rare ly re la ted 
to a n y not iceable deplet ion of resources. Groups of L. catta often fed on 



34 R. W. SUSSMAN 

more species of p lan t in one morn ing or afternoon feeding session t h a n 
did L. fulvus du r ing the whole s tudy. This difference was re la ted to 
differences in the use of space be tween the two species, L. fulvus be ing 
very restricted in its use of bo th vert ical a n d hor izonta l space. 

4.5. Par ts of plants eaten. Both Lemur catta a n d Lemur fulvus a te fruit, 
shoots, leaves, flowers, ba rk a n d sap. However , a very large p ropor t ion 
of the diet of L. fulvus was m a d e u p of the leaves of Tamarindus indica. 
Kily leaves m a d e u p 4 2 % of the diet of L. fulvus a t T o n g o b a t o a n d over 
7 5 % du r ing the dry season at A n t s e r a n a n o m b y . I n the la t ter forest, 
L. fulvus fed main ly on m a t u r e leaves. Like m a n y o ther species of 
p r i m a t e (e.g. Lepilemur mustelinus, Colobus guereza, Alouatta villosa a n d 
Presbytis senex), L. fulvus seems to be able to exist ma in ly on m a t u r e 
leaves a t cer ta in t imes of the year a n d this correlates, in all of these 
species, wi th low dietetic diversity (Hlad ik a n d Hlad ik , 1969, 1972; 
Char les -Domin ique a n d Hlad ik , 1971; Clut ton-Brock, 1975a). Th i s 
agrees wi th a n u m b e r of models of feeding strategies which predic t t h a t 
animals t ha t utilize a b u n d a n t a n d predic tab le food resources should 
choose a small r ange of food i tems ( M a c A r t h u r a n d P ianka , 1966; 
Emlen , 1968; Levins a n d M a c A r t h u r , 1969; Schoener , 1971). 

L. catta, on the o ther h a n d , is a d ie tary generalist . I ts diverse ver t ical 
a n d hor izonta l r ang ing p a t t e r n was associated wi th a var ied diet . T h e 
constant surveil lance of a relat ively large h o m e r ange al lowed groups of 
L. catta to exploit a n u m b e r of different resources over a wide a r e a : 
trees t ha t were in blossom or fruit could be located a n d uti l ized, 
inc luding m a n y food sources which were no t avai lable to L. fulvus (e.g. 
those found in the brush a n d scrub areas a t A n t s e r a n a n o m b y or on the 
g r o u n d ) . T h u s even du r ing the d ry season, L. catta h a d access to a n d a te 
considerably more young leaves, fruit, a n d flowers t h a n L. fulvus. 

T h e models of feeding strategy men t ioned above also predic t t ha t 
wi th a lower absolute a b u n d a n c e of food, a grea ter r ange of i tems should 
be taken . F u r t h e r m o r e , the dis tance be tween food i tems a n d the search 
t ime for these i tems should increase. W i t h low food product iv i ty a n d 
pa tchy , less p red ic tab le resources, the size of the h o m e r ange should 
also increase. T h u s , an imals which feed on pa t chy a n d c l u m p e d 
resources, such as fruit trees, often tend to have large h o m e ranges 
(Crook, 1965; Schoener , 1971). 

Since L. catta a n d L. fulvus, where they are sympat r ic , have potent ia l ly 
the same resources, it is of course impossible to re la te thei r d ie ta ry 
differences simply to the avai lable resources or to gross differences in 
the envi ronments in which they live. I t is m u c h m o r e likely t ha t food 
selectivity a n d specific h a b i t a t preferences a re re la ted to the evolut ionary 
history of the two species a n d t ha t these species have developed par t i cu la r 
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pa t t e rns of dea l ing wi th specific env i ronmenta l condit ions over a long 
per iod of t ime. Popula t ions of L. fulvus a re found in the ra in forests of 
the east a n d in the wet dec iduous forests of the nor th-west a n d west of 
M a d a g a s c a r . T h e y live in the cont inuous canopy port ions of these 
forests where a t least the foliage of some species of trees is always 
a b u n d a n t a n d pred ic tab le . T h e i r abili ty to exist on main ly m a t u r e 
leaves for p a r t of the year provides t h e m with a b u n d a n t a n d pred ic tab le 
resources all year round . L. catta is found only in the south a n d south
west of the island a n d lives in m a n y areas in which there are no lush, 
canopy forests, b u t only ar id brush a n d scrub, or desert-like forests. I n 
m a n y of these forests the vegeta t ion is pa tchy , unpred ic t ab le a n d likely 
to be very sparse for at least p a r t of the year . T h e foraging strategies 
a n d food selectivity of L. catta m a y well be a d a p t e d to these ar id 
env i ronments . 

5. Feeding behaviour a n d social behav iour . T h e social organizat ions 
of Lemur catta a n d Lemur fulvus paral le l those of o ther p r i m a t e species 
wi th similar feeding adap ta t ions . Presbytis entellus a n d Colo bus badius, 
like L. catta, bo th feed on fruit, select a wide var ie ty of food i tems a n d 
live in large groups wi th extensive h o m e ranges . Presbytis senex a n d 
Colobus guereza, on the o ther h a n d , a re more like L. fulvus. These species 
feed largely on foliage, utilize compara t ive ly few species of p l an t a n d 
live in small g roups wi th small h o m e ranges (see Clut ton-Brock, 
1975a). 

A n u m b e r of reasons have been proposed for large g roup size in 
popula t ions uti l izing c lumped resources which are unp red ic t ab l e in 
t ime a n d space. These are based on the proposi t ion t ha t each ind iv idua l 
must cover an extensive a rea to ob ta in a necessary var ie ty of resources 
bu t t ha t the total a rea can suppor t a large n u m b e r of individuals . 
Aggrega t ing these individuals in to one large g roup m a y be advan tageous 
for a var ie ty of reasons. These inc lude : (a) enhanced c o m m u n i c a t i o n 
a b o u t resources a n d p r eda to r s ; (b) p revent ion of over lap in foraging 
areas of a n u m b e r of solitary foragers (and, hence , decreased t ime a n d 
energy spent in tr ial a n d error while searching for undep le ted resources 
a n d in aggressive encounters be tween conspecifics); (c) increase in the 
a rea moni to red for food; a n d (d) increased abil i ty to defend against 
p reda tors (see Schoener , 1971). 

I t is also qui te likely t ha t the small g roup size found in L. fulvus can 
be re la ted to the dis t r ibut ion, predic tabi l i ty , a b u n d a n c e a n d size of 
the resources it selects. W e would expect t ha t there will be some 
re la t ionship be tween the spacing of resources in the env i ronmen t a n d 
the spacing of those individuals using the resources. However , to explain 
the adap t ive significance of specific differences be tween the types of 
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social organiza t ion found a m o n g pr imates , d iachronic as well as syn
chronic factors mus t be considered. 

A comple te unde r s t and ing of the re la t ionship be tween specific d ie ta ry 
preferences a n d foraging strategies a n d specific types of social s t ruc ture 
will most likely have to take into account a t least the following factors: 
(a) the resources a n d the periodici ty of these resources wi th in the to ta l 
geographical r ange of the species, as well as those in any par t i cu la r a r e a ; 
(b) the selectivity of the species—those resources chosen by the species 
as c o m p a r e d wi th those avai lable (this is often best done by cont ras t ing 
resource ut i l izat ion be tween a n u m b e r of species using potent ia l ly t h e 
same resources, or a n u m b e r of popula t ions of the same species in 
vary ing env i ronmen t s ) ; (c) the evolut ionary history of the species 
[ including extrapola t ions a b o u t the present a n d past geographica l dis
t r ibut ion a n d the envi ronments which exist(ed) wi th in these r a n g e s ] ; 
a n d (d) the history of the par t i cu la r popu la t ion a n d g roup , since con
ditions in a given a rea m a y select for population-specific or g r o u p -
specific adap ta t ions . This final factor would take into account t h e 
flexibility (adaptabi l i ty) of the species in quest ion given local condi t ions . 

Al though L. catta a n d L. fulvus coexist in a n u m b e r of forests in t h e 
south-west of Madagasca r , they utilize different resources. T h e d a t a 
indicate t ha t the differences in resource ut i l izat ion a n d h a b i t a t pref
erence are no t the result of the in terac t ion be tween the two popula t ions . 
I t is most likely t ha t their pa t te rns of behav iour developed as phy lo -
genetic adap ta t ions to different ecological condit ions d u r i n g the 
evolut ionary history of the two species. 
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1. M E T H O D S 

1.1. Introduction 
T h e largest living Malagasy lemur , Indri indri (Gmelin , 1788), is t he 
most specialized of the ex tan t 'Ver t ica l cl inging a n d l eap ing" p r imates 
(Napier a n d Walker , 1967). Leap ing from one vert ical suppor t to 
ano the r is the p r e d o m i n a n t locomotor behav iour of a small t axonomic 
family of large-bodied l emurs—the Ind r i i dae—con ta in ing in add i t ion 
to Indri, the genera Propithecus a n d Avahi. I n s t ruc ture , size a n d m a n y 
aspects of behav iour Indri closely resembles Propithecus (see R i c h a r d , 
this volume) but , unl ike the lat ter , possesses only a r u d i m e n t a r y tail . 
A l though the dis t r ibut ion of Propithecus is is land-wide, Indri a re only 
found in par ts of the m o n t a n e ra in forests which line the eastern coast 
of M a d a g a s c a r (Fig. 1). Avahi is smaller, noc tu rna l a n d dis t r ibuted 

-12°S 

Capricorn 

100 km 

FIG. 1. The distribution ofIndri indri and the location of study areas mentioned i n the text. 
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FIG. 2. T h e s t u d y s p e c i e s a n d i t s h a b i t a t . A p a r t i a l l y h a b i t u a t e d a d u l t f e m a l e Indri i s s h o w n 

r e s t i n g i n ( a ) a n d t h e g r o u p Ρ a d u l t m a l e f e e d s o n " n o n - s u p p o r t i n g " v e g e t a t i o n (Ficus 

pyrifolia) i n ( b ) . P a r t s ( c ) a n d ( d ) i l l u s t r a t e t h e d i f f e r e n c e s i n f o r e s t s t r u c t u r e w i t h i n t h e 

t e r r i t o r y o f o n e s t u d y g r o u p a t V o h i d r a z a n a . T a l l , s l i m t r e e s o c c u p y t h e b o t t o m o f t h e 

v a l l e y s ( c ) , w h i l s t a t t h e t o p o f t h e r i d g e a t i g h t l y p a c k e d v e g e t a t i o n o f s m a l l e r s t a t u r e ( d ) i s 

f r e q u e n t l y f o u n d . 
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a b o u t bo th these ra in forests a n d the dr ier a n d seasonal forests in the 
nor th-west of the island. All three genera are folivore-frugivores 
(Petter, 1962) a n d possess the functionally re la ted a l imen ta ry specializa
tions : large salivary glands, capacious s tomach a n d lengthy convoluted 
caeca (Hill, 1953). I n the areas visited du r ing this s tudy the th ree 
genera were sympatr ic . 

T h e h u m i d forests of eastern M a d a g a s c a r a re bui l t on a series of 
highly folded, steep-sided ridges. By influencing pa t te rns of d ra inage 
a n d shelter from prevai l ing winds these ridges p romote a local c l imat ic 
heterogenei ty t ha t considerably affects p l an t growth . I n the wet valley 
bot toms tall , s t raight trees grow a t low densities to form the closed 
canopy, condit ions typical of c l imax ra in forest vegeta t ion (Richards , 
1966). T h e rap id ly d ra ined a n d exposed r idge-tops, however , suppor t 
a densely packed vegeta t ion of small twisted trees which often form an 
impene t rab le bar r ie r to observers ' movements (Fig. 2d) . 

M a n y , if not all, p l an t species grow a t widely vary ing densities 
accord ing to their position a t different levels on the r idge slopes. 
Different p l an t species were found to a d a p t similarly to the dist inct 
c l imatic condit ions present a t each level, causing extensive physiog
nomical variabi l i ty wi th in each species. I n par t icu lar , the size a n d 
shape of leaf a n d leaf-support ing s tructures of different species of t ree 
were convergent a t each level on the r idge, m a k i n g the task of distin
guishing a n d n a m i n g species a difficult one . Indri, however , a p p e a r e d 
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FIG. 3 . Seasonal changes in mean monthly rainfall, mean monthly temperatures, astronomic 
daylength and the study groups' mean activity period duration at Analamazoatra. 
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to select different foods wi th equa l efficiency a t all levels on the r idge 
slopes. 

M e a n measures of rainfall a n d t e m p e r a t u r e t h r o u g h o u t the year 
(Fig. 3) i l lustrate the g radua l ly f luctuat ing t empera tu re s t ha t " p e a k " 
in the s u m m e r wet season (November to M a r c h ) w h e n ra in falls as 
afternoon t ropical c loudburs ts a n d often t h r o u g h o u t the night . L o n g 
periods of heavy cloud cover or cont inuous l ight ra in interspersed wi th 
occasional fine days charac te r ize the colder win te r mon ths (April to 
O c t o b e r ) . Phenological cycles in the forest, if they were a t all regular , 
were of a per iodici ty t ha t p roh ib i ted invest igation d u r i n g the per iod 
of field research. 

1.2. Study Areas 
T h r e e s tudy areas were visited in six-week cycles ("circuits") be tween 
J u n e 1972 a n d Augus t 1973 in o rder to s tudy the behav iour a n d ecology 
of Indri indri (Fig. 2a ) . Indri g roups were h a b i t u a t e d to the observer in 
the forests of A n a l a m a z o a t r a a n d V o h i d r a z a n a a n d observed for a to ta l 
of approx ima te ly 2300 hours . A further 200 hours were spent in 
observat ions of Indri a t F i e r enana a n d in o ther forests. 

Indri were found to live in small groups of two to five individuals each 
compris ing a nuc lear family un i t of an adu l t male , an adu l t female, a n d 
their d e p e n d e n t offspring (Petter , 1962; Pollock, 1975a). A single 
infant is born to the adu l t female a t two- or three-year intervals , off
spr ing reach ing adu l t size a t a b o u t seven to n ine years of age. I n all 
s tudy areas the popu la t ion density of Indri lay be tween n ine a n d 16 
individuals per k m 2 , each g r o u p occupying strictly defined terri tories 
of 0-15-0-3 k m 2 (Pollock, 1975a). 

T w o groups of Indri (group Ρ a n d g r o u p V) were h a b i t u a t e d to the 
observer at A n a l a m a z o a t r a over a per iod of ten weeks by a r epea ted 

TABLE I 
The composition of Indri study groups 

G r o u p A d u l t $ A d u l t 3 
A d u l t -

s ized (03) 
S u b -

a d u l t (02) J u v e n i l e (01) I n f a n t T o t a l 

Ρ 1 1 1 (<J) ι (<ί) ι (?) — 5 
V 1 1 — — — 1 (c?) 3 
I V 1 1 1 (? ) ι (<?) - 1 (c?)* 5 

T h e t w o m a i n s t u d y g r o u p s , g r o u p Ρ a n d g r o u p V , l i v e d i n t h e f o r e s t o f A n a l a m a z o a t r a . 

G r o u p I V l i v e d i n t h e f o r e s t o f V o h i d r a z a n a . 

* I n f a n t b o r n d u r i n g t h e s t u d y ( M a y 1973). 
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process of locat ing a n d following a single g roup . T h e composi t ion of 
these two m a i n s tudy groups is shown in T a b l e I . Every indiv idual could 
be easily dist inguished by facial idiosyncracies. 

1 . 3 . Methods of Observation 
Indri groups were j u d g e d to be " h a b i t u a t e d " w h e n all const i tuent 
members would feed wi th in 5 m of the observer. At this po in t q u a n t i t a 
tive observations commenced a n d groups Ρ a n d V were followed for 
13 and eight days respectively each "c i rcu i t " . D u r i n g each per iod of 
observat ion the activity, posture a n d position of all an imals t ha t were 
visible were recorded a t five-minute intervals for ten (group P) or 
six (group V) successive days. Eight circuits, each conta in ing a single 
per iod of observations on each of the two m a i n s tudy groups , covered 
the year- long per iod of research. 

Each Indri g roup was observed daily t h roughou t their comple te 
d iu rna l activity per iod which lasted from five to 11 hours accord ing to 
the season a n d the wea ther . T h e daily activity per iod began w h e n the 
first an imal to move from its sleeping position began to feed a n d ended 
wi th the last m o v e m e n t to a sleeping position by a g roup m e m b e r . All 
Indri g roup members usually s tar ted to feed no more t h a n a few minu tes 
after the first did so and usually s topped wi th in a few minutes of each 
other . 

O n e activity record for an identified individual was called an 
" ind iv idua l activity r eco rd" or I A R . O v e r the whole year 4 3 - 6 % of 
the m a x i m u m recordable b e h a v i o u r a of g roup Ρ a n d 6 5 - 3 % of the 
m a x i m u m recordable behaviour of g roup V was ob ta ined in this way. 
I A R s were equal ly dis t r ibuted across individuals , t ime of day a n d 
season, bu t relatively poor powers of an ima l identification du r ing the 
first circuit (56*9% of behavioura l records were unidentif ied c o m p a r e d 
to a yearly m e a n of 9-2%) requ i red this mon th ' s d a t a to be omi t ted 
from m u c h of the subsequent analysis. 

1.4 . Statistical Analysis 
Indri have both a low frequency of behavioura l change a n d a l imited 
reper toire of different activities, thus engaging in long bouts of similar 
behaviour . Samples of behaviour separa ted by five, ten a n d 15 minutes 

a
 T h e maximum recordable behaviour i s t h e t o t a l n u m b e r o f i n d i v i d u a l a c t i v i t y r e c o r d s ( I A R ) 

o b t a i n e d h a d t h e b e h a v i o u r o f e v e r y i n d i v i d u a l i n t h e g r o u p b e e n r e c o r d e d a t e v e r y p o i n t -

s a m p l e d u r i n g t h e g r o u p ' s a c t i v i t y p e r i o d . 
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were e x a m i n e d to locate the m i n i m u m in te rpo in t - sample in terval 
( J . A l t m a n n , 1974) t h a t would enab le the greatest q u a n t i t y of statistically 
i n d e p e n d e n t records to be used. Behavioura l t r a n s i t i o n frequencies 
were ca lcula ted for each of these th ree t ime intervals a n d c o m p a r e d to 
dis t r ibut ions expected by chance wi th a ch i -squared (χ2) test. O n l y 
15-minute t ransi t ions were no t significantly ( 0 · 1 < Ρ < 0 · 2 ) i n t e rdepen
den t a n d these were therefore chosen as basic d a t a a n d considered to 
represent the op t ima l compromise be tween the need for statistical 
" i n d e p e n d e n c e " a n d the need for min imiz ing errors arising from sample 
size l imitat ions. 

This t r e a t m e n t fails to solve the p r o b l e m of dependence be tween 
g r o u p m e m b e r s as each indiv idual ' s act ivi ty record is considered 
separately . O n l y by considerably r educ ing the a m o u n t of d a t a a n d by 
app ly ing potent ia l ly weight ing techniques of d a t a selection could this 
p rob l em be overcome. As these procedures were i n a p p r o p r i a t e for the 
present d a t a reasonably s t r ingent levels of significance ( Ρ < 0 · 0 5 ) a re 
employed a n d c o m p a r a b l e degrees of i n t r a g r o u p behav ioura l depen 
dence in the m a i n s tudy groups proposed in mi t iga t ion . 

I n the following discussion probabi l i ty values der ive from chi-
squared tests unless otherwise s ta ted. W i t h i n each g r o u p differences 
be tween individuals were t r ied only w h e n the values of all individuals 
in the g roup var ied significantly. 

2. FEEDING B E H A V I O U R 

2.1. Feeding Techniques 
Foliage, flowers, fruit a n d leaf buds were general ly consumed by Indri 
from branches pul led towards the m o u t h . Smal l fruits were picked by 
m o u t h a n d g n a w e d ou t of the c lenched h a n d which thus ac ted as 
res t ra iner a n d suppor t . La rge fruits were b i t ten from their stalks, 
t ransferred to the h a n d a n d ea ten after the a n i m a l h a d moved to a secure 
posit ion in the food tree. Ne i the r was ever p icked m a n u a l l y . 

T h e major source of fruit d u r i n g the s tudy per iod consisted p r imar i ly 
of species of the laure l family, all of which were approx ima te ly spherical 
or oval a n d the size of a large g rape . T h e endospe rm of the un r ipe fruit 
was scooped out using the " d e n t a l - c o m b " (the p r o m i n e n t ba t t e ry of 

a Strictly speaking, as continuous records of behaviour were not obtained these are point-
sample and not behavioural transitions. In practice the long duration of bouts of activity such as 
"feeding" or "resting" in Indri make this distinction superfluous. In any case the error will 
underestimate rather than overestimate behavioural independence, 

c 
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specialized tee th in the lower j aw) as a sharp-edged spoon. La te r , the 
th in sweet per icarps of the same bu t now m a t u r e fruit were g n a w e d 
off the under ly ing kernel . 

M a t u r e leaves of ra in forest vegeta t ion are thick a n d rigid a n d were 
ea ten in bites from the side or apex. T h e major i ty of consumed foliage 
was young , flexible a n d small a n d could be c l ipped off—several leaves 
a t a t i m e — a n d d r a w n cont inuously in to the m o u t h whilst chewing a n d 
swallowing. 

Indri profit from the h igh rates of leaf p roduc t ion in y o u n g trees by 
spending a large p ropor t ion of their t ime feeding on sapling vegeta t ion. 
A l though m a n y saplings a re unab l e to suppor t the weight (10-15 kg) 
of a n adul t , Indri ob ta in food by pul l ing t h e m towards a nea rby vert ical 
t r unk from which they can feed, in the locomotor or "ver t ica l c l ing ing" 
posture , for several minutes (Fig. 2b) . 

2.2. Feeding Heights and Sites 
Heigh ts were es t imated by eye, following ca l ibra t ion by pract ice wi th a 
Zeiss a l t imeter , to wi th in a 1 0 % m a x i m u m error . Since Indri c h a n g e d 
heights less frequently t h a n they changed activity, he ight records were 
taken every 30 r a the r t h a n every 15 minutes . 

All individuals were seen to feed t h roughou t the year a t all levels 
(2-40 m) in the forests. T h e m e a n height of individuals in each s tudy 
g roup a t A n a l a m a z o a t r a was 14 m. 

T o examine which par t s of the trees Indri used most, the position of 
each an ima l in the canopy was recorded at every poin t -sample . W i t h 
the exceptions of the cauliflorous flowers a n d fruits of a Tambourissa sp. 
a n d the leaves a n d fruits of two s t rangl ing figs (Ficus pyrifolia a n d 
Ficus sp.) , food was canopy borne . T h e canopy of each tree, irrespective 
of height , could be al located to one of th ree gross s t ruc tura l divisions: 
(i) cone, (ii) inver ted cone a n d (iii) cylinder. Wi th in each canopy type, 
four s t ra ta were dis t inguished: " u n d e r the c a n o p y " ( U C ) ; " c a n o p y 
b o t t o m " (CB) ; " m i d d l e c a n o p y " ( C ) ; " c a n o p y t o p " ( C T ) . " M i d d l e 
c a n o p y " comprised the cent ra l 5 0 % of the vert ical spread of the 
canopy in each type of t ree, " c a n o p y b o t t o m " a n d " c a n o p y t o p " equa l 
par ts of the r ema in ing lower a n d higher canopy levels. I n addi t ion , 
two hor izonta l categories were formed so as to separa te the cent ra l 
par t s of the canopy from those where an an ima l was ei ther feeding or 
was in a position from which it was able (wi thout a l ter ing its position) 
to feed on the outermost regions ( " t e r m i n a l " positions). 

A n Indri located in any of the positions in the canopy would feed, in 
vir tual ly all cases, on the tree in which it was s i tuated. Feeding " u n d e r 
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the c a n o p y " , however , general ly referred to the consumpt ion of non-
suppor t ing (usually sapling) vegeta t ion (Fig. 2b) . 

Indri a t A n a l a m a z o a t r a , where the forest h a d been subject to selective 
logging on a small scale, spent app rox ima te ly equa l a m o u n t s of t ime 
in different canopy levels. Thirty-five per cent of feeding records 
described animals in the cent ra l " m i d d l e c a n o p y " ca tegory whilst bo th 
" c a n o p y t o p " a n d " c a n o p y b o t t o m " were used for 1 7 % of the t ime . 
A b o u t 1 6 % of feeding records involved consumpt ion of a p l an t o the r 
t h a n t h a t in which the a n i m a l was s i tuated. Overa l l , 9 % of the records 
were scored as " t e r m i n a l " feeding positions. 

G r o u p V fed considerably m o r e on non- suppor t ing vegeta t ion t h a n 
g roup Ρ ( P < 0 - 0 0 1 ) . W i t h i n groups cer ta in ind iv idual differences were 
revealed by analysis of each individual ' s c anopy ut i l izat ion scores. T h e 
adu l t ma le of g r o u p P, for example , differed overall from the adu l t 
female a n d each of the two youngest offspring (0-01 < P < 0 - 0 5 , all 
tests). These differences in canopy use whilst feeding were the only 
in ter indiv idual differences in this g roup . W h e n the a m o u n t of t ime 
each g r o u p Ρ indiv idual spent in each canopy level w h e n feeding is 
ca lcula ted , these overall differences could be ascr ibed to specific par t s of 
the trees. T h u s the adu l t ma le spent significantly less t ime feeding in 
" t e r m i n a l " positions t h a n the youngest offspring 01 (0-01 < P < 0 - 0 5 ) , 
the subadu l t 02 (0-001 < P < 0 - 0 1 ) m o r e t ime feeding in the " m i d d l e 
c a n o p y " t h a n 02 (0-01 < P < 0 - 0 5 ) , a n d more t ime feeding in the 
" c a n o p y b o t t o m " t h a n the adu l t female (0-001 < P < 0 - 0 1 ) , as shown in 
Fig. 4. Feed ing sites chosen by one g r o u p V adu l t differed significantly 
from those chosen by the o ther ( P < 0 - 0 0 1 ) — t h e adu l t ma le spent 
significantly less t ime feeding in the " c a n o p y t o p " ( P < 0-001) a n d 
m o r e t ime feeding in t e rmina l positions ( P < 0-001) t h a n the adu l t 
female. 

T h e in t e rg roup difference appea r s to result p r e d o m i n a n t l y from the 
different feeding positions adop t ed by the two adu l t females as no 
overall differences be tween males could be de te rmined . T h e low 
probabi l i ty t h a t these two females used the trees similarly for feeding 
( P < 0 - 0 0 1 ) could be a t t r i bu ted to the respective a m o u n t s of feeding 
t ime spent (a) a t " t e r m i n a l " positions (P high, P < 0 - 0 0 1 ) a n d (b) out 
side the canopy on non-suppor t ing vegeta t ion (V high, 0-01 < P < 0 - 0 5 ) . 
C o m p a r e d to her g r o u p Ρ coun te rpa r t , the female of g r o u p V thus 
avoided per iphera l par t s of the canopies of trees in which she fed a n d 
chose to spend instead propor t iona te ly m o r e t ime feeding on the y o u n g 
foliage of saplings growing low in the forest. 

Assuming t h a t each ind iv idua l would freely move to similar op t ima l 
feeding spots in a food tree, consistent differences be tween individuals ' 
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FIG. 4 . Individual differences in preferred feeding sites chosen by Indri at Analamazoatra. 
The proportion of each individual's feeding records that were scored as under the canopy 
(UG), in the canopy bottom (GB), in the middle of the canopy (G), in the canopy top (CT) 
and in the peripheral canopy parts (Terminal) are shown. Canopy categories are more fully 
described in the text. 

uti l izat ion of the various par ts of trees a re likely to be of social signifi
cance . Displacements of the adu l t ma le by the adu l t female in each 
s tudy g roup forced the former to feed in lower canopy levels. T h e r e 
t he adu l t ma le could easily move to ano the r t ree if the a t t ack was 
repea ted , b u t the concent ra t ion of food was poorer . Adu l t female Indri 
were never displaced from their selected feeding positions. T e r m i n a l 
feeding positions were appa ren t l y most used by the lightest an imals 
(01 and 02) a n d some in t r ag roup ecological differentiation m a y have 
thus developed to some small extent as envisaged by K u m m e r (1968) 
for Papio hamadryas. 

I t is likely t ha t differences in feeding positions chosen by the two 
adu l t females were associated wi th the presence of an infant in g roup V . 
T e r m i n a l b ranches broke easily a n d observed falls occurred usually 
from these positions. F u r t h e r m o r e , locomotor prac t ice performed by 
the infant in a small a rea a r o u n d its mo the r whilst she fed in the tops 
of trees frequently caused branches to break or the infant to lose its 
gr ip on weak suppor ts a n d fall. T h e mo the r m a y have avoided t e rmina l 
positions in the interest of infant security a n d chosen to feed more on 



2. INDRI INDRI 47 

the y o u n g leaves of saplings low in the forest where falls by the infant 
were inconsequent ia l (see Section 3) . 

2.3. The Time Spent Feeding 
2.3.1. Overall time spent feeding 
Differences in the overall activity per iod of the two groups were m a r k e d 
(Fig. 3) . T h e relat ive propor t ions of the dai ly activity per iod spent 
feeding over the whole year was 3 9 - 2 % for g r o u p Ρ a n d 3 6 - 6 % for 
g roup V . After t rans la t ion in to measures of real t ime g r o u p V in fact 
fed on average for 4 - 9 % longer t h a n g r o u p Ρ each d a y as a result of 
their longer daily activity pe r iod . a 

T h e percen tage of the activity per iod devoted to feeding var ied 
from 30 to 6 0 % t h r o u g h o u t the year . T h e d a t a were insufficiently 
precise to pe rmi t an examina t ion of dai ly changes in this p a r a m e t e r , 
bu t the impression ga ined was of little or no variabi l i ty . T h e longer 
daily activity periods d u r i n g the s u m m e r mon ths were no t associated 
wi th any cor re la ted reduc t ion in the p ropor t ion of t ime Indri spent 
feeding (Fig. 5) . For g r o u p Ρ the a m o u n t of t ime spent feeding each 
day t h roughou t the year rose a n d fell wi th the seasonally chang ing 
dura t ion of the dai ly activity per iod. Th is g r o u p spent significantly less 
t ime feeding d u r i n g circuits V I a n d V I I t h a n a t any o ther t ime of the 
year (both tests: 0-01 < Ρ < 0 · 0 5 ) . C o m p a r e d to o ther mon ths least fruit 
was consumed d u r i n g these two circuits (see Section 2.3.3). 

For g roup V , however , feeding was m o r e var iable , p re sumab ly 
because of non-seasonal influences. T e n significant differences be tween 

ι π in py ν vi vn vm ι π πι ιν ν vi vn vi 
CIRCUIT 

FIG. 5 . C h a n g e s i n t h e d u r a t i o n o f t h e d a i l y a c t i v i t y p e r i o d a n d t h e p r o p o r t i o n o f t h i s p e r i o d 

s p e n t f e e d i n g b y e a c h s t u d y g r o u p a t A n a l a m a z o a t r a o v e r t h e y e a r ' s o b s e r v a t i o n s . T h e 

a b s c i s s a i s m a r k e d b y t h e c i r c u i t n u m b e r ( s e e t e x t ) . C i r c u i t s o c c u r r e d a t a p p r o x i m a t e l y 

6 - w e e k i n t e r v a l s f r o m S e p t e m b e r 1 9 7 2 ( c i r c u i t I ) u n t i l A u g u s t 1 9 7 3 ( c i r c u i t V I I I ) . 

a
 T h i s i s a % d i f f e r e n c e o f g r o u p P ' s t o t a l n u m b e r o f f e e d i n g r e c o r d s p e r d a y . A t e s t w a s 
c o n d u c t e d i n t h e field t o e n s u r e t h a t Indri b e h a v e d s i m i l a r l y w h e n t h e y w e r e o u t o f t h e 
o b s e r v e r ' s s i g h t a s t h e y d i d w h e n n o r m a l l y s e e n ( P o l l o c k , 1 9 7 5 b ) . 
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circuits in the proportion of the activity period spent feeding contained 
five which focused upon the poor level of feeding exhibited by this 
group during circuit V. 

2.3.2. Diurnal distribution of feeding 
Indri first show signs of activity two to three hours after dawn and 
finally take up sleeping positions a similar period before dusk. The total 
period of activity each day can last as little as five (midwinter) or as 
much as 11 (midsummer) hours and is often considerably shortened by 
wet, cold weather conditions. Within this period Indri range and feed 
continuously, gradually building up the intensity of feeding to peak 
at about midday or shortly after (Fig. 6). Temporary social sessions of 
loud, intergroup calls, communal bouts of defaecation, and suckling 
activities were sufficiently variable in their timing and short in duration 
to be concealed in the overall distribution of feeding records. The 
longer activity period of group V more than compensated for the pro
portionately fewer feeding records each hour compared to group P. 

Seasonal variation in the hourly distribution of feeding (Fig. 6) 
indicates for group Ρ earlier morning feeding "peaks" (9.00-10.OOh) 
in the summer months (circuits III-V) than in the winter (11.00-

Z CIRCUIT: II III IV V 

6 15 6 15 6 15 6 15 

Hour of day 

FIG. 6 . T h e h o u r l y d i s t r i b u t i o n o f f e e d i n g r e c o r d s d u r i n g e a c h c i r c u i t . T h e p r o p o r t i o n o f 

e a c h h o u r o f t h e d a i l y a c t i v i t y p e r i o d t h a t g r o u p Ρ ( c l o s e d t r i a n g l e s ) a n d g r o u p V ( o p e n 

t r i a n g l e s ) w e r e e n g a g e d i n f e e d i n g a c t i v i t i e s i s s h o w n f o r c i r c u i t s I I t o V I I I a n d o v e r t h e w h o l e 

y e a r ( O v e r a l l ) . 
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13.00h du r ing circuits V I - V I I I ) . In tense feeding bouts early in the d a y 
on the fruits of Ravensar a sp. a n d Cryptocarya sp. d u r i n g circuit I V 
accounted for this peak a t one t ime . I n g r o u p V the var iab le daily 
d is t r ibut ion of suckling t imes adversely affected smooth dai ly dis
t r ibut ions of feeding records for each circuit . I n m i d s u m m e r (circuit 
I I I ) , for example , an early a n d la te feeding peak is p re sen t—a con
di t ion typical of d iu rna l , t ropica l an imals , a n d indeed lemurs in o ther 
regions (see R i c h a r d , this vo lume) . H e r e , however , this b imoda l 
pa t t e rn is p robab ly associated wi th the fact t h a t 6 5 - 5 % of the t ime 
spent suckling by the g r o u p V infant d u r i n g circuit I I I occur red 
be tween 10.00 a n d 12.00h. T o w a r d s the end of the s tudy, as the infant 
was weaned , the dai ly d is t r ibut ion of feeding activities (and the activity 
period itself) more closely a p p r o a c h e d t ha t of g r o u p P . 

T h e hour ly dis tr ibut ions of feeding showed no m a r k e d var ia t ion 
amongs t different individuals (Pollock, 1975b). 

2.3.3. The amount of time spent feeding on different foods 
Indri were seen to eat a t least 62 species of p l an t d u r i n g the course of 
the s tudy. All 62 species could be ascribed to a genus, b u t only 24 were 
identified a t the species level. I n 10-8% of the feeding records it was no t 
possible to identify the species of p l an t be ing consumed ei ther because 
the food could not be clearly seen or because it was u n k n o w n . Us ing 
the classification suggested by Hu tch inson (1973) identified foods were 
located in 19 families, the most frequently represented of which w e r e : 
Clusiaceae (seven spp. ) , A n n o n a c e a e (four spp. ) , L a u r a c e a e ( three 
spp. ) , Euphorb i aceae ( three spp. ) , Sap indaceae ( three spp . ) , a n d 11 
families each represented by a single species. N o a n i m a l m a t t e r was 
seen to be ea ten by Indri d u r i n g the s tudy per iod a l though it a p p e a r e d 
t ha t objects ob ta ined from the fur a n d skin whilst g rooming were some
times ingested. 

A m a x i m u m of 16 p l an t species consumed by g roup Ρ were no t 
observed to be ea ten by g roup V a n d five species consumed by g roup V 
were not observed to be ea ten by g r o u p P. This was most likely d u e to 
differences in the per iod of observat ion on each g roup (see Section 1.3) 
a n d not to in te rg roup var ia t ion in selectivity. O f the 21 species ea ten 
by one g roup b u t no t by the other , 14 were ea ten on a single occasion 
du r ing one circuit only, a n d the r ema in ing seven total led only 1*1% of 
the feeding records of g roup V a n d 3*3% of the feeding records of 
g roup P. 

E a c h Indri s tudy g r o u p fed m u c h m o r e on some species t h a n others 
(Fig. 7). G r o u p Ρ spent 13-9% of its feeding t ime on the top r ank ing 
species a n d 5 0 % on the top r ank ing five species. G r o u p V spent 19-0% 
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FIG. 7. Species selectivity. T h e propor t ions of each group ' s feeding observations t h a t t he 
most heavily eaten food species were consumed are shown for each s tudy g r o u p a t 
Ana l amazoa t r a . Species are r anked according to their p ropor t ion of the feeding observations 
a n d only those species fed on for a t least 1 % of all the observations are inc luded. 

of its feeding time on the top ranking species and 50% on the top 
ranking five species. Four of the five most-eaten species and ten of the 
13 most-eaten species were common to both groups. 

Differences in the diet of the two groups appeared to be more 
related to the amount of time each group spent on each food species 
than to the choice of species itself. Whether variation in the amount 
of time spent on particular food species was due to local variation in 
availability, different needs or personal preferences could not be 
examined as no measures of food abundance were taken. Clumps of 
food of one species were in at least some cases largely responsible for 
concentrated feeding by one group and not the other. Little, if any, 
seasonal variation in the variety of chosen food species was evident (see 
Section 2.4). 

The two study groups did not differ extensively in the amount of 
time they fed on various food parts (Table II). Seasonal variation in 
food-part consumption was clearly associated in most cases with 
changes in availability resulting from phenological cycling of the food 
plants. Peaks in the seasonal distribution of consumption of each food 

T A B L E II 
The percentage offeeding observations on each food part 

category by each study group over the whole year 

L e a f shoo t s a n d 
G r o u p y o u n g l eaves F r u i t F l o w e r s M a t u r e l eaves U n i d e n t i f i e d 

Ρ 36-1 26-4 2-3 0-9 34-3 
V 32-2 23-8 0-0 0-2 43-8 
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part by each Indri study group (Fig. 8) could be generally attributed to 
a few, specific and repeatedly visited food sources; thus the great 
increase in fruit-eating during the middle of the study period was 
clearly the consequence of the synchronized fruiting of a few, large 
Cryptocarya olseodaphnifolia in the territory of each study group at 
Analamazoatra. Similarly, the small overall amount of time spent 
feeding on flowers was due to a single species of Symphonia in circuit III 
and Ocotea in circuit V. 

Young foliage, ranging from leaf shoots to large, flexible but clearly 
immature leaves, provided the main part of both study groups' diets. 
Fruit (including the unripe endosperm or seed) seemed to be preferred 
when it was available, and it was consumed earlier each day and for 
longer periods than young leaves. Other items, such as mature leaves, 
were fed on regularly but in small amounts. 

The sampling technique employed during this study did not permit 
statistical comparisons of food-type consumption between groups to be 
made, but differences were not obviously marked. 

FIG. 8. Seasonal var ia t ion in food p a r t consumpt ion . Changes over the s tudy per iod in the 
p ropor t ion of feeding records involving each major food p a r t ca tegory a re shown for each 
s t u d y g roup at A n a l a m a z o a t r a . 
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O n abou t 7 5 % of the observat ion days each Indri g roup consumed 
small quant i t ies of ea r th exposed by u p t u r n e d tree t runks . All g r o u p 
member s sequential ly fed on ea r th in a specific spot t ha t would be 
r e tu rned to several days later . T h e r e appea red to be be tween five a n d 
ten such earth-feeding sites in each group ' s terr i tory. A n analysis of 
one soil sample failed to show high concentra t ions of specific minerals 
(Pollock, 1975b). 

2.4. Selectivity 
N o botanica l census of forests inhab i t ed by Indri was performed bu t it 
was nevertheless clear t h a t most Indri foods a t A n a l a m a z o a t r a were 
p roduced by the commones t trees of the forest ( A b r a h a m , pers . c o m m . ; 
pers . obs.) . Us ing the results of a p l an t survey carr ied ou t in 1970 by a 
gove rnmen t d e p a r t m e n t in one of the s tudy areas (of a similar bo tan ica l 
const i tu t ion) , it was found t ha t ou t of the 20 commones t species of t ree, 
12 were m u c h ea ten Indri food species account ing for 82 -6% of feeding 
observations in this study, a n d 5 8 - 7 % of the forest's complemen t of 
trees. 

Several cases of intraspecific selectivity of indiv idual trees, r epea ted ly 
ignoring as food o ther frequently visited ne ighbour ing trees, were 
observed in g roup Ρ bu t no t in g roup V. T h e significance of this form 
of selectivity was no t unders tood, b u t m a y be cited as evidence for 
satisfactory levels if no t an a b u n d a n c e of food at some times of the year . 

2.5. Dietetic Diversity 
Measures of the n u m b e r of species ea ten each day a n d each circuit d id 
not vary great ly be tween the two s tudy groups (Fig. 9) , t hough the 
d a t a suggested t ha t g roup V individuals were slightly more diverse in 
their daily diet t h a n those of g roup P. This is further suppor ted by 
differences be tween the two groups in the frequency wi th which animals 
moved to a new tree (see Section 4.4). 

Seasonal var ia t ion in dietetic diversity, measured by the n u m b e r of 
different species ea ten each circuit a n d the ra te of change of food 
species each day , appea red to be absent in bo th groups . A par t i cu la r 
food species was usually chosen once each day , a l though several 
individual trees migh t be visited wi th in a feeding bou t on t ha t species. 
T o this general rule , which conferred on the observer the impression of 
a highly organized strategy of feeding a n d rang ing , there was a single 
no tab le except ion: the saplings, y o u n g a n d old trees of Ravensara 
pervillei—the species most consistently consumed in large quant i t ies 
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FIG. 9. Dietetic diversity, (a) Shows variation over the course of the study in the number of 
different food species eaten by each study group in a circuit. The heavy dotted line defines the 
number of species eaten by both groups during a circuit, (b) Shows the distribution over 
the whole year of the minimum number of different species consumed daily by each study 
group. The minimum number of species is that number of identified food species—all un
identified foods assumed to have been included in those previously or subsequently identified. 

throughout the year—were apparently eaten wherever the group 
"came into contact" with them. 

In any one day a noticeably constant number of species, ranging 
from five to 12 in number, was consumed by each group. These usually 
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inc luded a concent ra ted bu t t e m p o r a r y food source—one or two large 
fruiting trees, for e x a m p l e — a n d one or more species ea ten t h roughou t 
the year . I n addi t ion a g roup of five to ten species, which par t ia l ly 
changed in composi t ion be tween successive circuits, would con ta in three 
or four species chosen to be ea ten each day , some of which were 
repeatedly fed on du r ing only a single day . I t was for this reason t ha t 
the impression was gained of a n organized var iabi l i ty in Indri diet . T h e 
fact t ha t the degree to which cer ta in foods were consumed more t h a n 
others did not influence the n u m b e r of species ea ten daily, suppor ts the 
hypothesis t ha t a precise control of dietetic var ie ty existed. 

T h e presence of regular cycles of food choice over t ime could not be 
demons t ra t ed ei ther by measur ing inter food-choice intervals or from a 
stochastic analysis of successive food selections (Pollock, 1975b). 
Nevertheless, a t endency to feed again on the same species at a different 
source ("feeding cont inu i ty" ) was present , a l though the low frequency 
of changes of food a n d the short observat ion periods prohib i ted statistical 
confirmation. Feeding cont inui ty was most m a r k e d for (a) major foods, 
a n d (b) foods rarely eaten, b u t canno t be proposed for a large p ropor t ion 
of foods. As movements be tween different sources of the same food 
species frequently involved considerable progressions, spatial aggrega
tions of trees of one species, t hough sometimes present , do not satis
factorily explain this behaviour . 

T h e r e was no evidence tha t ei ther g roup ate cer ta in food species or 
food par ts a t pa r t i cu la r t imes of the day, a l though long bouts of fruit-
eat ing would usually begin early in the day . 

General ly , the diet of Indri changed completely every two or th ree 
months . According to the local people , regular phenological seasonality 
in the forests' const i tuent species was mostly absent a n d observat ions 
m a d e du r ing the short per iod of research suppor ted the not ion of an 
apparen t ly " r a n d o m " occurrence of fruiting bo th be tween a n d wi th in 
species for m a n y species. F r o m the 22 species ea ten ei ther at m i d s u m m e r 
or midwinter , 12 were ea ten at bo th t imes of the year bu t in only one 
case was the same p a r t of the same species ea ten. I n general , dietet ic 
differences be tween successive circuits were as var iable as those be tween 
seasons a n d there is, therefore, no reason to consider pa rame te r s of 
nut r i t ion in Indri in terms of slowly changing seasonal var ia t ion . For 
example , m i d s u m m e r (circuit IV) stands ou t as the per iod w h e n most 
t ime was spent on fewest species, a l though the activity per iod was a t its 
longest a n d the greatest n u m b e r of feeding observat ions recorded. 
D u r i n g this circuit the top r ank ing species accounted for 59 a n d 5 5 % 
of feeding observations for groups Ρ a n d V respectively. G r o u p Ρ 
re ta ined this highly selective feeding for the following circuit whilst 
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g roup V r e tu rned to a m o r e evenly d is t r ibuted diet . D ie ta ry specializa
t ion at cer ta in t imes of the year seemed, therefore, to d e p e n d largely 
on specific food sources a n d d id no t arise in response to g radua l ly 
chang ing seasonal effects. T h e possibility na tu ra l ly remains t h a t 
seasonally consistent changes in Indri diet occur regular ly a t intervals 
of more t h a n one year . 

3. A G E / S E X VARIATION IN FEEDING B E H A V I O U R 

Indiv idua ls var ied widely in all aspects of feeding behaviour . T h e s e 
inc luded the overall t ime spent feeding, r a te of food consumpt ion a n d 
type of food consumed. 

3.1. Feeding Rate 
O n l y observat ions of feeding on cer ta in fruits, which could be easily 
scored as their remains fell to the g round , suggested differences be tween 
individuals in feeding ra te . T h e adu l t female in g r o u p V consistently 
fed more rap id ly on the fruit of Ravensar a sp. t h a n the adu l t ma l e 
( M a n n - W h i t n e y U test : Ρ < 0 · 0 2 ) . 

T h e r e are insufficient d a t a to c o m p a r e o ther individuals bu t , in 
general , feeding r a t e a p p e a r e d to be greates t in those individuals wh ich 
fed longest (see below) thus enhanc ing r a the r t h a n ba lanc ing ind iv idua l 
differences in the quant i t ies of food consumed. 

3.2. The Time Spent Feeding 
Al though the degree to which individuals differed in the a m o u n t of 
t ime they spent feeding was compl ica ted by seasonal var ia t ion , tests of 
ind iv idua l var ia t ion in g r o u p Ρ established th ree i m p o r t a n t results. 
Firstly, the adu l t ma le fed significantly less (i.e. less by t ime) t h a n every 
o ther g r o u p m e m b e r ( 0 - 0 1 < J P < O 0 5 ) ; secondly, the youngest ind iv idua l 
fed significantly m o r e ( 0 - 0 1 < Ρ < 0 · 0 2 ) t h a n every o ther g r o u p m e m b e r 
except the nex t youngest i nd iv idua l ; a n d thirdly, t he oldest, adu l t -
sized offspring fed significantly less ( 0 - 0 1 < Ρ < 0 · 0 5 ) t h a n the two 
youngest offspring. 

As in g roup P, the adu l t ma le in g r o u p V spent very m u c h less t ime 
feeding t h a n the group ' s adu l t female ( P < O 0 0 1 ) . 

T h e r e was no difference in the overall a m o u n t of t ime spent feeding 
by the adu l t females ( O 5 < P < 0 * 7 ) b u t the g r o u p V adu l t ma le fed 
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for significantly less t ime each d a y t h a n his g roup Ρ coun te rpa r t 
(0-001 < Ρ < 0 · 0 1 ) . 

Indiv iduals in each g r o u p normal ly fed on the same i tem at the same 
t ime (but see Section 5.3). A cursory, quan t i t a t ive examina t ion of 
indiv idual differences in the a m o u n t of t ime spent on food species a n d 
food par t s was, however , performed. Sample size l imitat ions restr icted 
the analysis to major food i tems. 

I n g roup Ρ the top r ank ing species, Ocotea sp., was consumed less by 
the adu l t male (0-01 < Ρ < 0 · 0 5 ) t h a n ei ther 03 or 01 individuals . 01 also 
fed significantly more t h a n 02 on this species (0-01 < Ρ < 0 · 0 5 ) . Ravensara 
pervillei, the second r ank ing food, was consumed equal ly by individuals 
of this g roup . I n g roup V the two top r ank ing species were consumed 
equal ly by the two adul ts . 

Ind iv idua l preferences for (i) fruit a n d (ii) y o u n g leaves were then 
examined . N o differences were found wi th in g roup Ρ bu t the adu l t 
female of g roup V fed on young leaves for 37 -9% of the t ime c o m p a r e d 
to the adu l t male ' s 1 9 - 1 % ( Ρ < 0 · 0 0 1 ) . 

Adu l t males therefore fed for less t ime, m a y have consumed food 
more slowly a n d appea red to eat more fruit a n d less shoots t h a n adu l t 
females a n d y o u n g offspring. I n addi t ion the adu l t ma le of g r o u p V 
fed far less t h a n any o ther individual . Increased food in take by growing, 
p r e g n a n t or lac ta t ing m a m m a l s is a widely observed p h e n o m e n o n 
(Sadleir, 1969) a n d may , if social constraints influence individuals ' r a t e 
a n d a m o u n t of feeding, account bo th for overall differences in feeding 
a n d specifically the consumpt ion of y o u n g prote in-r ich foliage (Hlad ik 
etal., 1971a). 

4. FEEDING A N D R A N G I N G BEHAVIOUR 

4.1. Introduction 
Indri groups in all s tudy areas lived in strictly defined, adjacent terri
tories su r rounded by a n a r r o w borde r of c o m m o n g round in which 
borde r encounters would occasionally take place . G r o u p Ρ h a d 
been known to occupy their terr i tory for a t least four years (Pollock, 
1975b). 

T h e pa t t e rn of movements by Indri a b o u t their ter r i tory seemingly 
depended only on the dis t r ibut ion of food (Pollock, in press). W h e n a 
desirable species or g r o u p of ind iv idua l trees was fruiting or g rowing 
new foliage, early progressions to the food source (usually from a nea r 
cent ra l sleeping location) were followed by intense feeding, wi th very 
little an ima l movemen t , for periods u p to three hours . T h e r e m a i n d e r 
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FIG. 1 0 . R a n g i n g for food. Dai ly t ravel pa ths a re shown for g r o u p Ρ a t two different t imes of 
the year . I n (a) repea ted visits to a few fruiting trees resulted in pred ic tab le dai ly t ravel routes 
from central sleeping sites. W h e n n o food species were in fruit a m o r e random-l ike p a t t e r n of 
movements occurred (b) . Direc t ion of m o v e m e n t can be inferred from the previous n igh t ' s 
sleeping site (open circles) to the following night ' s site (black circles). 
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of the day was then devoted to sequences of short progressions a n d 
feeding bouts on a diverse a r r ay of species. R a n g i n g pa t te rns , in this 
case, reflected the repea ted use of small par t s of the terr i tory a n d the 
specific a rborea l pa thways separa t ing t h e m (Fig. 10a). 

W h e n no concen t ra ted food source was avai lable shorter feeding 
bouts , i n t e r rup ted by small progressions, took place . Occasional ly a 
g roup would t ravel 200-300 m in one long m o v e m e n t tak ing t h e m 
diametr ical ly across their terr i tory. A more even ut i l izat ion of the 
terr i tory occurred at these t imes (Fig. 10b). 

T h e r ang ing behav iour of Indri, considered in terms of the a m o u n t of 
t ime spent in various par ts a n d the frequency wi th which par t s were 
visited, was recorded by mark ing out each terr i tory in to 50-m sided 
quad ra t s , the event of a g roup moving into a new q u a d r a t be ing con
t inuously recorded. 

4.2. Territory Utilization and Feeding 
Despite concen t ra t ing equal ly on similarly sized port ions of thei r 
terri tories (see below), the two s tudy groups differed in the w a y 
different q u a d r a t s were used. G r o u p V spent relat ively less t ime per 
ent ry in low rank ing q u a d r a t s (quadra t s in which only small overal l 
amoun t s of t ime were spent) t h a n in high r ank ing q u a d r a t s . Th i s 
re la t ionship was absent in g roup Ρ which appea red to use the q u a d r a t s 
they did visit, equal ly (Fig. 11). T h e r e was no consistent re la t ionship 
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FIG. 11. The amount of time spent in a quadrat once it was entered. T h e average percentage 
of the total observation time spent by each group in the most heavily used quadrats each time 
they were entered. Quadrats are ranked according to the amount of t ime spent in them 
overall. In group V (but not group P) less time was spent per entry in quadrats in which little 
overall time was spent, than in quadrats in which a lot of time was spent overall. 
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for ei ther s tudy g r o u p be tween the a m o u n t of t ime spent in a q u a d r a t 
a n d the p ropor t ion of t ime spent there in feeding activities. 

I t appea red , therefore, t h a t as the a m o u n t of t ime spent in a q u a d r a t 
was no t significantly corre la ted wi th the n u m b e r of species consumed 
in t ha t q u a d r a t ( 0 · 6 < Ρ < 0 · 7 ) , g r o u p Ρ was p robab ly en te r ing specific 
q u a d r a t s to feed u p o n specific foods. T h e movement s of g r o u p V, 
however , which spent relatively small a m o u n t s of t ime in lit t le-used 
q u a d r a t s each t ime they were entered , suggested t ha t a l though 
this g roup was also concen t ra t ing on par t s of the terr i tory they 
knew conta ined food, they were passing m o r e rap id ly t h rough o ther 
areas. 

4.3. Ranging Behaviour and Feeding 
Al though over the whole year all te r r i tory par t s were visited several 
t imes, d u r i n g a circuit the s tudy groups moved th rough , on average , 
only 4 1 - 4 % (group P) a n d 4 3 - 5 % (group V) of the terr i tory in six 
successive days . T h e terr i tor ial a rea was qu i te discrete a n d appa ren t l y 
u n c h a n g i n g over the per iod of research. Ter r i to r ia l boundar ies could 
be defined satisfactorily by the behav iour of the an imals in per iphera l 
regions wi thou t hav ing to resort to measures of cumula t ive a n n u a l 
ranges (Pollock, in press). 

I n ten days a m e a n of only 5 7 - 2 % of the q u a d r a t s in g r o u p P's 
te r r i tory was visited and , therefore, it is no t possible accura te ly to 
relate Indri r a n g i n g pa t t e rns wi th seasonal var ia t ion in diet, or even 
closely c o m p a r e the r a n g i n g movemen t s of the s tudy groups them
selves. T h e m e d i a n n u m b e r of different q u a d r a t s en tered dai ly did not 
significantly differ be tween the two groups (median test : 0-1 < P < 0 2 ) , 
a n d the frequency wi th which a visited q u a d r a t was subsequent ly 
re-entered d u r i n g the same circuit was likewise similar (Pollock, 1975b). 
A l though bo th groups a p p e a r e d to r ange farthest d u r i n g the s u m m e r 
m o n t h s w h e n the activity per iod was longest, seasonal differences in 
dai ly t ravel d is tance did no t va ry significantly over the year ' s observa
tions ei ther for g r o u p Ρ (Kruska l -Wal l i s test : 0 · 5 < Ρ < 0 · 7 ) or g r o u p V 
(Kruska l -Wal l i s tes t : 0 · 2 < Ρ < 0 · 3 ) . Seasonal changes in the a m o u n t of 
ra in , t he t ime d u r i n g which ra in fell, t e m p e r a t u r e a n d day leng th were 
no t closely re la ted to obvious changes in food avai labi l i ty or the type 
of food consumed, a n d ne i ther were c l ima te -dependen t differences 
found in most pa r ame te r s of r ang ing behav iour (Pollock, 1975b). T h a t 
groups moved farthest w h e n most fruit was consumed seemed to be 
associated wi th the local d is t r ibut ion of a few ind iv idua l fruiting trees 
r a the r t h a n any regula r seasonal var ia t ion in r ang ing behav iour . 
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4.4. Local Movements and Feeding 
T h e impression t ha t g roup P's r ang ing movements were organized into 
a definite pa t t e rn was ga ined from observations of their t endency to 
t ravel in s traight lines or wide arcs abou t the terr i tory. Measures of the 
acuteness of turns performed by each g roup each circuit were found to 
be correla ted wi th the p ropor t ion of t ime spent feeding in g roup V 
(Spea rman correlat ion test : 0 · 0 1 < Ρ < 0 · 0 5 ) bu t not in g roup Ρ 
(Spea rman correlat ion test : r s = 0-07, n.s .) . A t t empt s to corre la te the 
frequency of each group ' s angled movements wi th the p ropor t ion of 
t ime tha t each adu l t spent feeding isolated the adu l t male in g r o u p V 
as the ma in con t r ibu tor to his g roup ' s var ia t ion in this measure 
(Spea rman correlat ion test : 0-01 < Ρ < 0 · 0 5 ) . T h e g roup V adu l t ma le 
was found to feed least w h e n most angled movements taken by the 
g roup occurred. 

Indiv iduals in g roup V moved from tree to t ree more often t h a n those 
in g roup P. T h e frequency wi th which g roup V member s moved into 
ano the r t ree was three t imes as grea t as the frequency in g roup P, a n d 
longi tudinal observations of the g roup V adu l t ma le a n d the g roup Ρ 
adul t female showed t ha t the former m a d e a b o u t th ree t imes as m a n y 
j u m p s as the la t ter every day (Pollock, in press). T h e dis tance actual ly 
travelled by one g roup Ρ individual was near ly ident ical to the dis tance 
moved by the whole g roup est imated mathemat ica l ly from m e a n inter-
q u a d r a t distances (Pollock, in press). As the n u m b e r s of q u a d r a t s 
entered daily did not differ be tween groups , g roup V appea red to be 
moving abou t three metres sideways for each me t re travelled in the 
direct ion of progression, whereas for g roup Ρ no considerable la teral 
m o v e m e n t occurred. 

T h e tendency for g roup V to move more rapid ly th rough rarely 
visited quadra t s , to move more wi th in q u a d r a t s t h a n g roup P, a n d to 
m a k e most angled turns when they fed least, all impl ied ei ther a poorer 
knowledge of food location or a dea r th of food in their terr i tory. 
Folivorous pr imates m a y requi re years in order to accumula t e a p rope r 
knowledge of food location in ra in forest envi ronments . T h e socionomic 
s t ructure of the g roup , the recent acquisi t ion of a terr i tory by g r o u p V 
(according to the local people) a n d the seemingly satisfactory levels of 
food observed in the forest when the animals fed little, suggest the former 
in terpre ta t ion . 
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5. S O C I A L A S P E C T S OF FEEDING BEHAVIOUR 

5.1. Introduction 
Compet i t ion for food be tween Indri g roup member s was expressed 
by frequent aggressive interact ions ("displacements") in feeding 
situations. Most aggressive episodes were observed w h e n m a n y g r o u p 
members were feeding in c rowded condit ions in a small , dense food 
source. Adu l t female a n d young Indri a re d o m i n a n t in all such instances 
bu t confrontations involving these animals were rarely observed— 
their status being normal ly ma in t a ined wi thou t examina t ion . 

T h e d a t a pe rmi t t ed a fine analysis of social inhibi t ion a n d facilita
t ion in feeding activities to be m a d e . T h e social influence one indiv idual 
exerted on another ' s feeding behav iour was considered to be manifested 
in measures of: 

(a) "feeding p r o x i m i t y " — t h e relat ive posit ioning wi thin trees a n d 
the distances separa t ing animals according to their activity, a n d 

(b) "feeding s y n c h r o n y " — t h e relat ive t iming of ind iv idua ls ' 
activities. 

5.2. Feeding Proximity 
T h e spatial re lat ionship be tween adul ts in each g roup was examined in 
two ways : (a) the relative positions adul ts took in trees a t the same t ime, 
a n d (b) the absolute distances separa t ing adul ts whose activities var ied . 

W h e n the two adul ts in a g roup were s imultaneously seen the adu l t 
female was consistently observed to be higher in the canopy t h a n the 
adul t male (Fig. 12). This difference was more m a r k e d in g roup V 
than in g roup Ρ a n d was i ndependen t of canopy level i.e. the females 
spent more t ime in h igher canopy positions t h a n the adu l t males 
irrespective of the males ' canopy positions. As lower par ts of the trees 
were more s t ructura l t h a n food-bearing this p robab ly conferred a 
feeding advan tage on the females. 

For bo th Indri s tudy groups the distances be tween adul ts w h e n ei ther 
one or the o ther or bo th were feeding were c o m p u t e d (Fig. 13). I n 
g roup Ρ the adul ts were closer together w h e n bo th were feeding t h a n 
when either adu l t only was feeding ( Ρ < 0 · 0 0 1 ) . Unl ike g r o u p Ρ the 
adul ts of g roup V were significantly far ther a p a r t w h e n the adu l t ma le 
only was feeding t h a n w h e n the adu l t female only was feeding (P < 0 - 0 1 ) . 
Fu r the rmore , g roup V adul ts feeding s imultaneously were farther a p a r t 
t h a n g roup Ρ adul ts feeding s imultaneously ( P < O 0 0 1 ) . 

I n feeding si tuations, therefore, female dominance was expressed 
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FIG. 1 3 . The distance between adults according to their relative activity. For three categories 
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the adult female is not feeding and the adult male is feeding, and ( 3 ) adults are both feeding. 

firstly by her advantageous position in food-bearing parts of the trees 
(both Indri study groups), and secondly by the maintenance of greater 
distances between adults when the adult male was feeding than when 
he was not (group V only). 

5.3. Feeding Synchrony 
The group V adult female was found to influence the adult male's 
feeding behaviour. The proportion of time spent feeding by the adult 
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male in each g roup d u r i n g each circuit was calcula ted for (i) w h e n t he 
adu l t female, s imul taneously seen, was also feeding, a n d (ii) w h e n 
the adu l t female, s imultaneously seen, was engaged in activities o ther 
t h a n feeding (Fig. 14). 

(a) G r o u p P . T h e overall p ropor t ion of t ime spent feeding by the 
adu l t male each circuit was no t corre la ted wi th the p ropor t ion of t ime he 
spent feeding ei ther w h e n the adu l t female was s imultaneously feeding 
( S p e a r m a n r a n k correlat ion test : r s = 0 1 4 , Ρ > 0 · 1 ) or w h e n she was 
engaged in o ther activities (rs = 0-05). 
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FIG. 1 4 . Seasonal variation in activity synchrony. For each group the histogram represents 
the proportion of time spent feeding by the adult male when the adult female was either 
feeding (above) or engaged in other activities (below), during each circuit throughout 
the year. The total proportion of time spent feeding by each adult are also shown for each 
circuit. 
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(b) G r o u p V . T h e overall p ropor t ion of t ime spent feeding by the 
adu l t ma le each circuit was corre la ted wi th the p ropor t ion of t ime he 
spent feeding w h e n the adu l t female was s imultaneously feeding 
(rs = 0-91, Ρ < 0 · 0 0 1 ) . T h e r e was no significant corre la t ion be tween the 
p ropor t ion of t ime spent feeding by the adu l t ma le overall a n d the 
p ropor t ion of t ime he spent feeding w h e n the adu l t female was engaged 
in non-feeding activities (rs = 0· 17). 

I t appears , therefore, t ha t the a m o u n t of t ime spent feeding by the 
adu l t male of g roup V was control led by the a m o u n t of t ime he was 
" p e r m i t t e d " to feed w h e n the adu l t female was herself feeding. Th is 
relat ionship could no t be defined in the d a t a from g r o u p P. T h e r e is 
little d o u b t t ha t this form of feeding re la t ionship in g roup V was con
trolled by the adu l t female r a the r t h a n voluntar i ly chosen by the adu l t 
male , as she often actively forced the adu l t male to move from feeding 
positions which she subsequent ly occupied. T h e adu l t male , however , 
was never seen aggressively to a p p r o a c h or displace her . 

T h e effects of o ther (non-adul t ) individuals on the feeding behav iour 
of each m e m b e r of the g r o u p could be de te rmined in different dyad ic 
si tuations and , whilst their full descr ipt ion is beyond the scope of this 
chap te r , it is clear t ha t cont inuous elements of social communica t i on 
influenced which animals aggrega ted closely a n d fed together (Pollock, 
1975b). I n brief, o ther an imals were m o r e likely to feed w h e n (a) the 
adu l t ma le a n d (b) the oldest (03) offspring were not feeding, a n d the 
presence n e a r b y of the adu l t female a n d the youngest offspring (01) 
exerted a mi ld bu t clear inhib i tory effect on the feeding activities of the 
rest of the g roup . 

5.4. Feedings Orders and Movements 
Because the observer was u n a b l e to stay close to a rap id ly moving 
g roup , the orders in which indiv idual Indri left a large food source 
were preferentially recorded to those of ent ry . Ind iv idua l differences 
were found to exist in this m e a s u r e : the adu l t ma le in g r o u p Ρ leaving 
first on 7 5 % of observat ions of his posit ion in d e p a r t u r e orders . I n 
g r o u p I V a t V o h i d r a z a n a an adult-sized female was consistently the 
last to enter feeding trees in which the whole g r o u p fed, a n d she usually 
b rough t u p the rea r in g r o u p progressions. She also left large food 
sources last as, to a lesser extent , d id 03 in g r o u p Ρ a t A n a l a m a z o a t r a . 
03 was seen to be last in g r o u p progressions 4 4 % of the t ime, consider
ably more t h a n a n y o ther g r o u p m e m b e r . Th is indiv idual , t he oldest 
a n d adult-sized offspring in g r o u p P, was the a n i m a l most often dis
p laced from feeding positions by all o ther g r o u p m e m b e r s ( 3 8 - 3 % of all 
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displacements observed in this g roup) , a n d the least often g roomed 
(10 -3% of all g rooming interact ions) . 

I n g roup V each adu l t equal ly shared the role of progression leader 
a l though in g roup I V , shortly after the b i r th of an infant in M a y 1973, 
it was the adu l t female who consistently di rected movement s to n e w 
food sources, being essentially followed a r o u n d the terr i tory by the 
rest of the g roup . Leadersh ip in g roup progressions m a y confer pr ior i ty 
of access to a food source in Indri m u c h as it appears to do in the large 
mul t imale groups of Lemur catta (Jolly, 1966; Budni tz a n d Dainis , 
1975). I n bo th cases it is the adu l t females which profit from leadership 
a t the expense of adu l t males. 

5.5. Discussion 
Social dominance in Indri, exerted pr imar i ly in feeding contexts, clearly 
differentiated the adu l t females a n d young animals from other indivi
duals . T h e y fed more , a n d not only h a d pr ior i ty of access to food, b u t 
could also (in at least some cases) de te rmine g roup movements a n d 
effectively control the a m o u n t t ha t others consumed. Adu l t males fed 
least of all, fed relatively more in s t ruc tura l r a the r t h a n food-bearing 
par ts of the trees, a n d were easily displaced from feeding positions. 
T h e y also took most responsibility for g roup defence by par t ic ipa t ing 
actively in the repulsion of invad ing groups from their terr i tory, whilst 
the adu l t female rested in a safe cent ra l locat ion (Pollock, 1975b). 
Female dominance in Indri (and o ther lemurs) m a y be reproduct ively 
advan tageous in condit ions where food is scarce, a p r e g n a n t or lac ta t ing 
female being consequent ly less nutr i t ional ly depr ived t h a n her repro
duct ive pa r tne r . A weighted dis t r ibut ion of resources in this m a n n e r 
would be to the reproduct ive advan t age of bo th the male a n d the 
female of the g roup (Trivers, 1972). 

6. G E N E R A L D ISCUSSION 

Identif icat ion of adap t ive facets of Indri feeding behav iour obviously 
depends on recognit ion of the a m o u n t of food avai lable to the animals . 
F r e q u e n t observations of the presence of " foods" par t ia l ly consumed 
or even ignored, a t t imes of low general feeding activity, suggested tha t 
Indri a t A n a l a m a z o a t r a , which eat the commones t p lants of the forest 
a n d are physiologically able to r ema in active for longer periods w h e n 
requ i red to, re ta in a nu t r i t iona l credit . T h e animals , which were active 
for only five or six hours daily du r ing m u c h of the year (spending 
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app rox ima te ly half this t ime feeding), were all in ap p a ren t l y perfect 
hea l th . Analysis of preserved samples of faeces yielded few traces of 
in te rna l parasi t ic infection (File, pers. c o m m . ) . T h e possibility remains , 
however , t h a t specific foods, pe rhaps consumed in small quant i t ies , 
const i tu ted prac t ica l limits on Indri nu t r i t ion . T h e significance of the 
h igh occurrence of food species in the forests, for example , m a y have 
been reduced by an intensive intraspecific selectivity. A l though there 
were reasons to believe t ha t the adu l t female of g r o u p V control led the 
a m o u n t of t ime spent feeding by the adu l t ma le , this was not ap p a ren t l y 
re la ted to poor levels of food in the forest. Despi te the probabi l i ty t h a t 
g r o u p V knew little a b o u t the locat ion of food in their terr i tory, food 
r ema ined unconsumed on trees d u r i n g the per iod of least feeding 
activity. F u r t h e r m o r e , the a m o u n t of t ime spent feeding m a y be a poor 
measure of nu t r i en t in take as feeding techniques , feeding ra te , nu t r i en t 
con ten t a n d digestibility all va ry wi th the type of food consumed. T h e 
requ i rements of the individuals also differed be tween circuits as the 
a m b i e n t t e m p e r a t u r e changed , lac ta t ion increased a n d then d iminished, 
a n d infant car r iage ceased. 

T h e presence of social constraints [relative posi t ioning in trees, 
proximi ty influencing activity (or vice versa) , a n d physical displace
ments of some animals by others] on feeding u n d e r condit ions where 
there appa ren t ly existed a plentiful supply of food, suggests the ma in 
tenance of social controls which , despi te be ing p re sumab ly concerned 
wi th ensur ing survival in subop t ima l hab i ta t s , persists und imin i shed 
a t o ther t imes. W h e t h e r the accen tua ted form of feeding controls 
exhibi ted in g r o u p V by the adu l t female results from the presence of 
a n infant, the u n a c q u i r e d intel l igence of food locat ion, or bo th , remains 
conjectural unt i l a wider sample of groups can be observed. 

7. S U M M A R Y 

1. T w o groups of Indri indri were regular ly observed for 14 mon ths in 
the eastern ra in forests of M a d a g a s c a r . Indri a re terr i tor ial , family-
living, folivore-frugivores wi th a short , d iu rna l act ivi ty per iod. 

2. Indri feed on foliage a t all levels of the forest. Locomotor a d a p t a 
tions enable Indri to feed on low vegeta t ion incapab le of suppor t ing 
their weight . Differences were found bo th be tween a n d wi th in groups 
in preferred feeding sites. T h e presence of an infant in one g roup 
p robab ly influenced the feeding sites adop t ed by its m o t h e r a n d the 
a m o u n t of t ime she r e m a i n e d active each day . 

T h e p ropor t ion of the activity per iod t h a t Indri engaged in feeding 
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activities var ied be tween mon ths for one g roup more t h a n it did for the 
other . Var ia t ion in the p ropor t ion of t ime spent feeding was no t 
obviously associated wi th the seasonally chang ing dai ly activity per iod. 
Indri g radua l ly increase the intensity of feeding unt i l a b o u t m i d d a y 
from w h e n there is a slow decline. Discont inuous feeding " b o u t s " 
occurred only w h e n suckling by the infant i n t e r rup ted no rma l activities. 

A t least 62 species of p lan t were ea ten by Indri. N o an ima l m a t t e r 
was consumed bu t small amoun t s of ea r th were regular ly consumed by 
all individuals . T h e two groups differed little in their diet. Indri p robab ly 
eat the commones t species of t ree in the forest bu t intraspecific selectivity 
m a y limit the a m o u n t of food avai lable to the animals . I m m e d i a t e 
diversity in diet was assumed over several days bu t var ia t ion in species 
choice also occurred a t longer intervals, the diet chang ing completely 
every few months . 

3. Indiv iduals var ied in feeding ra te , the t ime spent feeding a n d the 
type of food consumed. Adu l t males fed for less t ime, p robab ly fed m o r e 
slowly a n d a p p e a r e d to eat more fruit a n d fewer shoots t h a n adu l t 
females a n d young animals . 

4. Indri r ange appa ren t ly only so as to find food. Differences be tween 
groups , in the a m o u n t of t ime spent in entered par t s of the terr i tories 
a n d the frequency a n d angle of direct ion of local movements , were 
p robab ly re la ted to knowledge of the whereabou ts of food. Both g roups 
ranged similar distances each day bu t no regular pa t t e rn of m o v e m e n t 
was discernible. 

5. Priori ty of access to food is the prerogat ive of female a n d very 
young Indri. D o m i n a n c e in feeding si tuations affects relat ive positions 
in food trees, the dis tance be tween individuals according to thei r 
activity, a n d the a m o u n t of t ime individuals spend feeding simul
taneously. 

6. T h e r e were no indicat ions of food shortage du r ing the s tudy 
per iod. F luc tua t ions in the a m o u n t of t ime spent feeding t h roughou t 
the year m a y relate more to differences in diet a n d the an imals ' r ep ro 
duct ive states t h a n to food availabil i ty. Strict social controls on g r o u p 
member s ' feeding behaviour m a y opt imize the chances to p r o d u c e 
viable offspring u n d e r severe env i ronmenta l condit ions. 
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1. INTRODUCTION 

A n 18-month s tudy of the social organiza t ion a n d ecology of four free-
rang ing groups of Propithecus verreauxi (Grandid ie r , 1867) was car r ied 
ou t in M a d a g a s c a r be tween M a y 1970 a n d Sep tember 1971. T w o 
groups of the subspecies P. v. coquereli were s tudied in mixed dec iduous 
a n d evergreen forest a t Ampi joroa , in the nor th-west of the i s land; 
the o ther two groups , belonging to the subspecies P. v. verreauxi, l ived 
in Did ie reaceae-domina ted , semi-arid forest nea r Hazafotsy in the 
ex t reme south (see R i c h a r d , 1974). T h e locat ion of the two s tudy areas 
is shown in Fig. 1, a n d the age a n d sex composi t ion of the four groups is 
given in T a b l e I . 

FIG. 1. Locat ion of s tudy areas . 

2. S T U D Y A R E A S 

2.1. Location 
T h e no r the rn s tudy a rea (16°35' S a n d 46°82 ' E) was s i tuated in the 
forestry reserve a t Ampi joroa , in a region k n o w n as t he Ankarafants ika . 
I t was a b o u t 100 k m from the west coast of the island, a n d 2 k m from 
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L a c Ampi joroa . N o t imber ing was pe rmi t t ed in the reserve, a n d live
stock were never seen in the s tudy area . T h e forest con ta ined six 
p r i m a t e species in add i t ion to P. v. coquereli: Lemur fulvus, Lemur mongoz, 
Microcebus murinus, Cheirogaleus medius, Lepilemur mustelinus a n d Avahi laniger. 

T h e sou thern s tudy a rea (24°85' S a n d 46°50 ' E) was s i tuated in 
semi-arid forest 1 k m from Hazafotsy, a r o u n d 1500 km south of 
Ampi joroa . Hazafotsy lies on the nor th-west b o u n d a r y of Reserve 
Na t iona le N o . 11, a n d the s tudy a rea was inside the reserve. A l though 
the reserve has no t been b u r n t or felled in recent t imes, cat t le a n d goats 
graze in it m u c h of the year . T h e sparseness of vegeta t ion at g r o u n d 
level m a y be an effect of this grazing. O n l y two p r ima te species o ther 
t h a n P. v. verreauxi were seen in the southern forest: Microcebus murinus 
a n d Lepilemur mustelinus. 

2.2. Forest Structures 
I n o rder to c o m p a r e the two hab i ta t s a n d to assess the avai labi l i ty a n d 
dis t r ibut ion of food resources, t he vegeta t ion was systematically sampled 
in bo th a reas ; aspects of the s t ruc ture , density, diversity a n d phenology 
of vegeta t ion in each forest were recorded (see also Section 3.3). I n 
the nor th , most trees were be tween 3 a n d 13 m in height , wi th emer-
gents occasionally exceeding 21 m (Fig. 2) . T h e small s ta ture of trees 
was p robab ly a function of the pover ty of the soil as well as of the age 
of the forest: except for the forest's low profile, the usual characterist ics 
of a very y o u n g secondary succession (Richards , 1966) were absent . 
I n the south, most trees were be tween 3 a n d 7 m high, a n d none 
exceeded 21 m (Fig. 2) . I t a p p e a r e d t ha t there was a crit ical size 
beyond which two of the most a b u n d a n t Alluaudia species present , 
A. procera a n d A. ascendens, b ecame top-heavy, wi th the ent i re b r a n c h i n g 
supers t ruc ture u l t imate ly being to rn off the t r unk by its own weight . 
I n add i t ion to be ing general ly lower, trees in the southern s tudy a rea 
provided less cover t h a n in the n o r t h : s u m m i n g the m a x i m u m spread 
of all trees in each plot of vegeta t ion sampled , the m e a n s u m m e d 
spread of trees per sample in the south was 214 m. I n the no r th it was 
493 m. I t should be noted , however , t ha t the es t imated densi ty of 
trees was similar in bo th a reas : 13 878 per h a in the nor th , a n d 
13 370 per h a in the south. 

2.3. Species Composit ion of Forests 
A grea ter diversity of t ree species was found in the no r th t h a n in the 
sou th ; 167 species, be longing to 35 families, were identified in the 
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FIG. 3. T r e e species g rouped according to the n u m b e r of sample plots in which they occurred . 



3. PROPITHECUS VERREAUXI 75 

no r th c o m p a r e d wi th only 70 species, be longing to 23 families, in the 
south. I n bo th forests, most t ree species occur red rare ly in the plots 
sampled in the course of the vegeta t ional analysis. Few species occur red 
in most or all of t hem. I n Fig. 3 species a re g rouped accord ing to the 
n u m b e r of plots in which they occurred . T h u s , for example , in the 
n o r t h 6 2 % of species occur red in only 1 0 % of the plots sampled 
(a l though not necessarily the same 10%—these figures refer only to 
frequency of occurrence a n d not to d is t r ibut ion) . A chi -square (χ 2) 
test performed on the counts from each forest showed no significant 
difference be tween t h e m . T h e r e was a close correla t ion be tween the 
n u m b e r of plots sampled in which a species occur red a n d the to ta l 
n u m b e r of individuals of t h a t species counted , a n d in the discussion of 
food availabil i ty (see Section 4.4) the former is t aken to be a measure 
of the lat ter . 

Concern ing the dis t r ibut ion of t ree species, therefore, it can only be 
said t ha t a few species were a b u n d a n t a n d widely, t h o u g h no t neces
sarily uniformly, d is t r ibuted t h r o u g h the forest in each s tudy a rea . 
Mos t species occur red rarely, uneven ly scat tered amongs t the few 
d o m i n a n t species. 

2.4. Climate 
Seasonal changes in c l imate were clear in the nor th , a n d even m o r e 
m a r k e d in the south. I n 1970, heavy ra in began to fall in the no r th , 
par t icu lar ly a t n ight , towards the midd le of Oc tobe r . Between mid -
O c t o b e r a n d D e c e m b e r 385-4 m m of the a n n u a l to ta l of 1619 m m 
(da ta suppl ied by Meteorologie Na t iona le de M a d a g a s c a r ) of r a in fell 
a n d m a x i m u m a n d m i n i m u m t empera tu re s of 29-5 a n d 18° C were 
recorded . These m o n t h s a re referred to as " t h e wet season". Between 
J u l y a n d Sep tember , only 1-8 m m of ra in fell, a n d t empera tu re s r a n g e d 
be tween 31-5 a n d 14° C. These mon ths a re referred to as " t h e d ry 

TABLE I 

Composition of study groups when observations were begun in July 1970 (north) and 

September 1970 (south) 
G r o u p A d u l t m a l e A d u l t f e m a l e S u b a d u l t J u v e n i l e I n f a n t T o t a l 

I 2 5 0 0 0 7 
I I 1 1 1 (<?) 1 5 
I I I 2 2 1 (<*) ι (<?) 2 8 
I V 1 2 ι W) 0 2 6 

6 10 3 2 5 26 

D 
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season". I n the south, 613*8 m m of the a n n u a l total of 629-8 m m (da ta 
supplied by Meteorologie Na t iona le de Madagasca r ) of ra in fell 
du r ing J a n u a r y , F e b r u a r y a n d M a r c h (the wet season), a n d t empera 
tures r anged be tween 39 a n d 16° C. D u r i n g the rest of the year ( the 
d ry season), pract ical ly no ra in fell a n d t empera tu res r anged be tween 
36 a n d 8° C. I n bo th the no r th a n d the south, some trees shed their 
leaves a t the beginning of the d ry season, while leaf p roduc t ion con
t inued th roughou t the year in others. Unl ike the nor th , the sou thern 
forest was domina t ed by xerophyt ic vegetat ion, however , a n d m a n y 
species exhibi ted water-conserving adap ta t ions , such as ex t reme 
reduc t ion of leaf size, huge-gi r thed bott le t runks or wate r - re ta in ing 
tubers . 

3. S A M P L I N G M E T H O D S 

3.1. Feeding Behaviour 
T h e no r the rn s tudy groups , I a n d I I , were observed du r ing the d ry 
season mon ths of J u l y a n d Augus t 1970 a n d J u l y 1971, a n d du r ing the 
wet season mon ths of Oc tober , N o v e m b e r a n d December 1970. T h e 
southern groups , I I I a n d I V , were s tudied du r ing the d ry season 
mon ths of Apri l , M a y a n d J u n e 1971 a n d du r ing the wet season m o n t h s 
of J a n u a r y , F e b r u a r y a n d M a r c h 1971. T h e four groups were h a b i t u a t e d 
to m y presence before the start of quan t i t a t ive d a t a collection. A g r o u p 
was regarded as hab i t ua t ed w h e n all its member s would a p p r o a c h a n d 
feed wi thin two metres of me . 

A n an ima l was recorded as feeding if it was chewing or ingesting. 
T h e an imals ' r emarkab le tolerance of a n d a p p a r e n t indifference to m y 
presence, the low s ta ture of the forest in bo th s tudy areas and , in the 
south, the low density of foliage, all facilitated accura te observat ion of 
bo th the food species a n d the pa r t being eaten. Animals could almost 
always be seen, a n d were rarely more t h a n 10 to 15 m away from me . 
Bias in t roduced by differential visibility of animals or of the activity 
being performed by a given an ima l was thus min imal . 

O n e an ima l was followed for 12 hours each day , from 6.00 unt i l 
18.00h. Each day the age a n d sex class of the subject was changed so 
t ha t observations were equal ly dis t r ibuted be tween the different 
categories as well as be tween different t imes of day . D a t a on feeding 
behav iour were recorded at t imed minute- in tervals . Seventy-two hours 
of d a t a collected in this way were recorded for each g roup in each of 
the months referred to above . (Henceforth, the number of records made at 
minute intervals which an an ima l spent feeding will be referred to as 
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time spent feeding.) These sampl ing techniques were used to collect 
informat ion on the following aspects of feeding behav iour in the different 
age a n d sex classes: to ta l t ime spent feeding, t ime spent feeding on 
different food species a n d food par t s , an imals ' pos ture a n d he ight above 
g r o u n d w h e n feeding, a n d their r ang ing behaviour . Ini t ia l ly I also 
t r ied to measure the t ime an imals spent foraging, b u t no satisfactory 
definition of this behav ioura l ca tegory was found a n d the a t t e m p t was 
a b a n d o n e d . 

3.2. Ranging Behaviour 
I n order to record an imals ' movements , bo th s tudy areas were g r idded 
into q u a d r a t s wi th sides of 50 m by trails m a r k e d a t g r o u n d level. Th i s 
divided each group ' s r ange in to a b o u t 36 q u a d r a t s . I f a m e m b e r of a 
given g roup was seen in a q u a d r a t m o r e t h a n once, t h a t whole q u a d r a t 
was inc luded wi th in the r ange of the g roup . T h e cri ter ion of occupancy 
on a t least two occasions was in t roduced to avoid inc luding areas 
t h rough which males occasionally passed a lone. A definition of the 
group 's r ange which excluded areas occasionally en te red only by males 
was necessary because, par t icu la r ly d u r i n g the m a t i n g season, males 
moved t h rough areas which were never used by the rest of the g roup . 
T a k i n g the 50 m q u a d r a t as the m i n i m u m size un i t in es t imat ing r a n g e 
must still have resul ted in an over-es t imate of the real a rea occupied by 
the g roup , for the re were cer ta in por t ions of most q u a d r a t s whe re the 
g roup was never seen a n d which they p robab ly d id no t use. I t should 
also be no ted t h a t while all groups lived in a three-d imensional space, 
their d isplacements a n d r ange were measu red in only two dimensions. 

3.3. Structure and Composit ion of Vegetation 
A l imited analysis of the s t ruc ture a n d composi t ion of the vegeta t ion in 
bo th s tudy areas was u n d e r t a k e n . T w o samples were m a d e in each 
hec ta re q u a d r a t de l inea ted by the q u a d r a t system. W i t h i n each hec ta re 
q u a d r a t the two samples were r a n d o m l y located, following the "s t ra t i 
fied r a n d o m " sample t echn ique descr ibed by Sou thwood (1966). E a c h 
sample consisted of a circle wi th a measured rad ius of 5 m . W i t h i n each 
circle, all trees wi th a t r u n k d i ame te r grea ter t h a n 3 c m were coun ted 
a n d identified, a n d the t r u n k d iamete r , he ight a n d m a x i m u m spread 
of the t ree, he ight of the lowest b r a n c h above the g r o u n d a n d phenology 
were noted . 

Us ing this me thod , a to ta l of 2619 trees were descr ibed in the 
n o r t h e r n s tudy area , t aken from 24 samples . I n the south, 3136 trees 
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coming from 30 samples were described. T h e total sample covered 
1-57% of the surface a rea of each s tudy area . I n bo th areas, l ianas 
const i tuted an i m p o r t a n t i tem in the diet of P. verreauxi. I t was not 
possible to m a k e an accura te es t imate of the density of l ianas, bu t a 
coun t was m a d e of the n u m b e r of trees bear ing l ianas in each sample 
in order to provide a rough est imate of a b u n d a n c e . 

D a t a on synchrony of leaf a n d fruit p roduc t ion a n d their presence 
in t ree species were based on observations m a d e on ten species in each 
s tudy area . No t all the preferred food species of P . verreauxi were known 
at the outset of the study, a n d some tree species were selected for 
sampl ing because they const i tuted a large p ropor t ion of their diet 
du r ing the first m o n t h of observat ion in each area , a n d others because 
they were a b u n d a n t . Each m o n t h , observat ions on ten indiv idual trees 
from each species were t abu la ted . Different indiv idual trees were sampled 
each m o n t h . Five non-exclusive phenological categories were used: 

(1) leaf shoot a n d / o r young leaves a n d flush (young leaves were 
differentiated from adul t leaves on the basis of their pa ler 
colouring and , sometimes, smaller size); 

(2) adu l t and /o r dying leaves; 
(3) flowers, open and /o r in b u d ; 
(4) fruit, green and /o r r i pe ; 
(5) d o r m a n t buds . 

A record of " p r e s e n t " or " a b s e n t " was entered for each of these cate
gories, b u t no est imate of quan t i t y was m a d e . However , in cases where 
one or two desiccated fruit or dead leaves r ema ined a t t ached to a t ree 
w h e n all the rest h a d a l ready d ropped , " a b s e n t " was recorded in these 
categories. 

4. FEEDING BEHAVIOUR 

4.1. Feeding Techniques 
Animals de tached food par ts wi th their teeth, using their hands only 
to pul l food-carrying branches towards their mou ths . Occasional ly , an 
an ima l carr ied the fruit of one par t icu la r Combretum species be tween its 
tee th or clasped to its chest wi th one h a n d : this was an unusua l ly large, 
r a re a n d great ly relished fruit, a n d an an ima l seen ea t ing it by o ther 
m e m b e r s of the g roup was often chal lenged a n d chased for it. However , 
food was general ly consumed where it was found. Bark and dead wood 
were gouged ou t wi th the too th -comb a n d then torn off, g r ipped 
be tween the u p p e r a n d lower molars a n d premolars . 
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Animals fed in m a n y postures, enab l ing t h e m to reach almost all 
par t s of a n y tree (R icha rd , in press a ) . I n the larger b ranches they 
usual ly sat or assumed their character is t ic vert ical pos tu re ; in the fine 
b r a n c h niche they often fed ups ide down , grasp ing a cluster of twigs in 
each h a n d a n d foot wi th the body suspended below a n d thereby 
d is t r ibu t ing their weight over a considerable a rea . T h e r e was no 
evidence to suppor t N a p i e r a n d Walker ' s (1967) c o m m e n t " T h e 
l imitat ions imposed by the vert ical c l inging a n d leaping hab i t u p o n 
feeding behaviour are also qui te m a r k e d . . . " . 

4.2. Feeding Heights and Sites 
Five categories of subst ra te were dis t inguished in each forest: G r o u n d , 
Ver t ica l suppor t (over 6 c m in d i ame te r ) , Hor izon ta l suppor t (over 
6 cm in d i ame te r ) , Branches (between 6 a n d 1-5 cm in d iameter ) a n d 
Twigs (less t h a n 1-5 cm in d i ame te r ) . A l though an imals in bo th areas 
spent little t ime on the g round , all o ther subst ra te categories were 
used extensively. Descript ive notes ind ica te t h a t most feeding behav iour 
occurred amongs t b ranches a n d twigs, however , whe re the avai labi l i ty 
of flowers, fruit a n d leaves was greatest (R ichard , in press b ) . N o 
differentiation was found in choice of feeding sites by the different age 
a n d sex classes. However , it should be no ted t ha t infants were no t 
inc luded in the analysis: it is possible t h a t infants spent less t ime 
feeding on the per iphery of the t ree b u t this impression canno t be 
subs tant ia ted . 

I n bo th s tudy areas, groups spent considerable a m o u n t s of t ime a t all 
levels in the forest. T h e two southern groups t ended to spend m o r e 
t ime at lower levels t h a n the n o r t h e r n groups . Factors con t r ibu t ing to 
this difference were the overall lower s ta ture of the sou thern forest, a n d 
the fact t ha t most of the taller trees in the south were Alluaudia ascendens 
a n d A. procera. T h e extremities of the th in , spiny vert ical b ranches of 
these species p rovided no regular or firm suppor t for locomotion a n d 
were a source of food only w h e n they flowered a t the end of the d ry 
season. Animals were rare ly seen h igh on these b ranches a t any o ther 
t ime. A full analysis of feeding levels has no t yet been m a d e , b u t 
p re l iminary results indica te t ha t feeding, like o ther activities, occur red 
regular ly a t all levels (R icha rd , in press b ) . 

4.3. Activity Patterns 
I n bo th s tudy areas there were striking seasonal differences in the m e a n 
a m o u n t of t ime animals spent feeding each day . M e a n t ime spent 
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feeding per d a y in the south du r ing the wet season was 246 min (32*8% 
of total t ime) , while in the d ry season it was only 173 min (24-2% of 
total t ime) . I n the nor th , equivalent figures were 268 min (37%) a n d 
245 min (30-3%) . These results were ca lcula ted by combin ing d a t a 
from all the age a n d sex classes ( including gestat ing a n d lac ta t ing 
females), wi th the exception of d a t a on the juven i le in g r o u p I I I d u r i n g 
the wet season. Th is a n i m a l was excluded from the analysis because he 
fed significantly longer each day in the wet season t h a n d id o ther 
an imals in the two southern groups (Kruska l -Wal l i s one-way analysis of 
var iance , P < 0 - 0 1 ) . C o m b i n i n g d a t a for the two groups in the south , 
the a m o u n t of t ime spent feeding each d a y in the wet season was 
significantly greater t h a n in the d ry season ( M a n n - W h i t n e y U test 
P < O 0 0 4 ) . I n the nor th , the difference was no t significant a l though 
there was a similar t rend . C o m p a r i n g results from the no r th a n d south 
for each season, there was no significant difference d u r i n g the wet 
season. I n the d ry season, however , the southern groups fed significantly 
less t h a n those in the no r th ( M a n n - W h i t n e y U test, Ρ < 0-001). 

T h e daily p a t t e r n of feeding in each season a n d the n a t u r e of t he 
change be tween seasons were clear, a n d similar in bo th a reas : d u r i n g 
the wet season feeding began early, r each ing a peak be tween 7.00 a n d 
9.00h. This was followed by a g r adua l decrease unt i l m idday , by which 
t ime very little feeding was tak ing place. Between 13.00 a n d 14.00h the 
a m o u n t of t ime animals spent feeding began to increase once more , 
reach ing a peak in the la ter afternoon. D u r i n g the d ry season, intensive 
feeding began la ter a n d ended earlier in bo th s tudy areas. I n the no r th , 
there was still a falling-off in feeding a t m idday , a l though it was less 
m a r k e d t h a n in the wet season. I n the south, the a m o u n t of t ime spent 
feeding per h o u r slowly bui l t u p t h r o u g h o u t the m o r n i n g to reach a 
peak a t m i d d a y a n d then decreased in the afternoon a t almost the same 
ra te . 

Al though the g roup was often widely dispersed d u r i n g feeding bouts , 
animals also fed in close proximi ty to each other . All or most m e m b e r s 
of the g roup usually spent p a r t or par t s of each feeding bou t in a single 
t r ee ; for the rest of the bou t they were more widely dispersed, mov ing 
rap id ly from tree to t ree a n d feeding for vary ing amoun t s of t ime in each. 

5. REGIONAL, S E A S O N A L A N D L O C A L VARIATION IN 
FEEDING BEHAVIOUR 

Regional , seasonal a n d local var ia t ion in the feeding behav iour of the 
groups of P . verreauxi s tudied were closely in ter re la ted a n d are con-
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sidered together in this pape r . T h e t e r m " l o c a l " var ia t ion is used to 
describe var ia t ion observed be tween groups living in the same forest. 

I n the following discussion, d a t a from adu l t a n d subadu l t an imals 
of bo th sexes a re combined . N o a n i m a l aged five mon ths or m o r e was 
seen ea t ing a food p a r t or food species which was no t also ea ten by 
ano the r an ima l a t some po in t d u r i n g observat ions. Analysis has no t 
been u n d e r t a k e n to establish whe the r an imals h a d different food 
preferences, d e p e n d e n t u p o n their age a n d sex class or u p o n thei r 
individual tastes, b u t if such var ia t ion d id exist, it was cer tainly no t 
striking. O n l y infants were excluded from the analysis: be tween the 
ages of th ree weeks a n d one-and-a-ha l f mon ths infants d id a t t e m p t to 
eat food par t s no t ea ten by o ther m e m b e r s of the g roup (Richard , in 
press b ) . 

5.1. Variation in Species Composit ion of Diet 
5.1.1. Regional 
T h e species composi t ion of the diet of the groups in each s tudy a rea 
was almost total ly different. T h e 12 species on which each g roup spent 
most t ime feeding t h roughou t the s tudy are listed in T a b l e I I , together 
wi th the percen tage of total feeding t ime the g roup spent ea t ing each. 
Reg iona l var ia t ion was largely, b u t no t totally, d u e to differences in 
the composi t ion of the two forests. Fou r t ree species were found in bo th 
forests: Baudouinia fluggeiformis (found in 9 2 % of vegeta t ion samples in 
the nor th , a n d 2 3 % in the south) , Cedrelopsis grevei ( 1 7 % in the nor th , 
a n d 7 7 % in the south) , Commiphora pervilleana ( 6 6 % in the no r th , a n d 
1 6 % in the south) , a n d Rothmannia decaryi ( 7 9 % in the nor th , a n d 3 % 
in the south) . T h e southern groups bo th spent over 1 % of to ta l feeding 
t ime ea t ing C. grevei whereas ne i ther n o r t h e r n g roup was ever seen 
ea t ing i t ; contrar i ly , B. fluggeiformis was an i m p o r t a n t d ie ta ry com
p o n e n t in the no r th b u t was u n t o u c h e d in the south. These differences 
were found a l though bo th species were qui te commonly occur r ing in 
the two s tudy areas . C. pervilleana was ea ten commonly by the n o r t h e r n 
groups , bu t bo th groups in the south a te it for less t h a n 1 % of to ta l 
feeding t ime. I n contrast , R. decaryi was ea ten in quan t i t y in the south, 
a n d rarely in the n o r t h ; further, in the south animals a te only the green 
r ipe fruit of this species whereas in the no r th an imals a te only its large 
whi te flowers. H e r e again , the differences did no t a p p e a r to be a n 
inevi table p roduc t of var ia t ion in t he a b u n d a n c e of t he two species. 
Indeed , given the a p p a r e n t ra r i ty of R. decaryi in the south a converse 
result migh t have been expected. 
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TABLE II 
Twelve species on which each group spent most time feeding throughout the study, and percentage of 

total feeding time spent eating each 

T i m e T i m e 
F o o d s p e n t F o o d s p e n t 
species (%) species (%) 

G R O U P I G R O U P I I 
Dry petes sp . n o . 1* 12-4 Dry petes sp . n o . 1 11-7 
Cedrelopsis s p . n o . 1 5-4 Cedrelopsis s p . n o . 1 8-9 
Combretum s p . n o . 1 5-3 Bussea perrieri R . V i g . 4-5 
D e a d w o o d 5-3 Commiphora pervilleana P e r r 4-4 
Capurodendron microlobum (Baker ) Bathiorhamnus louveli P e r r 3-9 

A u b r e v i l l e 5-1 D e a d w o o d 3-9 
Rheedia arenicola J e r m a n d P e r r 4-5 Rhopalocarpus simitis Hemsley 3-7 
Commiphora pervilleana P e r r 4-2 Combretum sp . n o . 1 3-6 
Apaloxylon madagascariense D r a k e 4-0 L i a n a s p . n o . 1 3-3 
L i a n a sp . n o . 1 3-7 Boscia s p . 3-1 
Protorhus deflexa P e r r 3-4 Protorhus deflexa P e r r 2-4 
Hippocratea s p . 3-3 Capurodendron microlobum (Baker ) 
Mundulea sp . 2-9 A u b r e v i l l e 2-3 

G R O U P I I I G R O U P I V 
Terminalia s p . n o . 1 21-5 Terminalia s p . n o . 1 21-0 
Mimosa s p . n o . 1 16-8 L i a n a s p . n o . 2 15-4 
L i a n a s p . n o . 2 12-3 Mimosa s p . n o . 1 11-2 
Grewia s p . n o . 2 7-7 Grewia s p . n o . 1 9-9 
Terminalia s p . n o . 2 5-0 Hagunta modesta (Baker ) M . 
Diospyros humbertiana P e r r 4-1 P i c h o n 4-8 
Grewia s p . n o . 1 5-2 Terminalia s p . n o . 2 4-3 
Euphorbia plagiantha D r a k e 2-3 Grewia sp . n o . 2 2-6 
L i a n a s p . n o . 4 2-1 L i a n a s p . n o . 3 2-5 
L i a n a sp . n o . 3 2-1 Diospryos humbertiana P e r r 1-9 
Hagunta modesta (Baker ) M . Rothmannia decaryi 1-6 

P i c h o n 1-8 Commiphora s p . n o . 1 1-6 
L i a n a s p . n o . 5 1-7 Grewia s p . n o . 3 1-5 

* Where species identification could not be made, samples were numbered serially. 

5.1.2. Seasonal 
T h e composit ion of each group ' s diet changed almost complete ly 
be tween seasons. O n l y five food species, ou t of a to ta l of 79 ea ten in the 
course of observations, were ea ten by the southern s tudy groups for 
more t h a n 1 % of total t ime spent feeding in bo th the d ry a n d wet 
seasons. T h e no r the rn s tudy groups a te n ine food species for more t h a n 
1 % of feeding t ime in all months , from a total of 102 which they were 
observed to eat in one season or the other . 
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5.1.3. Local 
I n the nor th , g r o u p I fed on six species for m o r e t h a n 1 % of total 
feeding t ime each, of which five were ea ten by g r o u p I I for less t h a n 1 % 
of total feeding t ime a n d one , Malleastrum sp. , was never ea ten a t all. 
G r o u p I I fed on eight species of which seven were ea ten by g roup I for 
less t h a n 1 % of total t ime spent feeding, b u t g roup I was never seen 
eat ing the e ighth, Erythroxylon sp. I n the south, g roup I I I fed on seven 
species which were ea ten by g r o u p I V for less t h a n 1 % of total feeding 
t ime, a n d g roup I V fed on six. N o single food species was eaten by one 
g roup a n d not the o ther in the south. 

W i t h i n each s tudy area , eight ou t of the 12 food species most com
monly ea ten by the two groups were the same, a n d there was a close 
correlat ion be tween the way the two groups in each a rea al lot ted feeding 
t ime to these species ( S p e a r m a n r a n k correla t ion coefficient, Ρ<0*01— 
n o r t h ; Ρ<0-01—south). However , the re was p ropor t iona te ly more 
var ia t ion be tween the diets of the two southern groups t h a n those of 
the no r the rn groups . For ty-one per cent of the food species ea ten for 
more t h a n 1 % each of total t ime spent feeding by g r o u p I I I were ea ten 
for less t h a n 1 % each of total feeding t ime by g r o u p I V , a n d 3 3 % of the 
food species ea ten for more t h a n 1 % each by g r o u p I V were ea ten for 
less t h a n 1 % each by g roup I I I . Equ iva len t values for groups I a n d I I 
were 23 a n d 3 3 % . 

5.2. Variation in Food Parts Eaten 
I n bo th s tudy areas, there was a clear seasonal change in the par t s 
ea ten of trees a n d l ianas irrespective of species. W i t h one except ion 
(see below) the n a t u r e of this change was similar in the two groups in 
each s tudy area . F igure 4 shows the pe rcen tage of total feeding t ime 
which each g roup spent ea t ing fruit, flowers a n d flower buds . F igure 5 
shows the pe rcen tage of total feeding t ime which each spent ea t ing 
leaflets, shoots, y o u n g leaves, flush a n d buds , a n d adu l t leaves. D a t a 
on synchrony of phenology a m o n g trees in the two s tudy areas ind ica te 
t ha t changes in the i m p o r t a n c e of different food par t s for the diet of the 
four groups general ly reflected qu i te closely changes in the availabil i ty 
of these par t s in the two forests (R icha rd , in press a ) . 

I n the nor th , a genera l peak in y o u n g leaf consumpt ion occur red a t 
the same t ime as a decrease in adu l t leaf consumpt ion a t the beg inning 
of the wet season. F u r t h e r in to the wet season, consumpt ion of y o u n g 
leaves decl ined too, a n d there was a n increase in the consumpt ion of 
flowers in November , followed by a large increase in t ime spent feeding 
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Sept. Jan. Feb. Mar. Apr. May 
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Fruit Flowers 

Jun. 

FIG. 4. Percentage of total feeding time which each group spent eating fruit, flowers and 
flower buds. 

on fruit in December . I n the d ry season, there was a general decrease 
in t ime spent feeding on fruit a n d flowers, a n d a general increase in 
t ime spent feeding on adu l t leaves. T i m e spent feeding on young leaves 
decreased general ly in the d ry season, b u t the result for g r o u p I, J u l y 
1971, d id no t conform to this p a t t e r n : a large p ropor t ion of the t ime 
this g roup spent feeding on y o u n g leaves was spent in a single t ree of 
Capurodendron microlobum which was covered wi th leaf buds a t t ha t t ime . 
Phenological d a t a indicate t ha t a t t ha t t ime b u d d i n g occurred un ique ly 
in this one tree. 

I n the south, flowers were an i m p o r t a n t d ie tary i tem at the onset of 
the wet season in J a n u a r y . For the rest of the wet season, however , as 
in the nor th , fruit const i tuted an overwhelming p ropor t ion of the 
an ima l s ' diet . At the beg inn ing of the d ry season, as in the nor th , there 
was a general increase in the a m o u n t of t ime spent feeding on adu l t 
leaves, a n d this t r end cont inued th rough the d ry season unt i l the end 
of the s tudy in J u n e . Flowers again became a n i m p o r t a n t d ie ta ry 
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Sept . J a n . Feb. Mar. Apr. May J u n . 

° G r o u p I « G r o u p I I ° G r o u p E I a Group E Z 

Young leaves Adu l t leaves 

FIG. 5. P e r c e n t a g e o f t o t a l f e e d i n g t i m e w h i c h e a c h g r o u p s p e n t e a t i n g l e a f s h o o t s , y o u n g 
l e a v e s , flush a n d b u d s , a n d a d u l t l e a v e s . 

c o m p o n e n t towards the end of the d ry season in g roup I I I (no observa
tions were m a d e of g roup I V ) . These flowers c a m e from Alluaudia 
ascendens a n d A. procera. Both these species were a b u n d a n t in the forest, 
a n d bo th flower annua l ly in Sep tember . Y o u n g leaves also const i tuted 
a h igher p ropor t ion of g r o u p I l l ' s diet in Sep tember t h a n a t any o ther 
t ime. Again , this reflects changes in the phenology a n d avai labi l i ty of 
food par t s in the forest. T h e r ap id response of trees to small a m o u n t s 
of ra in a n d the abil i ty of some species to p roduce y o u n g leaves well in to 
the d ry season despite a total absence of ra in have been d o c u m e n t e d 
elsewhere (R ichard , in press a ) : l ight, b u t unexpec ted a n d atypical , 
rainfall a t the beg inn ing of Sep tember 1970 was p robab ly sufficient to 
s t imula te leaf p roduc t ion by m a n y species a n d it is this sudden avail
abil i ty of y o u n g leaves which is reflected in g r o u p I l l ' s diet a t t h a t t ime. 

A high p ropor t ion of t ime was spent ea t ing ba rk a n d / o r d e a d wood 
by the s tudy groups a t cer ta in t imes of year . I n the south, ba rk ea t ing 
occur red only in the d ry season: in Sep tember , g roup I I I spent 15-5% 
of their to ta l feeding t ime ea t ing the ba rk a n d c a m b i u m of Open-
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culicarya decaryi. N o an ima l was ever seen eat ing dead wood. I n the 
nor th , bo th groups a te ba rk to the exclusion of dead wood in the dry 
season, a n d dead wood almost to the exclusion of ba rk in the wet 
season. T h e ba rk ea ten in the d ry season c a m e main ly from th in 
b ranches of Commiphora pervilleana. 

5.3. Variation in Breadth of Diet 
5.3.1. Regional 
T h e southern groups ' diet conta ined fewer species t h a n tha t of the 
no r the rn groups . I n the course of the field study, g roup I was observed 
feeding on 88 known different food species ( including five l iana species), 
a n d g roup I I on 102 ( including five l ianas) . I n the south, g roup I I I 
was seen to feed on 79 different food species ( including 15 lianas) a n d 
g roup I V on 65 ( including 13 l ianas) . These represented 4 9 % (group 
I ) , 5 8 % (group I I ) , 9 1 % (group I I I ) a n d 7 4 % (group IV) of all the 
t ree species identified in each forest. T h e lower n u m b e r bu t larger 
percentage of species ea ten in the south was p robab ly par t ly a result 
of there simply being fewer species in the forest. However , the larger 
percentage of species ea ten m a y also have been d u e to an increase in 

I 2 3 4 5 6 7 8 9 10 II 12 
Food species ranked according 

to time spent eating them 

FIG. 6 . Mean percentage of total feeding time which each group spent eating the 12 food 
species fed on by the group more commonly than any other species. 
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the an imals ' selection for var ie ty of diet . I n bo th areas, however , m a n y 
of these species were ea ten rarely. F igure 6 shows t h a t all four groups 
spent at least 6 0 % of tota l feeding t ime ea t ing only 12 food species; it 
also indicates t ha t this t endency to feed p r imar i ly on a few species was 
m o r e p ronounced in the south t h a n in the no r th . 

5.3.2. Seasonal 
T a b l e I I I gives the n u m b e r of food species on which each g r o u p spent 
more t h a n 1 % of total feeding t ime, in each season . a I n bo th areas, 
groups spent more t ime eat ing fewer species in the wet season t h a n in 
the d ry season ( M a n n - W h i t n e y U test, Ρ < 0 · 0 1 for bo th areas) . 

TABLE III 
Number offood species eaten by each group for more than 1 % of total feeding time, in each season 

M o n t h N o . of species M o n t h N o . of species 

G r o u p I G r o u p II G r o u p III G r o u p IV 
J u l y a n d M a y a n d 
A u g u s t 18 22 J u n e 18 19 
N o v e m b e r a n d J a n u a r y a n d 
D e c e m b e r 13 17 F e b r u a r y 8 6 

5.4. Variation in Diet and the Abundance of Foods 
I n bo th s tudy areas groups a te a relatively h igh n u m b e r of food species 
which occurred frequently in the forest, instead of seeking ou t m o r e 
rare ly occurr ing tree species. I n Fig. 7 t ree species a re g rouped accord ing 
to their frequency of occurrence in plots s ampled ; the n u m b e r of food 
species coming from each of these groups is shown. O n l y food species 
ea ten by any of the four s tudy groups for m o r e t h a n 1 % of total feeding 
t ime are inc luded. I n the nor th , 8 7 % of the tota l n u m b e r of t ree species 
identified occur red in less t h a n half the tota l n u m b e r of plots, yet only 
6 4 % of the no r the rn g roups ' food species c a m e from these t ree species, 
a n d the r ema in ing 3 6 % from the 1 3 % of t ree species t h a t occur red in 
more t h a n half the plots. I n the south, 8 4 - 5 % of the tota l n u m b e r of 
t ree species occur red in less t h a n half the plots a n d yet they const i tuted 
only 6 5 % of the total n u m b e r of food species of the southern groups . 
T h e r ema in ing 3 5 % of food species c a m e from the 15*5% of t ree species 
which occur red in m o r e t h a n half the plots sampled . Nevertheless, it 

a
 W h e n all food species were inc luded in the analysis, t rends in the d a t a were masked by the 
long tail of rarely eaten food species. However , this is no t to dismiss the possibly crit ical 
impor t ance of rarely eaten foods (p . 94) . 
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should be noted tha t rarely occurr ing tree species did const i tute almost 
two-thirds of the total n u m b e r of food species. Separa te analysis of 
feeding d a t a from wet a n d dry season mon ths showed tha t this was 
equal ly t rue in bo th seasons. 

F igure 7 also shows how m a n y of groups I a n d I l l ' s five most com
monly eaten food species come from each g roup of t ree species; 31 -6% 
of total feeding t ime was spent eat ing these five species by g roup I , a n d 
5 5 - 1 % by g roup I I I . T h e dis t r ibut ion of the results shows t ha t even 
a m o n g the groups ' most commonly eaten foods there was a wide r ange 

60 

5 0 H 

10 20 30 40 50 60 70 80 90 100 
Frequency (%)with which tree species were present in sample circles 

FIG. 7 . T r e e s p e c i e s g r o u p e d a c c o r d i n g t o t h e n u m b e r o f s a m p l e s i n w h i c h t h e y o c c u r r e d a n d 
t h e i r f r e q u e n c y o f o c c u r r e n c e i n s a m p l e p l o t s , s h o w i n g t h e n u m b e r o f f o o d s p e c i e s c o m i n g 
f r o m e a c h o f t h e s e g r o u p s . 

of var ia t ion in the a b u n d a n c e of the food species. I t mus t be added , 
however , t ha t the accuracy of estimates of the a b u n d a n c e of foods 
based on the frequency of occurrence of t ree species is ques t ionab le : for 
example , the 8 7 % of t ree species which occur red in less t h a n half the 
total n u m b e r of plots in the no r th m a y have m a d e u p a m u c h lower 
propor t ion of the canopy . 

6. R A N G I N G BEHAVIOUR 

6.1. General Characteristics of Range Utilization 
T h e g roup was located by reference to the grid system a n d the spat ial 
d isp lacement of the an ima l u n d e r observat ion each d a y was recorded 



3. PROPITHECUS VERREAUXI 89 

a t m i n u t e intervals . Distances were es t imated by eye a n d a re therefore 
app rox ima te . N o significant difference was found in the dis tance moved 
each d a y by the different age a n d sex classes in each s tudy area , a n d 
results for animals in the two groups in each a rea were therefore 
combined . 

Character is t ical ly , each g r o u p followed the same genera l rou te for 
two or th ree days a n d then suddenly changed bo th their sleeping t ree 
a n d direct ion of movemen t . O n l y six days of quan t i t a t ive d a t a were 
collected on each g r o u p in each m o n t h , a n d it was thus no t possible to 
m a p overall r ang ing strategies. However , each g r o u p a p p e a r e d to visit 
most par ts of the r ange wi th in a per iod of a b o u t ten days. 

Square ranked according to time spent in them 

FIG. 8. Var ia t ion be tween each group ' s al location of t ime across its h o m e range . 

R a n g e size var ied be tween the groups from 6-75 to 8-50 ha , b u t this 
var ia t ion was no t significant. However , these figures a re in a sense 
misleading, in t ha t all four groups used a relat ively large p ropor t ion oj 
their r ange very rarely, spending m u c h of thei r t ime in relatively few 
q u a d r a t s . T h e r e were , however , differences in the extent to which each 
g roup showed this t endency . F igure 8 shows the var ia t ion be tween 
groups ' al location of t ime across their r ange . Q u a d r a t s were r a n k e d 
accord ing to the a m o u n t of t ime spent in t hem, a n d this t ime is shown 
cumula t ive ly as a pe rcen tage of to ta l t ime. 

A l though par t s of each r ange could be differentiated on the a m o u n t 
of t ime spent in t hem, they could no t be dist inguished by the type oj 
activity performed in t h e m : there was a highly significant corre la t ion 
be tween the a m o u n t of t ime spent feeding a n d the a m o u n t of t ime 
spent in o ther activities in the ten most c o m m o n l y used q u a d r a t s in 
each group ' s r ange ( S p e a r m a n r a n k corre la t ion coefficient, Ρ <0*001). 
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This was also t rue w h e n all q u a d r a t s were considered, b u t in the la t ter 
case some correlat ion was to be expected. 

6.2. Regional and Seasonal Variation 
I n the nor th , m e a n dis tance moved each d a y in the wet season was 
1100 m ; in the d ry season it was 750 m. I n the south, m e a n dis tance 
moved each day in the wet season was 1000 m ; in the d ry season it 
was 550 m. I n bo th seasons, the no r the rn groups r anged far ther each 
day , on average, t h a n the southern groups ( M a n n - W h i t n e y U test : 
P < 0 - 0 0 1 — d r y season; P < 0 - 0 5 — w e t season). 

I n bo th no r th a n d south, groups moved farther each day in the wet 
season t h a n in the d ry season ( M a n n - W h i t n e y U test, Ρ<0-008— 
n o r t h ; Ρ<0-001—south). A l though this was associated wi th a con
siderable increase in the total n u m b e r of q u a d r a t s entered du r ing a 
mon th ' s observations, the increase in the n u m b e r of different q u a d r a t s 
entered was very slight. I n T a b l e I V total n u m b e r of q u a d r a t s a n d to ta l 
n u m b e r of different q u a d r a t s entered are plot ted for each g r o u p in 
each m o n t h . T h e ra t io be tween these figures shows tha t , in r ang ing 
far ther in the wet season, groups t ended merely to cover the a rea 
used in the d ry season more rapid ly in the wet season, r a the r t h a n to 
expand it apprec iably . This t endency to spend more t ime in fewer 
quad ra t s in the d ry season was more p ronounced in the south t h a n in the 
nor th . 

6.3. Exclusivity of Range Use 
All four s tudy groups each h a d areas of exclusive use wi th in their 
ranges . Exclusivity of use was no t clearly re la ted to a m o u n t of use : 
areas used intensively by a g roup were not necessarily exclusive to t ha t 
g roup and , conversely, little-used q u a d r a t s were no t necessarily areas 
of over lap wi th o ther groups (Fig. 9) . A n analysis of the most a n d least 
used q u a d r a t s in the r ange of each g roup showed t ha t an a lmost equa l 
n u m b e r of each group ' s most a n d least used q u a d r a t s were also en te red 
by other groups (Tab le V ) . I n the nor th , groups I a n d I I h a d exclusive 
use of 29 a n d 2 4 % of their to ta l ranges . I n the south, groups I I I a n d I V 
h a d exclusive use of 54 a n d 5 1 % of their ranges . I n the no r th intensively 
used q u a d r a t s were scat tered a b o u t the range , whilst in the south they 
t ended to form a cent ra l block. 

I n t e r g r o u p interact ions occurred in most par t s of the ranges of the 
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TABLE IV 
Number of quadrats entered, number of different quadrats entered and 

the ratio between these figures, for each group in each month 

N o . s q u a r e s N o . d i f f e r en t 
G r o u p M o n t h e n t e r e d s q u a r e s e n t e r e d R a t i o * 

I J u l y 6 9 22 3-1 
A u g . 62 2 0 3-1 
O c t . 118 2 3 5-1 
N o v . 144 2 5 5-8 
D e c . 137 2 6 5-3 
J u l y 6 9 17 4-0 

I I J u l y 9 0 2 4 3-7 
A u g . 79 21 3-8 
O c t . 122 2 3 5-3 
N o v . 121 2 6 4-6 
D e c . 167 27 6-2 
J u l y 85 31 2-7 

I I I J a n . 119 27 4-4 
F e b . 8 8 2 3 3-8 
M a r . 9 5 19 4-0 
A p r . 6 9 20 3-4 
M a y 6 3 19 3-3 
J u n e 55 17 3-2 

I V J a n . 137 25 5-5 
F e b . 107 2 4 4-4 
M a r . 130 2 0 6-5 
A p r . 6 9 21 3-3 
M a y 56 18 3-1 
J u n e 6 4 17 3-8 

T o t a l n o . o f s q u a r e s 
*
 R a t l

° = ™ " 
N o . o i d i r i e r e n t s q u a r e s 

TABLE V 
Each group's most and least used quadrats, showing the proportion that was also 

used by another group 

G r o u p 

N o . of q u a d r a t s i n w h i c h 
o v e r l a p o c c u r r e d a m o n g s t 
t h e 10 l e a s t - u s e d q u a d r a t s 

i n t h e h o m e r a n g e 

N o . of q u a d r a t s i n w h i c h 
o v e r l a p o c c u r r e d a m o n g s t 
t h e 10 m o s t - u s e d q u a d r a t s 

i n t h e h o m e r a n g e 

I 
I I 
I I I 
I V 

7 
10 

2 
4 

8 
10 

3 
4 
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nor the rn groups (Fig. 9) , so it is i m p r o b a b l e t ha t they were defending 
the b o u n d a r y of a " t e r r i t o r y " d u r i n g these encounters . Lit t le over t 
hostility was seen in m a n y of the 59 encounters witnessed in the n o r t h : 
only 18 cu lmina ted in the r i tual ized " b a t t l e " described by Jo l ly (1966). 
Mos t of these " b a t t l e s " occur red wi th reference to a pa r t i cu la r food 
source in which one of the groups was feeding pr ior to the encounter . 
I n most o ther instances, after reciprocal s tar ing a n d some g run t ing the 
groups moved away from each other . 

I n the south, in t e rg roup encounters occur red r o u n d the pe r iphery 
of the block of exclusively used q u a d r a t s . T h u s it a p p e a r e d t ha t the 
groups h a d well-defined borders to cent ra l areas of exclusive use which 
were reasserted by periodic hostile encounters wi th ne ighbour ing 
groups . O n l y 29 encounters were observed in the south, bu t all except 
n ine cu lmina ted in " b a t t l e s " . 

7. D I S C U S S I O N 

I n recent years there has been a growing recognit ion t ha t social 
organiza t ion a n d social behav iour canno t be usefully s tudied in an 
env i ronmenta l v a c u u m : emphasis has been increasingly placed on the 
idea tha t social organiza t ion a n d the env i ronmen t form a ne twork of 
closely in ter re la ted a n d in te rac t ing componen t s (e.g. Crook, 1970; 
D e n h a m , 1971). However , in pract ice , in p r i m a t e studies analysis of 
bo th the env i ronmen t a n d the social pa r ame te r s involved has r ema ined 
at a very genera l level; in the resul t ing classifications, within-class 
var ia t ion is often as grea t as t h a t be tween classes. I t has been poin ted 
ou t t ha t the lack of correlat ion m a y be d u e in p a r t to different species 
responding in different ways to c o m p a r a b l e env i ronmenta l pressures 
(Clut ton-Brock, 1974a). 

T h e p r i m a r y a im of the research repor ted in this p a p e r was to 
investigate aspects of intraspecific behav ioura l var ia t ion in Propithecus 
verreauxi. By s tudying two popula t ions of a single species, it could be 
assumed t h a t behav ioura l var ia t ion d u e to genet ic influences was 
min ima l . Va r i a t i on could thus be a t t r i bu ted to env i ronmenta l differ
ences, or considered r a n d o m or " n e u t r a l " , hav ing no adap t ive signifi
cance (cf. Lewont in , 1974). 

T h e im por t ance of feeding behav iour in the overall "survival 
s t r a tegy" of a n y species is obvious a n d has been stressed repea ted ly 
( M a c A r t h u r a n d P ianka , 1966; Schoener , 1971 ; Wa t son , 1970). I n 
this s tudy, a n u m b e r of differences in feeding behav iour were d o c u m e n 
ted be tween the two popula t ions wh ich were p r o b a b l y re la ted to the 
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distr ibut ion a n d availabil i ty of food. I t is further a rgued tha t regional 
differences in pa t te rns of g roup dispersion a n d in in t e rg roup rela t ion
ships were integral ly re la ted to differences in feeding behaviour . These 
hypothesized relat ionships are summar ized below. 

Consider ing first the dis t r ibut ion a n d availabil i ty of food species, 
there were similarities a n d differences be tween the two s tudy areas . 
I n both , the profile of the forest was relatively low; in both , most t ree 
species were rarely occurr ing a n d widely dispersed, a n d yet these 
species const i tuted a major componen t of the an imals ' diet . I n the 
nor th , however , rainfall was higher a n d more evenly dis t r ibuted r o u n d 
the year t han in the south, where very little ra in fell, a n d this only in 
three mon ths of the year . Associated wi th these differences, vegeta t ion 
in the nor th was m u c h more a b u n d a n t t h a n in the south, trees provided 
m u c h more cover, and there was a well developed canopy. 

Feeding a n d rang ing behaviour var ied seasonally in each s tudy area . 
T h e direct ion of the change was general ly the same in both areas, b u t 
in the south this seasonal var ia t ion t ended to be more p ronounced . 
T h u s , in the d ry season in bo th s tudy areas, animals moved short 
distances each day and fed for short periods on a wide var ie ty of food 
species, with leaves const i tut ing a major p ropor t ion of their diet . I n 
the wet season, they moved farther each day a n d fed for longer per iods 
on fewer species, with flowers a n d fruits p r e d o m i n a n t in their diet . All 
these t rends, however , were more m a r k e d in the south. 

O n the basis of these observat ions, the following in te rpre ta t ion of 
regional differences in pa t te rns of g roup dispersion (Section 6.3) is 
suggested: in the nor th , the scat tered dis t r ibut ion of m a n y food species 
de te rmined the m i n i m u m area over which the g roup must r ange in the 
course of a year . Animals covered this r ange th roughou t the year in 
order to moni to r these scat tered food sources a n d eat t h e m as they 
became ava i lab le : most of these foods were eaten seasonally only, a n d 
m a n y were eaten in very small quant i t ies , bu t it is p robab le t ha t they 
were of critical nut r i t ive impor t ance in the an imals ' diet . A result of 
this strategy was, however , t ha t a t any one t ime the total food avai lable 
wi thin the range was in excess of the group ' s i m m e d i a t e needs a n d 
over lap between groups could therefore be extensive. I t is possible t h a t 
the scattered, so-called areas of exclusive use were simply areas where I 
d id not see o ther groups , r a the r t h a n areas where o ther groups d id not 
go. T h e avoiding act ion general ly taken w h e n groups m e t functioned 
to increase g r o u p dispersion a n d ma in t a in g roup integri ty. T r u e 
" b a t t l e s " almost always occurred a t a preferred food source on which 
one or the o ther g roup was feeding immedia te ly before the encounter . 

I n contrast , in the south the dispersion of groups was de te rmined by 



3. PROPITHECUS VERREAUXI 95 

total food availabil i ty a t cer ta in t imes of year r a the r t h a n by the dis
t r ibut ion of a few critical b u t scat tered food sources: the whole r a n g e 
was necessary to suppor t the g roup towards the end of the d ry season, 
w h e n total food avai labi l i ty was ext remely low. I t is a rgued tha t r o u n d -
the-year m a i n t e n a n c e of a largely exclusive r ange was a m o r e efficient 
means of assuring this seasonally crucial resource a rea t h a n seasonal 
conflicts to establish exclusivity w h e n total food availabil i ty was low. 

T h e in terpre ta t ions are p u t forward tentat ively, a n d m a n y o ther 
aspects of the d a t a collected r ema in wi thou t any explana t ion . For 
example , the function of wood in the an imals ' diet is largely u n k n o w n , 
a l though it was an i m p o r t a n t componen t . T h e ba rk a n d c a m b i u m of 
0. decaryi, ea ten in significant quant i t ies in the south, was found to 
conta in approx ima te ly 7 7 % wa te r by weight , a n d it mus t thus have 
provided an i m p o r t a n t source of wa te r towards the end of the long d ry 
season in the south. I n contrast , the ba rk of C. pervilleana, ea ten in the 
nor th , a p p e a r e d to conta in little wa te r a n d was p resumab ly ea ten for 
its nut r i t ive va lue r a the r t h a n as a source of water . T h e function of 
dead wood in the diet of the no r the rn groups remains complete ly 
obscure . I n the wet season, it was a major i tem in the diet of each g roup , 
a l though the ra te of food consumpt ion was low w h e n an imals were 
eat ing i t : they h a d considerable difficulty t ea r ing off mouthfuls , a n d the 
measure " t i m e spent feeding" thus p robab ly over-emphasizes the real 
p ropor t ion of their diet t ha t it const i tuted. Each g r o u p fed on only two 
dead tree s tumps wi th in their ranges , a l though further dead t runks 
were present in bo th ranges which did no t differ not iceably from those 
used as food sources. Close examina t ion of the wood did no t reveal 
any signs of bore holes m a d e by insect l a rvae : it appea red , r a the r , to 
be very dry , very h a r d a n d very dense. I t is possible t ha t this wood 
ac ted as roughage in the diet , a t a t ime w h e n fruit const i tuted the 
major componen t . 

Final ly, one aspect of intraspecific behav ioura l var ia t ion—local 
va r i a t ion—emerged clearly as a significant factor in this s tudy bu t its 
basis is still open to speculat ion. Va r i a t i on in feeding behav iour was 
one c o m p o n e n t of this overall local var ia t ion . T h e r e were differences 
between ne ighbour ing groups in the two s tudy areas bo th in the 
total r ange of food species ea ten a n d in the ident i ty of food species 
const i tut ing the major p a r t of their diet . Th is " m i c r o v a r i a t i o n " m a y 
have been the result of differences in the species composi t ion a n d 
availabil i ty of food species be tween the pa r t i cu la r sections of forest in 
which the groups r a n g e d : the analysis of vegeta t ion in the ranges of all 
four groups m a y h a v e failed to de tec t such slight var ia t ions d u e to the 
restricted a rea sampled . However , it is equal ly possible t ha t " c u l t u r a l " 
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differences be tween groups m a y also result in group-specific differences 
in the choice of cer ta in preferred food species [cf. K a w a m u r a ' s (1959) 
food lists for Macaca fuscata g roups] . F u r t h e r a n d more detai led s tudy 
will be needed before o ther t h a n speculative answers can be provided 
to these questions. 
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1 . INTRODUCTION 

M y goal in studying howling monkeys (Alouatta palliata) was to explain 
the adaptive basis of their social organization. The adaptive basis of 
any trait is ultimately that it allows an individual to convert environ
mental energy into more successful offspring than are produced by the 
average individual in its population. It is often difficult to demonstrate 
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the connect ion be tween social behav iour a n d successful offspring, b u t 
the logical connect ion can come by re la t ing social behav iour to feeding 
a n d foraging efficiency (Smith, 1968). I t was wi th this connect ion in 
m i n d t h a t I s tudied the foraging behav iour a n d digestive efficiency of 
howling monkeys on Barro Colorado Is land, P a n a m a C a n a l Zone . 
Whi le most of the information in this chap te r will deal wi th feeding 
behaviour , it will be organized in a w a y tha t will al low m e to examine 

FIG. 1. Adul t female Alouatta palliata. P h o t o g r a p h courtesy of C , M . H lad ik . 



4. ALOUATTA Ρ ALU AT A 99 

a r g u m e n t s a b o u t the in ter re la t ionship of feeding behav iour a n d social 
o rganiza t ion . 

2. M E T H O D S 

T h e s tudy h a d bo th a field a n d l abora to ry c o m p o n e n t wi th the field 
work ex tending be tween 1st Sep tember 1967 a n d 14th J u l y 1968. 
I censused 27 t roops on approx ima te ly the nor th-eas t th i rd of Bar ro 
Colorado Is land (BCI) , mostly in the first th ree mon ths of the s tudy, 
in order to c o m p a r e the popu la t ion densi ty of the howlers wi th earl ier 
studies (Carpente r , 1962). I n an a t t e m p t to speed the process of census-
ing troops, I t r ied to d is turb rest ing t roops into m o v e m e n t by p laying 
recordings of juveni le distress calls while shaking a black, stuffed d u m m y 
or by m y own a t t empts to imi ta te the loud howls of adu l t males . Both 
types of calls caused some movemen t s in rest ing t roops, bu t they seldom 
b rough t all the vocal m e m b e r s of the t roop into clear view a n d I could 
no t be sure t ha t there were not o ther silent m e m b e r s of the t roops ou t 
of view. Carpen te r ' s (1934) me thods of censusing t roops on the move 
across n a r r o w gaps be tween trees was still the most rel iable me thod , 
bu t very t ime consuming because of the low frequency of t roop move
ments . 

F r o m F e b r u a r y t h rough to J u l y we took 407 hours of t ime budge t 
notes of single monkeys . T h e monkeys being wa tched were in view 
9 0 % of the t ime. I t is this 9 0 % of the total t ime tha t we compi led as 
t ime budge t notes. I followed the activities of single monkeys r a the r 
t h a n whole t roops in o rder not to bias the results towards too high a 
per cent of the t ime spent in m o v e m e n t or o ther activities t h a t wou ld 
t end to d r a w m y a t ten t ion . T h e results m a y still be biased towards 
m o v e m e n t because a monkey was most likely to spend long periods ou t 
of m y sight w h e n it was motionless beh ind some obstacle. T h e t ime 
budge t notes were taken in sho r thand symbols for a b o u t 50 categories 
of activity. Whi l e tak ing notes a transistorized t imer gave a signal every 
10 sec a n d hash marks were p laced u n d e r the sho r thand symbol for 
the activity be ing performed a t the t ime of the signal (Smith , 1968; 
R i c h a r d , 1970). W h e n the t imers malfunct ioned we counted seconds 
a n d placed the hash marks a t t en-count intervals . Activities could last 
for less t h a n 10 sec a n d not receive a hash mark , bu t the probabi l i ty of 
its receiving a hash m a r k would be p ropor t iona l to its length . A d d i n g 
the hash marks over ex tended periods of t ime al lowed m e to calcula te 
t he per cent of t ime spent in different activities. Activi ty categories of 
similar function were g rouped after the notes were t aken a n d t abu la t ed . 
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Most of the notes were taken on members of the " c u t - l i p " t roop ( t roop 
A A of Chivers, 1969) which r anged a r o u n d the clear ing a n d buildings 
on B C I , bu t 160 hours were compi led from observat ion of member s of 
five o ther t roops. 

I n order to demons t ra te d iu rna l pa t te rns of activity, the per iod 
be tween sunrise a n d sunset was divided into ten equal periods. Each 
day 's notes were divided into the app rop r i a t e periods a n d then the 
notes for the same per iod on successive days were a d d e d to get a com
posite t ime budge t t ha t would include days from over a m o n t h or m o r e 
of t ime. T h e composi te t ime budgets were then plot ted as b a r g raphs . 

Whi le I censused troops or took t ime budge t notes, I p lot ted the 
position of botfly larvae , Dermatobia hominis, infecting the monkeys . 
T h e botfly larva tha t infected a capt ive juveni le monkey r ema ined in 
the monkey for 29 days before d ropp ing out as a m a t u r e p u p a . T h e 
la rva was a l ready large enough to be easily seen in the field when the 
monkey was cap tu red . T h u s , the position a n d n u m b e r of botfly la rvae 
can serve as a useful key to the ident i ty of indiv idual monkeys if they 
are observed at intervals of a few weeks. T h e n u m b e r of botfly infections 
per individual m a y also be a good indicat ion of its hea l th as will be 
described later. 

T h e labora tory pa r t of the s tudy was a series of feeding exper iments 
wi th juveni le monkeys to measure the efficiency wi th which they 
assimilate food. T h e five monkeys used in the feeding exper iments 
were all abou t one- to four-months-old at cap tu re a n d were p robab ly 
still get t ing most of their nour i shment from nurs ing. T h e y were fed on 
milk a n d cul t ivated fruit in captivi ty a n d p robab ly h a d a very different 
gut fauna from monkeys living in the wild. Four of the monkeys, which 
I raised, were p robab ly from nine- to 14-months-old (1-4 to 2*9 kg) 
du r ing the feeding exper iments . T h e fifth monkey was abou t 18-months-
old when used in the feeding exper iments . At n ine months , wild 
monkeys p robab ly get only a small fraction of their nour i shment by 
nurs ing and are weaned by the t ime they are a year old. T h e monkeys 
were kept in screened cages with dimensions of 60 by 90 by 120 cm. 
T h e floor was covered with heavy polyethylene to hold the ur ine for 
collection. Some ur ine was occasionally lost w h e n the monkeys tore 
holes in the polyethylene, al lowing ur ine to seep into the wooden floor 
of the cage. T h e cages were kept in a well vent i la ted house so t ha t 
light, t e m p e r a t u r e a n d humid i ty were similar to t ha t exper ienced by 
free-living monkeys. 

Twice a day I removed the cage floors a n d separa ted the faeces, 
ur ine , and left-over food accumula ted since the last feeding. T h e 
monkeys were fed immedia te ly after the cages were cleaned. I fed a 
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known wet weight of food a t each feeding a n d conver ted it to d ry 
weight by de te rmin ing the loss of weight du r ing dry ing of food samples. 
T h e food samples, faeces, u r ine a n d left-over food were all dr ied a t 
80° C to a "cons tan t we igh t " . T h e dr ied samples were sealed in plastic 
bags, or vials for ur ine , a n d r e tu rned to Missouri for analysis. I de ter 
mined the energy conten t of all mater ia ls by bu rn ing a r a n d o m sample 
of the mate r ia l after it h a d been g round u p wi th m o r t a r a n d pestle. 
T h e techniques of Pa ine (1964) were used on a Pa r r semimicro oxygen 
b o m b calor imeter , mode l 1411, to de te rmine the calorific va lue of the 
mater ia ls . T h e per cent n i t rogen a n d calc ium conten t of food a n d faecal 
samples were de te rmined by the Universi ty of Missouri Agr icu l tu ra l 
Expe r imen t Sta t ion Chemica l Labora tor ies . 

I cont inued the feedings for eight or ten days for each food. Na t ive 
foods were all picked, weighed, a n d bagged a few days before the s ta r t 
of an exper iment a n d kept in a refrigerator to p revent spoiling. T h e 
mater ia ls from the first day were separa ted from mater ia ls from the 
last seven or n ine days because by the end of the first day the n a t u r e of 
the faeces h a d changed from tha t p roduced u n d e r the usual diet of 
milk a n d cul t ivated fruit. T h e percentage of weight a n d energy 
assimilated a n d metabol ized is calcula ted from the mater ia ls ga the red 
the last seven or n ine days. Assimilated energy is the calories of food 
ingested minus the calories of faeces p roduced . Metabo l izab le energy 
is assimilated energy minus calories of ur ine p roduced . 

3. FEEDING BEHAVIOUR 

3.1. Time Budgets 
Genera l ly it is difficult for an an ima l to concen t ra te on doing m o r e t h a n 
one th ing at a t ime, a n d howling monkeys are no exception to the rule . 
T h e relat ive a m o u n t of t ime an indiv idual spends on different activities 
is a good measure of the relat ive impor t ance of those activities to t he 
organism. If a trade-off of one activity for ano the r were to cause an 
increase in an individual ' s cont r ibu t ion to future generat ions , then the 
behavioura l responses t ha t lead to the trade-off would be u n d e r 
positive selection. 

T h e t ime budgets of howling monkeys show a grea t emphasis in 
rest ing (Fig. 3) . T h e ma in t enance category in Fig. 3 includes t ime 
spent g rooming , defaecat ing a n d u r ina t ing , bu t is main ly resting. 
Ur ina t i ng a n d defaecating m a k e u p less t h a n 0 - 3 % of the m a i n t e n a n c e 
activity, bu t as m u c h as 2 0 % of ma in t enance activity in some hours 
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m a y be grooming . I never observed a l logrooming except be tween two 
caged howlers. Free-l iving monkeys usually use an a r m , leg or their tail 
to r u b lightly over some surface of their body a t intervals of from ten 
to 120 seconds. Often the a p p e n d a g e does no t touch the body a t all. 
T h e g rooming seems to be di rected a t mov ing mosqui toes from the 
monkey ' s body. T h e y do not g room d u r i n g heavy rains. T h e i m p o r t a n c e 
of this activity in p reven t ing parasi t ism will be discussed later . T h e 
monkeys ' rest ing pa t t e rn does no t seem to be in t e r rup ted by the inter
mi t ten t b rush ing of mosqui toes . T h e i r rest ing posture is seldom dis
tu rbed a n d the monkeys use whichever of their five appendages is free. 
Thus , essentially all of the m a i n t e n a n c e t ime is spent resting. T h e 
i m por t a nc e of this grea t a m o u n t of rest ing t ime is in al lowing the 
monkeys to concen t ra te their metabol ic activity on digest ing a relatively 
indigestible food. T h e r e a re slight differences in the percen tage of t ime 
spent rest ing be tween adu l t males a n d females a n d be tween the wet a n d 
d ry seasons, bu t a t least 7 4 % of the day a n d all n ight a re spent rest ing 
by all adul ts a t all seasons. 

T h e t ime spent feeding or moving be tween feeding sites took u p most 
of the rest of the day , wi th less t h a n 4 % of the d a y spent in social activi
ties of all kinds. T h e monkeys could find a n d consume their dai ly food 
requi rements du r ing 15 to 2 2 % of the day , because the leaves a n d fruit 
u p o n which they feed are concen t ra ted in large m a t u r e trees a n d 
requi re little or no man ipu l a t i on while be ing eaten. T h e low p ro 
por t ion of t ime spent in social in teract ions seems unusua l for p r ima tes , 
especially w h e n so little t ime is d e m a n d e d for feeding a n d finding food. 
Actual ly , the p a t t e r n of feeding in trees wi th an excess of food m a y 
prevent aggression be tween t roop m e m b e r s over food or feeding sites. 
T h e absence of a l logrooming also reduces social in terac t ion, bu t it is 
difficult to de t e rmine whe the r its absence is a cause or an effect of low 
levels of social in terac t ion . O f the 1-5 to 2 -4% of the t ime spent in 
social behav iour in the wet a n d d ry seasons only one- th i rd was definitely 
directed at m e m b e r s of the same t roop . T h e r ema in ing two-thi rds was 
spent in vocal activity, most of which was loud enough to function in 
communica t i on be tween t roops. 

A compar ison of the activity pa t te rns a n d diet of the four species of 
d iu rna l monkeys on B C I emphasizes the re la t ionship be tween a high 
c o m p o n e n t of leaves in a diet a n d a h igh percen tage of t ime rest ing 
(Tab le I ) . T h e corre la t ion is ac tual ly s t ronger t h a n the values in 
T a b l e I indica te because most of the t ime the Cebus capucinus were 
motionless they were s tand ing a n d alert ly looking for insects. T h e 
Saguinus geoffroyi were s tanding a n d searching all the t ime they were 
motionless. I n contrast , howlers sit or recline w h e n motionless, b rush 



TA
BL

E 
I 

Fo
od

 s
up

pl
y 

in
 r

el
at

io
n 

to
 t

he
 t

im
e 

bu
dg

et
s 

of
 fo

ur
 

di
ur

na
l 

pr
im

at
es

 
on

 B
ar

ro
 

Co
lo

ra
do

 
Is

la
nd

 

S
pe

ci
es

 
W

h
er

e 
ob

se
rv

ed
 

T
im

e 
ob

se
rv

ed
 

(h
r)

 
%

 
T

im
e 

m
o

v
in

g 
or

 
fe

ed
in

g 
%

 
T

im
e 

m
ot

io
nl

es
s 

or
 

gr
oo

m
in

g 
%

 
F

ru
it

* 
in

 
di

et
 

%
 

L
ea

ve
s*

 
in

 
di

et
 

%
 

A
ni

m
al

s*
 

in
 

di
et

 

Al
ou

at
ta

 
pa

lli
at

a 
F

re
e 

li
vi

ng
 

36
6 

21
 

79
 

60
 

44
 

<
1 

Al
ou

at
ta

 
pa

lli
at

a 
C

ag
ed

f 
8 

17
 

83
 

60
 

40
 

<
1 

At
el

es
 

ge
qf

fro
yi

 
F

re
e 

li
vi

ng
§ 

§ 
38

 
62

 
80

 
20

 
<

1 

Ce
bu

s 
ca

pu
ci

nu
s 

C
ag

ed
J 

4 
41

 
59

 
65

 
15

 
20

 

Sa
gu

in
us

 
ge

of
fro

yi
 

C
ag

ed
J 

4 
35

 
65

 
60

 
10

 
30

 

* 
D

at
e 

ta
ke

n 
fr

om
 H

la
di

k 
an

d 
H

la
di

k 
(1

96
9)

. 
t 

W
id

e-
m

es
he

d 
sc

re
en

ed
 c

ag
es

 i
n 

a 
cl

ea
ri

ng
. 

+ 
W

id
e-

m
es

he
d 

sc
re

en
ed

 c
ag

es
 u

nd
er

 a
 f

or
es

t 
ca

no
py

 w
he

re
 i

ns
ec

ts
 c

ou
ld

 e
nt

er
. 

§ 
D

ur
in

g 
18

 d
ay

s 
of

 o
bs

er
va

ti
on

 b
y 

R
ic

ha
rd

 (
19

70
).

 



4. ALOUATTA Ρ ALU AT A 105 

away mosquitoes, a n d stare in to space or sleep. Leaves a n d small 
an imals a p p e a r to be the major source of pro te in for these four sym
pat r ic species of p r imates . W i t h small an imals as a pro te in source, 
foraging t ime is great ly increased, while leaves requ i re little foraging 
t ime a n d m u c h effort to digest. T h e n iche of howl ing monkeys is a t 
the ex t reme where most t ime is budge ted to maximize the effort on 
digest ing food. 

3.2. Feeding Behaviour 
Howl ing monkeys a p p e a r to have poor m a n u a l dexter i ty c o m p a r e d wi th 
most o ther new world p r imates (Carpen te r , 1934). T h e t h u m b a n d 
first digit oppose the last th ree digits. C a r p e n t e r gives several examples 
of how this form of grasping wi th the h a n d is used in their typical 
p ronograde locomotion a n d their feeding behaviour . Usual ly they 
g r a b a b r a n c h a b o u t 30 c m from its t ip a n d bend it back to b r ing fruit, 
leaves, buds or flowers close to their m o u t h a n d pick the food wi th 
their lips or teeth . T h e food is m a n i p u l a t e d in the m o u t h , usually 
wi thou t the a id of hands , a n d m a y be rejected by spit t ing it ou t of the 
m o u t h . Mos t of the food i tems are ei ther swallowed or spat ou t w i thou t 
any discr iminat ion be tween the par t s of the food tha t m a y differ in their 
desirabil i ty as food. However , I once observed monkeys spit t ing ou t 
the p i th of fleshy fruits while swallowing m u c h of the pu lp . 

3.3. Feeding Heights and Feeding Sites 
T h e fruit, young leaves, buds a n d flowers which m a k e u p the diet of 
howling monkeys all occur in greatest quan t i t y a t the ends of exposed 
branches nea r the tops of trees in the forest canopy . Mos t of the feeding 
is done in ind iv idual trees which are large enough to feed a whole t roop 
du r ing one feeding bout . Monkeys will eat some food, especially leaves, 
from trees a n d vines a r o u n d the m a i n food t ree d u r i n g a feeding b o u t 
or a t odd intervals w h e n moving be tween different food trees, bu t most 
of the food consumed is in t roop feeding bouts from one t ree per bout . 
T h e trees t ha t can supply enough food for a t roop are m a t u r e indivi
duals t ha t cover a relatively large exposed a rea in the canopy. T h e 
monkeys general ly feed in the top q u a r t e r of a t ree a n d t ravel as h igh 
as possible in the canopy w h e n moving be tween food trees. I never 
saw a howler on the g r o u n d a n d very seldom on the lower half of a 
t ree. T h e y a p p e a r to t ravel familiar routes t h rough the forest t ha t d o 
no t requi re t h e m to come nea r the g r o u n d (Carpen te r , 1934). By 
staying away from the g r o u n d they avoid picking u p ticks. T h e absence 
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of a l logrooming in howlers is p robab ly adapt ive ly re la ted to s taying 
away from the g round a n d avoiding ticks. 

3.4. Percentage of Time Spent Eating Different Foods 
Frui t and leaves have abou t equa l impor t ance in the diet of howling 
monkeys. H lad ik a n d Hlad ik (1969) repor t 6 0 % of the diet in fruit a n d 
4 0 % in leaves based on s tomach contents a n d field observat ions of 
feeding. R i c h a r d (1970) a n d I (Tab le II) from our pooled notes find a 

TABLE II 
Percentage of time spent feeding on different categories of food 

% C o m p o s i t i o n of d i e t % C o m p o s i t i o n of d i e t 
T y p e of food i n t h e d r y season in t h e w e t season 

Platypodium elegans l eaves 12-5 14-5 
O t h e r species of t r e e l eaves 22-1 43-7 
L e a v e s f rom v a r i o u s species of 

v ines 6-9 7-7 
T o t a l l eaves 41-5 65-9 

Ficus f rui ts 28-8 14-3 
O t h e r t ypes of f ru i t 17-3 17-2 
T o t a l f ru i t 46-1 31-5 

F l o w e r s of v a r i o u s species 8-7 2-5 

B u d s of v a r i o u s species 3-6 0 

T o t a l h o u r s of f e e d i n g 
o b s e r v a t i o n 27-7 15-4 

slightly greater emphasis on leaves based on the percen tage of t ime 
spent feeding on different foods. T h e slight difference be tween s tomach 
content and feeding t ime could result from leaves being consumed a t a 
slower ra te t h a n fruit. T h e seasonal shift in the relat ive impor t ance of 
leaves a n d fruit (Tab le II) ma tches seasonal changes in the a b u n d a n c e s 
of these foods. T h e shift also shows t h a t the monkeys do no t follow a 
rigid ba lance in the propor t ions of the two types of food. Buds p robab ly 
serve the same d ie ta ry needs as leaves, a n d flowers the same d ie ta ry needs 
as fruit (see below). Again the increased use of flowers a n d buds d u r i n g 
the dry season reflects their grea ter a b u n d a n c e on the trees at t ha t t ime. 

3.5. The Adaptive Basis of Food Choices 
T h e choice of food is an evolved trai t , which in the broades t sense, mus t 
be explained in the context of total c o m m u n i t y s t ruc ture (Schoener, 
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1974). Food par t i t ion ing a m o n g species results from the evolut ionary 
effect of interspecific compet i t ion , usual ly a m o n g the species of greatest 
phylogenet ic affinity. A m o n g the p r imates of B C I , the n iche of howlers 
appears to be a t t he ex t reme of the food c o n t i n u u m which includes food 
t ha t is easy to find, easy to consume, b u t difficult to digest. Given the 
ex t reme of an a b u n d a n t , b u t relat ively indigestible food, howlers could 
still improve their diet by choosing a ba lance of nu t r ien ts from a m o n g 
their potent ia l species of food. 

Howlers do bias their choice of leaves a n d fruit to concen t ra te on a 
few species a n d genera on B C I while tak ing small a m o u n t s of a g rea t 
var iety of species (Carpen te r , 1934; H l a d i k a n d Hlad ik , 1969; H l a d i k 
et αι., 1971a). M y t ime budge t notes from F e b r u a r y t h rough J u l y 
(Tab le I I ) show t h a t howlers h a d a m a r k e d preference for leaves from 
Platypodium elegans Vog . a n d fruit from var ious species of the genus 
Ficus. K n i g h t (1975) found on 13 plots, averag ing 1-5 h a each, across 
B C I tha t P. elegans occur red on six plots a n d species of Ficus occur red 
on n ine . T h e highest pe rcen tage composi t ion of trees over 18 c m 
d iamete r breast he ight (DBH) on any one of the 13 plots was 1-0% 
for P. elegans a n d 0*2% for Ficus. However , from 22 to 3 0 % of the t ime 
spent ea t ing leaves by howlers was spent on P. elegans a n d 45 to 6 2 % 
of the t ime spent ea t ing fruit by howlers was spent on Ficus. K n i g h t ' s 
d a t a a n d m y observat ion were no t t aken in exactly the same area , b u t 
the contras t be tween the percen tage composi t ion of the forest a n d the 
monkey ' s diet is p robab ly a good app rox ima t ion of the degree of pref
erence the monkeys show for these foods. 

W i t h one exception, the leaves t h a t monkeys chose to feed u p o n were 
ei ther still g rowing or the youngest leaves on their b r a n c h . I t is likely 
t ha t developing leaves have a h igher concent ra t ion of pro te in a n d lower 
concent ra t ions of cellulose a n d l ignin a n d possibly secondary p l an t 
substances t h a n m a t u r e leaves, as Feeny (1970) describes for an oak in 
t e m p e r a t e forests. T h e one exception, species of the genus Cecropia, 
m a d e u p 2*8% of the total feeding t ime spent on leaves. T h e monkeys 
a te Cecropia leaves of all ages inc lud ing some tha t were d e a d a n d par t ly 
freed from the b r a n c h by n a t u r a l abscission. Before n a t u r a l abscission, 
m a n y species of trees reabsorb some of the minerals from their leaves, 
especially phosphorus . However , ca lc ium often increases, r a the r t h a n 
decreases, in concent ra t ion in leaves d u r i n g their d e a t h a n d abscission 
(Biddulph, 1959). 

I a t t e m p t e d to explain the above food choices by measur ing the 
monkeys ' assimilation efficiency for fruit from Ficus yoponensis Desv. 
a n d Ficus obtusifolia H B K , a n d leaves from Platypodium elegans a n d a n 
unidentif ied species of Cecropia, a long wi th the concent ra t ion of ca lc ium 

Ε 
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a n d ni t rogen in the food (Tab le I I I ) . T h e feeding exper iments were 
compl ica ted by the fact t ha t the juveni le monkeys lost weight rap id ly 
w h e n switched to a diet of nat ive food. Therefore , I fed t h e m a mixed 
diet of nat ive foods a n d Pet Evapora t ed Milk di lu ted wi th equa l 
amoun t s of water . I n mixed diets I assumed tha t the milk d r u n k by the 
monkeys was assimilated wi th the same efficiency as in diets of p u r e 
milk. This al lowed m e to calculate the c o m p o n e n t of the faeces in the 
mixed diet t ha t c a m e from milk. T h e r ema in ing c o m p o n e n t of the 
faeces could then be subt rac ted from the nat ive food in the mixed diet 
to measure the a m o u n t of nat ive food assimilated. (The milk mixed 
in wi th the roughage of nat ive foods would be less likely to be assimi
la ted t h a n in the absence of roughage. ) Therefore , the assumpt ion tha t 
milk is assimilated wi th the same efficiency in p u r e a n d mixed diets is 
p robab ly false a n d causes the values in exper iments 2-B, 3-B and 5-B, 
T a b l e I I I , to be underes t imates of the real assimilation efficiency of 
these na t ive foods. A compar ison of exper iment 4 (Tab le I I I ) where 
no milk was added , wi th exper iment 5-B where milk was pa r t of the 
diet, is an example of the reduc t ion of assimilation rates result ing from 
m y assumptions abou t the assimilation of milk in mixed diets. T h e 
error is grea ter in the calculat ion of calories assimilated t h a n in weight 
assimilated because milk has a h igher calorific va lue t h a n any of the 
nat ive foods. 

T h e monkeys were fed ad libitum wi th bo th milk and nat ive foods 
w h e n their diets were mixed a n d individuals differed in the relat ive 
amoun t s of the two foods they chose. As the propor t ion of nat ive food 
increased, the calculated efficiency of its assimilation increased because 
the relat ive effect of the milk error is reduced . For example , an 
ind iv idua l which m a d e F. yoponensis 1 8 % of its diet h a d a weight 
assimilation efficiency of 3 6 % while an indiv idual tha t m a d e F. 
yoponensis 4 9 % of its diet h a d a weight assimilation efficiency of 5 7 % . 

T a k i n g into considerat ion all the errors resul t ing from calculat ions 
based on diets mixed with milk, it still seems safe to say tha t the capt ive 
monkeys could not assimilate m u c h more t h a n 5 0 % of their nat ive 
foods. Even this conclusion requires some hedging because the capt ive 
monkeys p robab ly did no t have a gut biota as well a d a p t e d to aid in 
digesting nat ive food as do free-living monkeys . None-the-less, free-
living howlers do defaecate surprisingly large amoun t s , and a 5 0 % 
assimilation efficiency is p robab ly fairly accura te . 

T h e relat ive efficiencies of assimilation of nat ive foods (Table I I I ) 
are p robab ly more rel iable t h a n their absolute values. F. yoponensis 
fruits a p p e a r to have thicker walls a n d a lower percen tage of indiges
tible seeds t h a n F. obtusifolia which would explain the higher assimila-
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t ion efficiencies on F. yoponensis. Cecropia leaves appea red almost un 
affected by passing th rough the guts of capt ive monkeys which explains 
the low assimilation efficiency for the mix ture of F. obtusifolia fruit a n d 
Cecropia leaves. General ly it would a p p e a r t ha t figs are more efficiently 
digested t h a n leaves a n d tha t young Platypodium leaves are digested 
more efficiently t h a n Cecropia leaves a n d p robab ly most o ther leaves. 

T h e monkeys ' choice of Platypodium elegans as a major fraction of their 
leaf diet is more likely to be adap t ive because of its extremely high 
ni t rogen (and p resumably protein) concent ra t ion t h a n because of the 
efficiency wi th which its energy can be assimilated. Monkeys could 
assimilate energy more efficiently from figs or o ther fruit t han from 
P. elegans leaves. However a p u r e diet of fruit, especially figs, would 
leave t h e m with a prote in deficiency. Cecropia leaves would provide a 
food wi th a concent ra t ion of ca lc ium higher t h a n Pet Milk, bu t Ficus 
yoponensis fruit has an even higher concent ra t ion and is assimilated 
m u c h more efficiently. Cecropia leaves seem to serve as a calc ium sup
p lement to the diet only w h e n figs are not avai lable in high enough 
a b u n d a n c e . F r o m F e b r u a r y th rough M a y figs m a d e u p 2 8 - 8 % (Tab le 
II) of the total diet a n d no Cecropia leaves were eaten, while in J u n e 
a n d J u l y figs were only 14-3% of the diet and Cecropia leaves were 4 - 3 % . 

T h e major pa t t e rn in food choice by howlers seems to be a ba lance 
of the various food species to give a nutr i t ional ly ba lanced diet. T h e 
ba lance does not requi re a rigid p ropor t ion of a set of specific food 
species. T h e shift in p ropor t ion of feeding t ime on different types of 
food between the d ry a n d wet season (Table II) follows the relat ive 
a b u n d a n c e of the different types of food in f i e two seasons. Flowers, 
buds a n d fruit a re more a b u n d a n t du r ing the d ry season and young 
leaves more a b u n d a n t in the beginning of the wet season. Buds can be 
switched for young leaves to supply prote in and Cecropia leaves for 
figs to supply calc ium. T h e total nu t r i t iona l ba lance is a m u c h m o r e 
complex p ic ture a n d will requi re an analysis of the whole spec t rum of 
minera l , v i tamin a n d nu t r i en t requ i rements of monkeys a n d the avail
abili ty of the requ i rements in the whole range of potent ia l food species. 
However , the fact t ha t howlers do show strong preferences for some 
species of fruits a n d leaves a n d tha t their use of different types of foods 
shifts in paral le l to the a b u n d a n c e of the food indicates t ha t nu t r i en t 
composit ion, digestibility, a n d seasonal a b u n d a n c e are all i m p o r t a n t 
variables in the adap t ive basis of their choice of a ba lanced diet. Similar 
pa t te rns of choice have been demons t ra t ed for domest ic animals by 
compar ison wi th r a n d o m samples of r ange forage wi th gu t content of 
fistulated animals (Jefferies and Rice , 1969; R a o et al., 1974; Kruege r 
etal., 1974). 
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Toge ther , C a r p e n t e r (1934) a n d H l a d i k a n d H lad ik (1969) list 
vegeta t ion of different types ea ten by howlers from 69 species in 31 
families of p lan ts on BCI a n d nea rby P a n a m a . Addi t iona l p lan t species 
ea ten by howlers in Guanacas t e province , Costa Rica , are listed in class 
reports of the Organ iza t ion for Trop ica l Studies. Alouatta palliata occurs 
in a wide var ie ty of forest hab i ta t s r ang ing from aseasonal ra in forests 
a long the C a r i b b e a n coast to dry , open , seasonal deciduous forests in 
areas a long the Pacific coast of Cen t ra l Amer ica . T h e y r ange in l a t i tude 
from V e r a Cruz province, Mexico to Ecuador . W i t h i n this r ange of 
habi ta ts a n d lat i tudes the species mus t feed u p o n a huge n u m b e r of 
p lan t species. I never observed howlers feeding on an ima l mate r ia l 
o ther t h a n the insects t ha t p robab ly inhab i t some of the leaves a n d fruit 
they eat. S tomachs conta in less t h a n 1 % an ima l mater ia l (Hladik a n d 
Hlad ik , 1969). 

4. T E M P O R A L PATTERNING OF FOOD CHOICE 

4.1. Diurnal Variation in Food Choice 
T h e daily food choice of howling monkeys led to a ba lance be tween food 
rich in prote in (leaves a n d buds) a n d food rich in digestible ca rbo
hydra t e (fruit a n d flowers). I n the 16 days in which a t roop was 
followed for at least e ight- tenths of the day , each type of food was ea ten 
for a t least 5 min , a n d on all b u t four days each food was ea ten for over 
20 min . O n three of these four days I d id not follow the monkeys all 
day and at the t ime of m y leaving t h e m or finding them, they were 
feeding on the food tha t would t end to ba lance their diet. T h e most 
ex t reme imba lance of the two types of food on any one comple te day of 
observat ion was 39 min of leaves to 7 min of flowers and fruit. O n the 
o ther seven comple te days of observat ion the ratios of the two types of 
food were all less t h a n three to one. 

O n four days, flowers r a the r t h a n fruit served as the source of 
ca rbohydra tes . I have no direct evidence tha t the nec ta r was the m a i n 
pa r t of the flower digested. However , pollen is appa ren t ly difficult for 
some m a m m a l s to digest, except by swallowing u rea as a catalyst 
(Howell , 1974), a n d it is unlikely t ha t the sepals a n d petals of the flowers 
would be r ich in ei ther pro te in or digestible ca rbohydra tes . Nec ta r is the 
most likely mate r i a l of food va lue to the howlers in flowers. O n e t roop 
a te flowers a n d leaves b u t no fruit for two days in a row, which would be 
an unusual ly s trong except ion to the dai ly ba lance in types of food if 
flowers were no t used main ly as a source of digestible ca rbohydra tes . 

T h e monkeys ' pract ice of ba lanc ing their diet wi th in each day 
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requires t ha t t roops move a t least once a d a y to switch to a preferred 
food t ree for the opposite type of food. O n only one occasion did I 
observe a t roop a l te rna te back a n d forth be tween two trees, feeding on 
one (Ficus obtusifolid) for fruit a n d the o ther (Platypodium elegans) for 
leaves. Sometimes a t roop will feed in the same tree in the evening a n d 
the morn ing , b u t the above observat ion was the only one I m a d e of a 
t roop r e tu rn ing to a t ree du r ing the same per iod of fruiting. T h e failure 
to r e tu rn in most cases canno t be explained as a result of the t roop 
reduc ing the supply of fruit to the point where it can no longer be 
efficiently exploited. I n three instances, a second t roop entered a t ree 
a n d fed from it wi thin two days after the t roop I was following h a d left 
the t ree. I n one of those instances the second t roop was the larger of 
the two. I t m a y be tha t the o p t i m u m diet is more complex t h a n jus t a 
ba lance be tween fruit a n d leaves. T h e r e should be selective pressure 
on trees to m a k e their fruit an incomple te diet for the animals most 
a t t rac ted to t h e m so t ha t the animals will have to move away from the 
tree periodically a n d defaecate the seeds far from the p a r e n t t ree . Th i s 
a r g u m e n t could be ex tended for trees using howlers as dispersal agents 
for their seeds to inc lude only one visit to a t ree each fruiting per iod as 
the o p t i m u m pa t t e rn . T o achieve this pa t t e rn , the fruits of different 
trees would have to have complemen ta ry nu t r i t iona l deficiencies for 
howlers. I have no evidence tha t such a pa t t e rn exists o ther t h a n the 
usual failure of howler t roops to r e tu rn to the same fruit t ree after a 
feeding bou t on leaves. 

5. S E A S O N A L VARIATION 

T h e seasonal changes in the percen tage of t ime feeding on different 
foods shown in T a b l e I I do paral le l changes in a b u n d a n c e of those 
types of food. Flowering a m o n g the species of large trees reaches a peak 
in Feb rua ry and M a r c h in the first half of the d ry season a n d fruiting 
in these trees peaks from Apri l t h rough J u n e , the second half of the 
d ry season a n d the first m o n t h of the wet season. Leaf fall peaks in 
J a n u a r y a n d new leaf p roduc t ion peaks in J u n e after b u d deve lopmen t 
du r ing the d ry season. T h u s flowers a n d buds are most a b u n d a n t a n d 
are fed on most extensively in the d ry season. N e w leaves are most 
a b u n d a n t in the beginning of the wet season a t the t ime I took t ime 
budge t notes a n d the use of leaves in the diet increases at t ha t t ime. 
Species in the genus Ficus fruit a t all t imes of the year a n d I have no 
explana t ion for their more extensive use d u r i n g the d ry season. A l though 
there are seasonal shifts in the use of different types of food, there is a 
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large c o m p o n e n t of bo th leaves or buds a n d fruits or flowers in the diet . 
I n bo th the wet a n d d ry seasons there were peak periods of m o v e m e n t 

a n d feeding in early m o r n i n g a n d la te afternoon (Fig. 3) . However , in 
the wet season the activity was la ter in the m o r n i n g a n d earl ier in the 
afternoon t h a n in the d ry season. D u r i n g the wet season the first a n d 
last tenths of the d a y were spent rest ing (Fig. 3A) while in the d ry 
season these were two of the busiest par t s of the d a y (Fig. 3B). T h e wet 
season is general ly cooler a n d more h u m i d . Therefore , the t e m p e r a t u r e 
a n d humid i ty pa t t e rn of the first a n d last t en th of the d a y in the d ry 
season would tend to be shifted towards the midd le of the d a y in the 
wet season. T h e monkeys would a p p e a r to be picking the same cl imatic 
condi t ions for the peak of activity in bo th the wet a n d d ry season. Th i s 
p a t t e r n of a d a p t a t i o n to dai ly cycles in c l imate would be the o p t i m u m 

I00 

D i l i 
Maintenance Feeding Moving Social 

FIG . 3 . T i m e b u d g e t s f o r a d u l t h o w l i n g m o n k e y s . T h e t y p e s o f b e h a v i o u r g r o u p e d t o f o r m t h e 
c a t e g o r i e s o f m a i n t e n a n c e , f e e d i n g , m o v i n g a n d s o c i a l b e h a v i o u r a r e d e s c r i b e d i n t h e t e x t . 
T h e p e r i o d b e t w e e n s u n r i s e a n d s u n s e t w a s d i v i d e d i n t o t e n i n t e r v a l s o f e q u a l l e n g t h . T h e s e 
a r e l i s t e d a l o n g t h e a b s c i s s a f o l l o w e d b y a c o m p o s i t e t i m e b u d g e t f o r t h e t o t a l d a y . T h e 
n u m b e r o f h o u r s o f o b s e r v a t i o n u s e d t o m a k e t h e t i m e b u d g e t f o r e a c h p e r i o d o f t h e d a y i s 
l i s t e d u n d e r t h a t p e r i o d . B u d g e t A i s a c o m p o s i t e o f a l l a d u l t s f o l l o w e d d u r i n g t h e w e t s e a s o n 
f r o m 4 t h J u n e t o 5 t h J u l y 1 9 6 8 . B u d g e t Β i s a s i m i l a r c o m p o s i t e f o r t h e d r y s e a s o n f r o m 
2 0 t h F e b r u a r y t o 3 r d J u n e 1 9 6 8 . B u d g e t s G a n d D a r e f o r m a l e a n d f e m a l e a d u l t s r e s p e c t i v e l y 
d u r i n g t h e s a m e p e r i o d o f t i m e a s b u d g e t B . 



1 1 4 C. C. SMITH 

one for al lowing the monkeys two widely separa ted periods of activity 
each day u n d e r one set of op t imal cl imatic condi t ion in bo th the wet 
a n d dry seasons. 

Howlers rest more bu t feed, move, a n d par t ic ipa te in social activity 
less in the wet season t h a n in the d ry (Fig. 3A, B). Chivers (1969) found 
the same difference in activity be tween wet a n d d ry days wi th in the 
wet season. T h e howlers ' response to the heavy rains of the t ropical 
wet season is first to howl, often even a t the sound of the ra in a p p r o a c h 
ing, a n d then to sit h u n c h e d over unt i l the ra in ends. By rest ing in 
response to ra in their rest ing t ime should au tomat ica l ly increase. 
However , it seems s t range tha t feeding t ime would be reduced over the 
whole day . T h e y m a y eat more hur r ied ly du r ing the ra iny season, b u t 
I m a d e no a t t e m p t to quantify a difference in the ra te of ingesting foods 
between the two seasons. T h e i r feeding ra te is general ly slow a n d there 
is m u c h leeway for reduc ing feeding t ime by increasing feeding ra te . 

6. S E X U A L VARIATION 

Males averaged 1 4 % of the day feeding a n d females 1 8 % (Fig. 3C, D ) . 
T h e difference is somewhat unexpec ted because males a re heavier t h a n 
females a n d should requi re more food. However , 5 9 % of the notes used 
to compile the female t ime budge t were taken for females suppor t ing 
infants. T h e feeding t ime of females du r ing the first n ine t ime periods 
was 1 4 % greater t h a n the feeding t ime of females wi thou t young , or in 
o ther words they spent abou t 1*5% more of the d a y feeding t h a n did 
females wi thou t infants. T h e differences be tween the sexes are not 
grea t and could have been biased by the small sample of notes t aken 
du r ing the last t en th of the day for females. 

7. PARASIT ISM A N D HEALTH 

T h e extent of parasi t ism by botfly la rvae differed in adu l t howlers in 
response to the season of the year , a n d in adu l t females in response to 
the presence or absence of an infant wi th the female (Tab le I V ) . T h e 
parasi t ism was higher from M a y th rough J u l y t h a n from O c t o b e r 
t h rough Apri l . T h e eggs of botflies a re laid on the ven t ra l side of the 
a b d o m e n of mosqui toes a n d ha t ch in response to the w a r m t h of the 
howler 's body w h e n the mosqui to comes to get a blood meal . T h e rise 
in the n u m b e r of infestations towards the end of the d ry season m a y 
result from an increased activity of mosqui toes du r ing the d ry season. 
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I ts effect m a y be de t r imen ta l to the monkeys most infected. D u r i n g the 
11 mon ths of the study, th ree monkeys were found dead or dying on the 
island, all in J u n e a n d J u l y . T w o of these were dead a n d too decom
posed to de te rmine the extent of parasi t ism, b u t the th i rd , a juveni le , 
was still bare ly alive w h e n found a n d h a d been infected wi th 25 botfly 
larvae . M a n y of the holes inhab i ted by these la rvae h a d been secondari ly 
infested wi th the la rvae of some other type of fly which were ea t ing 
th rough the body wall , the pe r i t oneum a n d even into the liver. I t is 
likely t ha t the heavy botfly infestation was the u l t ima te cause of the 
secondary infection of the monkey a n d its even tua l dea th . 

T h e correlat ion of h igh botfly infections in females wi th the absence of 
infants could be explained in several ways, (a) T h e infestations could be 
the cause of the absence of infants ei ther t h rough d e a t h of the infant or 
failure of the female to come into heat , (b) T h e poor hea l th of females 
result ing from some independen t cause could cause bo th the absence of 
infants a n d a h igh infestation of botflies, (c) T h e presence of an infant 
could d is turb the activity of mosquitoes. T h e last explana t ion seems 
unlikely since infants of Carpen te r ' s (1934) categories 1, 2 a n d 3 spend 
19, 42 a n d 7 5 % of their dayl ight hours away from their mothers . I n the 
in teract ion be tween the mo the r a n d the mosquitoes , an infant can dis
t rac t the mothe r as well as d is turb the mosquitoes. I t seems more likely 
t ha t there is a causal re la t ionship be tween botfly infections a n d poor 
hea l th in howlers, a n d tha t botflies l imit howler popu la t ion densi ty 
bo th th rough adu l t mor ta l i ty a n d reduced reproduc t ive success. Botfly 
infections are not men t ioned in Baldwin a n d Baldwin 's (1972) analysis 
of howling monkey popula t ion l imita t ion in south-western P a n a m a 
where popula t ions were 12 t imes as dense as those on B C I . I d id no t 
observe botfly infections of howlers in Guanacas t e province , Costa Rica . 

8. FEEDING BEHAVIOUR A N D S O C I A L ORGANIZAT ION 

8.1. Troop Composit ion 
Howlers live in mul t ima le t roops which seldom, if ever, in te rmix . I 
censused 25 t roops in the nor th-west th i rd of B C I be tween 7th Sep
t ember a n d 12th December 1967 a n d two addi t iona l t roops on 10th 
M a y 1968 (Tab le V a n d Fig. 4) . T h e earlier censuses of C a r p e n t e r 
(1934, 1962), Collias a n d Southwick (1952), a n d Chivers (1969) a re 
summar ized a long wi th mine in T a b l e V I . T h e recorded history of 
howlers on B C I starts wi th relatively few large t roops in the early 
1930s concen t ra ted in the more m a t u r e forests on the southern a n d 
western par t s of the island. By 1951 the t roops h a d increased in n u m b e r 
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a n d spread evenly to all par ts of the island, bu t h a d decreased to half 
the average size of the early 1930s appa ren t ly as the result of a yellow 
fever epidemic. T h e troops h a d further increased in n u m b e r by 1959 
and their size h a d recovered to tha t of the 1930s. Between 1959 a n d 
1967 the n u m b e r of t roops p robab ly doubled , bu t their average size 
decreased from 18-5 to abou t 14. 

Compar isons of age s t ruc ture of t roops be tween different census 
periods, a n d especially different au thors , a re subject to the errors of 
in te rpre ta t ion of the age of animals in the field. Th is difference in 
j u d g e m e n t is pa r t of the cause of differences in Chivers ' a n d m y cen-

FIG. 4 . T h e p o s i t i o n a t w h i c h t r o o p s 1 t h r o u g h 2 7 o f T a b l e V w e r e c e n s u s e d o n B a r r o 
C o l o r a d o I s l a n d , P a n a m a . 
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suses. Chivers ' t r o o p Y Y a n d m y 16 are the same, a n d yet Chivers 
found six females, five juveni les , a n d two infants in August , whi le I 
found 11 females, one juven i le , a n d one infant two m o n t h s la ter . 
Adu l t males can be easily dist inguished from juveni les by their 
p r o m i n e n t whi te scro tum. A compar i son of the adu l t sex ratios in 
Chivers ' a n d m y censuses indicates t h a t m y p a t t e r n of separa t ing 
adu l t females from juveni les is p robab ly closer to t ha t of earl ier studies 
by Ca rpen te r . 

O n the basis of the age dis t r ibut ion of m y census there has been a 
decrease in the p ropor t ion of juveni les a n d infants in the island p o p u 
lat ion s tar t ing wi th over 4 0 % in the 1930s d r o p p i n g to 3 3 % in 1959 
a n d finally to 2 8 % in 1967. T h e low of 2 8 % juveni les a n d infants in 
1951 can be expla ined as resul t ing from the poor hea l th of the t roops 
d u r i n g the yellow fever epidemic . T h e decrease in the p ropor t ion of 
juveni les a n d infants should be an indica t ion t ha t the popu la t ion on 
the island is r each ing its m a x i m u m popu la t ion densi ty wi th a resu l tan t 
decrease in the an imals ' hea l th a n d reproduc t ive rates . T h e debi l i ta t ing 
effects of botfly infections could be the m a i n l imi t ing factor since 
Baldwin a n d Baldwin (1972) find hea l thy popula t ions a t 12 t imes the 
density in south-western P a n a m a . T h e eight t roops they censused 
con ta ined 3 7 % infants a n d juveni les (Baldwin a n d Baldwin, 1973a). 
T a b l e V I shows tha t the m a i n difference in t roop composi t ion be tween 
the 1930s a n d 1967 was a reduc t ion in the n u m b e r of juveni les 
a n d infants per t roop , a n d no t a m a r k e d change in the n u m b e r of 
adul ts . 

I censused t roops on approx ima te ly one- th i rd of the island (Fig. 4 ) . 
Even in this a rea I know tha t I missed one t roop , t roop X X of Chivers 
(1969), which r anged jus t east of the clearing. Because of the ex t reme 
over lap of the ranges of t roops, I could never be sure t ha t I h a d found 
all the t roops in an area . By m a r k i n g the posit ion of botfly infections 
a n d c o m p a r i n g successive censuses, I could be sure t ha t I d id no t use 
one t roop as the basis for two different censuses. I d o u b t if I missed m o r e 
t h a n th ree or four t roops in the a rea of the census. Assuming t ha t the 
forests on the island h a d m a t u r e d to the po in t t ha t they were all good 
howler ha b i t a t by 1951 w h e n Collias a n d South wick found t roops 
fairly evenly dispersed, t hen there a re two eight-year per iods of popu la 
t ion g rowth t h a t can be c o m p a r e d on the island since 1951. Assuming 
t h a t I censused a b o u t one- th i rd of the howler popu la t ion on B C I , t hen 
the popu la t ion increase be tween 1951 a n d 1959 was 2 4 1 % , a n d be tween 
1959 a n d 1967 was 3 7 % . T h e r a t e of popu la t ion increase slowed 
great ly in the second half of the 16-year per iod ind ica t ing t ha t the 
howler popu la t ion on B C I was nea r sa tura t ion in 1967. 
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8.2. Overlap in Troop Range 
C a r p e n t e r (1934), Collias a n d Southwick (1952), A l t m a n n (1959), 
Bernstein (1964) a n d Chivers (1969) have all p lo t ted the r ange of 
movemen t s of the t roop of howl ing monkeys neares t to the c lear ing 
on B C I . T h e popu la t ion densi ty on t ha t nor th-eas te rn side of the is land 
differed great ly du r ing the studies. T h e nor th-eas te rn th i rd of the is land 
h a d three t roops in 1932, 11 t roops in 1951, a n d 28 in 1967. T h e r ange 
of the single t roop decreased a n d the a m o u n t of its over lap wi th the 
ranges of o ther t roops increased as the densi ty of t roops in the a rea 
increased over the 35 years. Ca rpen te r ' s early impression of mu tua l l y 
exclusive terri tories h a d to be adjusted by Chivers to one of over
l app ing ranges wi th in te r t roop spacing be ing accompl ished by vocal 
signals used to p reven t t roops from mee t ing in the areas where their 
ranges over lap . 

F igure 5 shows the position of the t roop neares t the c lear ing ( t roop 
A A of Chivers a n d t roop 5 in Fig. 4) d u r i n g a 66-day per iod s tar t ing 
on 11th M a y 1968. T h e posit ion of t roops 4, 16 a n d X were also p lo t ted 
w h e n they were nea r the cent re of the r ange of t roop 5 d u r i n g t h a t 
per iod. T h e r ange of t roop 5 overlaps the ranges of t roops 4, 16 a n d X 
to an even grea ter extent t h a n Chivers found in J u n e t h r o u g h Augus t of 
1967. T h e a rea covered by the t roop d u r i n g two mon ths in m y s tudy 
was even grea ter t h a n the a rea it used d u r i n g the 85 days of Chivers ' 
s tudy. T h e a rea I have p lot ted is p robab ly an underes t ima te of the 
t roop 's ac tua l r ange because there were m a n y morn ings w h e n I could 
no t find the t roop ei ther because it d id no t call or it called outside the 
a rea in which I expected to find it. T h e r e appears to be no p a r t of a 
t roop 's r ange t ha t it uses exclusively on B C I ju s t as Baldwin a n d 
Baldwin (1972) repor t for south-western P a n a m a . Chivers ' (1969) 
repor t of non-over lapp ing m o n t h l y ranges mus t have been a coincidence 
for the per iod of his s tudy. 

8.3. Coevolution of Feeding Behaviour and Social Behaviour 
T h e b r o a d outl ines of social behav iour in howl ing monkeys a re similar 
to o ther p r imates t ha t live in mu l t ima le t roops as defined by Eisenberg 
et al. (1972). T h e m a t i n g system is promiscuous , wi th some adu l t 
females copula t ing wi th m o r e t h a n one adu l t ma le on the same day . 
Adu l t males do no t direct ly pa r t i c ipa te in p a r e n t a l care , bu t a re m o r e 
aggressive t h a n females in defending the t roop from large po ten t ia l 
p reda to rs (Carpen te r , 1934). M y only observat ion of response to 
poten t ia l enemies occur red w h e n a m a n c l imbed a t ree wi th in 100 
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FIG. 5 . T h e p o s i t i o n o f t r o o p 5 o f F i g . 4 o n t h e m o r n i n g s i t w a s l o c a t e d o n 6 6 s u c c e s s i v e d a y s 

s t a r t i n g w i t h 1 1 t h M a y 1 9 6 8 . T h e s m a l l n u m b e r s n e a r e s t t h e l a r g e s y m b o l s 4 , 1 6 a n d X i n d i 

c a t e t h e d a y s o n w h i c h t h e s e t h r e e t r o o p s w e r e f o u n d n e a r t h e c e n t r e o f t h e r a n g e o f t r o o p 5 . 

metres of the troop I was watching. The members of the troop became 
agitated, but only the males moved towards the intruder, and they 
covered less than half the distance separating them from the man. 

Although the outlines of their social behaviour are similar to other 
species of primates with multimale troops, howlers accomplish their 
social structure with a minimum of overt social interaction. There is 
no allogrooming, no aggression over food, and almost no aggression 
involved in sex. Adults spend less than one per cent of their time 
making even the slightest response to other adult troop members, such 
as turning to look at them as they pass by. Females appear to initiate 
most sexual interactions by looking in the face of a male and sticking 
out their tongue repeatedly (Carpenter, 1934). Both Carpenter and I 
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have observed females display to a ma le wi th w h o m they h a d a l ready 
copula ted earlier in the d a y a n d u p o n receiving no response move to a 
second ma le a n d copula te . O n four occasions I have found a ma le a n d 
female separa ted from any t roop by m o r e t h a n 100 metres , bu t I d id 
no t observe copula t ion be tween any of the pairs . 

T h e r e appears to be a l ea rned c o m p o n e n t to sexual behaviour . A 
y o u n g male g radua l ly moved in to t roop 5 in D e c e m b e r a n d J a n u a r y , 
a n d became the fourth ma le in t ha t t roop . W h e n first seen following 
a long the edge of the t roop he h a d only one testis descended in to the 
scrotum. By 24th M a y w h e n I first saw h i m copula te , he was an 
accepted m e m b e r of the t roop . A t t ha t t ime he copula ted wi th a very 
small female w h o migh t have been classified as a large juveni le . T h e 
copula t ion con t inued for four minu tes a n d m u c h of the t ime the ma le 
was to one side of the female a n d did no t seem to be pene t r a t i ng a l though 
he was thrus t ing cont inuously. Seven copulat ions I t imed for o ther 
males each requ i red less t h a n 35 seconds. 

I h a d the impression t ha t the m e m b e r s of a t roop t rea ted each o ther 
as individuals a n d h a d a r a n k order . However , I was never able to 
d o c u m e n t the social o rder of even the males of one t roop in spite of m y 
efforts to record the in teract ions of the four males of t roop 5 in careful 
detai l . T h e y never did m o r e t h a n wa tch each o ther a n d t h a t wi th no 
sign of fear. Chivers ' (1969) observat ion t ha t six of the 40 males he 
censused h a d scarred, or freshly torn , lips m a y be taken as evidence of 
infrequent fierce fighting a m o n g males . 

T h e t roops seem to use the same pa ths t h rough the trees repea ted ly 
a n d their movement s do not seem to be r a n d o m . T h e y often moved a 
few h u n d r e d metres in the most direct rou te to a t ree in fruit or a 
Platypodium t ree to eat leaves. M y impression is t ha t they learn m u c h 
a b o u t the posit ion of food a n d behav iour of o ther t roop m e m b e r s a n d 
re ta in the informat ion for long periods wi thou t re inforcement . Such a 
p a t t e r n is h a r d to d o c u m e n t a n d is p u r e conjecture. 

T h e evolut ionary re la t ionship be tween feeding behav iour a n d social 
behav iour is best expla ined by demons t r a t i ng t h a t one of a g r o u p of 
possible social pa t t e rns is most effective in al lowing individuals to 
conver t food in to offspring. I have a rgued in earl ier sections of this 
p a p e r t ha t howl ing monkeys choose a relatively indigestible food 
supply of fruit a n d leaves because of cha rac te r d i sp lacement in food 
choice resul t ing from interspecific compet i t ion wi th o ther new wor ld 
p r imates in their evolut ionary past . Because thei r food comes from 
trees, it is highly c lumped a t a n y given t ime in those ind iv idua l trees 
which h a p p e n to be in fruit or those species of trees whose leaves a re 
par t icu lar ly r ich in some c o m p o n e n t of the i r diet no t a b u n d a n t in fruit. 



1 2 4 C. C. SMITH 

T h u s , to ma in ta in a ba lanced diet the monkeys move daily be tween trees 
which supply different components of their nu t r i en t requ i rements . 

T h e c lumping of food in the fruit or leaves of one canopy tree is 
enough to c l u m p m a n y individual pr imates . T h e r e are m a n y a d v a n 
tages for these c lumped pr imates in moving be tween food trees as a 
g roup . T h e young individuals can profit from the experience of the old 
in finding more food. T h e constant association of the same g roup of 
individuals will minimize the learn ing each has to do in order to ant ici
pa t e any aggressive act ion by the others. By moving be tween food trees 
as a g roup each individual m a y gain wha tever advan t age arises from 
g roup react ion to p reda tors . Howlers are nea r the m a x i m u m weight 
a t which an individual can safely move across the canopy, a n d a n y 
lone p reda to r t ha t can reach t h e m should be rou ted by large n u m b e r s 
of howlers. 

T h e males of some new world monkeys a re involved in pa ren t a l care 
by carrying infants (Eisenberg et al., 1972). These monkeys form m o n o 
gamous family social units a t least some of which are terr i torial (Mason , 
1968). T h e effort the male puts into pa ren ta l care by carrying infants 
should tend to offset the female's effort of nurs ing leading to the evolu
tion of their sexual m o n o m o r p h i s m (Trivers, 1972). These monkeys 
ob ta in most of their prote in by ca tching insects a n d small ve r t eb ra t e s ; 
a foraging activity more easily h indered by an infant t h a n foraging on 
leaves. T h e sexual d imorph i sm in howlers could have resulted from 
selection for male aggression in a promiscuous m a t i n g system (Trivers , 
1972) and /o r from indirect ma le pa ren ta l care by a division of l abour 
in t roop defence. I n ei ther case, the use of leaves as a prote in source 
allows females to forage wi th relat ive ease when car ry ing an infant a n d 
provides a food density t h a t can suppor t the large body size necessary 
for aggressive g roup defence against p reda t ion . 

Chivers (1969) contrasts the grea t over lap of t roop movements in 
howlers wi th the near ly mutua l ly exclusive ranges or terri tories of 
Cebus t roops. M y observat ion of total over lap of howler t roop ranges is 
p robab ly typical of howler behav iour in unmodif ied areas. T h e Cebus 
pa t t e rn of extensive t roop m o v e m e n t in foraging for an ima l p ro te in 
would allow t h e m to visit all par ts of a large terr i tory on a dai ly basis 
a n d make aggressive defence of an a rea possible. T h e howlers ' p a t t e r n 
of moving once or twice a day be tween preferred feeding sites would 
not allow them to pa t ro l on a dai ly basis the whole a rea t h rough which 
they range . Accept ing Brown's (1964) a rgument s t ha t terr i torial i ty 
evolves only where there is an immobi le , defensible resource in short 
supply, howling monkeys could not effectively defend the a rea in which 
they r ange wi thou t great ly increasing their dai ly movements . 
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T h e d a w n chorus of loud howls allows t roops to avoid contac ts 
(Chivers, 1969). I observed only two instances in which one t r o o p 
a p p r o a c h e d ano the r a n d eventual ly displaced it from a food t ree. T h e 
a p p r o a c h i n g t roops howled almost cont inuously unt i l the t r oop 
originally in the fruiting t ree moved away . T h e displaced t roop h a d 
fed in the t ree the previous n igh t a n d somet ime d u r i n g the m o r n i n g it 
was displaced. T h e system of avoiding contac t by vocal signals in t h e 
m o r n i n g can keep t roops isolated w h e n each makes only one or two 
moves to a new food supply each d a y if, as Chivers found, they t end to 
move away from the t roops neares t to t hem. M o r e mobi le foragers, 
like Cebus, would have to call a t m u c h m o r e frequent intervals in o rde r 
for t roops wi th over lapp ing ranges to avoid contac t . 

By avoiding in terac t ion wi th o ther t roops howlers avoid the social 
conflict a n d aggressive behav iour t ha t a c c o m p a n y establishing social 
re la t ions wi th unfamil iar individuals . Th i s avoidance , coupled wi th t he 
low level of overt social in terac t ion wi th in a t roop , is adap t ive in 
min imiz ing the use of the vo lun ta ry muscu la tu re a n d al lowing m a x i 
m u m circulat ion to the gut . T h e i r whole pa t t e rn of social a n d feeding 
behav iour is a trade-off be tween min imiz ing the physical a n d social 
effort needed to ob ta in food so t ha t a m a x i m u m effort can be exer ted in 
digesting the relatively indigestible food which is so easily ob ta ined . 

9. S U M M A R Y 

1, 2. T h e a im of the s tudy was to re la te feeding behav iour to social 
organiza t ion in howling monkeys . Field me thods inc luded censusing 
free-living t roops a n d tak ing deta i led t ime budge t notes of the dai ly 
activities of indiv idual monkeys . Assimilation rates for milk wi th wild 
figs or leaves preferred by free-living monkeys were ca lcula ted from 
eight- to t en -day feeding exper iments wi th capt ive monkeys from 
n ine- to 18-months-old. 

3. T h e t ime budgets of free-living howlers show a grea t emphasis o n 
resting. A m o n g d iu rna l p r imates on B C I howlers a re ex t reme in t h e 
h igh percen tage of leaves in their diet a n d the high percen tage of t i m e 
spent resting. T h e i r diet is found in the tops of canopy trees a n d is 
easily consumed bu t relat ively indigest ible. A m o n g these relat ively 
indigestible foods monkeys prefer leaves a n d buds high in p ro te in , 
a n d pe rhaps calc ium, conten t to ba l ance their source of ca rbohydra t e s 
from fruit a n d flowers. T h e i r ba lanced diet does no t requ i re specific 
species of food b u t r a the r is chosen from a wide var ie ty of species in 
re la t ion to their seasonal a b u n d a n c e . 
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4, 5, 6. Howlers ba lance their diet be tween prote in-r ich leaves a n d 
buds a n d ca rbohydra te - r i ch flowers a n d fruit each day . Seasonal diets, 
bo th in the use of species of food a n d in the ba lance be tween leaves, 
buds , fruit a n d flowers, a re shifted in relat ion to the relat ive a b u n d a n c e 
of the different types of food. Males averaged less feeding t ime in a d a y 
t h a n females, pe rhaps because of the greater d e m a n d s of pa ren ta l care 
for females. 

7. Howlers have a h igher level of infection by botfly la rvae d u r i n g 
M a y th rough J u l y t h a n from O c t o b e r t h rough Apri l . Females wi thou t 
infants have a h igher level of infection t h a n females wi th infants. 
Botfly infections m a y limit the density of howler popula t ions on B C I 
th rough both adu l t mor ta l i ty a n d reduced reproduct ive success. 

8. T h r o u g h 35 years of censusing howlers on B C I , the n u m b e r of 
t roops has increased threefold b u t the average size of t roops has 
decreased. T h e t roop in the young forests near the clearing on BCI has 
experienced a m a r k e d increase in the n u m b e r of o ther t roops in its 
area . I ts r ange has increasingly over lapped wi th ne ighbour ing t roops 
to the point t ha t in 1968 it p robab ly did not have exclusive use of any 
pa r t of its range . T h e social organiza t ion of howlers is similar in out l ine 
to o ther species wi th mul t ima le t roops. However , howlers have a n 
unusual ly low level of overt social in teract ion. Pa t te rns of social 
behaviour wi thin t roops, t roop movements , a n d interact ions be tween 
troops all seem to be adap t ive in al lowing individuals to min imize 
the use of their vo lun ta ry muscu la tu re so tha t their bodies can con
cen t ra te physiological activity on digesting a relatively indigestible food 
tha t is easily ob ta ined . 
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1. M E T H O D S A N D S T U D Y A R E A 

This p a p e r is based u p o n an init ial s tudy of Callicebus torquatus torquatus, 
the ye l low-handed titi monkey , in nor th-eas te rn Peru d u r i n g J u n e , 
J u l y a n d Augus t 1974 (Kinzey et al., 1977). T h e s tudy consisted of 
138 hours of observat ion. A n add i t iona l 249 hours of observat ion were 
m a d e d u r i n g a second s tudy in the same m o n t h s of 1975, b u t were no t 
complete ly analysed pr ior to this wri t ing. Except whe re otherwise 
s tated, all informat ion presented per ta ins to the initial s tudy. 

D u r i n g the init ial s tudy a t roop of th ree an imals (adul t ma le , adu l t 
female a n d infant ma le less t h a n one-year-old) was followed on 25 days 
be tween 25th J u n e a n d 18th August , 1974, inc luding six comple te days 
from d a w n to dusk. D a t a were recorded s imul taneously for all th ree 
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members of the t roop by t ime sampl ing the activity every five minu te s . 
Activity was scored as " feeding" , " t r ave l l ing" , " r e s t i ng" or " a n i m a l 
no t observed" . Mos t of the t ime the animals were observed t h r o u g h 
χ 10 b inoculars ; however , they were sometimes close enough (i.e. 

within 10 m) to observe wi thout any visual aid. 
Activity was scored as " feed ing" when the an ima l was reach ing for 

a food i tem, chewing or actively engaged in looking th rough the foliage 
for a food i tem (as de te rmined by the subsequent behav iour ) . Each food 
eaten was categorized as fruit, leaf or insect, a n d " f ru i t " was fur ther 
subdivided on the basis of food s t ructure (see Section 2) . 

T h e propor t ion of foods eaten was calcula ted as (a) percen tage of 
dai ly activity devoted to feeding, (b) n u m b e r of food trees, a n d (c) 
n u m b e r of major feeding bouts . T h e a m o u n t of t ime spent in each 
feeding tree var ied from a few seconds to 52 min . Trees fed in on ly 
briefly, be tween (but not dur ing) t ime samples, were not inc luded in 
the sample . T h e r e were l imited n u m b e r s a n d kinds of trees in which all 
th ree animals r ema ined feeding for ten minutes or more . Such a 
sequence of t ime samples was called a major feeding bou t a n d was 
defined empir ical ly as any series of three consecutive t ime samples in 
which all three an imals were feeding in the same tree. 

Summar ies were p repa red for each an ima l , each day , each type of 
activity, each vegetat ion zone, a n d each level of the forest canopy . I n 
order to avoid a bias for t ime of day , summar ies were m a d e for the six 
comple te days of da ta , unless otherwise stated. 

T h e t roop was active for slightly less t h a n ten hours every day , from 
the t ime of first m o v e m e n t to the t ime the t roop entered the n igh t 
sleeping tree. I n order to s tandard ize the measu remen t of activity for 
each day, the " d a y " was arb i t ra r i ly taken as ten hours . T h u s , a d a y 
consisted of 120 t ime samples for each an ima l , or 360 indiv idual t ime 
samples for the t roop. All percentages of dai ly activity were based on 
these t ime samples. T h e t ime sampl ing began wi th the first m o v e m e n t 
of the first an ima l away from its sleeping position in the m o r n i n g a n d 
ended arbi t rar i ly ten hours later wi th from 5 to 60 min of " res t ing '" 
( including grooming) at the end of the day . T h e h o m e range d u r i n g the 
per iod of the init ial s tudy consisted of 20 h a (however, it was la rger 
d u r i n g the 1975 s tudy) . 

T h e s tudy area , in cont inuous t ropical lowland ra in forest of t he 
western A m a z o n basin, consists of gently undu l a t i ng hills, interspersed 
wi th small s treams, suppor t ing a diversity of types of vegetat ion. T h e 
local Spanish terminology is adop ted for the vegetat ion zones. (See 
Revil la, 1974, for a more detai led descript ion of the flora at the s tudy 
site.) Based on relat ive openness of canopy and a b u n d a n c e of g r o u n d 
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cover, there a re two b road classes of forest vegeta t ion a t the s tudy s i te : 
p a l m forest a n d varillal. Var i l la l is n o n - i n u n d a t e d forest wi th a 
relatively closed canopy a n d reduced g r o u n d cover. F o u n d on the tops 
of hills, it is n a m e d after the relat ive a b u n d a n c e of vert ical t ree t runks . 
Vari l la l comprises 6 0 % of the ter r i tory of the t roop s tudied. ( In this 
p a p e r the t e rm " t e r r i t o r y " is used to designate the 20-ha a rea util ized 
by the t roop d u r i n g the 1974 study.) T h e r e a re m a n y types of vari l lal , 
th ree of which occur wi th in the t roop 's ter r i tory (Tab le I a n d Fig. 1). 

FIG. 1. Vegetation zones in the territory of C. torquatus in north-eastern Peru. 

(a) Varillal alto seco. Th i s is the most f requent vari l lal a n d consists 
of a lower storey (up to 10 m in height) of a few short s lender trees, a 
midd le storey (from a b o u t 15 to 25 m) consisting of a dense closed 
canopy , a n d an u p p e r storey of occasional emergen t trees (up to 30 
or 35 m) wi th und iv ided t runks u p to a b o u t 20 m height . T h e g r o u n d 
is a wel l -dra ined whi te a renaceous soil wi th a th in layer of densely 
m a t t e d roots a n d dead leaves. Pa lms are vir tual ly non-exis tent a n d the 
var ie ty of species of trees is great . C. torquatus spends m o r e t h a n half 
of its t ime in this vegeta t ion zone where emergents such as Clarisia, 
Virola a n d Brosimum a re a m o n g the most i m p o r t a n t feeding trees. 

(b) Varillal alto humido. T h e densi ty of trees is slightly grea ter t h a n 
in the vari l lal al to seco, bu t species diversity is less, emergen t trees a re 
r a r e a n d Euterpe pa lms are present . T h e g r o u n d is d a m p a n d spongy, 
appa ren t l y wi th poor d ra inage . La rge n u m b e r s of legumes, such as 
Pithecolobium a n d Inga, p rovide the only fruits ea ten by C. torquatus in 
this a rea . 

(c) Varillal bajo seco. T h e densi ty of small trees in this a rea is very 
great . ( W h e n all t runks grea ter t h a n 2 cm d iame te r are inc luded the 
densi ty is more t h a n l / m 2. ) T h e r e a re few trees of large d iamete r , how
ever, the emergen t layer is complete ly lacking, a n d pa lms are absent . 
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O f par t i cu la r interest to C. torquatus here are the large n u m b e r of ber ry 
bushes, inc luding Psychotria axilaris, r each ing only 3 m in height . 

I n contras t to varil lal in which pa lms are few or lacking, there a re 
several types of p a l m forest, n a m e d ei ther for the most p reva len t species 
of p a l m or, w h e n no one species is d o m i n a n t , s imply pa lma l . Wherea s 
the varil lal has a relatively closed canopy, the various p a l m forests 
t end to have an i r regular canopy wi th a r a the r dense g round cover. 
T w o types of p a l m forest occur wi th in the t roop 's terr i tory. 

(a) Irapayal. Along the edges of s t reams, a t the bo t tom of slopes, t he 
vegetat ion is i rapayal , n a m e d after the i r apay pa lm, Lepidocaryum. T h e 
s treams are of clear b rown wa te r over whi te sand, typical of the "b lack-
w a t e r " s treams described by J a n z e n (1974). I r a p a y a l consists of a 
t r emendous unde rg rowth of young i r apay pa lms, l ianas, a discont inuous 
canopy of i r regular height a n d no u p p e r storey emergents . T h e g r o u n d 
is always d a m p a n d m a y be temporar i ly i n u n d a t e d after heavy rains . 
U n g u r a h u i pa lms (Jessenia polycarpa) occur here a n d offer the only 
fruits ea ten by C. torquatus in this area . 

(b) Palmal. Along the slopes, be tween i rapaya l a n d varil lal , lies 
pa lma l . T h e unde rg rowth is heavy, t hough not so dense as in the 
i rapaya l . T h e canopy is i r regular a n d discont inuous, bu t there a re 
occasional emergent trees, a n d the var iety of pa lms (perhaps 20 species) 
is grea ter t h a n in the i rapaya l . U n g u r a h u i pa lms a re present a n d o ther 
fruiting trees of interest to C. torquatus occur here also. 

Apply ing Beard 's (1955) classification of Neot ropica l vegeta t ion-
types, the above five vegetat ion associations have features of bo th 
R a i n Forest Fo rma t ion a n d Evergreen Seasonal Forest Fo rma t ion . 
Features of the R a i n Forest (Beard, 1944) a re present except for the 
lack of ou t s tand ing trees over 40 m in height a n d the tendency, especi
ally in varil lal al to seco, for emergent trees to have b road spreading 
crowns. These two features are reminiscent of Evergreen Seasonal 
Forest. T h e r ema in ing features of Evergreen Seasonal Forest are absent , 
p resumably because rainfall is more constant from m o n t h to m o n t h 
t h a n in eastern a n d cent ra l A m a z o n i a (Langenhe im et al., 1973). 

2. FEEDING BEHAVIOUR 

D u r i n g the init ial s tudy, C. torquatus spent 2 6 % of its d a y (2*6hr) 
feeding, based u p o n five-minute t ime samples. T h e food i tems ea ten 
inc luded , by percen tage of t ime spent ea t ing each i t e m : 6 7 % fruits, 
1 4 % insects, 1 3 % leaves a n d 6 % u n k n o w n (Tab le I V ) . 



5. CALLICEBUS TORQUATUS 131 

Frui ts were categorized accord ing to the relat ive ease in ob ta in ing 
a n d ingesting the edible por t ion . I t was hoped t ha t this scheme would 
facilitate eventua l de t e rmina t ion of energy harves ted as a result of 
energy expended in food-gett ing. " N u t s " r equ i red considerable p repa 
ra t ion to remove the relatively h a r d edible por t ion from the tough 
inedible husk. " L i a n a n u t s " h a d a bri t t le shell which was quickly a n d 
easily removed to ob ta in the compara t ive ly soft seed inside. Both kinds 
of nuts were widely dispersed wi th in a single (usually emergent ) t ree . 
" P a l m frui t" (of the u n g u r a h u i pa lm) was very h a r d a n d requ i red a 
g rea t deal of incisal act ion to remove the edible pe r ica rp from the pit . 
P a l m fruits were concen t ra ted on a single inflorescence a n d m a n y fruits 
could be ea ten wi thou t moving from a single feeding locat ion. " D r u p e s 
a n d p o m e s " consisted of relat ively soft edible p u l p which was r emoved 
by the teeth from a seed or pit . "Ber r ies" , like d rupes a n d pomes , 
consisted of soft edible pu lp , bu t the seed was eaten, too. (Fu tu re 
analysis of faeces will de t e rmine whe the r or not the seed passed t h r o u g h 
the digestive tract . ) "Ar i l lo ids" were the edible gelat inous coat ings 
a r o u n d a seed or seeds; the shell or skin was removed wi th the teeth 
a n d the aril or arilloid sucked from the seed which itself was no t ea ten . 
" S e e d s " were legumes which requ i red very little p r epa ra t i on to remove 
the " p e a " from the " p o d " . Since seeds were small a n d widely dispersed 
in the canopy, a considerable a m o u n t of locomotor activity wi th in a n d / 
or a m o n g trees was requ i red to ob ta in any substant ia l n u m b e r of t hem. 

T h e fruits ea ten inc luded, as defined above, 2 5 % nuts , 2 4 % l iana 
nuts , 15 % p a l m fruit, 12 % drupes a n d pomes, 10 % berries, 8 % gelat inous 
arilloids a n d 6 % seeds (see T a b l e I V ) . D u r i n g the six comple te days 
of t ime samples u p o n which these d a t a were based, the an imals fed on 
66 trees represent ing 35 different species. Th is was an average of 11 
trees per d a y ( range 6 -15) . T h e r e were 26 species from which they a te 
fruit a n d n ine species from which they a te leaves. Except for the p a l m 
fruit, Jessenia polycarpa, represented by n ine indiv idual trees, a n d the 
legume, Pithecolobium, represented by six indiv idual trees, no o ther 
species was represented by more t h a n four trees each. 

Leaves ea ten were mostly i m m a t u r e , or flush, a l though p r o b a b l y a 
few m a t u r e leaves were also ea ten . N e w growth a t the tips of l ianas was 
also inc luded in this category as were leaf petioles which were occasion
ally selectively ea ten . 

Insects inc luded an t nests (a l though it is possible t h a t the nest itself 
r a the r t han the ants were the food source) , as well as insect galls, 
selectively ea ten from leaves, small flying insects g r a b b e d in the air, 
beetles a n d h y m e n o p t e r a larva . 

T h e ea t ing of flowers was no t observed d u r i n g the init ial s tudy ; how-
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ever, flowers were eaten du r ing the second study, a n d comprised less 
t h a n 0 - 1 % of feeding t ime samples. N o instance was observed of ea t ing 
inver tebrates (other t h a n insects), or o ther animals or birds ' eggs. 
W a t e r was appa ren t ly ob ta ined from fruit a n d leaves, since no dr ink ing 
behaviour was observed. 

Major feeding bouts accounted for 5 0 % of all feeding t ime samples 
( range for the six days, 27 to 6 0 % ) , a n d 7 3 % of all fruit-feeding t ime 
samples. T h e day in which only 2 7 % of the feeding t ime samples was 
devoted to major feeding bouts was unusua l in t ha t a very high percen t 
age of leaves (30%) was ea ten tha t day . T h e r e was an average of 3-5 
major feeding bouts per day (range, 2 to 5) . O f the major feeding 
bouts , 4 6 % took place in the varil lal alto seco, 4 1 % in the pa lma l a n d 
1 3 % in the i rapaya l . M o r e t h a n half the major feeding bouts in the 
pa lma l and all the major feeding bouts in the i rapaya l were devoted to 
p a l m fruits. 

T h e following 12 fruits were eaten entirely, or almost entirely, du r ing 
major feeding bou t s : Jessenia polycarpa (Fig. 2, u n g u r a h u i p a l m ) ; 
Clarisia (Fig. 3) a n d Brosimum (Fig. 4) ( M o r a c e a e ) ; Cordia (Boragina-

FIG. 2 . Jessenia polycarpa. Fifteen fruits dropped by C. torquatus, showing amount of pulp eaten 
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F I G . 3 . Nut ofClarisia racemosa. Husk was broken open by C. torquatus and nut was partially 
eaten before being dropped. 

FIG. 4. Nuts of Brosimum broken open by C. torquatus. 
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FIG. 5 . F r u i t o f Rheedia. S h e l l s w e r e b r o k e n o p e n b y C. torquatus a n d , a f t e r r e m o v i n g t h e 

g e l a t i n o u s a r i l s , t h e y d r o p p e d t h e f o u r s e e d s . ( S c a l e i n m m . ) 

FIG. 6 . F r u i t o f Tovomita. T h e a l m o n d - s h a p e d n u t s i n s i d e t h e t h i c k p e r i c a r p w e r e t h e e d i b l e 
p a r t . 
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FIG. 7 . L i a n a n u t s o f Maripa. T h e e d i b l e n u t s w e r e r e m o v e d f r o m t h e t o p f o u r s h s l l s 

C. torquatus. 

FIG. 8. Pithecolobium s e e d p o d s . O n e s e e d w a s r e m o v e d b y C. torquatus f r o m t h e p o d o n 

r i g h t . ( S c a l e i n m m . ) 

135 
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c e a e ) ; Rheedia (Fig. 5) a n d Tovomita (Fig. 6) (Gut t i ferae) ; th ree 
different species of Maripa (Fig. 7), a l iana n u t (Convolvulaceae) ; 
Virola ( " c u m a l a " ) (Myr is t icaceae) ; Machaerium (a l e g u m e ) ; and , 
Coccoloba (Polygonaceae) . Pithecolobium (Fig. 8) , a l egume , a n d Psycho-
tria axilaris, a small berry, con t r ibu ted significantly to the n u m b e r of 
feeding t ime samples, bu t were not inc luded in major feeding bouts by 
definition (see Section 1). Major feeding bouts accounted for the bulk 
of the frugivorous pa r t of the diet, since they inc luded almost all fruit 
except some berries, arilloids a n d seeds. 

Feeding rates var ied for different foods eaten. I n major feeding 
bouts feeding was highly concent ra ted . T w o measures of feeding t ime 
were ob t a ined : (a) the t ime requi red by an an ima l to eat one indiv idual 
fruit, from the t ime it was placed in the m o u t h unt i l all chewing s topped 
a n d ano the r fruit was searched for; and , (b) t ime spent in the feeding 
t ree , divided by the n u m b e r of fruits ea ten. 

Rates for individual fruits. T h e average feeding t ime in minutes for 
indiv idual Jessenia p a l m fruits w a s : male , 2-02 ±0*25 (n = 11); female, 
1-10 ±0-16 (w = 17); infant, 3-98 ±0-98 ( w = 4 ) . T h e hardness of the 
fruit p robab ly con t r ibu ted to the infant 's difficulty in ea t ing i t ; hence 
his longer eat ing t ime. Feeding du ra t ion was par t icu lar ly easy to 
de te rmine for Jessenia because the inflorescence averaged only 18 m 
from the g round a n d usually was in full view. Feed ing t imes were more 
difficult to de te rmine for fruits in emergen t trees, bu t a few deter
mina t ions were m a d e . T h e following averages were for adul t s only. 
Brosimum: 32 ± 4 sec {n = 5 ) ; Virola: 2· 12 ± 0-43 m i n (η = 3 ) ; Clarisia: 
2*31 ±0-92 min {η = 3). I n bo th the la t ter two the husk was very tough 
a n d requi red considerable t ime to remove to get a t the n u t inside. 

Rates for trees. T h e " feed ing" t ime spent in a feeding t ree inc luded 
bo th chewing a n d looking for edible fruit. For example , a to ta l of 
65-6 min was spent in p a l m trees in four feeding bouts , du r ing 
which t ime a total of 98 fruits was ea ten by the three animals . Us ing 
the rates de te rmined above the t roop could have eaten the 98 fruits 
in 59-7 min if all t ime was spent chewing ; thus , approx imate ly 9 1 % 
of t ime in the tree a p p e a r e d to be uti l ized for chewing, a n d a b o u t 9 % of 
t ime reaching for a n d picking fruit. Mos t o ther fruits were considerably 
more dispersed in the tree t h a n p a l m fruits, so t ha t a grea ter p ropor t ion 
of " feeding" t ime was p robab ly spent looking for edible fruits. 

R ipe Jessenia fruits weighed abou t 13*4 ± 0-7 g (w = 4) of which 
5-0 ±0-4 g was ed ib le ; the r ema inde r , p i th . D u r i n g a n average 16 m i n 
feeding bou t in which 24 fruit were eaten, the t roop could have con
sumed a m a x i m u m of 120 g of fruit, or a b o u t 66 g by the female, 36 g 
by the male , a n d 18 g by the infant. Since most p a l m fruit was only 
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part ia l ly ea ten before it was d r o p p e d a n d ano the r picked, this was 
cer ta inly an overes t imate (see Fig. 2) . 

T h e average weight of the edible n u t of Clarisia was 1-4 g (n = 25) . 
D u r i n g a major feeding bou t of 24 m i n each adu l t a n i m a l could eat u p 
to ten nuts or 14 g of food, a n d the ent i re t roop could thus consume 
somewha t less t h a n 42 g of food. Un l ike Jessenia fruit, however , very 
little of the edible por t ion of a Clarisia n u t was ever d r o p p e d . 

6.00 800 10.00 12.00 14.00 16.00 
Hour of day 

FIG. 9. H o u r l y var ia t ion in feeding act ivi ty . Average of t ime samples for ten days. 

T h e pe rcen tage of feeding t ime samples was ca lcula ted for each h o u r 
of the d a y ; there was a consistent d iu rna l pa t t e rn of feeding activity. 
Every day there was a peak of from 4 0 - 9 2 % of t ime samples devo ted 
to feeding d u r i n g a t least one hour , be tween 7,00 a n d 9.00, 10.00 a n d 
12.00, a n d / o r 13.00 a n d 15.00h. Every d a y there was also an h o u r of 
r educed feeding behav iour of 0 - 1 7 % , beginning a t 6.00, 9.00, 12.00 or 
15.00h. T h e average of pe rcen tage feeding t imes for each h o u r is given 
for ten days in Fig. 9. (This is an average of six days in J u l y 1974 plus 
four days in J u l y 1975.) T h e feeding activity falls off bo th in la te 
m o r n i n g as well as in early af ternoon; however , the d a t a do not 
demons t r a t e a cont inuous low in feeding activity t h r o u g h o u t the midd le 
of the day . 

Near ly half of all feeding t ime was spent in the second storey, roughly 
be tween 15 a n d 25 m in he ight (Tab le I I ) . Feed ing height d e p e n d e d , 
however , u p o n the n a t u r e of the food ea ten a n d the vegeta t ion zone. 
I n the vari l lal al to seco, in which most of the feeding was done , near ly 
half of the feeding t ime was in the emergen t layer. Th is was because t he 
d o m i n a n t fruits in this a rea (e.g. Clarisia, Brosimum, Virola) grew in tall 
emergen t trees. Feed ing u p o n bo th legumes a n d insects in the vari l lal 
alto h u m i d o was in the second storey only, a n d the an imals a p p e a r e d 
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T A B L E II 
Feeding activity (%) in each canopy level by vegetation zone 

Al l z o n e s 
c o m b i n e d a l t o seco 

V a r i l l a l 

a l t o h u m i d o b a j o seco P a l m a l I r a p a y a l 

1st s t o r e y 2 9 2 5 0 9 8 14 0 

2 n d s t o r e y 4 5 27 100 2 82 100 

3 r d s t o r e y 2 6 4 8 0 — 4 — 
T o t a l 100 100 100 100 100 100 

Average of six days ' t ime samples. 

to move into the th i rd storey there only for occasional rest ing. I n the 
varil lal bajo seco the an imals fed main ly on Psychotria berries which 
grew on bushes in the first storey. I n the p a l m a l a n d i rapaya l most of the 
feeding was u p o n p a l m fruits in the second storey. L i a n a nuts were often 
found in the emergen t trees in the pa lma l , bu t there was no emergen t 
layer in the i rapaya l . All in all v i r tual ly every level of the forest above 
g round level was uti l ized for feeding in one a rea or ano ther . N o feeding 
was observed on the g round , except , occasionally, on insects. 

O n e aspect of feeding behav iour was r a the r uniform. All th ree 
animals frequently fed at the same t ime a n d in the same tree u p o n the 
same type of food i tem. I n 4 1 % of feeding t ime samples, all th ree 
animals were feeding s imul taneous ly ; in 6 1 % , a t least two animals were 
feeding s imultaneously. A m o n g the t ime samples in which only two 
animals were feeding, the th i rd a n i m a l (not feeding) was the female 
5 7 % of the t ime, the male 4 1 % of the t ime, a n d the infant 2 % of the 
t ime. T h a t is, whenever one of the adul ts was feeding, the juveni le was 
feeding also. 

I n most cases (except while feeding on berries in the vari l lal bajo) the 
an imals adop t ed a sitt ing pos ture while feeding. Usual ly the a n i m a l 
sat a t the fork of two small b ranches , wi th feet g r ipp ing the b r a n c h a n d 
tail d r a p e d over a n e a r b y b r a n c h (see Fig. 12). I t r eached for a fruit 
wi th bo th hands , a n d ei ther a te wi th bo th hands , or p laced one h a n d 
on a b r a n c h (often the same one grasped by the feet) a n d a te the fruit 
wi th the other . 

W h e n feeding on berries in the first storey a different pos ture was 
adop ted wi th the torso erect a n d para l le l to the vert ical t ree t r u n k 
(Kinzey, 1975). T h e h ind l imbs were d r a w n u p (flexed a t h ip , knee a n d 
ankle) , the feet inver ted a n d powerfully a d d u c t e d wi th each pollex 
grasping the vert ical t runk . Usual ly bo th h a n d s r eached t oward the 

F 
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berr ies ; one h a n d held the bush while the o ther picked the berries a n d 
p u t t h e m in the m o u t h . 

A l though most fruit appea red to be placed in the corner of the m o u t h 
where canine or premolars appa ren t ly tore off the husk or removed the 
edible pu lp , a different m e t h o d was used to ob ta in the edible por t ion of 
a p a l m fruit. T h e fruit was held be tween the two h a n d s a n d the u p p e r 
a n d lower incisors were used together to scrape the th in layer of h a r d 
per ica rp from the pi th . This behav iour very well m a y have accoun ted 
for the character is t ic wear previously no ted on C. torquatus incisors (see 
Pla te 11 in Kinzey, 1974). 

3. T E M P O R A L PATTERNING OF FOOD CHOICE 

T h e d iu rna l pa t t e rn of all feeding t ime samples was presented in Fig. 9. 
Despite the d iu rna l var ia t ion noted above, the overall d is t r ibut ion of 
feeding t ime samples was such t ha t 5 0 % occurred du r ing the first five 
hours of the day a n d 5 0 % d u r i n g the second five hours . T h e an imals 
appea red to prefer different food i tems a t different hours (see Fig. 10). 
T h e r e was a t endency to eat insects du r ing the midd le of the day , to ea t 
leaves toward the end of the day , a n d to eat fruit bo th early a n d late in 
the day . T h e r e did not a p p e a r to be any tendency to feed on leaves 
immedia te ly after feeding on fruit. 

T h e r e m a y have been a t empora l preference for cer ta in fruits. 
A l though Jessenia (pa lm fruit) a n d Maripa ( l iana nuts) were ea ten a t 
vir tual ly all hours of the day , " n u t s " appea red to be preferred early in 

4 0 

ε 3 0 

2 0 h 

_ 10 

ο ο ο ο ο . 
Ο Ο Ο Ο Ο η 
» αί ο Ν 5 

Leaves 

ο ο ο ο ο ο ο ο ο ο iß cö ο od ^ 

Insects 
ώ ob ö cvi ^ 

Fruits 

FIG . 1 0 . V a r i a t i o n i n f o o d c h o i c e , b y t w o - h o u r i n t e r v a l s . A v e r a g e o f t i m e s a m p l e s f o r s i x d a y s . 
I n t e r v a l s b e g i n a t 6 . 0 0 , 8 . 0 0 , 1 0 . 0 0 , 1 2 . 0 0 a n d 1 4 . 0 0 h . 
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the day. There were four major feeding bouts on Virola; all started before 
10.30h. There were three major feeding bouts on Brosimum; all began 
before 7.30h. There were four major feeding bouts on Clarisia; of these, 
three began before 8.30h. A considerable body of data was also avail
able on the eating of Clarisia in 1975. Of a total of 22 major feeding 
bouts between 21st June and 3rd August 1975, eight (36%) began 
before 8.00h; the rest were more or less evenly spaced throughout the 
day. Despite the increase in eating of fruits after 14.00h (Fig. 10) there 
were relatively few major feeding bouts between 14.00 and 16.00h. 
During this time, however, considerable numbers of time samples were 
devoted to the eating of legumes, especially Pithecolobium. 

Food choice varied from day to day. For the six days in 1974 the 
ranges of foods eaten were: fruit, 63-87% per day; insects, 2-25% per 
day; and leaves, 4-30% per day. There seemed to be a general 
tendency to eat fewer insects when more leaves were eaten and vice 
versa. 

T A B L E III 
Percentages of fruits, insects, and leaves eaten on nine consecutive days 

in July 1975 

Fruit Insects Leaves Unknown Total 

9th July 63 17 9 11 100 
10th' 85 3 1 11 100 
11th 92 4 2 2 100 
12th 90 6 4 0 100 
13th 70 26 4 0 100 
14th 72 14 3 11 100 
15th 61 29 9 1 100 
16th 74 18 0 8 100 
17th 58 38 3 1 100 
Average 71 20 4 5 100 

Data on feeding are available for nine consecutive days in July 1975 
(Table III). The average time spent feeding on these nine days was 
28-0% with a range of 10 to 36% per day. The average for eating fruits 
was 71% (range 58-92%); for insects, 20% (range 3-38%); for leaves, 
4% (range 0-9%). The average of unknown food items was 5% with a 
range from 0-11%. Summarizing, for each of the 15 days more time 
was spent eating fruits than any other food item; some insects were 
eaten every day; the animals were observed to eat leaves on every day 
but one; a greater proportion of time was spent looking for or eating 
insects than eating leaves. 
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4. S E A S O N A L VARIATION 

T h e d a t a were collected du r ing J u n e , J u l y a n d Augus t ; therefore, little 
can be said at this t ime a b o u t seasonal variabi l i ty . D u r i n g these same 
three mon ths some species of fruit were r ipe in 1974 t ha t were not r ipe 
in 1975 a n d vice versa. A n a n n u a l pa t t e rn of fruiting, therefore, while 
p robab ly present , is not constant from year to year . Analysis of seasonal 
var ia t ion in feeding will have to awai t the collection of d a t a a t o ther 
t imes of year . 

5. SPAT IAL VARIATION BY VEGETATION ZONE 

Tables I V a n d V provide the basic d a t a on location of feeding by food 
type a n d vegetat ion zone (compare also T a b l e I ) . Seventy per cent of 
all feeding was done in varillal , which comprised 6 0 % of the t roop 's 
terr i tory. Mos t feeding was in the vari l lal al to seco. Frui ts were the 
preferred food i tem in all areas except varil lal alto h u m i d o where only 
6 % of total feeding t ime was spent. Leaves were ea ten in all areas a n d 
they comprised roughly the same percentage ( 7 - 2 0 % ) of feeding t ime 
in each vegetat ion zone. Insect foraging occurred in all zones except the 
i rapaya l , a n d wi th very low frequency in the p a l m a l ; it was by far 
the d o m i n a n t feeding activity in the vari l lal al to h u m i d o . 

TABLE IV 
Percentage offood items eaten in each vegetation zone 

All zones V a r i l l a l V a r i l l a l V a r i l l a l 
c o m b i n e d a l t o seco a l t o h u m i d o ba jo seco P a l m a l I r a p a y a l 

F r u i t s 67 67 32 4 8 87 75 
N u t s 25 4 8 0 0 0 0 
L i a n a n u t s 2 4 20 0 0 4 6 0 
P a l m frui t 15 0 0 0 31 100 
D r u p e s a n d p o m e s 12 10 0 0 9 0 
Ber r i e s 10 9 0 82 0 0 
G e l a t i n o u s a r i l lo ids 8 7 0 16 14 0 
Seeds 6 6 100 2 0 0 

100 100 100 100 100 100 
In sec t s 14 12 57 30 4 0 
L e a v e s 13 17 7 20 9 17 
U n k n o w n 6 4 4 2 0 8 

100 100 100 100 100 100 

Average of six days' time samples. 
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V a r i l l a l V a r i l l a l V a r i l l a l 
a l t o seco a l t o h u m i d o b a j o seco P a l m a l I r a p a y a l T o t a l 

F r u i t s 5 0 3 9 35 3 100 
N u t s 100 0 0 0 0 100 
L i a n a n u t s 38 0 0 62 0 100 
P a l m f ru i t 0 0 0 8 0 2 0 100 
D r u p e s a n d p o m e s 5 9 0 7 3 4 0 100 
Be r r i e s 3 8 0 62 0 0 100 
G e l a t i n u o u s a r i l lo ids 35 0 10 5 5 0 100 
Seeds 41 5 5 4 0 0 100 

I n s e c t s 42 22 2 9 7 0 100 
L e a v e s 5 8 3 18 18 3 100 
T o t a l , a l l food i t e m s 51 6 13 2 8 2 100 

Average of six days ' t ime samples. 

T h e varil lal al to seco, in which most of the feeding was done , p ro 
vided the greatest var ie ty of fruits in the diet . Every type of fruit ea ten , 
except p a l m fruit a n d pe rhaps some species of l egume, was found here . 
As m a y be seen from T a b l e I I , the an imals fed in all canopy levels in 
this p a r t of the forest, a l though the tough-husked nuts in the emergen t 
trees of the th i rd storey provided the major source of food a n d accoun ted 
for most of the major feeding bouts in this a rea . 

T h e varil lal al to h u m i d o a p p e a r e d to be a preferred locat ion to 
forage for insects. Even though only 6 % of total feeding t ime was spent 
here , 2 2 % of all insect-foraging was done h e r e ; a n d 5 7 % of the feeding 
t ime samples in this a rea were for insects. T h e only fruits ea ten in this 
a r ea were legumes. 

T h e varil lal bajo seco was the p r i m a r y source of berries, especially 
those of Psychotria axilaris. Berries comprised 8 2 % of the fruit-feeding 
t ime samples in this area , a n d 6 2 % of all berries ea ten were ea ten here . 
Insect foraging comprised 3 0 % of feeding t ime samples in this a rea . 

T h e p a l m a l a n d i r apaya l p rov ided the source of p a l m fruit, Jessenia 
polycarpa. O n every occasion t ha t the t roop wen t in to the i rapaya l they 
fed on the p a l m fruit, a n d it seems reasonable to suppose t ha t they wen t 
there pr imar i ly for t ha t purpose . P a l m a l was more widely d is t r ibuted 
t h roughou t the t roop 's terr i tory so it a p p e a r e d t ha t a l though they m a y 
have gone there to seek p a l m fruits, they also often passed t h rough this 
vegeta t ion on their way, for example , to a pa r t i cu la r feeding t ree in the 
varil lal . Jessenia trees occur red pr imar i ly nea r s t reams. A l though the 

TABLE V 
Percentage by vegetation zone of each food item eaten 
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animals spent most of their t ime in the varil lal they descended th rough 
the pa lma l on the slopes to the i rapaya l a long the streams to feed u p o n 
pa lm fruit. This occurred almost every day du r ing the season when the 
pa lms were r ipe. 

6. A G E A N D S E X V A R I A T I O N 

T h e adul t male , adu l t female and infant spent abou t the same p r o 
por t ion of t ime feeding. T h e adu l t male a n d female each spent 2-4 h r / d a y 
feeding, a n d the infant , 3-1 hr . T h e difference be tween the infant and 
the adults was not significant (Ρ > 0 · 10). 

T h e r e was no significant difference a m o n g the three animals in 
propor t ion of t ime spent feeding on fruits or on leaves; however, the 
infant spent more t ime looking for or eat ing insects t h a n did ei ther of 
the adul ts . Of all the insect t ime samples, 2 1 % were for the adu l t male , 
2 2 % for the adul t female, a n d 3 6 % for the infant (Ρ = 0·07, F r i e d m a n 
test). Al though the infant spent more t ime looking for insects, it was 
less successful a t ca tching t hem a n d therefore the grea ter t ime spent 
almost certainly did not represent a larger quan t i t y of insects ea ten. 
T h e infant also took longer to eat individual fruits such as the p a l m 
fruit (see Section 2) . T h u s , it p robab ly ob ta ined less food t h a n ei ther 
of the adul ts . I t also spent one, two or th ree periods of u p to 1-5 min 
each day at the female's breast , bu t it was uncer ta in whe the r the infant 
was actual ly ob ta in ing milk. 

T h e d a t a on feeding t ime for pa lm fruits (Section 2) indica ted tha t 
the male took longer t h a n the female to eat an indiv idual fruit. Since 
the size of the dent i t ion is the same in male a n d female, there does not 
a p p e a r to be any morphological reason for this. I t is interest ing tha t 
male s iamangs also took longer t h a n females to eat figs (Chivers, 1974). 

7 . F E E D I N G A N D R A N G I N G B E H A V I O U R 

T h e 20-hectare terr i tory utilized dur ing the 1974 s tudy was over- laid 
wi th a grid of one-hectare squares result ing in 27 squares or q u a d r a t s 
covering the area . (Edge quad ra t s were par t ia l ly utilized.) Feeding 
trees were located in 24 of the quad ra t s wi th u p to eight feeding trees 
per hectare . A b o u t 7 4 % of the feeding trees were located in only 12 
(50%) of these q u a d r a t s (Fig. 11a). Trees used du r ing major feeding 
bouts were even more concen t ra t ed : 8 9 % of major feeding bouts were 
located in 12 quad ra t s (see Fig. l i b ) . 
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FIG. 11. Territory of C. torquatus in hectare quadrats, showing (a) location of feeding trees 
(no. per ha), shaded area contains four or more feeding trees per hectare, (b) location of major 
feeding bouts (trees per hectare), and (c) location of paths of travel (% of total length of travel 
paths per ha) , shaded area contains 5 2 % of all travel paths. 

T h e corre la t ion wi th r ang ing p a t t e r n was high. O f the roughly 
10 000 m of p a t h length t ha t the t roop was followed, six q u a d r a t s 
con ta ined 5 2 % of the tota l p a t h length (see shaded a rea in Fig. 11c) 
a n d these same six con ta ined 4 5 % of the feeding trees. I n contrast , 
the same six q u a d r a t s con ta ined only one-fourth of the sleeping trees, 
indica t ing t ha t locat ion of feeding trees was more i m p o r t a n t t h a n the 
locat ion of sleeping trees in re la t ion to r ang ing pa t t e rn . 

T h e effect of feeding on r ang ing pa t t e rn is well i l lustrated by the 
following example . O n two consecutive days the t roop fed in a pa r 
t icular Brosimum t ree immedia te ly after waking . O n the first day the 
t roop slept only 30 m from the Brosimum, a n d moved quickly in to the 
feeding tree u p o n awaking . O n the second d a y the t roop slept 240 m 
away. U p o n awaking they t ravel led 35 m i n directly from the sleeping 
tree south to the Brosimum in o rder to feed there , even though la ter in 
the day they moved back as far no r th as the previous night ' s sleeping t ree. 

As the a m o u n t of t ravel per d a y increased, the rest ing t ime a p p e a r e d 
to increase also, whereas the feeding t ime a p p e a r e d to decrease. T h e 
inverse corre la t ion wi th feeding t ime was a t least in p a r t re la ted to the 
pa t t e rn of feeding in long major feeding bouts , since the a m o u n t of 
feeding t ime per day was positively corre la ted wi th the n u m b e r of 
such bouts . 

Despi te the inverse corre la t ion of da i ly p a t h length wi th total dai ly 
feeding t ime, p a t h length was no t corre la ted wi th feeding t ime on each 
indiv idual type of food i tem (fruits, insects or leaves). O n e migh t have 
expected a larger a rea covered on those days w h e n insects represented 
a large p ropor t ion of the diet, bu t this was no t the case. 

D u r i n g the 1975 season the h o m e r ange was e x p a n d e d c o m p a r e d wi th 
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1974, bu t these d a t a have not yet been analysed in re la t ion to d ie tary 
pa t te rns . 

8. FEEDING BEHAVIOUR A N D S O C I A L BEHAVIOUR 

Because the titi monkey travelled in small groups (of two to five) it 
was usually possible for the ent i re g roup to feed s imultaneously in one 
tree. This was certainly t rue for all the large th i rd storey emergen t trees 
such as Clarisia, Brosimum, Virola etc., a n d the large l ianas such as 
Maripa. I t was also t rue of the Jessenia pa lm, at least for a g roup as 
large as three animals . These trees t ended to occur singly as isolated 
trees r a the r t h a n in groups . T h e m a i n food sources for which it was not 
possible tha t the ent ire g roup feed in the same tree were the legume, 
Pithecolobium, a n d the berry bush, Psychotria axilaris. I n bo th these cases, 
however, the trees grew in clusters a n d the ent i re g roup still fed simul
taneously as a close-knit uni t while in different trees. Rare ly was the 
t roop ever dispersed over more t h a n 20-30 m. T h e small size of the 
t roop was advan tageous in pe rmi t t ing the ent i re t roop to feed together , 
especially in small trees such as the Jessenia. 

With in the social g roup there was a division of foraging roles. T h e 
adu l t female of Callicebus torquatus was the an ima l w h o searched for new 
food resources for the day , a n d w h o led the g roup t h roughou t its daily 
r ang ing p a t t e r n ; the ma le a n d infant followed. She was usually the 
first an ima l of the t roop to enter a feeding tree, a n d similarly the first 
one out of the tree at the end of a feeding bout . I n most feeding situa
tions, whe the r in a single large emergent t ree or in a cluster of Pithe-
colobium trees, the ma le a n d juveni le always sat nea r each o ther a n d the 
female sat some farther dis tance away from them. Even as the t roop 
moved abou t the t ree or trees, this set of relat ive distances was ma in 
ta ined. 

An i m p o r t a n t contras t ing role of the adu l t ma le was to care for the 
infant. H e a n d the infant always fed close together , bu t even w h e n not 
feeding they were usually close together . T h e ma le was especially 
to lerant of the infant. This was i m p o r t a n t in re la t ionship to feeding 
since the male frequently al lowed the infant to take food from h im tha t 
was par t ia l ly ea ten . 

9. D ISCUSSION 

Callicebus torquatus is p r imar i ly frugivorous, a n d the pa t t e rn of ea t ing 
fruits differed from tha t of ea t ing insects and leaves. Frui ts were ea ten 
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largely in concen t ra ted periods of t ime, "ma jo r feeding bou t s " , gener
ally th ree to four per day , wi th all an imals in the t roop feeding simul
taneously. T h e r e was sometimes a d i rected effort to eat a t a pa r t i cu la r 
fruit t ree, as evidenced by long rap id travels toward par t i cu la r feeding 
trees. N o similar long movement s were ever m a d e immedia te ly pr ior 
to reach ing sleeping trees. T h e r e was a pa t t e rn to ea t ing the most 
preferred food i t em: nuts of emergen t trees such as Clarisia a n d Virola. 
T h e y were most frequently ea ten du r ing the first two hours of the day . 
W a s this an a t t e m p t to t ry to ob ta in the preferred food source first, 
even if it m e a n t t ravel l ing a long dis tance immedia te ly u p o n a w a k i n g ? 

Pa lm fruits provided ano the r major i tem in the diet, bu t feeding on 
pa lm fruits was not concen t ra ted a t any par t i cu la r t ime d u r i n g the 
day . This m a y have been re la ted to the dispersion of p a l m trees a r o u n d 
the per iphery of the t roop 's terr i tory. O n l y w h e n they were n e a r 
i r apaya l did they a p p e a r to m a k e a foray in to the p a l m forest a n d feed 
on Jessenia. Since the p a l m trees were located nea r s t reams a n d C. 
torquatus spent most of its t ime on tops of hills a n d slopes, the i r apaya l 
wi th its u n g u r a h u i p a l m trees formed the b o u n d a r y (at least on the 
west) of the t roop 's terr i tory. (Dur ing the 1975 season the u n g u r a h u i 
pa lms were still not r ipe in Augus t a n d at no t ime d u r i n g the 1975 
season did the t roop ven tu re in to the i rapayal . ) T h e p a l m fruit m a y 
also have been i m p o r t a n t as a source of pro te in since Jessenia nu ts were 
relatively high in pro te in (Snow, 1962). (Nutr i t ional analysis of the 
o the r food i tems is no t yet available.) I t is pe rhaps re levant in this 
regard tha t there was an inverse corre la t ion be tween the a m o u n t s of 
t ime spent ea t ing insects a n d p a l m fruits. 

T h e feeding behav iour of C. torquatus was similar to t ha t observed 
in the spider monkey in cer ta in types of fruit trees. I n Ateles belzebuth, 
in contras t wi th Alouatta seniculus, Saimiri a n d Cebus (Klein a n d Kle in , 
1975), rarely were two animals seen feeding on different food i tems a t 
the same t ime. T h e y fed in small g roups w h e n the d o m i n a n t fruiting 
trees, such as p a l m fruit (Klein 's type V trees) , were widely dispersed 
a n d fruited over long periods of t ime. Ateles differed from Callicebus in 
aggregat ing in large groups w h e n feeding in o ther types of trees. 

I n contras t to the concen t ra ted p a t t e r n of feeding on fruits, leaves 
were ea ten opportunis t ical ly , in relat ively equa l p ropor t ions in each of 
the vegeta t ion zones, a n d never in major feeding bouts . T h e animals 
never appea red to m a k e a long di rec ted m o v e m e n t t oward any t ree 
jus t to eat leaves. Unl ike the s i amang descr ibed by Chivers (1974) there 
was no t endency to eat leaves immedia t e ly after ea t ing fruit. However , 
there was a t endency to eat leaves la te in the d a y (Fig. 10) .Al though 
fruit a n d / o r insects were sometimes ea ten after the last feeding of leaves, 
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there was no instance of a major feeding bou t after the last leaf-eating 
episode in the day. 

Insects, like leaves, appea red to be ea ten somewhat oppor tunis t ica l ly ; 
however , there was a definite preference for insects in cer ta in par t s of 
the forest, especially in varil lal . M o r e t h a n half the feeding t ime in the 
varil lal alto h u m i d o was devoted to eat ing insects. Few insects were 
ea ten in the p a l m forests. W h e t h e r reduc t ion in insect foraging in the 
p a l m forests was due to a reduct ion in incidence of insects there , to 
compet i t ion from other insectivorous species, or to lack of preference is 
not known. 

T h e r e are some d a t a avai lable on feeding in captivi ty. D r Wi l l i am 
Mason has successfully m a n a g e d a colony of titi monkeys, inc luding 
bo th C. moloch a n d C. torquatus, since 1965 (Lorenz a n d Mason , 1971). 
T h e average quan t i t y of food provided was approx imate ly 250 g per 
an ima l per day . Using the d a t a on weight of food consumed du r ing 
major feeding bouts (Section 2) , it appea red t ha t an adu l t female migh t 
have ob ta ined abou t 6 0 % o f t h a t a m o u n t (150 g) in 3*5 major feeding 
bouts consisting of 2*0 bouts of p a l m fruits a n d 1-5 of Clarisia nuts. Th i s 
was p robab ly qui te adequa t e , since abou t 5 0 % of feeding t ime was 
dur ing the major feeding bouts . If the observat ions of ea t ing t imes were 
anywhere near representat ive , it is difficult to unde r s t and how the 
adu l t male ob ta ined a sufficient quan t i ty of food. Does the ma le 
possibly have a lower energy r e q u i r e m e n t ? Accord ing to Lorenz a n d 
Mason , " ind iv idua l a n d day- to-day var iat ions in food preferences a re 
clear. W e suspect t ha t some var ia t ion in the food offering m a y be 
necessary to sustain a d e q u a t e food in take in Callicebus". I n the wild 
C. torquatus h a d considerable day- to-day var ia t ion in kinds of food 
ea ten . Lorenz a n d Mason noted tha t " w a t e r in take is l ow" which also 
accorded well wi th the natural is t ic da t a . 

T o the best of my knowledge there are only three o ther references to 
the diet of C. torquatus in the wild. I z a w a (1975) observed two animals 
feeding along the R io C a q u e t a in south-east Colombia . O n e a n i m a l 
was feeding on leaves a n d the o ther on the " t h u m b n a i l o range-
coloured ju icy fruit" of a large Cafeto t ree. T h e s tomach contents of 
two adults were examined . O n e h a d only fruit a n d the o ther h a d b o t h 
fruit a n d leaves in the s tomach. M o y n i h a n (1976) observed tha t 
C. torquatus in the P u t u m a y o region of southern Colombia fed on the 
p u l p of Jessenia polycarpa. H e r n a n d e z - C o m a c h o a n d Cooper (1973) 
observed C. torquatus feeding on fruit a n d insects in Colombia . These 
d a t a do not cont rad ic t the quan t i t a t ive d a t a here in presented. 
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FIG. 12. Callicebus torquatus feeding on berries of Psychotria axilaris. 
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10. S U M M A R Y 

1. T h e diet a n d feeding behav iour of a t roop of th ree Callicebus 
torquatus torquatus were s tudied in nor th-eas tern Peru . O n the tops of 
small hills the typical varillal vegetat ion zone, where the animals spent 
most of their t ime, conta ined approx imate ly 400 trees per hec ta re , 
providing a cont inuous canopy be tween abou t 15 a n d 25 m high. T h e 
animals fed in a b o u t 1 % of these trees, m a n y of t h e m emergents above 
the cont inuous canopy, du r ing the six full days of observat ion in J u l y 
a n d August 1974. 

2. An average of be tween 2*5 a n d 3 hours per d a y was spent feeding. 
T h e diet was pr imar i ly frugivorous wi th a b o u t 7 0 % of feeding t ime 
devoted to fruits. T h e r ema in ing feeding t ime was divided be tween 
insects a n d leaves. M o r e t ime was usually spent foraging for insects 
t h a n eat ing leaves. Major port ions of the frugivorous por t ion of the diet 
consisted of nuts wi th a relatively tough inedible covering or per ica rp , 
a n d u n g u r a h u i p a l m fruits. Leaves appea red to be eaten oppor tunis t ic
ally in all areas of the forest; insects were consumed pr imar i ly in certain 
areas of vegetat ion. Feeding occurred at all levels of the forest above 
the g round but , depend ing u p o n the n a t u r e of the food source, different 
levels of the canopy were preferred in different vegetat ion zones. All 
animals of the t roop t ended to feed together , most often in the same 
feeding tree. Ra re ly were two animals in the t roop observed simul
taneously eat ing different food i tems. Feed ing on fruit was d o n e 
pr imar i ly in blocks of t ime of from 10 to more t h a n 50 min, t e rmed 
"ma jo r feeding bou t s " . T h e r e were from two to five major feeding 
bouts per day , usually one in the early morn ing , one in late morn ing , 
a n d one in the afternoon. 

3. Food choice var ied from day to day . C o m b i n i n g d a t a from 15 
complete days of observat ion in 1974 a n d 1975, the a m o u n t of t ime 
devoted to feeding on fruits var ied from 58 to 9 2 % of feeding t ime per 
day . 

4. Since d a t a were collected only du r ing J u n e , J u l y a n d Augus t 1974 
a n d 1975, seasonal var ia t ion has no t yet been studied. 

5. Seventy per cent of all feeding was done in varil lal which com
prised 6 0 % of the t roop 's 1974 terr i tory of 20 ha . I n the p a l m forests 
(pa lmal a n d i rapayal) insects comprised a very small por t ion of the 
d ie t a n d u n g u r a h u i p a l m fruits were an especially i m p o r t a n t food 
source. 

6. T h e r e was relatively little difference a m o n g the adu l t ma le , 
adu l t female, a n d infant in a m o u n t of t ime devoted to feeding. H o w -
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ever, the male took longer than the female to eat certain individual 
fruits. 

7. Feeding pattern was correlated with ranging pattern. Fifty-two 
per cent of the troop's movement occurred within 6 ha. These same 
6 ha contained 45% of the feeding trees but only 25% of sleeping trees. 

8. A major role of the adult female was to search for food resources; 
the male and infant followed. 

9. The location of ungurahui palm trees marked the approximate 
(western) boundary of the troop's territory during the duration of the 
(1974) study. 
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1. INTRODUCTION 

With the exception of C. R. Carpenter's early report (1935) on a 
natural population of Ateles geoffroyi Kuhl 1820, little first-hand infor
mation on the feeding habits of spider monkeys had been published 
before the onset of our field study of A . belzebuth E. Geoffroy 1806, 
in 1967. 

Carpenter described A . geoffroyi as frugivorous, and an estimated 90% 
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of the i tems they consumed du r ing his field observat ions of 48 days were 
said to be ei ther fruits or nuts . T h e s tomach a n d intest inal contents of 
collected specimens were used to verify a n d extend the feeding d a t a 
ob ta ined by behavioura l observat ions ; however , the contents of only 
one digestive t rac t were repor ted . I t con ta ined the seeds of a single 
var ie ty of fruit, i l lustrat ing t ha t adu l t spider monkeys characteris t ical ly 
swallow the large seeds a n d a d h e r i n g p u l p of m a n y of the fruits they eat , 
a n d suppor t ing Carpen te r ' s belief t ha t a t t imes spider monkeys m a y be 
subsisting on jus t one or two kinds of fruit. Few d a t a on substances o the r 
t h a n fruit were repor ted by Carpen te r , a l though he inferred tha t adu l t 
insects a n d la rvae migh t also have been ea ten . Th i s inference, despite 
its re i te ra t ion by W a g n e r (1956), Hil l (1962) a n d R i c h a r d (1970) has 
not been suppor ted by a n y real evidence a n d is discussed below. 

I n 1969 the first of a series of excellent repor ts by H lad ik a n d Hlad ik 
(1969, a n d H l a d i k et al., 1971a) on the compara t ive feeding behav iour 
of four neotropical t axa were publ ished. These inc luded, a m o n g o ther 
things, deta i led protocols of feeding behaviour , a n d quan t i t a t ive a n d 
chemical analyses of m a n y of the foodstuffs used by a g roup of A. 
geoffroyi which h a d been released on Barro Colorado Is land (BCI) in 
1960-61 . M a n y of their results a re discussed below in conjunct ion wi th 
our own observat ions. 

2. S T U D Y A R E A , D U R A T I O N A N D G E N E R A L OUTLINE OF 
SPIDER M O N K E Y P O P U L A T I O N DENSITY A N D S O C I A L 

ORGANIZAT ION 

O u r d a t a on the feeding behav iour of the Co lombian spider monkey 
were collected be tween O c t o b e r 1967 t h r o u g h N o v e m b e r 1968 on a 
flood pla in forest of the G u a y a b e r o river wi th in the cu r ren t boundar ies 
of the Co lombian Na t iona l Park , L a M a c a r e n a , a b o u t 2°30' Ν of the 
equa to r (see Fig. 2) . O u r ac tua l s tudy site was a very small por t ion of 
w h a t was then a m u c h larger , general ly evergreen, forest b roken only 
by n a t u r a l waterways , lakes, marshes a n d small t ree falls. Mos t of the 
s tudy site t e r ra in was i n u n d a t e d annua l ly for per iods of t ime vary ing 
from a b o u t two to 16 weeks. I n 1968 flooding was severest in the 
mon ths of J u l y a n d August . 

As the result of over 600 hours of behav ioura l observat ions by 
L. Klein , a n d 500 hours by D . Kle in , it was discovered t ha t th ree 
distinct a n d mu tua l ly exclusive social ne tworks of spider monkeys 
(about 20 adu l t animals) r a n g e d over the approx ima te ly 8 k m 2 sample 
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Approx. scale Key 

l O O k m • Study site Car road 

X Survey sites Mountains 

ν.;.·.·.;.· Legal boundaries of forest reserve as of I968 

FIG. 2. Locat ion of s tudy a rea . 

plot, a n d were almost a lways dispersed in to small subgroups ave rag ing 
over the year abou t 3-5 an imals . T e m p o r a r i l y isolated adul ts of bo th 
sexes were frequently observed, as were t e m p o r a r y groupings of 2 -20 
spider monkeys. 

Distances be tween subgroupings a n d isolates of the same social g r o u p 
were known to have r anged be tween 180 m to 1*5 km, a n d to have 
persisted for periods a t least as long as two days. T h e r e was no indica
t ion tha t subgroups assembled into larger units or reassembled a t 
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specific " l o d g e " trees before nightfall (cf. Carpen te r , 1935). (For 
grea ter detai l , see below a n d Kle in , 1972.) 

3. FEEDING B E H A V I O U R 

3.1. Study Methods 
M a n y methods are avai lable for s tudying the na tu r a l feeding habi ts of 
free-ranging animals (Elton, 1927; D a s m a n n , 1964; Leopold , 1933; 
Schaller, 1965; Korschgen , 1969). T h e methods we used h a d to be 
compat ib le wi th cont inuous observat ions of social behaviour . Conse
quent ly the d a t a are based almost entirely u p o n observat ions of feeding 
animals a n d occasional checking of observat ions wi th examina t ions of 
fresh faecal mate r ia l to ensure t ha t the feeding observat ions were 
qual i ta t ively a n d quant i ta t ive ly representa t ive wi th w h a t the animals 
were actual ly ingesting. F r o m our experience wi th capt ive spider 
monkeys we were able to ascertain t ha t ingested solids, i.e. seeds a n d 
r inds, pass t h rough the intest inal t rac t as solid faeces from four to 12 
hours after consumpt ion . 

A t t empts were m a d e to collect specimens of all of the fruits, leaves 
a n d wood which were observed to have been ea ten by Ateles belzebuth. 
I t ems ea ten by o ther p r i m a t e t axa a n d birds were also collected w h e n 
feasible. (All specimens collected a n d preserved were delivered to t h e 
H e r b a r i o del Ins t i tu to de Ciencias Na tura les de la Univers idad 
Nac iona l de Colombia . ) 

Reco rd ing the n u m b e r of s imultaneously feeding spider monkeys a n d 
t iming the du ra t i on of their feeding whenever it occurred was s t anda rd 
p rocedure . I n those instances in which the an ima l was encounte red 
while feeding, the ini t ia t ion of feeding was considered to occur at first 
sighting. T o facilitate compu ta t i on a n d subsequent compar ison, these 
observat ions were divided into feeding bou t s : the length of t ime a single 
an ima l was recorded eat ing cont inuously on a single type of substance. 
Ind iv idua l bouts were considered to have ended w h e n the spider 
monkey (a) clearly ceased ea t ing ; (b) was observed engaging in an 
activity incompat ib le wi th feeding, e.g. res t ing; (c) moved into an o th e r 
t r ee ; or (d) was clearly observed ea t ing a different substance. W h e n 
animals were no t fully visible, the cessation of b r a n c h a n d leaf move
ments a n d moving in to ano the r t ree were used to de te rmine feeding 
t e rmina t ion . M o v i n g ou t of the tree they h a d been feeding in followed 
shortly after the t e rmina t ion of feeding in almost all fully observed 
cases. O n only three occasions were adu l t spider monkeys observed 
eat ing m o r e t h a n one type of subs tance successively in the same t ree . 
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I n this la t ter respect they differed from the insectivorous, foraging 
Saimiri sciureus L innaeus 1758 a n d Cebus apella L innaeus 1755 who were 
frequently observed successively eat ing fruit a n d ca tching insects in the 
same tree. 

O u t of the 2156 feeding bouts recorded, scoring errors as large as 
5-10 min could not have been a factor in more t h a n 40 of the bouts . 
These were recorded d u r i n g inc lement wea the r or w h e n an unusua l ly 
large n u m b e r of an imals were rap id ly moving in to a n d ou t of trees. 
Feeding bouts of 1 min or less were all t rea ted quant i t a t ive ly as if they 
were 1 min long. T h e r e was a considerable degree of var iabi l i ty from 
u n d e r 1 min to as m u c h as 45 min . 

Except where otherwise indicated , conclusions concerning the 
impor t ance of par t i cu la r i tems a n d classes of food in this repor t have 
been arr ived a t on the basis ofrelative percentage of time eating different foods, 
a l though this cri terion is scarcely comprehensive a n d for some purposes 
inappropr ia t e . (For further discussion see Klein , 1972.) T h e percentages 
were calculated by mul t ip ly ing the n u m b e r of A. belzebuth observed 
ea t ing a par t i cu la r substance by the a m o u n t of t ime they were observed 
eat ing it (animal-feeding minutes) separate ly for each m o n t h du r ing 
the last 11 mon ths of the study, a n d for intervals of approx imate ly two 
weeks. O n l y the feeding d a t a of the t e rmina l 11 mon ths of the s tudy 
have been t rea ted quant i ta t ive ly because it was only du r ing this per iod 
tha t the observers were able effectively to follow A. belzebuth for long 
periods of t ime. 

3.2. Results 
T a b l e I shows the relat ive a m o u n t s of t ime be tween 1st F e b r u a r y 
1968 a n d 22nd N o v e m b e r 1968 tha t Ateles belzebuth were observed 
ea t ing ei ther (a) fruit, (b) leaves or buds of trees, (c) leaves or stems 
of epiphytes, (d) dead a n d decaying wood, (e) flowers, (f) insects, 
an imals or eggs. These measures clearly revealed tha t the animals spent 
most of their feeding t ime (83%) eat ing fruit. This is very close to 
Carpen te r ' s (1934) est imate t ha t abou t 9 0 % of the diet of Ateles 
geoffroyi was composed of fruit or nuts a n d the Hlad iks ' es t imate (1969) 
of 8 3 % by weight . T h e r ema in ing percen tage of feeding t ime was spent 
on tree leaves a n d buds ( 5 % ) , epiphyt ic leaves a n d stems ( 2 % ) , a n d 
dead or decaying wood ( 1 0 % ) . Flowers were observed to have been 
eaten on only two occasions by A. belzebuth juveni les . N o c learcut 
instance in which ei ther inver tebrates , m a m m a l s , birds, reptiles or 
amphib ians , or the eggs of insects, amph ib i ans or birds were eaten was 
observed. (See below for further discussion.) 
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TABLE I 
Relative amounts of time spent by A. belzebuth between 
1st Feb. and 22nd Nov. 1968 eating fruits, leaves, stems, 

flowers and wood 

% of total 
Types of edible feeding time 

substance observed consuming 

Fruit 83 
Tree leaves and buds 5 
Epiphytic leaves and stems 2 
Dead wood 10 
Flowers <0 - l 
Insects, animals and eggs 0 

3.2.1. Feeding heights and sites 
Thi r ty -one of the 33 species of fruits ea ten frequent ly were bo rne on 
trees which var ied in height from 15 to 45 m, a n d in c rown wid th 
from approx ima te ly 8 m to m o r e t h a n 60 m in d iamete r . I n a lmost all 
cases fruit was bo rne a t least 12 m from the g r o u n d . A. belzebuth were 
never observed to feed on fruits t ha t h a d ei ther fallen to the g r o u n d or 
were less t h a n approx imate ly 8 to 9 m above it. T h e he ight they fed 
a t above 10 m d e p e n d e d almost entirely u p o n the p l an t var ie ty be ing 
uti l ized a n d was usually be tween 15 a n d 35 m from the g round . 

3.2.2. Fruit maturity 
Almost all of the fruit A. belzebuth were observed to eat a p p e a r e d ei ther 
from colour a n d / o r taste to be fully m a t u r e . T h e ra t io of observed 
a n i m a l feeding t ime devoted to r ipe versus un r ipe fruit was more t h a n 
100 to 1. I m m a t u r e fruit was ea ten in q u a n t i t y only d u r i n g periods in 
which r ipe fruit was scarce or non-exis tent . Moreover , w h e n r ipe a n d 
u n r i p e fruit was avai lable wi th in the same tree for a t least some tree 
species, a considerable a m o u n t of selective feeding a p p e a r e d to be 
occur r ing even w h e n the fruit was t iny a n d densely clustered (e.g. 
Hyeronima sp. a n d Brosimum sp.) . A l though the a m o u n t of fruit d r o p p e d 
var ied wi th p l an t species, it was clear t h a t in a t least some cases it was 
pr inc ipa l ly the un r ipe fruit of a cluster t h a t fell to the g round . 

3.2.3. Fruit size 
Frui ts ea ten frequently by A. belzebuth r anged in size from less t h a n 3 m m 
in d iamete r , e.g. Hyeronima sp. , to m o r e t h a n 50 m m , Rheedia madrono 
Planch a n d T r i a n a , to cer ta in Inga species whose fruits frequently 
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exceeded 300 m m in length . Th is wide r ange in fruit sizes m e a n t t h a t 
A. belzebuth also shared a n d m a y have compe ted wi th a rborea l feeding 
ver tebrates of d i spara te sizes represented a t the extremes by birds as 
small as Forpus spp. par ro ts (12-15 cm long) a n d m a m m a l s as large as 
coa t imundis , Nasua narica (approximate ly 0-6 m from head to base of 
tai l ) . 

3.2.4. Fruit structure and feeding techniques 
Almost all of the fruits frequently ea ten by A. belzebuth, wi th the excep
tion of the genus Ficus, conta ined a single seed or seeds clearly dis
t inguishable a n d h a r d e r t h a n the su r round ing flesh, pu lp , j u i ce or aril . 
I n addi t ion, abou t 5 0 % of the fruit h a d a lea thery or h a r d ou te r 
covering (per icarp) . Adu l t A. belzebuth usually swallowed the seeds of 
these fruits a long wi th the su r round ing softer mater ia l , a n d the in tac t 
a n d recognizable seeds comprised in most cases the major pa r t , by 
vo lume a t least, of their faeces. O n the o ther h a n d , the h a r d ou te r 
coverings were ei ther split apar t , or b i t ten in to a n d then d ropped . I n 
contrast , juveni le spider monkeys spat ou t the seeds of fruit larger t h a n 
20 m m diameter , ea t ing only the flesh a n d pu lp . Whi le most figs were 
ea ten whole , the skins of one large banyan- type fig t ree were spat ou t 
bo th by adul ts a n d juveni les after the flesh a n d seeds h a d been removed . 
Sort ing of skin from flesh in these cases occurred orally, wi thou t t he 
use of fingers. 

Spider monkeys frequently ingest large quant i t ies of food wi th in 
relatively brief periods of t ime. O n e spider monkey , for example , was 
observed to have ea ten abou t 100 Pouteria fruit, abou t 20 to 25 m m in 
d iameter , wi thin a seven-minute per iod. 

3.2.5. Palms and figs 
Several types of p a l m fruit were an i m p o r t a n t pa r t of the diet of A. 
belzebuth. I n cer ta in periods (see T a b l e I I I a n d Appendix) from 20 to 
6 0 % of their feeding t ime was spent ea t ing p a l m fruit, a n d some p a l m 
fruit was ea ten t h roughou t the year . I n n u m b e r , p a l m trees were not a 
preva lent p a r t of the forest's flora a n d t ended to be evenly dispersed 
(see Klein , 1972). Moreover , ind iv idual trees did no t bear par t i cu la r ly 
large n u m b e r s of r ipe fruit a t any one t ime. T h e intensive use of p a l m 
fruit t ended to coincide wi th periods in which other types of fruit were 
ei ther scarce or non-existent . 

I n contrast to pa lms, the fruit of fig trees {Ficus spp.) appears to p lay 
a relatively less i m p o r t a n t role in the diet of Ateles. Cer ta in ly in com
parison to Alouatta (see below) most types of figs const i tuted a far smaller 
pa r t οΐ Ateles9 feeding t ime, a n d on occasion were a m o n g the few fruits 



6. ATELES GEOFFROYI 161 

actual ly observed to have been ignored. A similar feeding difference is 
character is t ic of the two genera on B C I (Hlad ik a n d Hlad ik , 1969). O f 
addi t iona l interest is the fact t ha t the genus Ficus wi th respect to t h e 
characterist ics of (a) t ree size, (b) d is t r ibut ion of fruit wi th in the t ree , 
a n d (c) length of fruiting per iod, is radical ly different to pa lms . I n 
general , those figs t ha t by g rowth p a t t e r n a re or become trees (strangler 
figs) are usually a m o n g (a) the largest trees in the evergreen forest, 
(b) bear large quant i t ies of fruit t h r o u g h o u t their crowns or a t least on 
m a n y of their b ranches , a n d (c) bea r r ipe fruit over an ext remely brief 
per iod, general ly of the order of three to four days (Hlad ik a n d Hlad ik , 
1969; Condi t , 1969; L. Kle in , pers . observ.) . 

3.2.6. Daily variety 
Ind iv idua l spider monkeys were usually observed to have ea ten two 
or m o r e varieties of r ipe fruit on any one day . O n those days in which 
we were able to follow a n d observe spider monkeys for per iods of four 
or more hours , on only one ou t of 67 such days were they observed to 
have ea ten jus t one var ie ty of m a t u r e fruit (cf. Ca rpen te r , 1935). O n 
the r ema in ing 66 days of four or m o r e hours of observat ion, the n u m b e r 
of different t axa of m a t u r e fruit ea ten r a n g e d from 2 to 9 wi th a m e d i a n 
of 3*3 varieties (see T a b l e I I ) . 

TABLE II 
Rates at which a different variety offruit was utilized per minute of daily observation time 

for approximately 2-week intervals between 1st Feb. and 22nd Nov. 1968 

Rate at which 
Sum of the no. fruit taxa eaten 

No. of of different varied per 
actual fruits observed minute of daily 

Inclusive taxa eaten each Minutes of observation time 
dates utilized day observation (no. fruit/min) 

1-14 Feb. 9 46 3252 1 per 71 
15-29 Feb. 11 45 4252 1 per 94 

1-12 Mar. 13 35 3679 1 per 105 
1̂ 13 Apr. 15 45 3822 1 per 85 

18-30 Apr. 14 27 2410 1 per 89 
1-14 May 12 34 2480 1 per 73 

16-27 May 10 24 1267 1 per 53 
18-24 June 4 5 245 1 per 50 
5-13 Sept. 5 13 1818 1 per 140 

16-29 Sept. 7 24 2329 1 per 97 
2-14 Oct. 5 12 2314 1 per 193 

15-22 Oct. 8 14 2175 1 per 155 
11-22 Nov. 13 22 2360 1 per 107 
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TABLE III 
Percentage of time spent in each month feeding on different foods 

F e b . M a r . A p r . M a y J u n e * J u l y * A u g . * S e p t . O c t . N o v . 

T o t a l w o o d , 
f ungus , b a r k 9 12 10 18 2 — — > 1 1 — 

T o t a l l eaves , 
shoo t s , b u d s 4 8 3 4 — — — 1 2 1 7 22 

T o t a l f r u i t 87 80 87 78 9 8 100 — 87 82 7 8 
P a l m s > 1 > 1 > 1 > 1 > 1 61 2 6 30 2 4 
Figs 7 — 8 — — — — — 6 13 
Spondias s p . — 1 4 — — — — — — 
Xylopia _ _ _ _ _ _ — 1 2 — 
Protium o r 

Bur sera 5 15 7 — — — — — — —• 
Licania 7 27 — — — — — — — — 
Hyeronima 50 2 9 > 1 — — —· — —· — — 
Xylosma o r 

Homalium — — — — — — — — — 37 
Calophyllum — — — — —• — — > 1 4 — 
Rheedia s p . — — 3 > 1 — — — — — > 1 
Licaria — — -— > 1 30 — — 1 —• — 
Inga s p p . — —• 2 5 — — — — — — 
Brosimum s p p . — — > 1 — — — —· 4 5 67 14 
Pseudolmedia 

s p p . 10 5 1 — — — — — — — 
Virola^. 5 3 9 3 — — — 2 — — 
Heisteria 1 — — — — — — — — — 
Chrysophyllum — — — 11 50 31 8 4 — — 
Ρ outer κι — — 47 4 4 18 — — — — — 
O t h e r f 2 1 10 10 > 1 8 > 1 7 1 10 

* Very few observat ions. 
f Includes fruits ea ten in very small quant i t ies a n d fruit which was not identified. 

Over the entire year, an average rate of one different taxa of ripe 
fruit per 95 minutes of daily observation time was recorded, but the 
variety of ripe fruit available and eaten by A. belzebuth varied from 
period to period. The diet of A. belzebuth at its most monotonous level 
consisted of one variety of ripe fruit per 195 minutes of daily observa
tion time per animal; their diet at its most diverse level consisted of one 
new variety of ripe fruit approximately every hour. Generally, since 
within the category of ripe fruit individual spider monkeys appeared to 
try to maximize the number of varieties eaten in any one day, dietary 
diversity appeared to be limited by the number of tree taxa bearing 
ripe fruit at different times of the year. 
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3.2.7. Leaves, stems and buds 
A. belzebuth spent a b o u t 7 % of their feeding t ime consuming leaves, 
stems or buds . A b o u t one- th i rd of this was feeding on the vegeta t ive 
s t ructures of p lants which were ei ther parasi t ic , epiphyt ic or t ree 
cl imbers r a the r t h a n the leaves, buds or stems of the trees themselves. 
T h e p lan t which was most frequently a n d consistently ea ten was a 
var ie ty of Sphaeradenia which a p p e a r e d to c l imb exclusively on p a l m 
trees. A leaf a n d stem were usually to rn from the p a l m t runk a n d the 
stalk then chewed from the bo t tom u p . A l though one of the most 
i m p o r t a n t non-fruit food sources for spider monkeys , Sphaeradenia, was 
rarely ea ten for more t h a n one m i n u t e a t a t ime. T h e longest observed 
bou t persisted for th ree minutes . T h e stems of this p l an t were es t imated 
to comprise 0 - 3 % of the diet of A. belzebuth over the year . O f t he 
r ema in ing 5 % of their feeding t ime, a b o u t one-half of it was spent on 
ei ther leaf buds , or non- tu rg id new leaves. P ropor t iona te ly m o r e t ime 
(up to 2 2 % — s e e T a b l e I I I ) was spent by A. belzebuth feeding on leaves 
w h e n r ipe fruit was ei ther scarce, or restr icted in variety. 

3.2.8. Wood 
A. belzebuth spent app rox ima te ly 8 - 8 1 % of their feeding t ime ea t ing 
decayed wood, 0 -7% eat ing ba rk a n d twigs a n d approx ima te ly 0 - 1 1 % 
eat ing the outer covering of a b a n d o n e d t ree t e rmi ta r ia . O n some of 
these occasions a few termites m a y have been ingested b u t observa t ion 
suggested t ha t this was p robab ly coincidenta l since pieces of wood were 
frequently d iscarded which conta ined m a n y termites , a n d termi tes 
moving a long the tops of b ranches were never observed to have been 
ea ten . D e a d wood which definitely con ta ined no termites was ea ten 
most often. 

W o o d ea t ing was general ly confined to specific decayed or decay ing 
trees, a n d several were known to have been used repea ted ly by the 
same animals for periods at least as long as a m o n t h . Several looked as if 
they migh t have been used for years , a n d their r e m n a n t s were no m o r e 
t h a n 25 to 35 feet above g r o u n d level. A l though specific trees were used 
repeatedly , per iods of ut i l izat ion a p p e a r e d to d e p e n d u p o n whe the r 
subgroups of spider monkeys were spending significant a m o u n t s of t ime 
feeding from nea rby fruiting trees. 

3.2.9. Insects 
I n this s tudy, spider monkeys were no t observed to eat birds , b i rd eggs, 
insects or a rachnids , a n d none of the faeces inspected con ta ined insect 
fragments , egg shells or ve r t eb ra te bones. Th i s finding contrasts wi th 
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previous reports of the feeding behaviour of Ateles (Carpenter , 1934; 
Wagne r , 1956; Hill , 1962; R icha rd , 1970). However , evidence of 
spider monkeys ea t ing an ima l foods in these studies is largely c i rcum
stant ia l a n d may , a t least in par t , be based on mis in terpre ta t ion of the 
an imals ' behaviour . For example , R i c h a r d (1970) observed A. geoffroyi 
l icking d ry leaves a n d suggested t ha t they were ea t ing insects, while 
C a r p e n t e r (1934) describes the same species "search ing th rough leaves, 
u n d e r ba rk a n d dead l imbs, appa ren t ly for la rvae a n d insects" . W e 
frequently observed adu l t spider monkeys sniffing or licking ur ine from 
the tops of leaves (Klein a n d Klein , 1971; Klein , 1971). I n addi t ion , 
dead wood a n d ba rk were ea ten in substant ia l amoun t s a n d were 
frequently hand led . I t seems unlikely tha t the absence of records of 
insect-eating in spider monkeys in this s tudy was a result of observat ion 
condit ions since sympat r ic species (Saimiri sciureus a n d Cebus apella) 
were frequently observed invest igat ing places where small inver tebra tes 
are likely to be found, a n d catching, killing a n d ingesting insects a n d 
arachnids . 

3.3. Discussion 

3.3.1. Feeding heights and sites 
O u r results on feeding heights are somewhat at var iance wi th those w h o 
have observed A. geoffroyi p r imar i ly on B C I . R i c h a r d (1970), for 
example , notes t ha t A. geoffroyi spend a b o u t 2 % of dayl ight t ime 
locomot ing " b i p e d a l l y " on the g round , a n d Eisenberg et al. (1972) 
d i a g r a m "ave rage s t r a tum he igh t s" for neot ropica l monkeys which 
place Ateles clearly below Alouatta, a n d not m u c h above Cebus capucinus. 
A similar d i a g r a m appears in H lad ik a n d Hlad ik (1969). These 
estimates, if appl ied to na tu r a l popula t ions , are erroneous, a n d their 
implicat ions concern ing niche separa t ion a n d over lap a re mis leading. 

At the s tudy site, forest level differences be tween d iurna l ly sympat r ic 
t axa were rare ly a p p a r e n t w h e n they were feeding on the same 
substance. W h e r e differences in he ight above the forest floor occur red , 
they were in large measure , a l though not exclusively, the consequence 
of feeding a n d searching for different food i tems. For example , howler 
monkeys, Alouatta seniculus L innaeus 1776, were never observed feeding 
on p a l m fruit (see be low) ; therefore they spent relatively less t ime t h a n 
spider monkeys be tween 15 a n d 2 1 m from the g round . O n the o ther 
h a n d , spider monkeys were not observed to eat ei ther frog's eggs or 
c icadas which occasionally b rough t C. apella a n d S. sciureus as close as 
6 to 8 m to the g round . 
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3.3.2. Fruit maturity 
I n general , A. belzebuth, par t icu la r ly in compar i son wi th C. apella, did 
no t a p p e a r to d is turb potent ia l ly edible b u t un r ipe fruit in the process 
of ob ta in ing a n d consuming r ipe fruit. T h e r e were , of course, occasions 
w h e n an ent ire b r a n c h broke off as the an ima l d rew a b r a n c h or twig 
conta in ing fruit to it. These occasions were , however , infrequent a n d 
sometimes p roduced a " su rp r i se" react ion by the feeding a n i m a l 
(Klein, 1972). T h e fact t ha t flowers were so infrequent ly eaten, a n d 
t h e n only by juveni les , reinforced the impression tha t the und i s tu rbed 
a n d non-agonist ic behav iour of A. belzebuth did little to adversely affect 
t h e eventual p roduc t ion of r ipe fruit in those trees in which they fed, 
rested or moved th rough . 

I n compar ison, on several occasions bo th adu l t a n d juveni le A. 
seniculus a n d C. apella were observed consuming the flowers of trees of 
which bo th they a n d A. belzebuth also a te the fruit (e.g. Euterpe sp. a n d 
Iriartea sp.) . T h e observations on this aspect of the fruit ea t ing behav iour 
of A. belzebuth accords wi th the observat ions by H lad ik a n d H lad ik 
(1969, p p . 72, 74) of A. geoffroyi on B C I , despi te the fact t ha t the 
released spider monkeys there con t inue to utilize significant amoun t s 
of pilfered food. 

3.3.3. Palms and figs 
T h e different usage of fig a n d p a l m fruits be tween Ateles a n d Alouatta 
m a y have a physiological basis. Several types of figs a re known to be 
very high in n i t rogen (Hladik a n d Hlad ik , 1969; H lad ik et al., 1971a) 
a n d a proteolyt ic enzyme, ficin (Condi t , 1969). O n the o ther h a n d , the 
flesh of m a n y pa lms contains exceptional ly large a m o u n t s of vegetable 
oils (Corner , 1966). T h e d ie ta ry difference be tween Ateles a n d Alouatta 
wi th respect to figs a n d p a l m fruits i l lustrates one of the dangers of 
label l ing p r imates in te rms of gross d ie ta ry categories such as frugi-
vorous, insectivorous, etc. F u r t h e r m o r e , it also il lustrates one of the 
prob lems wi th using a more refined a p p r o a c h based on percen tage 
differences as long as categories as gross as "f rui ts" , " leaves" , " insec ts" 
etc . cont inue to be used. Such categories m a y be overt ly simple a n d 
even misleading w h e n more specific d ie ta ry substances a re the ac tua l 
differentiat ing factors. A l though howler monkeys a re definitely more 
herbivorous (folivorous), a n d less frugivorous t h a n spider monkeys , 
they also eat more i m m a t u r e fruit a n d r ipe figs t h a n spider monkeys . 
Over looking differences of this sort is b o u n d to m a k e the task of 
unde r s t and ing relat ionships be tween social behav iour a n d ecology 
m o r e difficult, if not impossible. 
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3.3.4. Leaves, stems and buds 
Rela t ive to respective amoun t s of observat ion t ime, Alouatta seniculus 
were observed feeding on leaves m u c h more frequently t h a n Ateles 
belzebuth. I t was no t possible to m a k e any estimates on the a m o u n t of 
leaves, stems or buds in the diets of Saimiri sciureus or Cebus apella. 
C. apella, however , were observed eat ing leaves, a n d on m a n y occasions 
the stalks (petioles) of p a l m leaves. I n contrast , spider monkeys were 
not seen eat ing any vegetat ive pa lm tree par ts , a l though on one occasion 
an adu l t was observed behav ing in a way which suggested tha t she 
m a y have been dr ink ing l iquid coming from a bruised pa lm bud . 

Superficially, the es t imate of the pe rcen tage of leaves, stalks a n d 
buds in the diet of A. belzebuth a p p e a r to be somewhat smaller t h a n the 
estimates of H lad ik a n d Hlad ik (1969) for A. geoffroyi on BCI . I t is 
impossible, however , to de te rmine the ac tua l degree of discrepancy 
be tween their es t imate of 2 0 % a n d the proposed est imate of 7 % since 
Hlad ik a n d Hlad ik inc luded bark , wood, latex a n d flowers in the same 
category as leaves a n d buds . T h e estimates are actual ly qui te close if 
the same items they inc luded in a single category are combined , since 
a b o u t 1 0 % of the tota l observed feeding t ime of A. belzebuth was spent 
consuming decayed a n d decaying wood. Spider monkeys spent a b o u t 
1 7 % of their feeding t ime collectively on leaves, stems, buds a n d wood 
a t the s tudy si te; abou t 2 0 % on BCI . 

T h e percen tage by weight est imates of H lad ik a n d Hlad ik (1969) for 
similar substances in the diets of Alouatta palliata G r a y 1849 and Cebus 
capucinus L innaeus 1758 were, respectively 40 a n d 1 5 % . 

3.3.5. Wood 
Several decaying tree remains utilized as food by spider monkeys were 
also used by groups of howler monkeys , sometimes simultaneously with 
spider monkeys . However , ne i ther Cebus apella nor Saimiri sciureus were 
observed ea t ing wood from similar or the same trees, despite the fact 
tha t on several occasions they were known to have passed close by. H lad ik 
and Hlad ik (1969) note examples of ba rk eat ing in A. geoffroyi K u h l 1820. 

Al though several o ther n o n - h u m a n pr imates have been observed 
eat ing significant quant i t ies of decayed wood (see e.g. Schaller , 1965; 
Bernstein, 1968; Ripley , 1970) nei ther the nut r i t iona l va lue nor d ie ta ry 
basis for these behaviours has been invest igated. 

3.3.6. Insects 
T h e field observat ions ind ica ted t ha t A. belzebuth rarely if ever sought 
ou t a n d consumed insects or a rachnids . If any animals were ea ten a t 
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all, they mus t have been inconspicuously t iny, immobi le a n d ea ten in 
except ional ly small quant i t ies a t a n y one t ime . Observa t ions on several 
t axa of capt ive , b u t wild born , neot ropica l p r imates suppor t the field 
observat ions. I n compar ison to Cebus apella, Saimiri sciureus, Lagothrix 
lagothrica H u m b o l d t 1812, a n d Saguinus sp. , A. belzebuth a re not a t t r ac ted 
to small mobi le objects unless thei r a t t en t ion is first d r a w n to such 
objects by the actions of individuals of o ther taxa . Moreover , they are 
not , nor do they become, adep t a t ca tch ing or killing insects such as 
moths , grasshoppers , mea lworms , man t id s etc. even after they have 
been enticed to accept a n d swallow a few. Breaking into or spl i t t ing 
twigs a n d b ranches a n d ext rac t ing objects wi thin , a f requent prac t ice 
of capt ive specimens of the genus Cebus (Thor ing ton , 1967; Kle in , 
pers. observ.) , is not a class of behav ioura l pa t te rns we have ever 
observed performed by ei ther feral or capt ive spider monkeys , despi te 
cont inuous con tac t wi th insectivorous t axa . H l a d i k a n d H lad ik (1969) 
ar r ived at a similar conclusion. 

4. ACTIVITY B U D G E T S A N D C Y C L E S 

4.1. Methods 
I n this s tudy the d a t a were recorded as activity du ra t i on t imes a n d no t 
as point -samples t aken a t the beg inn ing of each m i n u t e (Eisenberg a n d 
K u e h n , 1966) or a t 10-sec intervals (R icha rd , 1970). A spider monkey 
was considered to be feeding as long as (a) it h a d an edible i tem ei ther 
in h a n d or m o u t h ; or (b) it r ema ined active wi th in a t ree con ta in ing 
food substances in which it h a d been observed eat ing du r ing the 
immedia t e ly p reced ing per iod of 2 to 3 min . I t was considered to h a v e 
s topped feeding if (a) it moved out of the t ree it h a d been feeding i n ; 
(b) it r ema ined s ta t ionary wi th in the t ree it h a d been feeding in w i thou t 
tak ing objects in to its m o u t h for a per iod of approx ima te ly 3 or m o r e 
m i n ; or (c) began performing activities inconsistent wi th feeding, e.g. 
a l logrooming. As defined here , feeding bouts frequently inc luded inter
mi t t en t periods of t ime lasting longer t h a n 10 sec (cf. R i c h a r d , 1970) 
in which the an imals did not have an edible i tem ei ther in m o u t h or 
h a n d . Spider monkeys were considered to be moving as long as some 
consistently di rect ional progression be tween or t h rough a t ree was 
occurr ing. If s ta t ionary for periods longer t h a n 3 to 4 min , the a n i m a l 
was no longer considered to be moving , bu t resting. Susta ined periods of 
m o v e m e n t be tween trees always inc luded frequent pauses r ang ing in 
du ra t i on from 5 sec to 2 min , a l though most pauses occur r ing d u r i n g 
in ter t ree progression were be tween 10 a n d 30 sec du ra t ion . I n contras t 
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to resting, spider monkeys while paus ing usually ma in t a ined an aler t 
r a the r t h a n relaxed posture , frequently peered a r o u n d a n d often ma in 
ta ined a suspensory or semi-suspensory posture . Res t ing comprised all 
day t ime activities which occurred from a s ta t ionary position wi th the 
exception of feeding, dr inking a n d short pauses. Periods of social g room
ing and adu l t p lay were also inc luded since they comprised only a small 
percen tage of the t ime dur ing which the adu l t animals were s ta t ionary. 
All observed juveni le a n d infant p lay took place a r o u n d rest ing or 
g rooming adul ts . T h e frequent p lay of the released Ateles geoffroyi 
females on B C I , then infantless, caused Eisenberg a n d K u e h n (1966) to 
consider adul t play, bu t not social grooming, a general a n d separa te 
category of activities. 

For our initial analyses 25 of those days du r ing which we were best 
ab le to cont inuously follow a n d observe spider monkeys were analysed. 
T h e y represent observat ional periods at all t imes of the year except 
be tween 1st December 1967 a n d 1st F e b r u a r y 1968 w h e n only 
sporadic a t t empts to follow individual spider monkeys were m a d e , a n d 
the months of J u l y a n d Augus t in which extensive flooding occurred . 
T h e m e a n length of cont inuous observat ion for these days was approx i 
mate ly 7-5 hr a n d the n u m b e r of days selected was sufficient to ensure 
t ha t d a t a were recorded for all 12 d iu rna l hour ly intervals for a min i 
m u m of four 60-min observat ional periods. T h e min ima l figure of 
4 hr represents the per iod be tween 5.00 a n d 6.00h w h e n it was very 
difficult to locate a n d observe animals unless they h a d been followed to 
sleeping sites. Moreover , the a m o u n t of t ime be tween the hours of 
5.00 and 6.00h, a n d 17.00 a n d 18.00h, du r ing which the spider monkeys 
unde r observat ion were considered to be sleeping (Klein, 1972) was no t 
inc luded in the computa t ions . 

T h e n u m b e r of adu l t a n d juveni le animals engaged in feeding, 
resting a n d moving at any one t ime was mul t ip l ied by the n u m b e r of 
minutes du r ing which the activity was performed. These resul t ing 
a n i m a l / m i n u t e activity scores were then g rouped according to the t ime 
of occurrence into 12-hourly intervals be tween 6.00 a n d 18.00h. 
Superficially, this p rocedure appears to give greater weight to observa
tions of large r a the r t h a n small subgroups , bu t as the relat ive impor t ance 
of each activity was assessed on the basis of a ra t io der ived from the 
total ( lumped da ta ) of animal /ac t iv i ty minutes occurr ing only wi th in 
the same hour , a n d since the same n u m b e r of animals was almost always 
u n d e r observat ion for t ha t in terval of t ime, animals were usually being 
compared against themselves a n d little or no biasing was involved. 
However , since pool ing a n d averaging obscures the pa t t e rn of differen
tial activity onset a n d t e rmina t ion in indiv idual animals (see Klein , 
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1972) and since animals were p robab ly more likely to be encounte red 
a n d observed if they were moving or feeding, 11 protocols of ei ther 
indiv idual or part ies of two adu l t animals were also analysed separately. 
These d a t a were collected du r ing Feb rua ry , M a r c h , Apri l , M a y a n d 
Sep tember 1968. 

4.2. Results 
T h e results of our analysis of 25 days are presented in T a b l e I V . 
T a b l e V summarizes the d a t a for the 11 protocols considered separate ly . 
T h e overall results are not too discrepant . Toge the r they suggest t ha t 
the usual percentage of dayl ight t ime spent by feral spider monkeys 
feeding var ied be tween 15 a n d 2 5 % , rest ing be tween 50 a n d 6 5 % , a n d 
moving be tween 5 a n d 2 0 % . However , a por t ion of the t ime (roughly 
es t imated as one- thi rd) t ha t a spider monkey was scored as moving 
was actual ly spent paus ing a n d looking a r o u n d from a s ta t ionary 
position. Moreover , a small percen tage of the dayl ight t ime spent 
rest ing (provisionally es t imated to be less t h a n 5 % of the resting t ime, 
i.e. less t h a n 25 min daily) was usually spent by adul ts engaged in 
activities such as a l logrooming a n d play. 

D iu rna l activities revealed by considerat ion of the indiv idual pro to
cols separately were per iodic a l ternat ions of intervals of activity a n d 
inact ivi ty wi th three to five lengthy periods of rest each day . I n most 
cases long rest periods appea red to follow intensive periods of feeding 
(see Figs 3 a n d 4) . Th is pa t t e rn is obscured w h e n d a t a collected on 
more t h a n one a n i m a l a n d on different days are averaged (Table I I I ) . 
However these averages do reflect a n d emphas ize , as a consequence of 
the greater da t a , the general t endency for rest periods to lengthen a n d 
become more frequent toward the m i d d a y hours . 

As is exemplified from the same graphs , the t ime a t which bouts of 
activity a n d rest began var ied widely as did their relat ive dura t ion . 
Both the t iming a n d bou t length appea red to be affected by wea the r 
condi t ions , social factors a n d availabil i ty a n d dispersion of food supplies, 
t hough our d a t a were insufficient to demons t ra te this conclusively. 
T h e s tudy suggested tha t (a) heavy rainfall, par t icu lar ly at d a w n or 
early in the morn ing , delayed the onset of moving a n d feeding, a l though 
cont inuous ra in d id no t entirely inhibi t feeding a n d moving, (b) S u d d e n 
ra in occurr ing a t any t ime du r ing the d a y usually, bu t no t invar iably , 
resulted in resting. Somet imes it in i t ia ted extremely vigorous bu t brief 
periods of activity, (c) I n t e r g r o u p contacts could result in unusual ly 
delayed feeding bouts by ini t ia t ing periods of r ap id a n d cont inuous 
movement , a n d (d) the dis t r ibut ion, a b u n d a n c e a n d var ie ty of types 
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Hour of day 

FIG. 3 . D u r a t i o n of moving , feeding a n d rest ing bouts of one adu l t female t h roughou t the d a y 
of 9 th M a r c h 1968. 

Hour of day 

FIG. 4 . D u r a t i o n of moving , feeding a n d rest ing bouts of two adu l t females w i t h infants 
t h roughou t the d a y of 7 th Sep tember 1968. 

G 
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of r ipe fruits avai lable h a d an i m p o r t a n t effect u p o n the relat ive 
du ra t ion a n d frequency wi th which ei ther feeding or moving occurred . 
Scat tered supplies of scant r ipe fruit appea red to be correla ted wi th 
relat ive inact ivi ty; a b u n d a n t bu t concent ra ted a n d non-diverse supplies 
wi th lengthy travel a n d long rest per iods ; a n d a b u n d a n t , diverse a n d 
relatively scat tered supplies wi th more frequent moves a n d shorter rest 
periods. 

4.3. Discussion 
These results can be compared to the activity budge t p r e p a r e d by 
R i c h a r d (1970) for the B C I Ateles geoffroyi (see T a b l e V I ) . R i c h a r d 
es t imated t ha t the spider monkeys on B C I spent abou t 11 % of their 
t ime feeding a n d 2 8 % of their t ime moving, while our d a t a suggested 
t h a t 2 2 % of the t ime was spent feeding a n d 1 5 % moving. These 
differences in estimates were p robab ly a result of (a) differences in 
recording techniques , (b) differences in sample dis t r ibut ion (Richard ' s 

TABLE V 
Percentage of daylight time spent by 
A . b e l z e b u t h engaged in feeding, 

resting or moving 

A c t i v i t y % of d a y l i g h t t i m e 

F e e d i n g 22-2 
R e s t i n g 63-0 
M o v i n g 14-8 

M e a n value for 11 protocols of ei ther 
individual animals or subgroups of 
two. 

TABLE VI 
Percentage of daylight time spent by A te l e s 

geoffroyi in different activities 

Act iv i t i e s % of d a y l i g h t t i m e 

F e e d i n g 1 0 · 8 4 ± 0 · 9 1 
R e s t i n g 54-07 ± 2 - 8 0 
M o v i n g 27-61 ± 1 - 6 0 
I n t e r a c t i o n 6-97 ± 1 - 4 5 
V o c a l i z a t i o n 0-41 ± 0 - 1 5 
U r i n a t i o n a n d 

d e f a e c a t i o n 0 · 1 0 ± 0 · 2 4 

Revised from R i c h a r d , 1970. 
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methods resulted in considerable larger sample of those periods of the 
d a y when feeding was least likely), a n d (c) the effects of the avai labi l i ty 
of artificial a n d in t roduced food. 

As noted in the section on feeding, spider monkeys are capab le of 
rap id ly ingesting large quant i t ies of fruit. Since the stones a n d seeds 
a re usually swallowed as well as the p u l p a n d ju ice , a n d the ra t io of 
stone weight to p u l p weight for most n a t u r a l fruits was far greater t h a n 
one to one (Bollard, 1970; Kle in , 1972), significant increases in body 
weight m a y result from intensive feeding bouts . C a r p e n t e r (1935), for 
example , found in one an imal ' s s tomach a n d intest ine the stones of 90 
Virola panamensis (Hemsl.) W a r b . , each fruit a b o u t 4 c m d i ame te r 
a n d collectively weighing a t least 550 g (Hladik a n d Hlad ik , 1969). 
W e have observed capt ive Ateles belzebuth of a b o u t 9 kg frequently eat 
more t h a n 700 g of r ipe fruit wi th in a 10-min per iod. A l though ingest ing 
the p u l p a long wi th the indigestible seeds a n d stones m a y be bo th 
u l t imate ly a n d proximal ly advan tageous to spider monkeys (Klein, 
1972), one of its most i m m e d i a t e effects is to load the gastrointest inal 
t rac t wi th large quant i t ies of mate r ia l which passes t h rough separa ted 
from the digestible pu lp b u t otherwise una l te red . T h e actions of the 
intest inal t rac t on ha rd , indigestible mate r ia l of this sort ough t to be 
r a the r r ap id a n d requi re little expend i tu re of chemical energy or complex 
processes of fe rmenta t ion (Chaney , 1960). However , the mass of the 
mate r ia l ingested (about 1 0 % of the an imal ' s body weight) m a y t end 
to inhibi t subsequent activity, a t least unt i l a por t ion of the indigestible 
mate r ia l is e l iminated. T h e behav ioura l results predic ted would be a 
pa t t e rn in which periods of intensive ea t ing were followed by relatively 
long rest periods, which t e rmina ted shortly after defaecation a n d 
signalled the onset of a new per iod of sustained activity. Th is does, in 
fact, cor respond reasonably well to the cyclic pa t t e rn of activities which 
were observed to occur . 

5. S O C I A L ORGANIZAT ION 

5.1. Methods 
Observat ions d u r i n g our init ial survey per iod a t several locations in 
eastern Co lombia be tween J u n e a n d N o v e m b e r 1967, a n d for the first 
several mon ths at ou r s tudy site, N o v e m b e r 1 9 6 7 - J a n u a r y 1968, con
sistently revealed t ha t the n u m b e r of an imals encounte red a t any one 
locat ion, even on the same day , was extremely var iab le . W e therefore 
adop ted the following cri ter ia for de t e rmin ing the n u m b e r , sex a n d 
age of an imals in p re sumed contac t wi th one ano the r a t any given t ime . 
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(a) Counts were considered comple te only w h e n the an imals were 
kept u n d e r observat ion for a m i n i m u m of 15 min . 

(b) Counts were considered comple te only if no addi t iona l spider 
monkeys were seen or hea rd moving nea rby for the same m i n i m u m 
per iod of 15 min . 

(c) N o spider monkey vocalizations were hea rd from areas wi th in 
180 m not t raceable to one of the animals u n d e r observat ion or a l ready 
counted . 

I t was assumed t ha t these counts inc luded all those individuals 
potent ial ly in constant or at least f requent in te rmi t t en t visual a n d / o r 
audib le contac t wi th one another . Spider monkeys so considered were 
also usually s imultaneously engaged in similar or complemen ta ry 
activities, e.g. feeding, resting, g rooming or moving. 

F o u r - h u n d r e d a n d ninety-eight counts mee t ing the above cri ter ia 
were m a d e in an 11-month per iod be tween 4th December 1967 a n d 
22nd Nove m be r 1968. Visual contac t wi th these units , hereafter 
referred to as subgroups , was ma in t a ined by one or bo th of the observers 
for an average of 66 min . Con tac t wi th any single subgroup was con
sidered t e rmina ted if all member s of the subgroup were lost to sight, or 
a new subgroup was formed ei ther by merger or division which , in 
tu rn , persisted for a m i n i m u m of 15 min . As a consequence of ex t reme 
variabi l i ty in facial pelage pa t t e rn a n d o ther identification marks (see 
Fig. 1), by F e b r u a r y 1968 we were able to individual ly identify a 
substant ia l n u m b e r of an imals (approximate ly 25 adul ts a n d juveni les) . 

5.2. Results 
T h e med ian subgroup encounte red over the 11-month per iod was 
composed of 3-5 independen t ly locomot ing spider monkeys . Infants 
unde r one-year were not considered independen t . Subgroups of two 
comprised 2 1 % of the total n u m b e r of subgroups , a n d was the m o d a l 
size subgroup . Subgroups of four individuals represented 1 6 % of the 
total , a n d isolated animals 1 5 % . Subgroups of eight or more comprised 
abou t 2 3 % of the subgroups (see T a b l e V I I ) . 

Subgroups of most sizes as well as isolates were observed w h e n the 
animals were engaged in all types of major activities. T h e r e was no 
indicat ion t ha t subgroups assembled into larger units or reassembled a t 
specific " l o d g e " trees before nightfall for sleeping (cf. Carpen te r , 1935; 
for greater detai l see Klein , 1972 a n d Kle in a n d Klein , 1975). 

Seventy-five instances of isolated animals were recorded, const i tut ing 
1 5 % of the total n u m b e r of subgroups observed. Observer contac t was 
ma in t a ined on the average for 55 min before the an ima l ei ther encoun-
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TABLE VII 
The percentage of subgroups consisting of one to eight or more 

independently locomoting A . b e l z e b u t h 

S u b g r o u p size F r e q u e n c i e s % of t o t a l s u b g r o u p s 

1 75 15 
2 105 21 
3 72 14 
4 78 16 
5 36 7 
6 36 7 
7 2 0 4 
8 - 2 2 76 15 

T o t a l : 4 9 8 9 9 

t e red others ( 2 2 % of cases), or was lost to sight ( 7 8 % of cases). Adu l t 
females wi thou t infants const i tu ted 6 6 - 7 % of the tota l n u m b e r of 
isolates; females wi th infant, 10*7%; adu l t males, 22*7%. N o juven i le 
or infant was ever observed to be isolated for longer t h a n a few minu tes . 
T h e m a x i m u m periods t ha t an imals were actual ly cont inuously 
observed a n d known to r ema in isolated were as follows: adu l t female, 
8-5 dayl ight h r a n d then overn igh t ; adu l t female wi th infant, 6 h r ; 
adu l t ma le 40 min . Observa t ions of these instances of isolated an imals 
were t e rmina t ed as a result of lost contact . I t was concluded t h a t 
t empora ry isolation of most adu l t spider monkeys for periods as long as 1 
to 3 days was a regular occurrence . (For grea ter detai l , see Klein , 1972.) 

As a consequence of our abil i ty to individual ly identify spider 
monkeys, it became clear t ha t the same animals were a t t imes bo th 
isolated a n d m e m b e r s of subgroups of all sizes a n d composit ions, 
a l though subgroup m e m b e r s h i p over a per iod of a few days could be 
relatively stable. D u r i n g the course of the s tudy it also became clear 
t ha t the spider monkeys encoun te red at the s tudy site could be assigned 
to three mu tua l ly exclusive networks of an imals , wh ich usually inter
acted peacefully wi th one ano ther , a n d agonistically t oward m e m b e r s 
of o ther networks . O n l y animals of the same ne twork formed subgroups 
wi th one ano ther . T h e n u m b e r , a p p r o x i m a t e age, a n d sex of the 
animals of two of these networks was fairly completely known by the 
end of the s tudy. T h e larger was m a d e u p of 22 an imals of 1-year or 
older (five adu l t males, 12 adu l t females a n d five juveni les) , the smaller 
of 17 ( three adu l t males , 11 adu l t females a n d three juveni les , Klein , 
1972). T h e individuals of these mu tua l l y exclusive social networks 
util ized different bu t over lapp ing sectors of the s tudy site. 



1 7 6 L E W I S L. KLEIN a n d D O R O T H Y Β . KLEIN 

Distances as grea t as half a mile (0-8 km) be tween different sub
groups of the same social networks d id no t a p p e a r to be unusua l . 
Est imates of this kind were based on several cri teria inc luding the 
persistent following by one observer of an individual ly recognizable 
an ima l or animals as it depa r t ed from the animals it h a d been moving 
and feeding with, while the o ther observer stayed a n d moved wi th the 
r emain ing spider monkeys. Spacing be tween m e m b e r s of the same sub
groups var ied wi th ongoing activity, bu t was rarely more t h a n 180 m. 

T h a t aspect of the social organiza t ion of Ateles belzebuth wh ich 
appea red to be most clearly re la ted to feeding behaviour was the size 
a n d stability of subgroups . I n t e r m o n t h var iat ions in m e d i a n subgroup 
size r anged from 2*2 to 5-6 animals (see T a b l e V I I I ) . I n addi t ion , the 

T A B L E VII I 
Intermonth variations in A. belzebuth subgroup size 

% of encounters % of encounters 

Months 
No. of 

Median Mode Range encounters 
with isolated 
individuals 

with subgroups 
of 8 or larger 

Jan. 2-9 3 1-17 64 17 2 
Feb. 4-0 2 1-18 103 5 16 
Mar. 4-3 4 1-10 48 4 12 
Apr. 3-7 2 1-11 82 12 15 
May 5-6 3 1-20 43 7 40 
June-Aug. 2-7 1 1-6 19 32 0 
Sept. 2-2 2 1-11 47 28 6 
Oct. 5-2 1 1-22 44 21 43 
Nov. 2-2 2 1-11 36 25 3 
Dec. 1-5 1 1-4 12 50 0 
Total over 
year 3-5 2 1-22 498 15 15 

frequency wi th which animals were observed in very large subgroups 
(eight or more) r anged from 2 0 % of all groups seen in some mon ths 
to less t h a n 1 0 % in others. A l though isolated adul ts of bo th sexes were 
recorded in each m o n t h of the study, a t cer ta in t imes they were especi
ally frequent. A n d in a t least one m o n t h (October) a recorded high 
frequency of isolates a n d very large subgroups coincided. 

Changes in subgroup size a n d a p p a r e n t stabili ty cor responding to 
r ipe fruit availabil i ty inc luded the following. I n those mon ths (Septem
ber, December a n d J a n u a r y ) w h e n small, widely dispersed trees bear ing 
r ipe fruit for lengthy periods were the most i m p o r t a n t source of food 
(account ing for as m u c h as 3 0 - 5 0 % of observed feeding t ime) sub-
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groups were smallest a n d most s table. Isola ted an imals were observed 
frequently ( 2 8 % of all subgroup encounters in Sep tember ) a n d a p p e a r e d 
to r ema in isolated for per iods r ang ing from several hours to several 
days . Eighty per cent of the subgroups were composed of four or fewer 
an imals , m e d i a n size was 2*2 a n d subgroups were relatively stable 
(mean du ra t i on of observat ion t ime per subgroup was 90 m i n ) . T h e 
s i tuat ion was p robab ly similar in December , b u t fewer d a t a were 
collected. 

T h e feeding si tuat ion in O c t o b e r cont ras ted marked ly wi th Sep tem
ber, D e c e m b e r a n d J a n u a r y . T h e most i m p o r t a n t food source (more 
t h a n 6 0 % of feeding t ime) was the rap id ly r ipen ing a n d falling fruit of 
several scat tered groves of very large Brosimum sp. trees. La rge r sub
groups were considerably more frequent . Subgroups smaller t h a n five 
accounted for less t h a n 5 0 % of all observat ions a n d groups of eight or 
more animals composed more t h a n 4 0 % of our encounters . These large 
subgroups were a b o u t as stable in their memb er sh ip as the m u c h 
smaller ones in the preceding a n d subsequent mon ths . 

T h e re la t ionship be tween subgroup size a n d fruiting pa t t e rns was 
more complex w h e n a grea ter var ie ty of trees wi th differing pa t te rns of 
dispersion a n d r ipen ing characterist ics were bea r ing m a t u r e fruit in 
quan t i t y . For example , in F e b r u a r y 1968, a grea ter var ie ty of fruits 
t h a n usual was avai lable to spider monkeys , inc luding large a n d small 
t ree species of wide dispersion as well as species of large size a n d c lumped 
dispersion. T h e size of subgroups d u r i n g this per iod was no t very 
different from the a n n u a l average , a l though they a p p e a r e d to be m o r e 
uns tab le in member sh ip t h a n in Sep tember or Oc tobe r . M e d i a n sub
g r o u p was four, subgroups of eight or m o r e individuals accounted for 
1 6 % of subgroups encounte red , isolates were infrequent (about 5 % of 
observations) a n d m e a n du ra t i on of subgroup observat ion was a b o u t 
70 min . 

5.3. Discussion 
Behavioura l in teract ions reinforced the view tha t changes in food supply 
influenced subgroup size a n d cohesion. First, a l though supplan ta t ions 
a n d overt aggression were relatively infrequently observed be tween 
spider monkeys of the same social ne twork (13 supplan ta t ions a n d 60 
m o r e intense episodes of i n t r a g r o u p agonistic in teract ions over 627 h r 
of observat ion) a relatively large pe rcen tage of those occur red ( 4 0 % of 
the supplan ta t ions a n d 2 3 % of the m o r e intense agonistic interact ions) 
w h e n a t least one of the par t ic ipan ts was feeding (Klein, 1974). All 
bu t two of these episodes occur red w h e n animals were feeding on trees 
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with crowns smaller t h a n 20 m on ei ther fruit or wood restricted to an 
a rea less t h a n 8 m d iameter . Second, the n u m b e r of spider monkeys 
t h a t would s imultaneously feed in a fruiting tree was l imited a n d was 
frequently less t h a n the n u m b e r of animals in the subgroup itself. T h e 
m a x i m u m n u m b e r of Ateles belzebuth observed feeding s imultaneously 
in the same tree was ten, a n d n u m b e r s greater t h a n eight were observed 
in exceptionally large trees on only a few occasions, a n d for only a 
few minutes . These m a x i m u m figures were smaller t h a n the n u m b e r 
observed resting in similarly sized trees a n d even in some cases the 
ident ical t ree w h e n it was not bear ing fruit. P robab ly re la ted was the 
fact t ha t preferred day t ime rest ing sites were usually tall trees wi th large 
l imbs, bu t no t those bear ing r ipe fruit a t the t ime. M a n y of these same 
trees were intensively fed in w h e n bear ing r ipe fruit, b u t were then not 
used for resting. 

T h e character is t ic flexible social spacing be tween spider monkeys of 
the same social ne twork is readi ly in te rpre tab le as an adap t ive response 
to fluctuating supplies, concentra t ions , a n d dispersal pa t te rns of r ipe 
fruit. I n contrast , p r imates which can utilize ei ther more var ied or less 
seasonally var iable products such as m a t u r e leaves, green fruit, a n d / o r 
insects a n d a rachnids m a y a d a p t to changes in food availabil i ty by 
vary ing food selection instead of g roup ing pa t te rns (see Klein , 1972 
and Klein a n d Klein , 1975). 

6. S U M M A R Y 

A 15-month observat ional s tudy of the feral Co lombian spider monkey , 
Ateles belzebuth, p rovided the basis for repor ted d a t a on diet, act ivi ty 
pa t te rns a n d social organiza t ion . Rela t ive impor t ance of specific i tems 
in the diet of A. belzebuth was assessed pr imar i ly on the basis of t ime a n d 
number s of animals observed eat ing du r ing periods of bo th 2 to 3 
weeks and over an 11-month period. 

T h e diet of A. belzebuth was composed of r ipe fruit ( 8 2 % ) , t ree leaves 
a n d buds ( 5 % ) , leaves a n d stems of epiphyt ic p lants ( 2 % ) , decaying 
wood ( 1 0 % ) , i m m a t u r e fruit (1%) a n d flowers (0 -1%) . N o ver tebra tes , 
inver tebrates or eggs were observed to have been ea ten . W i t h two 
general exceptions, the height a t which spider monkeys fed above the 
g round or wa te r level d e p e n d e d u p o n the height of the t ree in which they 
fed a n d the locat ion of r ipe fruit in it. T h e exceptions to the above were 
the fact t ha t they were never observed ei ther feeding on the g round or 
less t h a n 8 m above it, even w h e n small quant i t ies of r ipe fruit were 
avai lable in these locations. Frui ts ea ten r anged in size from less t h a n 
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3 m m in d iamete r to m o r e t h a n 50 m m . Adu l t spider monkeys usually 
swallowed the h a r d seeds of r ipe fruits a long wi th the softer p u l p or 
flesh, bu t rejected the pe r ica rp . Juven i l e spider monkeys usually 
rejected bo th seeds a n d per ica rp . T h e diversity of fruits ea ten dai ly by 
spider monkeys averaged a b o u t four t axa over the year , bu t var ied 
seasonally be tween two a n d n ine taxa . 

T h e t empora l pa t t e rn of moving , feeding a n d rest ing activities, 
abs t rac ted from 25 protocols averag ing 7*5 hours in length , were com
pa red wi th similar analyses r epor ted by Eisenberg a n d K u e h n (1966) 
and R i c h a r d (1970). Some discrepancies were noted . A. belzebuth spent 
more t ime feeding be tween 5.00 a n d 7.00, a n d 15.00 a n d 18.00h, t h a n 
a t any o ther t ime of the day . D u r i n g the d a y feeding a n d moving 
periodical ly a l t e rna ted wi th rest ing. Th is pa t t e rn was in te rpre ted as 
result ing from feeding on large quant i t ies of r ipe fruit. 

Adu l t A. belzebuth spend be tween 15 a n d 2 5 % of the dayl ight hours 
feeding, 5 - 2 0 % of the dayl ight hours moving a n d 5 0 - 6 5 % of the day
light hours rest ing ( including all non-feeding s ta t ionary activities). 

R ipen ing , dispersion, a n d c rown d iame te r characterist ics of fruiting 
trees h a d an i m p o r t a n t effect on the size a n d stabili ty of the t e m p o r a r y 
subgroups of spider monkeys , feeding a n d rest ing pa t te rns , a n d the 
frequency of agonistic interact ions. Ateles appear s to be l imited in its 
abili ty to utilize substances o ther t h a n r ipe fruit. I n o ther taxa , the 
abili ty to utilize ei ther insects, a rachnids , m a t u r e leaves or green fruit 
modified considerably the compet i t ive effects of chang ing a m o u n t s a n d 
concentra t ions of r ipe fruit a n d fruit t ree dispersion. T h e considerable 
impor t ance of sparse, widely dispersed r ipe p a l m fruit in the diet of 
spider monkeys du r ing periods in which o ther fruit was scarce strongly 
cor responded wi th min ima l g r o u p size a n d m a x i m a l occurrence of 
isolated adu l t spider monkeys of bo th sexes. 
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1. INTRODUCTION 

As data from more primate species have accumulated, exceptions to 
postulated correlations between social organization and habitat have 
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frequently emerged (e.g. Struhsaker , 1969, 1975). M a n y of the short
comings m a y result from the gross n a t u r e of the ecological categories 
wi thin which species have been l u m p e d ; thus substant ia l differences 
be tween the niches of different forest-living pr imates have been obscured 
by l umping all as "forest omnivores" or "f rugivore-omnivores" . I n the 
Kiba le forest, in western U g a n d a , the mangabey , Cercocebus albigena 
(Fig. l a ) , is sympat r ic wi th two species of Colobus, th ree of Cercopithecus, 
Papio anubis and Pan troglodytes. Whi le six of these eight species would 
normal ly be classified as omnivorous , their g roup s t ructure a n d rang ing 
pa t te rns have little in c o m m o n ; the small mul t ima le groups a n d 
enormous h o m e ranges of mangabeys a re par t icu lar ly dist inctive (Waser 
a n d Floody, 1974; Waser , 1976). I t seems of pa r t i cu la r interest to 
del ineate the foraging ecology of mangabeys in such a si tuation. I n a 
framework of interspecific comparisons (see Oa tes , 1974; Struhsaker , 
1974, 1975; St ruhsaker a n d Oates , 1975), d a t a on C. albigena feeding 
a n d rang ing have been recorded du r ing more t h a n 2500 observat ion 
hours be tween M a y a n d J u n e 1971, M a r c h 1972 a n d Apri l 1973, a n d 
August and Oc tobe r 1974. 

I n the first major field s tudy of this species, Cha lmers observed tha t 
C. albigena in eastern U g a n d a ate " b u d s , shoots, a n d fruits of trees. I n 
addi t ion, they frequently peeled strips of ba rk from trees and a te 
objects from u n d e r n e a t h " (Chalmers , 1968a, p . 257). Cha lmers listed 
six t ree species commonly util ized for fruits, six for shoots, a n d one for 
flowers. I n the B w a m b a forest, western U g a n d a , d a t a from s tomach 
contents (Haddow, pers. comm.) indicate feeding on seeds or fruits of 
three species and leaves of two, as well as on Crematogaster ants . Similar 
d a t a from West Africa (Jones , 1970) suggest a higher p ropor t ion of 
leaves in the diet, bu t use of a b road r ange of i tems has been confirmed 
by the observat ions of Cashner (1972). 

1.1. Methods 
I n this s tudy, most d a t a on feeding a n d rang ing were collected du r ing 
5-min sampl ing periods cent red on the qua r t e r a n d th ree -quar t e r 
hours . Unless otherwise noted , all d a t a r epor ted here derive from one 
15-member g r o u p a which was followed continuously, d a w n to dusk, 
for a 10-day per iod at the beginning of each m o n t h . D u r i n g the sam
pl ing periods, or " scans" , the locations a n d activities of as m a n y indivi
dua l mangabeys as possible were r eco rded : w h e n the activity was 

a
 C o m p o s e d d u r i n g 1 9 7 2 - 7 3 o f t h r e e a d u l t m a l e s , t w o s u b a d u l t m a l e s , s i x a d u l t f e m a l e s , a n d 
t h r e e t o five j u v e n i l e s a n d i n f a n t s . 
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feeding, the species a n d type of food (or, for inver tebra te foraging, the 
substrate type a n d moto r pa t te rn) were also noted . Cri ter ia used to 
define activity types were those of St ruhsaker (1975) a n d Oa te s (1974); 
categories were mutua l ly exclusive. " F e e d i n g " was scored whenever 
the activities of reach ing for, picking, m a n i p u l a t i n g or p lac ing in the 
m o u t h of food i tems were cont inued for a t least 5 sec. Chewing d u r i n g 
periods of inactivi ty or locomotion could no t be recorded rel iably u n d e r 
prevai l ing observat ion condit ions a n d was not inc luded in the definition. 
A n est imate of the percentage of scores spent chewing (while engaged 
in o ther activities) was der ived from a smaller sample of records d u r i n g 
which the an imal ' s j aws were clearly visible. 

Food types recognized were leaf buds , young leaves, m a t u r e leaves, 
flower buds , flowers, fruits, bark , p i th a n d " p r o b a b l e i nve r t eb ra t e s " ; 
unidentif iable objects were scored as such. Size a n d degree of m a t u r i t y 
of young leaves a n d fruits were no ted w h e n visible. D u r i n g search for 
inver tebrates , b u t not for o ther food i tems, periods of substra te m a n i p u 
lat ion wi thou t ingestion sometimes exceeded 5 sec; these occurrences 
were l u m p e d wi th scores of inver tebra te ingestion a n d scored as 
" inve r t eb ra te foraging" since the two were frequently indis t inguishable 
u n d e r prevai l ing observat ion condit ions. T h e percen tage of foraging 
scores which inc luded ingestion was es t imated from a smaller sample of 
scores du r ing which visibility was exceptional ly good. 

Ind iv idua l records of age, sex, identi ty, spatial co-ordinates , activity, 
a n d food type a n d species, a long wi th t ime a n d order of each record, 
were recorded in a form suitable for compu te r analysis. Between Apr i l 
1972 a n d Apri l 1973 these methods genera ted 18 118 records in 2474 
scans of the m a i n s tudy g roup . This d a t a base readi ly yields the relat ive 
a m o u n t of t ime spent by mangabeys foraging in different t ree species 
or using various food types. For the investigation of potent ia l sources 
of bias as well as for the sorts of analysis repor ted below, the advan tages 
of mach ine man ipu la t i on are clear. 

For tests of goodness of fit or independence , the log likelihood ra t io 
or G test (Sokal a n d Rohlf, 1969) was used. W h e n compar ing d a t a 
derived from scan samples, the assumpt ion of i ndependence was felt 
to be reasonable since (a) individuals were identifiable a n d thus scored 
only once per scan, a n d (b) individuals almost never con t inued a single 
activity, or fed on a single food source, for half -an-hour a t a s tretch. 
T h u s , the activities scored du r ing a given scan did no t d e p e n d — a t least 
no t in these trivial ways—on those scored a half-hour previously. 

Observat ions were scheduled systematically in t ime a n d wi thou t 
regard to the location, activity or ident i ty of the animals involved, in 
order to minimize possible biases relat ive to these variables . Never the -
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less, scan samples were potent ia l ly affected bo th by overall visibility 
condit ions a n d by the differential visibility of different individuals or 
activities. For instance, the n u m b e r of individuals seen du r ing scans 
was substant ia l ly lower d u r i n g the first a n d last hours of the day , 
a l though visibility did no t vary for the rest of the d a y (Fig. 2) . 

A direct assessment of the degree of one possible kind of bias, t ha t 
pa r t i cu la r age/sex classes are m o r e likely to be observed t h a n others , 
can be ob ta ined by c o m p a r i n g the n u m b e r s of observat ions of each 
age/sex class wi th the known composi t ion of the g roup . A l though on 
an average scan only half of the g r o u p was sampled (3c = 7-32), a n d 
2 6 % of the individuals observed d u r i n g scans were of u n k n o w n age 
a n d sex, the m e a n rates of observat ion of individuals of each age/sex 
class were r e m a r k a b l y similar (Waser, 1974). Sight ing frequencies of 
adu l t males a n d adu l t females differ by less t h a n 0 * 1 % ; the greatest 
deviat ions in sighting frequency from the m e a n ( lumping all classes) 
a re of juveni les , 13-5% less likely to be seen t h a n the " a v e r a g e " indivi
d u a l ; a n d of infants, 12*5% more likely to be seen t h a n average . 

8.00 10.00 1200 14.00 16.00 18.00 
Hour of day 

FIG. 2 . N u m b e r of observations du r ing scans as a function of t ime of day , M a y 1 9 7 2 - A p r i l 
1 9 7 3 inclusive. 
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Although no independen t assessment of relative frequencies of 
different activities is avai lable , the a p p a r e n t constancy in visibility of 
individuals leads one to hope tha t visibility biases of this sort are small 
(see Waser , 1974, for further discussion of sampl ing methods ) . 

I t should be noted tha t the methods used here to record feeding d a t a 
differ from those of St ruhsaker (see Oates , this vo lume, for a descript ion 
of those methods) , in t ha t they indicate relative t ime spent on species or 
i tems. D a t a were recorded by both methods dur ing eight days of observa
tion of mangabeys . Whi le , in this sample , the methods of S t ruhsaker 
resulted in the recording of 3 3 % more feeding observations represent ing 
2 8 % more species t h a n did sampl ing only dur ing scans, the results of his 
methods were strongly influenced by the a b u n d a n c e a n d spatial distri
but ion of the food i tems concerned, a n d by the t empora l pa t t e rn of 
individual feeding bouts . T h u s relatively ra re i tems (e.g. Millettia seeds), 
those fed on for only brief periods du r ing any one sitting {Premna y o u n g 
leaves) and those which were widely scat tered a n d present at low 
densities (insects), were recorded propor t ional ly more frequently using 
Struhsaker 's methods . Those items occurr ing in large concentra t ions 
and eaten continuously over prolonged periods (e.g. Diospyros fruit, 
Ficus fruits) were under- represented . T h e disparit ies increase if i tems 
between which mangabeys switched indiscr iminately (such as leaf buds , 
small and large young leaves of Premna) are scored separa te ly ; such 
splitt ing of feeding or foraging categories can also substant ial ly affect 
the calculated values of d ie tary diversity. O n the o ther h an d , unusua l 
i tems are likely to be missed entirely using only d a t a from scans. For 
this reason, novel d ie tary i tems observed outside scan periods were 
recorded in this s tudy; however, over the year all bu t six such i tems 
were subsequent ly seen ea ten du r ing scans. 

1.2. Study Area 
T h e Kiba le forest as a whole has been classified as "mois t evergreen 
forest" (Langdale-Brown et al., 1964) a l though the rainfall—165-8 c m 
between 1972 a n d Apri l 1973—is nea r the lower l imit general ly cha rac 
teristic of ra in forest (Richards , 1966). D u e to its relatively high 
a l t i tude (c. 1500 m at the K a n y a w a r a s tudy area) affinities wi th 
m o n t a n e forest also occur (Kingston, 1967; see also W i n g a n d Buss, 
1970 for a general descript ion of the forest's vegeta t ion a n d topo
g raphy) . 

T h e ma in s tudy area , approx imate ly 4 k m 2 nea r the K a n y a w a r a 
forest station (0°34' Ν , 30°22' E ) , contains sections of swamp, secondary 
a n d colonizing forests as well as p r i m a r y forest which has been wi thou t 



FIG. 3 . Mangabey's-eye-view of the Kanyawara study area. Photograph is taken horizontally 
through the canopy from c. 20 m above ground. 
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h u m a n interference du r ing the last 50 years (see also Oa tes , this 
vo lume) . I n most areas, the canopy is 25 -30 m high wi th some trees 
reach ing 50 m in he igh t (Fig. 3) . A series of vegeta t ional transects was 
r u n a long compass bear ings gr idd ing the s tudy a rea at roughly 200 m 
intervals . All trees more t h a n 10 m in height a n d less t h a n 2-5 m from 
the t ra i l were recorded a long 8685 m of t ransect . I nc lud ing the d a t a 
of St ruhsaker (pers. c o m m . ) , 1667 trees on a total of 5-78 ha of t ransect 
were sampled (Tab le I , see p . 201). 

T h e species composi t ion of this sample inc luded be tween 67 a n d 71 
species (the n u m b e r of unidentif ied species was not cer ta in) . A l though 
only five species m a k e u p 5 0 % of the sample , the species diversity is 
h igh ( Η ' 2 = 4 · 3 7 ) . A large n u m b e r of tree species occurs in very small 
n u m b e r s and , despite the size of the sample , several species i m p o r t a n t 
to mangabeys ( including two large Ficus species) do not occur in it. 
Large-scale vegetat ional heterogenei ty is m a r k e d , d u e in p a r t to alt i-
tud ina l relief a n d corresponding d ra inage pa t te rns a n d to the presence 
of a variety of successional stages [compare the vegetat ional d a t a of 
Oa tes (1974), S t ruhsaker (1975), a n d Wase r a n d Floody (1974), 
recorded in different subsections of the s tudy a r e a ] . 

2. FEEDING B E H A V I O U R 

2.1. Activity Patterns 
At any t ime of day , a substant ia l p ropor t ion of a m a n g a b e y g roup is 
likely to be feeding. M a n g a b e y s in the m a i n s tudy g roup spent 42*5% 
of their t ime engaged in feeding or food man ipu la t ion , a figure which 
compares closely wi th t ha t of Cha lmers b u t which m a y vary bo th 
be tween groups a n d be tween mon ths (Waser, 1975). Al though this 
figure includes t ime spent scanning or m a n i p u l a t i n g the substra te in 
search of inver tebra tes (c. 1 0 % of the total t ime budge t ) it does no t in
clude locomotion wi thin (4-2%) or be tween (17-2%) trees. T h e former is 
par t icular ly likely to be re la ted to food collecting. N o r does it take in to 
account the extensive use m a d e of cheek pouches , for m a n g a b e y s 
general ly ret ire in the evening a n d o ther inact ive periods wi th pouches 
full. Dur ing half of the t ime tha t they were scored as inact ive, a n d 
occasionally w h e n they were moving , mangabeys were s imultaneously 
chewing; chewing of cheek pouch contents m a y have taken place 
dur ing as m u c h as 1 5 % of the activity records in addi t ion to those 
spent in active feeding. 

Al though it appea red tha t mangabeys a l t e rna ted several major bouts 
of feeding a n d resting du r ing each day , the d iu rna l dis t r ibut ion of 
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feeding records over the year is v i r tual ly flat (Fig. 4) . A t this l a t i tude , 
d a w n t ime varies by only hal f -an-hour over the year a n d thus has little 
effect on t iming of activity pa t te rns . A l though regular activity pa t t e rns 
m a y shift be tween mon ths d u e to wea the r or o ther factors, no cyclic 
pa t t e rns were a p p a r e n t in a n y m o n t h ' s da t a . Even du r ing the J u l y 
sample per iod, du r ing which no ra in fell to d is rupt behav ioura l 
cyclicity, d iu rna l deviat ions from the m e a n were no t significant 
( Ρ > 0 · 0 5 ) . I t seems likely t ha t d iu rna l act ivi ty pa t t e rns a re d ic ta ted 
pr imar i ly by the i r regular a n d chang ing dis t r ibut ions of food m a n g a 
beys encounter . These mask any regular physiological cycles, digestive 
or otherwise, which m a y occur . Species wi th more uniformly-dis t r ibuted 
food migh t be expected to express under ly ing cycles m o r e c lear ly; those 
uti l izing relatively p e r m a n e n t resources, or able to visit all pa r t s of 
small h o m e ranges wi th relat ively small outlays in energy or t ime, migh t 
similarly show a more striking d iu rna l activity pa t t e rn cor responding 
to some op t ima l p a t t e r n of ut i l izat ion of known resources. T h u s the s tudy 
g r o u p of Cha lmers (1968a) , which (in striking contras t to K iba l e 
m a n g a b e y groups) visited most par t s of its small h o m e r ange each 
day , also demons t ra t ed m o r e c learcut activity cycles (Fig. 4) . 

50 

40 

30 

20 

50 

40 

30 

20 Kanyawara, July only 

60 

50 

40 

30 Bujuko, 10 months 

08.00 10.00 12.00 14.00 

Hour of day 

16.00 18.00 

FIG. 4. Percentage of scan records during which activity was "feeding" as a function of time 
of day: (top) all observations, May 1972-April 1973, inclusive; (centre) all observations, 
1-10 July 1972, a rainless sample period; (bottom) data from Chalmers' (1968a) Bujuko study 
area, March-December 1964. 
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2.2. Feeding Heights and Sites 
Since d a t a on feeding heights ind ica ted no major shifts over the year , 
only those collected in M a y to J u n e 1971 were analysed in detai l . Feed
ing heights were normal ly dis t r ibuted wi th a m e a n of c. 20 m ; thus 
bo th middle a n d u p p e r storeys of the forest were util ized (Fig. 5a) . 
Mangabeys do not choose feeding trees r a n d o m l y from those ava i lab le : 
heights of trees used for feeding are significantly grea ter t h a n those of 
trees in vegetat ional transects (Ρ< |0 ·01) , even though the la t ter sample 
excludes trees lower t h a n 10 m (Fig. 5b) . 

Height (m) 

FIG. 5 . Vertical distribution of mangabeys. (a) Distribution of estimated feeding heights, 
May-June 1 9 7 1 (/z = 1 0 1 1 scan records), (b) Heights (mean and s.d.) of trees in which 
mangabeys were observed to feed, May-June 1 9 7 1 {n = 1 0 1 1 scan records); below, histogram 
of heights of all trees 3 0 ft and taller enumerated in transects within the area used by these 
mangabeys during May-June 1 9 7 1 (n = 3 1 3 trees). 

Whi le t he observed dis t r ibut ion of feeding heights is largely a 
function of the size of favoured tree species, there is also a slight t endency 
for mangabeys to r ema in lower in tall trees, a n d a clear one to stay 
higher in low trees, relat ive to expectat ion if all heights were used 
r an domly (Waser a n d Floody, u n p u b l . d a t a ; cf. Cha lmers , 1968a). 
Record ing a mangabey ' s he ight as a function of the he ight of the t ree it 
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occupies also demons t ra tes these tendencies . T h e m e a n height of 
mangabeys in tall (30-40 m) trees was a b o u t 6 0 % of the tree 's height , 
bu t increased to 7 5 % of the tree 's he ight in lower (10-20 m) trees. A 
t endency to avoid areas nea r the g r o u n d is subjectively evident from 
the behav iour of an imals feeding on low-sta ture p lan ts (par t icular ly 
Millettia dura, Cyphomandra betacea Send tn . , a n d a species of A c a n t h a c e a e ) . 
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FIG. 6. Use of a single Ficus brachylepis by four p r i m a t e species d u r i n g one fruit ing per iod in 
1973: (a) Cercopithecus ascanius, (b) Cercopithecus mitis, (c) Cercocebus albigena, (d) Pan troglodytes. 
D a t a were recorded du r ing half-hourly scans from a b l ind (see tex t ) . N u m b e r s of scan feeding 
records : (a) 18, (b) 93 , (c) 22, (d) 8. Left, pe rcen tage of scan records d u r i n g which individuals 
fed in b o t t o m , lower cent ra l , u p p e r centra l a n d top quar te r s of t ree canopy . C e n t r e , 
percentage of scan records d u r i n g which individuals took figs from small , m e d i u m a n d large 
b ranches . R igh t , n u m b e r of figs taken (relative to tota l n u m b e r taken by each species) d u r i n g 
each of the last five weeks of fruit avai labil i ty. Systematic observations began when spot-checks 
first revealed use of the t ree by any frugivores. No te t h a t m a n y birds , squirrels, pros imians a n d 
viverrids also fed in this t ree . 
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Animals were extremely hesi tant w h e n descending below 10 m a n d , 
if food was avai lable only below this height , they d id one of two th ings : 
(a) h u n g upside down, sometimes by the h ind legs only, g r abb ing the 
uppermos t b ranches of the feeding tree a n d pul l ing t h e m u p to thei r 
he igh t ; or (b) descended rapidly , broke off a food-laden b ranch , a n d 
reascended to ea t it. As these observat ions indicate , some m a n g a b e y 
feeding (c. 5%) did occur below 10 m ; on a few occasions individuals 
fed or foraged on fallen t ree t runks or even on the g round . 

Systematic d a t a on feeding sites were recorded only d u r i n g a n 
investigation of the use of Ficus brachylepis by mangabeys a n d o the r 
species. M a n g a b e y s took figs from small b ranches less t h a n from larger 
b r a n c h sizes (F. brachylepis is cauliflorous) bu t used all b r a n c h sizes 
(Fig. 6c). T h e y took fruit from the lowest segments of the tree less t h a n 
from centra l segments, bu t fed a t all heights a n d in bo th cent ra l a n d 
per iphera l par t s of the t ree . These observat ions suppor t subjective 
impressions t ha t few sites are inaccessible to mangabeys . M a n g a b e y s 
are qui te capab le of reach ing the undersides of large b ranches (occasion
ally hang ing quad rupeda l l y benea th t h e m ) ; of c l imbing on fine b r a n c h 
tips (or recovering from falls if these break) or of bend ing or b reak ing 
small b ranches towards them. Branches were often carr ied to a m o r e 
comfortable sitting spot or to a ne ighbour ing t ree w h e n the feeding t ree 
was crowded. 

2.3. Feeding Types and Techniques 
T h e tastes of C. albigena a re catholic, r ang ing from orchids to snakes. 
As m a n y as 41 species were seen to be used in a 10-day period, wi th 
mon th ly d ie ta ry indices of diversity of species ( H ' 2) vary ing be tween 
2*83 a n d 3-88. A n n u a l diet diversity was H ' 2 = 4-21. Mos t d ie tary i tems 
fell into three b road categories (see Waser , 1974, 1975 for a comple te 
listing of species a n d par t s ut i l ized) . 

2.3.1. Leaves and bark 
D u r i n g this s tudy, mangabeys devoted relat ively little t ime to p l an t 
vegetat ive par ts . Leaf buds formed 1*1% of the diet over the year , 
y o u n g leaves 3-4%, leaves of unspecified age (pr imar i ly large y o u n g 
leaves) 0 - 8 % . M a t u r e leaves were vir tual ly non-exis tent in the diet . 
Leaf feeding was confined to a small n u m b e r of species, a n d mangabeys 
fed on leaf buds a n d y o u n g leaves of all sizes in most of these. Leaves in 
earlier stages seemed general ly to be preferred; this was par t icu lar ly 
t rue of Ficus spp. , in which almost no young leaf feeding was observed, 
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a n d of Monodora, from which leaf buds , b u t never y o u n g leaves, were 
taken . This last may , however , be a special case, since the leaf buds 
enclose the developing flower buds a n d mangabeys almost cer ta inly 
ingest these as well. Y o u n g leaves or leaflets a re general ly ea ten com
pletely, ei ther wi th the petiole (Erythrina) or s t r ipped from it by grasp ing 
the petiole a n d pu l l ing off the leaf b lade (Premna) or leaflets (Millettia) 
with the c lenched h a n d . T h e leaves taken tasted mild or slightly bi t ter . 
I n the case of the large, flat-leaved ep iphyte Platycerium elephantotis 
Schweinf., mangabeys eat only the bases of the young leaves. These 
are spongy a n d succulent , a n d m a y represent a significant source of 
wa te r (see also Dracaena feeding, be low) . 

A striking aspect of m a n g a b e y feeding not observed in o ther K iba l e 
forest p r imates is bark-s t r ipping. Live ba rk is b i t ten a n d pr ied away 
from the under ly ing b r a n c h wi th the canines, a n d the b roken strip of 
ba rk then r ipped off wi th the m o u t h or hands . Strips several cent i
met res wide a n d u p to a me t r e long m a y be removed in this way, 
general ly from branches a few cent imetres in d iamete r . I n a less 
c o m m o n va r i an t of this type of feeding, twigs are b roken off a n d 
chewed or the ba rk peeled back. Celtis africana accounted for near ly 
all bark-s t r ipping, a l though several o ther species were occasionally 
used ; ba rk of the more c o m m o n Celtis durandii was very rare ly s t r ipped. 
Celtis africana ba rk is almost u n i q u e a m o n g m a n g a b e y foods in be ing 
qu i t e sweet wi th no unp leasan t aftertaste. I n add i t ion to bark , the p i thy 
cen t ra l core was ea ten from twigs of one species (Pseudospondias). Bark-
s t r ipping accounted for 2*5% of m a n g a b e y feeding t ime. 

2.3.2. Flowers and fruits 
By far the largest p ropor t ion (62*2%) of m a n g a b e y feeding observa
tions involved p lan t reproduc t ive par t s , general ly the more advanced 
stages. Feed ing on flowers a n d flower buds (3-4%) was confined to 
eight species, bu t in some cases (Millettia, Erythrina) flower p reda t ion 
was intensive enough t h a t fruits were rare ly fo rmed; mangabeys were 
observed to vir tual ly d e n u d e ind iv idua l trees of flowers. 

M a n g a b e y s a te the whole flower [Millettia, Erythrina, the orchid 
Tridactyle bicaudata (Lindl.) Schltr . , the hemiparas i t e Loranthus auran-
tracus Engl . ] or sometimes concen t ra ted on the ovary (Symphonia, 
Mondora). Mos t of these flowers a re large a n d br ight ly coloured, a n d 
Erythrina a n d Loranthus in pa r t i cu la r a re said to con ta in a b u n d a n t 
nec ta r (e.g. Faegr i a n d v a n der Pijl, 1971). However , none of these 
flowers tas ted not iceably sweet, b u t r a the r r anged from mildly bi t ter 
(Erythrina, Millettia) to highly as t r ingent (Symphonia). 



1 9 6 PETER W A S E R 

Fruits , in the botanica l sense, comprise the largest single i tem in the 
m a n g a b e y diet. T h e m a i n s tudy g roup consumed the seeds or fruits 
of 54 species d u r i n g 1972-73 (Waser, 1975). These r anged from the 
t iny capsules of Acanthopale sp. a n d the small (2 m m - d i a m e t e r ) , 
b r ight red, grape-l ike fruits of the l iana Urera cameroonensis W e d d . , to 
the basketball-sized fruits of Mondora myristica. Most were figs or 
medium-sized (0-5-2 cm) drupes , wi th a fleshy per ica rp su r round ing 
the seed. Pods a n d capsules are less usual t h a n drupes or figs in the 
m a n g a b e y diet, a l though this m a y reflect their relat ive abundances in 
the s tudy a rea r a the r t h a n any selectivity by mangabeys . 

Frui ts var ied widely in their pa la tabi l i ty to the observer ; those of 
Parinari a re said to be ea ten by h u m a n s (Eggeling, 1952) a n d those of 
Urera a re wate ry a n d b land . O n the o ther h a n d , Millettia seeds a n d a 
n u m b e r of o ther foods are mildly bit ter , while fruits of Diospyros 
(Fig. lb ) a n d Celtis durandii a re intensely so a n d leave a b u r n i n g 
aftertaste. 

Most fruits a re ea ten r ipe , a l though jus t barely, as few fruits r ema in 
long on the tree once they show signs of ripeness. Cyphomandra betaceae 
("bush t o m a t o " ) , a fruit relished by h u m a n as well as n o n - h u m a n 
pr imates , is ea ten when very green, pe rhaps as a result of intense in ter
specific compet i t ion . Celtis durandii fruits are often eaten green for t h e 
same reason; in o ther areas of the forest where r ipe Celtis durandii fruits 
are more c o m m o n , these are preferred. T h e considerable selectivity 
demons t ra ted wi th m a n y species, involving feeling, sniffing or bi t ing 
large green fruits, m a y be concerned wi th detect ing the early stages of 
r ipening. O n the o ther h a n d , fruits of Diospyros abyssinica were ea ten 
a t all stages of ripeness, even w h e n very small . I n this case, ano the r 
factor m a y be involved; the h a r d seeds, which are difficult to crack in 
the r ipe fruit, a re more easily ea ten when younger . 

M a n g a b e y s eat Diospyros fruit, their favoured food, ent ire , d iscarding 
only the lea thery ep icarp . T h e sound of c runch ing Diospyros seeds is 
species-specific a n d serves to locate mangabeys at a considerable 
dis tance. However , seed-eat ing is not the rule . I n m a n y cases (e.g. 
Ficus spp. , Cyphomandra, Pancovia, a n d p robab ly others) the seeds pass 
t h rough the gut in t ac t ; in others {Celtis africana, Parinari, Uvariopsis, 
often Pancovia) the seeds a re separa ted from the fleshy par t s a n d dis
carded . A l though seed-eat ing involves a fairly large n u m b e r of species, 
wi th the exception of Diospyros these a re no t c o m m o n i tems in the diet. 

Most fruit-eating involves little man ipu l a t i on o ther t h a n ga the r ing 
the fruit wi th the m o u t h or fingers a n d possibly separa t ing the seed, 
done wi th the teeth a n d lips. Frui ts of Diospyros, C. durandii a n d Pancovia 
are sometimes r u b b e d on branches before eat ing, p robab ly to break a n d 
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separa te the ep icarp . Pods of Millettia, Newtonia, Albizia, Funtumia, 
Spathodea, Erythrina a n d several species of l iana a re b roken open by h a n d 
or wi th the teeth, split, a n d the seeds b i t ten o u t ; in the case of winged 
seeds [Funtumia, the l iane Reissantia parvifolia (Oliv.) Ha l l e , Spathodea] 
t he seed is b i t ten away from the wing. La rge fruits (Tabernaemontana a n d 
Monodora) r equ i re special t r e a t m e n t ; the ou te r skin is first b roken wi th 
the canines or incisors a n d the p u l p a n d seeds then scooped or b i t ten ou t 
from inside. A single Mondora fruit, which only an adu l t ma le m a y be 
capab le of opening , will often be fed on by a succession of ind iv idua ls ; 
t he final juveni le m a y feed wi th his head entirely inside the fruit. 

2.3.3. invertebrates 
T h e ac tua l cap tu re of inver tebra tes takes only a small fraction of the 
t ime expended by mangabeys in subst ra te man ip u l a t i o n a n d search. 
O f the 26 -0% of scan feeding records scored as inver tebra te foraging, 
on ly a th i rd actual ly inc luded one or more visible captures , a n d an 
a lmost negligible p ropor t ion of inver tebra tes a re c a p t u r e d by m a n g a 
beys on open surfaces. 

T h e i tems taken by mangabeys w h e n foraging for insects a n d o ther 
inver tebra tes can rare ly be identified, b u t the subst ra te a n d mo to r 
pa t te rns used can be recorded and , du r ing the substant ia l a m o u n t of 
t ime mangabeys spend in such activity, scat tered observat ions u n d e r 
op t ima l visibility condit ions can be used to bui ld u p a p ic ture of the 
types of inver tebra te involved. Substra tes exploited by mangabeys fall 
into the following categories. 

(a) Moss and epiphytes. T h e largest fraction of foraging t ime (13-0% 
of all feeding observations) occurs in this mic rohab i t a t . Subs t ra te 
m a n i p u l a t i o n is extensive, inc lud ing peel ing s t rands or whole sheets of 
moss, ep iphyte a n d l ichen from b r a n c h surfaces, subsequent ly scanning 
ei ther the newly exposed surface or the removed mater ia l . T h e mass of 
moss a n d epiphytes m a y be further picked a p a r t wi th the hands or 
m o u t h , a n d eventual ly d ropped . Vege tab le m a t t e r was rare ly seen to 
be ingested and , in most cases, this is p robab ly incidental—for instance, 
filaments of moss a re found in tac t in the faeces (cases in which leaves 
were clearly ea ten were scored as such) . I t ems are usually b i t ten or 
picked from the removed mate r ia l , a n d picked, licked or b i t ten from the 
under ly ing surface. L e p i d o p t e r a n larvae , cocoons, adu l t bugs or 
beetles, a n d (rarely) O r t h o p t e r a were found in this way. 

(b) Dead wood (4 -7% of all feeding observat ions) . D e a d b ranches u p 
to 10 cm in d iamete r a re b roken off, c racked apa r t , a n d the b roken 
ends inves t igated; smaller sections m a y then be b i t ten off or crushed 
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with the j aws . I t ems a re t hen b i t ten or l icked from the exposed surfaces. 
M a n g a b e y s m a y also break off larger chunks of ro t ten wood wi th their 
teeth, p ry ing t h e m a p a r t or digging t h rough t h e m wi th their fingers or 
hands . 

(c) Dead bark (1 -7%) . D e a d ba rk is often split away, again usually 
wi th the tee th , a n d as wi th ro t t en wood, i tems m a y be picked, b i t ten or 
repea ted ly licked from the wood removed or t ha t exposed benea th . 
Ants , termites , adu l t stag beetles (Passalidae), coleopteran a n d o ther 
la rvae were a m o n g the i tems taken from dead ba rk a n d wood. 

(d) "Sticks" (2-3%) (Fig. l c ) . Both d e a d sticks, live twigs a n d vines 
m a y be crushed a n d split wi th the teeth, i tems from wi th in t h e m be ing 
ea ten . Use of this substrate is appa ren t l y pecul iar to mangabeys , a t least 
in the Kiba le forest. This type of foraging is confined to a small n u m b e r 
of p l an t species, par t icu la r ly l ianas, dist inguished by hav ing a soft, 
sometimes chambered , p i thy core. Insects, sometimes small ants , can 
often be found wi th in channels in the pi th , a n d rap id ly repea ted licking 
is the feeding motor pa t t e rn most frequently observed. I n Cen t ra l 
Amer ica , trees of the genus Cordia have specialized chamber s in the p i th 
con ta in ing a n t colonies (Bequart , 1922); it is of interest t h a t C. millenii 
is the tree species in Kiba le most intensively util ized for this type of 
foraging. 

(e) Leaf debris or dead leaves (2 -4%) . T h e most c o m m o n locations for 
this type of foraging were large, flat-leaved epiphytes , especially 
Plat}'cerium. D e a d leaves a n d sometimes live ones were removed a n d the 
interstices a n d surfaces examined ; wi thered leaves were sometimes u n 
rolled or picked apa r t . T h e unrol l ing of curled or wi thered leaves also 
took place when they were found in some tree species, especially Celtis 
durandii a n d Markhamia. A similar type of foraging was observed in 
accumula t ions of d e a d leaves such as those in t ree crotches, hol low 
holes, a n d a b a n d o n e d c h i m p nests. I tems were general ly picked wi th 
the fingers from these places, a n d inc luded ants , la rvae a n d p u p a e . 

Ano the r type of leaf foraging involves Dracaena steudneri Schweinf. 
This m e m b e r of the family Agavaceae bears its leaves in a close-packed 
rosette a t b r a n c h ends. M a n g a b e y s pul l the cur led y o u n g leaves from 
the centres of these rosettes a n d unrol l t hem, licking or bi t ing at t he 
fleshy bases. As these rosettes collect ra in , this " feed ing" m a y be a 
means of ob ta in ing wa te r ; however , the possibility t ha t the wate r m a y 
conta in nut r ien ts secreted by the p lan t , or in the form of debris or 
insects living in them, canno t be ruled out . 

(f) Live leaves (1 -5%) . These are sometimes picked or pul led towards 
the m o u t h a n d something bi t ten from them, the leaf r emain ing sub
stantial ly or completely intact . I n some cases, t he i tems t aken were seen 
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to be cocoons or, m o r e usually, gal ls ; leaves collected from those trees 
uti l ized extensively (pr imar i ly cer ta in individuals of Aphania, Celtis 
durandii a n d Diospyros) were frequently gall-infested. 

(g) Bare surfaces (0*4%). As previously men t ioned , this was the least 
commonly observed type of insect foraging. However , it was also the 
most conspicuous, a n d the i tems taken most easily identifiable. M o t o r 
pa t te rns inc luded picking wi th one h a n d , bi t ing, single or r epea ted 
licking. R a p i d o n e - h a n d e d grabs were very ra re , a l though winged 
ants a n d an o r t hop t e r an were taken in this way. A m a n g a b e y once 
cap tu red a large flying d ip t e ran be tween its hands , rising on its h ind 
legs to reach it. 

Crematogaster a n d o ther a n t species, a n d several types of cocoons, were 
commonly taken from ba re ba rk or l ichen surfaces; aphids , cater
pillars, a n d a large gryllacrid o r t hop t e r an were also eaten. This last 
was r u b b e d on the b r a n c h before being consumed, an act ion rare ly 
seen a m o n g mangabeys . T h e tak ing of t en t caterpi l lars a n d aerial 
webs, p r o b a b l y con ta in ing spiders or la rvae , is inc luded h e r e ; a n d on 
one occasion, a n a n t nest was broken a p a r t a n d the resul t ing ants 
picked rap id ly from the fur. 

(h) Other. O n e addi t iona l type of insect foraging formed an unde te r 
mined propor t ion of the diet . I n a n u m b e r of t ree species, fruits were 
found to be heavily infested wi th insect la rvae . Frui t -dwel l ing insects 
were most not iceable in figs, occur r ing in all Ficus species used by 
mangabeys , bu t par t icu lar ly F. brachylepis. T h e pol l inat ing wasps (cf. 
R a m i r e z , 1970; G e r m a n , 1972) were u n d o u b t e d l y inc luded in the a r r ay 
of la rvae found in figs, a n d a grea t var ie ty of b raconid a n d chalcid 
wasps, parasi t ic bo th on the fig a n d on its inhab i t an t s , were identified 
from casual collections of F. brachylepis fruit. I n addi t ion , some indivi
dua l trees suffered vir tual ly comple te loss of their fruit crops d u e to 
la rvae of a weevil , Omophorus stomachosus Boh. These weevils consumed 
the reproduc t ive par ts of their figs, the fruit never growing to more t h a n 
half n o r m a l size a n d showing no signs of r ipening. Samples of figs 
taken from F. brachylepis split ind iv idua l trees in to two subsets: those 
which ( though conta in ing a var ie ty of small insect larvae) bore crops 
of n o r m a l r ipe fruit, a n d those on which 8 0 - 9 0 % of the figs were h a r d , 
latex-filled galls con ta in ing weevil la rvae . M a n g a b e y s fed on bo th 
types of t r ee ; however , w h e n bo th were avai lable , longer periods were 
spent feeding in the la t ter . Fu r the r , a l though ac tua l ingestion of la rvae 
was impossible to observe, mangabeys d r o p p e d most of each fig they 
took bu t never d r o p p e d larvae . Inspect ion of fallen fig par t s indica te 
t ha t those d r o p p e d by mangabeys h a d a h igher frequency of infestation 
(as evidenced by cavities or frass in the fruit) t h a n did fruit otherwise 
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fallen from the same tree (Ρ <^0·01). M a n g a b e y s m a y thus select 
insect-infested fruits bo th wi th in a n d be tween trees. 

O t h e r types of food m a y also conta in substant ia l n u m b e r s of insects. 
A type of m u s h r o o m avidly ea ten by mangabeys conta ined a var ie ty of 
small insects be tween the lamel lae . Frui ts of Pancovia turbinata, the major 
i tem in the m a n g a b e y diet in M a r c h 1973, were heavily infested wi th 
larvae, inc luding those of a beetle, b raconid wasps, eucosmid moths , 
and par t icular ly the tephr i t id fly, Pterandrus rosa (Karsch) . I n a sample 
of 35 fruits taken from the tree, 33 conta ined larvae. M a n g a b e y s ingest 
the pu lp and p resumably the larvae found in it, d iscarding the skin a n d 
usually the seeds. I n such cases, fruit-eating by mangabeys m a y be 
viewed as a form of insectivory. 

2.3.4. Vertebrates 
Consumpt ion of ve r t eb ra te prey is unusua l , b u t it does occur. A sub-
adu l t male once ate the eggs of a dove-sized bird, and , a l though I 
ha rd ly ever found nests, mangabeys m a y be more successful. O n e 
suggestive indicat ion is tha t mangabeys were sometimes m o b b e d by 
b i rds ; extremely effective m o b b i n g by a colombid was once seen. T h e 
monkey slipped while u n d e r a t tack a n d fell 20 m, subsequent ly r ema in 
ing, cowering, in the unders torey. A more spectacular case of ve r t eb ra te 
cap tu re was tha t of a small (0-5 m) green snake by an adu l t female 
m a n g a b e y (M. S. Waser , pers. c o m m . ) . T h e female bit the head off 
the snake, which it g r ipped a r o u n d the neck, a n d stuffed the wr i th ing 
remains into her cheek pouches , g run t ing contentedly . 

3. FEEDING SELECTIVITY 

3.1. Degree of Selectivity 
Chalmers (1968a, p . 256) states, 'Vi r tua l ly every tree visited by the 
mangabeys provided some food for t h e m " . I n this s tudy as well, the 
list of species utilized by mangabeys closely approximates t ha t of species 
e n u m e r a t e d in vegetat ional transects (Table I ) . However , the r a n k 
orders of those trees appea r ing both in the vegetat ion sample a n d in the 
m a n g a b e y diet are poorly correlated (r = 0*21), a n d several tree species 
used extensively by mangabeys were not represented at all in the 
vegetat ional sample . These a n d o ther u n c o m m o n trees were sometimes 
used so extensively when they did come into fruit t ha t they domina t ed 
the m o v e m e n t pa t te rns of mangabeys du r ing this per iod (see below). 

A small n u m b e r of tree species was clearly avoided by mangabeys . 
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TABLE I 
Tree enumeration, Kanyawara 

N o . in R a n k in 
t o t a l N o . p e r m a n g a b e y 

R a n k Spec ie s s a m p l e h e c t a r e d i e t 

1 Markhamiaplaty calyx (Bak. ) S p r a g u e 2 7 5 4 7 59 13 
2 Diospyros abyssinica ( H i e r n ) F . W h i t e 2 4 9 43-09 1 
3 Celtis durandii E n g l . 2 1 5 37-20 2 
4 Funtumia latifolia ( S t a p f ) S t a p f e x S c h l t r . 113 19-55 2 8 
5 Teclea nobilis D e l . 110 19-03 2 4 
6 Uvariopsis congensis R o b y n s & C h e s q u i e r e 104 18-00 15 
7 Bosqueia phoberos Bai l l . 6 9 11-94 4 3 
8 Strombosia scheffleri E n g l . 62 10-73 16 
9 Millettia dura D u n n 30 5 .19 12 

10 Strychnos mitis S. M o o r e 29 5-02 4 4 
11 Celtis qfricana B u r m . f. 27 4 .67 9 
12 Chaetacme aristata P l a n c h . 27 4 .67 36 
13 Dombeya mukole S p r a g u e 2 6 4 . 5 0 — 
14 Parinari excelsa S a b i n e 25 4-33 3 
15 Olea welwitschii ( K n o b l . ) G i l g & S c h e l l e n b . 19 3-29 8 
16 Linocierajohnsonii B a k . 17 2-94 31 
17 Premna angolensis G u e r k e 16 2-77 7 
18 Lovoa swynnertonii B a k . f. 15 2-60 47 
19 Pancovia turbinata R a d l k . 15 2-60 5 
2 0 Mimusops bagshawei S. M o o r e 14 2-42 4 0 
21 Chrysophyllum gorungosanem E n g l . 13 2-25 34 
22 Aningeria altissima 

(A. C h e v . ) A u b r . & P e l l e g r . 12 2-08 2 9 
2 3 Cassipourea ruwensorensis ( E n g l . ) A l s t o n 12 2-08 4 5 
2 4 Trema orientalis (L . ) Bl . 12 2-08 50 
25 Neoboutonia macrocalyx P a x 10 1-73 2 5 
2 6 Fagaropsis angolensis (Eng l . ) D a l e 8 1-38 32 
27 Ficus brachylepis W e l w . ex H i e r n 8 1-38 4 
2 8 Aphania senegalensis ( Ju s s ex B e r n h . ) 7 1-21 21 
2 9 Cordia millenii B a k . 6 1-04 17 
30 Ficus exasperata V a h l 6 1-04 6 
31 Ritchiea albersii G i l g 6 1-04 30 
32 Leptonychia mildbraedii E n g l . 5 0-87 — 
33 Monodora myristica ( G a e r t n . ) D u n a l 5 0-87 2 3 
3 4 Newtonia buchanani (Baker ) G i l b . & B o u t . 5 0-87 22 
35 Symphonia globulifera L i n n . f. 5 0-87 14 
36 Balanites wilsoniana D a w e & S p r a g u e 4 0-69 37 
37 Tabernaemontana holstii K . S c h u m . 4 0-69 4 6 
3 8 Pterygota mildbraedii E n g l . 4 0-69 35 
39 Spathodea nilotica S e e m . 4 0-69 33 
4 0 Pseudospondias microcarpa (A . R i c h . ) 3 0-52 2 6 

{continued) 
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TABLE I {continued) 

N o . i n R a n k in 
t o t a l N o . p e r m a n g a b e y 

R a n k Spec ies s a m p l e h e c t a r e d i e t 

41 Rauvolfia oxyphylla S t a p f 3 0-52 — 
42 Erythrina abyssinica B a k e r 2 0-35 11 
4 3 Fagar a angolensis E n g l . 2 0-35 — 
4 4 Harungana madagascensis L a m . 2 0-35 52 
4 5 Macaranga schweinfurthii P a x 2 0-35 — 
4 6 Mitragyna rubrostipulata ( K . S c h u m . ) H a r v . 2 0-35 — 
47 Sapium ellipticum P a x 2 0-35 — 
4 8 Xymalos monospora ( H a r v . ) Bai l l . 2 0-35 — 
4 9 Apodytes dimidiata E . M e y . 1 0-17 27 
50 Albizia grandibracteata T a u b . 1 0-17 4 9 
51 Ficus eriobotryoides ( K a n t h & B a u c h e ) 1 0-17 10 
52 Ficus natalensis H ö c h s t . 1 0-17 18 
53 Potysciasfulva ( H i e r n ) H a r m s 1 0-17 — 
5 4 Oxyanthus speciosus D . C 1 0-17 — 
55 Blighia unijugata B a k . 1 0-17 20 
56 Ficus mucoso W e l w . ex F i c a l h o 1 0-17 — 
57 Randia urcelliformis H i e r n 1 0-17 — 
5 8 - 7 1 s p . i n d e t . * 4 5 

* 14 species could not be identified ei ther by the a u t h o r or by T . S t ruhsaker . I t is possible t h a t 
a total of fewer than 14 species is involved. 

Frui ts of Balanites, Lovoa, Macaranga, Rauvolfia a n d Strychnos were never 
eaten, a l though they were present a n d eaten by o ther animals . Simi
larly, a n u m b e r of i tems (fruits of Bosqueia, Cordia, Harungana, Pseudo-
spondias a n d Strombosia, a n d flowers of Tabernaemontana, Markhamia a n d 
Spathodea) were ea ten only once or rare ly by young animals a n d never 
by adul ts . Again , fruits of some relatively c o m m o n species (e.g. Teclea) 
were eaten to a m o d e r a t e extent bu t did not seem to be sought ou t by 
mangabeys . 

Moreover , wi th in a species mangabeys general ly select only a single 
par t . Of the 46 tree species used as sources of fruit, flowers, or leaves 
du r ing 1972-73, mangabeys fed on all th ree phytophases of only th ree 
species. Frui ts a n d flowers were used from four, fruits a n d leaves from 
seven, bu t fruits only from 30. 

A n indicat ion of the degree of selectivity for different t ree species 
can be derived from the relat ive n u m b e r of observations of feeding on 
each species, divided by its relat ive a b u n d a n c e as est imated from tree 
enumera t ions . Similar calculat ions can be carr ied ou t for separa te 
phytophases . These selection ratios m a y not , however , be directly com-
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pa rab l e to those avai lable for o ther p r imates (e.g. Clut ton-Brock, 1972; 
Struhsaker , 1975) d u e to differences in me thods of collecting feeding 
d a t a a n d in sample sizes. I n addi t ion , they incorpora te an i m p o r t a n t 
a s sumpt ion : t ha t the a m o u n t of food present pe r t ree d u r i n g the s tudy 
per iod is similar be tween species. T h e r e a re a t least two reasons w h y 
this m a y not be t rue , (a) Size of fruit c rop m a y va ry be tween species. 
D a t a on canopy size a re avai lable for some species (Struhsaker , pers . 
comm.) a n d indica te t h a t m e a n canopy height plus w id th for the largest 
species (e.g. Ficus, Parinari) is roughly twice t h a t for the smaller (e.g. 
Celtis durandii, Diospyros). T h e densi ty of food on a t ree also differs sub
stantial ly be tween species. Li t t le informat ion is avai lable on this, a n d 
it m a y be a major cause of "select ivi ty", (b) Trees m a y fruit a t widely 
vary ing intervals , a n d some of the e n u m e r a t e d trees m a y not be monoe 
cious or reproduct ive ly m a t u r e . For this reason, selection rat ios 
ca lcula ted for fruit a re less satisfactory t h a n those for m o r e p e r m a n e n t 
i tems such as m a t u r e leaves or, possibly, insects. For instance, the 
Ebenaceae , p robab ly inc lud ing Diospyros abyssinica, a re dioecious. I n 
a sample of ten trees checked mon th ly over 50 mon ths , only two 
regular ly bore substant ia l fruit crops (Struhsaker , pers . c o m m . ) ; in 
ano the r sample mon i to red over 13 mon ths , four ou t o f t e n trees fruited. 
If these samples a re representa t ive of the species as a whole , the selection 
ra t io for Diospyros should be mul t ip l ied by as m u c h as f ive—which 
would raise it to 8 th r a n k (see be low) . 

Nevertheless, these selection rat ios provide an a p p r o a c h to u n d e r 
s tand ing the factors under ly ing selectivity by e l iminat ing the effects 
of one var iab le , differential species a b u n d a n c e ; they confirm some, 
t hough not all, subjective impressions of the imp o r t an ce of var ious 
species (Tab le I I ) . 

Diospyros abyssinica, the top r ank ing t ree species in the diet overall 
a n d d u r i n g eight of the 13 mon ths of observat ion, drops to 16th r a n k 
in te rms of its selection ra t io (but see above) . A l though the most 
used Ficus species ranks 4 th in te rms of feeding observat ions, four of 
the five most selected t ree species are Ficus. Fig trees, eight species 
of which together provide the second largest species segment (14-7%) of 
the m a n g a b e y diet , have a c o m m u n a l selection ra t io ten t imes as g rea t 
as t ha t of Diospyros, the only species ea ten m o r e frequently (23-4%) . 
O t h e r species wi th striking changes a re Celtis durandii, falling from 2nd 
place in te rms of t ime spent feeding to 21st in te rms of selectivity; 
Erythrina, rising from 11th r a n k to 3 r d ; a n d Blighia, from 20th r a n k to 
6th . Pe rhaps of equa l interest is the degree of var ia t ion be tween 
selection ratios, which r ange over th ree orders of m a g n i t u d e wi th in 
these 25 species (Tab le I I ) . 

Η 
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TABLE II 
Selection ratios of most-commonly used 25 tree species 

R a n k b y % of 
o v e r a l l s.r. Spec ies d i e t O v e r a l l s.r. F r u i t s.r. I n s e c t s.r. 

Al l figs 14-7 52-46 
1 Ficus congensis 0-7 v e r y h i g h 
2 Ficus eriobotryoides 2-8 161-99 264-08 26-14 
3 Erythrina abyssinica 2-6 75-72 0-64 26 -14 
4 Ficus brachylepis 6-4 46-05 74-99 5-81 
5 Ficus natalensis 0-7 43-70 73-09 2-90 
6 Blighia unijugata 0-7 39-18 66-66 — 
7 Ficus ex asp er at a 3-8 36-92 60-25 3-87 
8 Pancovia turbinata 4-2 15-97 26-75 0-39 
9 Parinari excelsa 6-8 15-67 5-28 45-07 

10 Symphonia globulifera 1-3 15-07 — 4-65 
11 Premna angolenensis 3-7 13-47 5-29 6-53 
12 Olea welwitschii 3-6 11-14 15-79 7-03 
13 Cordia millenii 0-8 7-53 0-21 22-75 
14 Celtis africana 3-5 7-37 2-52 1-94 
15 Newtonia buchanani 0-6 6-78 2-82 14-52 
16 Diospyros abyssinica 23-4 5-38 8-94 0-30 
17 Aphania senegalensis 0-7 5-06 0-55 16-59 
18 Monodora myristica 0-4 4-82 0-26 4-07 
19 Millettia dura 2-4 4-55 0-56 0-29 
2 0 Pseudospondias microcarpa 0-2 3-77 0-43 2-90 

21 Celtis durandii 7-9 2-12 2-90 1-40 

22 Strombosia scheffleri 1-0 0-91 0-03 3-42 
2 3 Uvariopsis congensis 1-1 0-62 1-04 0-03 
2 4 Markamia platycalyx 1-4 0-28 0-18 0-59 
2 5 Teclea nobilis 0-3 0-13 0-12 0-18 

Selection ratios are calculated as follows: 
n o . of feeding observations in species A/ thousand feeding obs. 

no . of enumera t ed trees of species A / h a e n u m e r a t e d 
no . of fruit-feeding obs. in species A/ thousand fruit-feeding obs. 

Overal l s.r. 

Fru i t s.r. 

Insect s.r. 

no . of enumera t ed trees of species A / h a e n u m e r a t e d 
no . of insect-feeding obs. in species A / thousand insect-feeding obs. 

n o . of enumera t ed trees of species A /ha e n u m e r a t e d 
W h e r e n o . of h a enumera t ed =5-78 

no . of thousand feeding observations = 7-670 
n o . of thousand fruit-feeding obs. =4-508 
no . of thousand insect-feeding obs. = 1-990 
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3.2. Intraspecific Dietary Variation 
3.2.1. Differences between groups 
A m o n g groups s tudied in the K iba l e forest, substant ia l quan t i t a t ive 
differences in the species composi t ion of the diet occurred , b u t there is 
no evidence to suggest t ha t these were no t the consequences of local 
vegeta t ional heterogenei ty . However , there a re some less easily ex
p la ined differences be tween the mangabeys s tudied by Cha lmers 
(1968a) a n d those discussed here . Cha lmers ment ions feeding on the 
flowers, shoots a n d fruit of Sapium ellipticum; a l though the t ree is no t 
u n c o m m o n in the Kiba le s tudy area , it was never seen to be used by 
mangabeys . Shoots of Celtis durandii a n d Albizia grandibracteata, used in 
eastern U g a n d a , were avai lable b u t never ea ten in K i b a l e ; no r were 
cul t ivated crops. O n the o ther h a n d , Albiziä a n d especially C. durandii 
fruits, ea ten in Kiba le , a re no t listed as food i tems by Cha lmers . T h u s 
differences in diet be tween groups , l inked to differences in inter- or 
intraspecific compet i t ion , to differences in the a r r ay of o ther foods 
avai lable , or possibly to differences in local t rad i t ion , m a y occur . 

Finally, there m a y be an interest ing t r end towards grea ter depen
dence on leaves (Jones , 1970) a n d lesser use of insects (Cashner , 1972; 
Jones , 1970; pers. obs.) in cer ta in West African popula t ions . 

3.2.2. Differences between age and sex c/asses 
A m o n g mangabeys , substant ia l sexual d imorph i sm a n d a long develop
m e n t a l per iod potent ia l ly al low feeding specialization a n d niche 
differentiation be tween age/sex classes. Differences in diet m a y arise 
as consequences of differing nu t r i t iona l r equ i remen t s as well as of in t ra 
specific compe t i t i on ; bo th factors a re p robab ly of imp o r t an ce to 
mangabeys . However , the con t inua a long which diets have diverged 
a p p e a r no t to inc lude the height a n d locat ion of feeding sites. 

D a t a from M a y to J u n e 1971 indica te no significant differences in 
feeding heights be tween sexes or ages ( Ρ < 0 · 0 5 in all cases), whi le d a t a 
on b r a n c h size use du r ing Ficus brachylepis feeding suppor t the impression 
tha t i tems avai lable to juveni les w h o ven tu re ou t on to small b ranches 
are equal ly avai lable to adul ts w h o b e n d or b reak t h e m off. 

M o t o r pa t te rns used by mangabeys a re highly flexible, a n d none 
was seen to be exclusive to a n y age or sex class. Nevertheless, q u a n t i 
ta t ive differences in feeding behav iour exist. O n the most basic level, 
the a m o u n t of t ime spent feeding or foraging is no t i n d e p e n d e n t of age 
or sex. Adu l t females spend the highest pe rcen tage of t ime feeding, 
followed closely by subadu l t males , wi th adu l t males a n d juveni les 
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spending considerably less (Table III). All combinations of juveniles, 
subadult males, adult males and females differ significantly in this 
respect (adult males/juveniles Ρ<0·05, other combinations Ρ<^0·01) 
except subadult males and females (Ρ>0·05). A substantial degree of 
suckling may compensate for the low feeding time of juveniles; but 
sitting and lying replace feeding in the adult male's time budget. 

T A B L E III 
Age j sex differences in feeding 

A d u l t 
o* 

A d u l t 
9 J u v e n i l e 

% T i m e s p e n d f eed ing 41-0 48-9 37-5 
% F e e d i n g t i m e o n : 

l eaves / l ea f b u d s 5-4 5-2 5-8 
b a r k / p i t h 3-9 3-3 3-7 
flowers/flower b u d s 3-2 3-3 3-7 
f ru i t 66-7 55-2 59-1 
insec ts 17-1 29-9 25-4 

(i) " e p i p h y t e s " 7-9 15-2 12-3 
(ii) " d e a d w o o d " 3-6 5-5 3-2 

(iii) " d e a d b a r k " 2-1 1-7 1-4 
(iv) " s t i c k s " 1-7 3-4 3-5 
(v) " l e a f d e b r i s " 1-2 1-7 1-4 

(vi) " l i v e l e a v e s " 0-6 1-6 2-6 
(vii) " b a r e s u r f a c e s " 0 4 0-4 0-5 

Diospyros abyssinica 30-9 20-3 20-4 
Celtis durandii 8-2 7-5 8-3 
Parinari excelsa 5-6 7-4 6-5 
Ficus brachylepis 5-0 7-0 6-3 
Pancovia turbinata 3-9 4-2 4-8 
Ficus exasperata 4-2 3-7 3-6 
Premna angolensis 3-3 4-0 3-5 
Olea welwitschii 4-2 3-6 2-8 
Celtis africana 4-5 3-5 1-2 
Ficus eriobotryoides 3-3 2-4 3-0 

Age and sex classes also differ in the extent to which they utilize 
different food types. While juveniles, adult females, and adult males do 
not differ significantly in the proportion of leaves in their diet, both 
age- and sex-specific differences occur in fruit, flower, bark and insect 
feeding. 

Among adult males, a greater proportion of "feeding" scan records 
involves fruit (Ρ<^0·01—but note that as a proportion of total time 
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budge t , the a m o u n t of fruit-eating by males a n d females is similar) a n d 
ba rk (P<0*01) a n d a lesser p ropor t ion involves insects (P<^O01) , t h a n 
a m o n g adu l t females. Flowers a re ea ten to similar extents . A n i m p o r t a n t 
factor under ly ing some of these differences is p r o b a b l y the g rea te r size 
a n d s t rength of males a n d par t icu la r ly of ma le dent i t ion . Th is in ter
p re ta t ion is suppor ted by the fact tha t , a l t hough female par t ic ipa t ion 
is grea ter in near ly all classes of insect foraging, differences a re slight 
be tween the degree of foraging in d e a d wood a n d males ac tual ly forage 
in d e a d ba rk m o r e often (Tab le I I I ) . S t r ipp ing live a n d d e a d ba rk a r e 
obviously s t renuous activities, a n d these types of feeding involve 
extensive use of the heavy incisors a n d canines . T h e lower frequency of 
bark-s t r ipping ( Ρ < 0 · 0 1 ) or of foraging in d e a d ba rk a n d especially 
wood ( Ρ < 0 · 0 1 ) by juveni les , as c o m p a r e d wi th adu l t females, unde r 
scores the i m p o r t a n c e of size a n d s t rength in these activities. 

T h e more extensive foraging for insects by females, par t icu lar ly 
a m o n g epiphytes a n d leaf interstices, m a y on the o ther h a n d be re la ted 
to increased pro te in requ i rements . Juveni les , wh ich migh t also be 
expected to requ i re relatively h igh pro te in in take , also spend a h igher 
p ropor t ion of feeding t ime t h a n males in insect foraging ( P < O 0 1 ) . 
P regnan t , lac ta t ing a n d acyclic females have no t yet been c o m p a r e d 
directly in this respect . 

Juveni les eat relatively more flowers t h a n ei ther females ( Ρ < 0 · 0 1 ) 
or males ( Ρ < 0 · 0 5 ) ; forage more by bi t ing a t leaves t h a n ei ther sex 
( P < O 0 5 , females; P < | O 0 1 , ma le s ) ; a n d crush l ianas a n d sticks 
relatively more frequently ( Ρ < 0 · 0 1 , ma les ; n. s., females). I n o ther 
aspects of feeding, juveni les are in t e rmed ia te be tween adu l t males a n d 
females (Tab le I I I ) . 

T h e relat ive frequencies wi th which individuals of different age/sex 
categories feed on the ten most f requent ly used t ree species have been 
calcula ted (Tab le I I I ) . Juveni les differ only in feeding rare ly on Celtis 
africana, a reflection of their infrequent bark-s t r ipp ing . Males however , 
differ surprisingly in their use of several species. Males spend relatively 
more t ime eat ing Ficus eriobotryoides ( Ρ < 0 · 0 5 ) a n d Parinari ( Ρ < 0 Ό 1 ) 
t h a n do females, bu t substant ia l ly less ea t ing Ficus brachylepis ( Ρ < 0 · 0 1 ) . 
Increased concent ra t ion by females on F. brachylepis could be a m a n i 
festation of the relatively grea ter impor t an ce of insects in their diets 
(see p . 199). Mos t striking are differences in feeding on Diospyros, the 
most intensively used species a m o n g all age a n d sex classes. Diospyros 
fruits accounted for 2 0 - 3 % of adu l t female, 2 0 - 4 % of juveni le , b u t 
3 0 - 9 % of adu l t ma le diets ( Ρ ^ 0 · 0 1 for differences be tween males a n d 
bo th o ther classes). Th is major d ie ta ry difference migh t reflect e i ther 
(i) differing nu t r i t iona l r equ i r emen t s ; (ii) a superior ma le capabi l i ty 
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of uti l izing ei ther h a r d Diospyros seeds or the extremely bi t ter Diospyros 
pe r i ca rp ; or (iii) an abili ty of adu l t males to displace o ther mangabeys 
from a preferred food source. Direct supp lan ta t ion was, however , 
rarely observed. 

3.3. Characteristics of Favoured Trees 
W h a t traits do intensively util ized or highly selected trees sha re? 
Plausible answers can readi ly be proposed for species which are 
commonly used for insect foraging. T h e most highly selected of these 
trees, Parinari, is extremely large, wi th an extensive b r a n c h surface a rea 
bear ing heavy loads of moss a n d epiphytes . Newtonia, some Ficus species 
a n d Erythrina, also wi th high selection ratios, a re similar in possessing 
ei ther large b r a n c h areas, dense epiphyte loads, or bo th . C o m m o n trees 
which are rarely used for insect foraging (e.g. Diospyros, Celtis spp.) a re 
general ly those which ma in t a in their surfaces relatively epiphyte-free. 

I t is more difficult to general ize a b o u t trees used for leaves, flowers, 
or fruits (see T a b l e I I I ) . These species do not cluster in to any obvious 
taxonomic groups (except the figs). Forest edge (Millettia, Erythrina) as 
well as p resumed cl imax species (Parinari) a re used, as are trees occur
r ing on dry r idgetops (Diospyros) a n d poorly d ra ined lower slopes 
(Symphonia). M a n g a b e y s do, however , t end to choose relatively con
cen t ra ted food sources. Frui ts less t h a n 0-5 cm in d iamete r are rare ly 
ea ten unless they occur in bunches (e.g. Urera). Moreover , most of the 
highly selected tree species bear very dense fruit crops a n d are 
themselves large trees (Blighia, Ficus, Parinari), or spatially c lumped {Pan-
covia, Diospyros, Celtis durandii) or bo th (Ficus exasperata) (Waser, u n p u b 
lished d a t a ; Struhsaker , pers. c o m m . ) . Near ly all heavily-used tree 
species which are thinly-dis t r ibuted are also large. M a n y such ra re 
species, which form a substant ia l p ropor t ion of the m a n g a b e y diet 
(Table I I ) , also fruit asynchronously or non-seasonally (Waser, 1974, 
1975). 

3.4. Possible Causes of Selectivity 
Unt i l considerably more information is avai lable on the nu t r i t iona l 
composit ion of foods in the Kiba le forest, the nu t r i t iona l r equ i rements 
of mangabeys , a n d the physiological abil i ty of mangabeys to utilize 
nut r ients in their na tu ra l ly occurr ing forms a n d combinat ions , only 
speculat ion concern ing the u l t imate causes of selectivity is possible. 
Concen t ra t ion by mangabeys on reproduct ive r a the r t h a n vegetat ive 
p lan t par ts has obvious nut r i t iona l consequences. Is the high fruit 
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conten t of the m a n g a b e y diet re la ted to the energet ic r equ i rements of 
this mobi le species? Age/sex classes mus t also differ in energy requ i re 
ments , d u e to differences in the types of activity engaged in, or in 
metabol ic or locomotory efficiency (e.g. be tween adul ts a n d juveni les) . 
Are differences in the in take of different p l an t species a n d par t s cor
re la ted wi th their con ten t of sugars or c a rbohydra t e s? Again , the 
relat ive concent ra t ion on insect foraging by juveni les a n d females seems 
reasonable in te rms of pro te in requ i rements , bu t to w h a t extent a re the 
h igh concent ra t ions in insects of cer ta in minerals , v i tamins , or even 
wa te r involved ? 

A mangabey ' s abil i ty to acqu i re an op t ima l ba lance of nu t r ien ts is 
l imited by a t least two factors: interspecific compet i t ion , a n d its abil i ty 
to find a n d harvest food i tems a n d to process t h e m digestively. I n the 
Kiba le forest, compet i t ion is potent ia l ly intense, since near ly every p l an t 
p a r t uti l ized by mangabeys is also t aken by th ree or more o the r 
p r i m a t e species, a n d m a n y are t aken by squirrels, bats , noc tu rna l 
prosimians a n d viverrids, turacos , hornbil ls , par ro ts a n d colombids . 
Similarly, insect foods a re t aken to some extent by m a n y insectivorous 
birds (notably wood hoopoes) , by all th ree Cercopithecus species, a n d by 
Colobus badius. 

Nevertheless, p r imates in the K iba l e forest have not general ly re 
sponded by becoming ex t reme specialists. Half -hour ly scans of feeding 
sites in a Ficus brachylepis, t aken d u r i n g 132 observat ion hours spann ing 
the ent i re fruiting cycle, ind ica te slight differences be tween the four 
major p r i m a t e species using this t ree (Fig. 6) . Cercopithecus ascanius 
tends to feed slightly lower in the t ree , C. mitis a n d mangabeys slightly 
h igher ; ch imps feed pr imar i ly on large b ranches a n d only on very r ipe 
fruit. But none of these species was confined to a n a r r o w range of 
feeding sites a n d the two most extensive users of the t ree, C. mitis a n d 
Cercocebus albigena, d id no t differ significantly ei ther in feeding he ight 
d is t r ibut ion ( P > O 0 5 ) or b r a n c h size dis t r ibut ion ( Ρ > 0 · 0 5 ) . T h e si tua
t ion in large Ficus trees seems no t a typical . A l though interspecific 
differences in selection of food species, types a n d sizes, feeding heights 
a n d locations clearly occur, most tolerances a re b r o a d a n d substant ia l 
interspecific over lap in these pa rame te r s results. 

O n e of the few foraging techniques which appea r s to be exclusive to 
mangabeys is bark-s t r ipping. Whi l e Celtis africana ba rk is qu i te sweet, 
a n d thus p robab ly bo th usable a n d va luab le to o ther species, none of 
t h e m appea r s to be able to str ip it. Th i s m a y be a direct consequence of 
C. albigena's heavy j a w muscu la tu re a n d s t rong dent i t ion , suggested by 
Cha lmers (1968a) a n d H a d d o w (1952) to be i m p o r t a n t in the use of 
several types of h a r d seeds elsewhere in U g a n d a , a n d it m a y allow 
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mangabeys to take otherwise unut i l ized Disopyros seeds in Kiba le . Again , 
fruits of Mondora can be opened by mangabeys , bu t Cercopithecus 
ascanius or C. mitis have not been observed to open t h e m ( R u d r a n , pers. 
c o m m . ; Struhsaker , pers. comm.) yet these species eat from opened 
Monodora fruits a n d m a y wai t nea rby while mangabeys open a n d feed 
on them, tak ing the contents r ema in ing after the mangabeys leave 
(pers. obs.) . Finally, similar factors p robab ly under l ie the success of 
mangabeys in ob ta in ing insects from dead wood or u n d e r dead bark , 
microhabi ta t s here vir tual ly unexploi ted by o ther insectivorous 
pr imates . 

O n the o ther h a n d , mangabeys m a y lack the abil i ty or dexter i ty to 
cap tu re cer ta in classes of insects more readi ly taken by the smaller 
Cercopithecus species. T h e lower p ropor t ion of insects taken by m a n g a b e y 
adul ts from bare surfaces a n d leaves (Tab le I I I ) is consistent wi th their 
more efficient ut i l izat ion by smaller an imals , e i ther m a n g a b e y juveni les 
or o ther species. 

Consider ing the wide r ange of fruits taken by mangabeys , it seems 
possible t ha t those species specifically avoided m a y be toxic to t hem, a 
speculat ion suppor ted by the fact t ha t two of t hem, Strychnos mitis a n d 
Rauvolfia oxyphylla, belong to genera no tab le for the alkaloids occur r ing 
in o ther species (e.g. Pa lmer a n d P i tman , 1972). Nevertheless, o ther 
p r imates appa ren t ly have the abili ty to han d l e fruits of these species 
(pers. obs.) a n d the ex t reme bitterness of m a n y favoured m a n g a b e y 
foods implies t ha t mangabeys also a re able to h an d l e some potent ia l ly 
toxic compounds . T h e surprisingly large s tomach, intest ine a n d pa r 
t icularly caecum of C. albigena (Jones , 1970) is of interest in this regard . 
I t is t emp t ing to suggest t ha t different cercopithecines migh t specialize 
in degrad ing or detoxifying different classes of chemical ly-related 
compounds . Such species-specific specializations would influence the 
stage of ripeness or deve lopment a n d the ra te at which i tems could be 
taken, as well as account ing for the total absence of cer ta in i tems from 
some species' diets. 

Again , one m a y wonde r how i m p o r t a n t species-specific differences 
in abili ty to find a n d recognize different food sources m a y be. C a n 
mangabeys bet ter r e m e m b e r the location of dis tant food sources or 
an t ic ipa te fruiting t ime for those fruiting at long in tervals? C a n they 
bet ter in te rpre t the cues provided by o ther an imals or by the p lants 
themselves which m a y indica te or predic t the presence of food ? C a n 
they more quickly recognize fruits jus t reach ing ripeness, or likely to 
conta in insects? C a n some pr imates more rapid ly a d a p t to novel food 
sources a n d thus exploit ra re a n d unusua l ones? H a s l iana-spli t t ing, 
p resumably wi thin the manipu la t ive capabil i t ies of the Cercopithecus 
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species, never been learned by t h e m ? Such behav ioura l (and u l t imate ly 
neura l ) factors m a y be as i m p o r t a n t as the more obvious morphologica l 
ones in de t e rmin ing w h a t food types a species successfully utilizes. 

N a r r o w i n g the r ange of i tems taken is one way, bu t no t the only 
way, of escaping compet i t ion . Some of the behav ioura l abilities m e n 
t ioned above , for ins tance, m a y reduce compet i t ion while increasing 
the r ange of i tems wi th in which a species can switch. Final ly, the 
d y n a m i c pa t t e rn of food avai labi l i ty in t ropical forests m a y allow 
cer ta in species to coexist even w h e n compet i t ion is in te rmi t ten t ly 
intense. Such factors a re p robab ly of grea t imp o r t an ce to m a n g a b e y s 
( seep . 2 2 0 ) . 

4. T E M P O R A L PATTERNING OF FOOD CHOICE 

4.1. Short-term Patterning 
A m a n g a b e y g r o u p general ly feeds ei ther w h e n s ta t ionary, wi th its 
member s scat tered t h roughou t one or several fruiting trees for per iods 
of half an hou r or more , or else in a foraging progression, d u r i n g which 
m e m b e r s advance g radua l ly on a b r o a d front, feeding oppor tunis t ica l ly 
on i tems in their p a t h a n d spending only short periods in any given t ree . 
These two pa t t e rns usually a l t e rna te , a l though occasionally m o v e m e n t 
be tween feeding trees takes the form of a rap id , single-file progression 
(see also be low) . I t is r a r e for the g r o u p to feed more t h a n an h o u r or 
two in any one t ree, so t ha t a whole flower or fruit c rop is never deple ted 
in one sitting. 

Often, however , a g roup will revisit the same tree on succeeding days, 
a n d cases of near ly comple te des t ruct ion of a tree 's flower or fruit c rop 
over a per iod of weeks were observed. T h e l imited n u m b e r of i tems 
reach ing the p rope r stage of ripeness, r a the r t h a n a l imit on the a m o u n t 
of a single food i tem mangabeys can h a n d l e digestively, seems a p r i m a r y 
reason for this. A g r o u p will often leave one t ree after an h o u r to move 
to a n e a r b y conspecific, con t inu ing to feed on the same i tem. Occas ion
ally, individuals i n t e r rup ted bouts of feeding in a major food source 
for brief feeding excursions in to ne ighbour ing trees. T h e possibility t h a t 
shor t - te rm diversity in diet is preferred or physiologically r equ i red can
no t be ru led o u t ; d ie ta ry diversity wi th in days is as g rea t as t h a t over 
longer periods. I n addi t ion , I h a d the impression t h a t cer ta in foods 
t ended to be ea ten in combina t ion , a l though this m a y have been d u e 
only to a t endency for the species involved to be spatial ly associated. 
N o t endency to concen t ra te on different food sources on subsequent 
days was no t iced ; no r was there a n y t endency to feed on cer ta in i tems 
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at cer ta in t imes of day , except for a h igh probabi l i ty of re t i r ing a t n igh t 
wi th fruit-filled cheek pouches . 

4.2. Seasonal and Longer-term Patterning 
Al though food species changed over the year , seasonal t rends were no t 
a p p a r e n t in the a m o u n t of t ime spent feeding, percentage of different 
food types in the diet, or o ther d ie tary indices (Waser, 1975). I n large 
pa r t , this is a consequence of the t empora l pa t t e rn of fruiting of major 
food species. T h e impor t ance of trees fruiting a t long or i r regular 
intervals (Waser, 1975) is underscored by several obvious characterist ics 
of the m a n g a b e y diet . Few species or i tems are ea ten to the same extent 
in successive seasons or years. For instance, C. africana ba rk formed 
1 9 % of the diet in M a y a n d J u n e 1971, a n d a similar percentage 
in Sep tember 1974, bu t only 2*9% (with a m a x i m u m of 8 % in any 
mon th ) du r ing 1972-73. Feeding on Diospyros r eached a low dur ing 
Sep tember to Oc tobe r 1973, mon ths d u r i n g which its use was extensive, 
a n d increased d u r i n g 1974. Fagaropsis fruits formed the 3rd r ank ing 
die tary i tem (13-4%) d u r i n g M a y a n d J u n e 1971, b u t r eached only 
32nd r ank (0-1%) d u r i n g all of the 1972-73 s tudy (see Waser , 1975, for 
o ther examples) . I n m a n y cases, species or i tems m a y not be used a t all 
for intervals of a year or possibly m u c h longer. Feeding on Platycerium 
young leaves a n d Celtis durandii bark , for instance, was observed d u r i n g 
1971 b u t no t aga in unt i l Augus t 1974. D u r i n g Augus t to O c t o b e r 1974, 
the ma in s tudy g roup a te the fruits of six species ( including three l ianas, 
Fagar a angolensis Engl . , a n d Ficus stipulifera Hu tch . ) a n d young leaves 
of one (Bligkia unijugata) from which these i tems h a d not been taken 
before. Seven new species were used as substrates for inver tebra te 
foraging. This r a t e of acquisi t ion of " n e w " species is only slightly lower 
t h a n tha t observed du r ing the ma in study. T h u s , m a n y addi t ional food 
types, which were seldom or never used—or which, d u e to i r regular 
fruiting pa t te rns , were simply non-existent du r ing the s tudy per iods— 
m a y nevertheless be of considerable impor t ance on occasion. 

5. R E S O U R C E S A N D R A N G I N G PATTERNS 

T h e rar i ty , large size (or spatial c lumping) , a n d asynchronous fruiting 
of m a n y preferred m a n g a b e y food trees, combined wi th the fact t ha t 
fruit persists on m a n y of t h e m for short periods a n d m a y be edible even 
more briefly, results in sequential ly avai lable a n d concent ra ted food 
sources which are likely to be separa ted by considerable distances. I n 
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their s t rategy of h a b i t a t usage, mangabeys mus t deal wi th a t least the 
following aspects of their food supp ly : (a) large, t e m p o r a r y concen t ra 
tions of food; (b) widely separa ted , relat ively r a r e t rees ; a n d (c) long, 
var iab le , a n d possibly unpred ic t ab le intervals be tween fruit avail
abil i ty in any given locat ion. 

T h e im por t ance of single, large, widely-scat tered trees is reinforced 
by examina t ion of the shor t - te rm r ang ing pa t t e rns of mangabeys . 
Areas of intensive use by mangabeys a re scat tered t h roughou t their 
h o m e range , r a the r t h a n being concen t ra ted in a cent ra l " c o r e " area , 
a n d their locations correspond to those of large fruiting trees (Waser, 
1974, 1976). D a t a on h a b i t a t use d u r i n g two t en -day periods in 1972 
(Figs 7 a n d 8) i l lustrate the shor t - te rm p a t t e r n of m a n g a b e y movemen t s 
(see also Waser , 1975; Waser a n d Floody, 1974). Dis t r ibut ion of t ime 
in q u a d r a t s is strongly skewed d u r i n g most m o n t h s ; for ins tance, one 
q u a d r a t ou t of the 181 used accoun ted for 9 % of the scan records in 
M a y , a n d one out of 129 accoun ted for 1 6 % in Sep tember . T h e most 
heavily-used q u a d r a t in each mon th ly sample per iod usually r anked 
first by a substant ia l ma rg in and , in ten ou t of 12 mon ths , could be 
t raced to a single large fruiting t ree {Ficus brachylepis, F. exasperata, F. 
eriobotryoides, F. congensis, Blighia unijugata, Olea welwitschii, Diospyros 
abyssinica). T h e exceptions were M a r c h 1973, d u r i n g which t ime 4 4 - 8 % 
of the diet was fruits of Pancovia turbinata, a small synchronously-
fruiting unders torey t ree wi th a very c lumped d is t r ibut ion; a n d Decem
ber 1972, w h e n no large fruiting trees were found by the g roup . 

Subjectively, the m a n g a b e y m o v e m e n t p a t t e r n appears to be cen t red 
on a large fruiting tree, which the g r o u p repea ted ly visits over periods 
of days or weeks while covering the su r round ing areas m u c h m o r e 
evenly. I n Sep tember , the g roup spent several hours each d a y in one 
Ficus eriobotryoides, supp lemen ted by movemen t s (still extensive) which 
resulted in r a the r systematic coverage of all the a rea wi th in a b o u t 
500 m o f t h a t t ree (Fig. 7). I n M a y (Fig. 8) the pa t t e rn was similar, 
wi th one long excursion ou t of the vicinity of the " foca l" t ree, looping 
back to it a d a y later . T h e a rea wi th in several h u n d r e d metres of the 
focal tree general ly conta ins a var ie ty of the smaller, m o r e c o m m o n 
species in which mangabeys often took fruit, or foraged for inver te
brates . 

W h e n food resources from one such t ree were exhausted, a n d no 
others h a d been located n e a r b y d u r i n g this p a t t e r n of shor t - range 
excursions, the g roup often left the a rea entirely, searching widely 
over its h o m e r ange unt i l it found ano the r similar t ree . I n December , 
for ins tance, the g r o u p circled vir tual ly its ent i re h o m e r ange in six 
days. 
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FIG. 7 . D i f f e r e n t i a l u s e o f s p a c e b y m a i n s t u d y g r o u p , 1 - 1 0 S e p t . 1 9 7 2 . E a c h b l o c k o f s i x 
c h a r a c t e r s r e p r e s e n t s a 5 0 χ 5 0 m q u a d r a t , w i t h o p t i c a l d e n s i t y o f c h a r a c t e r s p r o p o r t i o n a l t o 
t h e n u m b e r o f m a n g a b e y s s i g h t e d t h e r e d u r i n g s c a n s . F o r e s t e d g e a n d s t r e a m s a r e i n d i c a t e d 
b y d o t t e d l i n e s . 

FIG. 8 . D i f f e r e n t i a l u s e o f s p a c e b y m a i n s t u d y g r o u p , 1 - 1 0 M a y 1 9 7 2 . C o n v e n t i o n s a s i n 

F i g . 7 . 

This in te rpre ta t ion of m a n g a b e y rang ing pa t te rns , pieced together 
largely from observations du r ing t en-day blocks, is suppor ted by 
several unusua l aspects of observed movements . First, if this p ic ture 
is correct , we would expect the group ' s net straight-l ine d isp lacement 
be tween subsequent days to be relatively small while it forages in a 
resource " p a t c h " , b u t on those ra re r days while the g r o u p searches 
for or moves to a new pa tch , the d isp lacement should be m u c h longer. 
T h e expected b imoda l dis t r ibut ion is indeed found (Fig. 9) . 

Second, a plot of cumula t ive h o m e range size would be expected to 
level off quickly as mangabeys forage wi th in a fig-centred pa tch , then 
to rap id ly increase as a per iod of search for a new tree begins, levelling 
aga in after the new p a t c h is found. Cumula t ive h o m e range size 
measured over a per iod of 40 days in 1971-72 shows jus t such a step 
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FIG . 9. Net s t raight- l ine displacements of the m a i n s tudy g roup over 24-hour per iods, 
M a y 1972-Apri l 1973. 

pa t t e rn , inc luding th ree separa te steps each 1 to 2 weeks long (Waser 
a n d Floody, 1974). O v e r a longer per iod, such a pa t t e rn would explain 
the surprising finding t h a t cumula t ive h o m e r a n g e size cont inues to 
increase at a bare ly d iminished r a t e even after a year ' s s tudy (Waser , 
1974, 1976). 

Finally, this pa t t e rn explains the h o m e r ange sizes found a m o n g 
mangabeys , which in the K iba l e a re enormous . T h e a rea of 4-1 k m 2 

used in 1972-73 (not 140 ha , as incorrect ly publ i shed in Wase r a n d 
Floody, 1974) is several t imes t h a t of a n y o ther K iba le forest monkey 
or of most o ther forest p r imates . 

I n add i t ion to forming an efficient s t ra tegy for the discovery a n d 
uti l izat ion of large fruiting trees, the m a n g a b e y p a t t e r n of m o v e m e n t 
lends itself well to the exploi ta t ion of sedentary inver tebra tes . O n c e 
a m a n g a b e y has peeled off the moss or d e a d ba rk or to rn a p a r t t he 
ro t ten wood or epiphytes conceal ing such inver tebra tes , it seems 
unlikely tha t m a n y of t h e m have m u c h chance for survival. Since few 
have any effective means of escape o ther t h a n concea lment , mangabeys 
p robab ly take most of t h e m ; those which fall or a re d r o p p e d by 
mangabeys p robab ly have poor chances of m a k i n g their w a y back to 
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the microhabi ta t s in which they can survive. F u r t h e r m o r e , the renewal 
ra te of such insects is p robab ly low, for several reasons. First, where 
mangabeys destroy the sites originally inhab i ted , these m a y not be 
readi ly replaced (until ano the r hollow l iana or layer of moss grows, or 
unt i l ano the r b r a n c h dies a n d rots) . Some t ropical epiphytes grow 
extremely slowly due to their nu t r ien t -poor env i ronment ( J anzen , 
pers. c o m m . ) . Secondly, even w h e n p roper mic rohab i t a t exists, it m a y 
not be colonized rapidly , d u e to the poor dispersal capabil i t ies of 
m a n y of the re levant organisms and , possibly, their specialized h ab i t a t 
requi rements . T h u s there will be little poin t in covering the same 
area again unt i l considerably later in t ime, a n d this is w h a t mangabeys 
do . 

6. R E S O U R C E S , G R O U P S T R U C T U R E A N D G R O U P 
SIZE 

T h e spread of individuals wi thin m a n g a b e y groups is usually high, a n d 
spatial subgroups are occasionally formed, possibly in response to the 
spatial dis t r ibut ion of food (Waser a n d Floody, 1974). For instance, 
subsets of the g roup can aggregate s imultaneously a t two or more 
fruiting trees, sometimes as m u c h as 500 m a p a r t ; or they m a y be more 
evenly dispersed across 100-200 m w h e n foraging for insects. T h e 
prox imal forces ma in ta in ing these p resumably adap t ive pa t te rns of 
in ter individual spacing are likely to be social. M o v e m e n t a long a b r o a d 
front, p robab ly an efficient means of h u n t i n g bo th for thinly d is t r ibuted 
insects a n d widely scat tered fruiting trees, places little emphasis on 
leadership of the g roup by par t i cu la r individuals , a n d this again m a y 
have social consequences. O n the o ther h a n d , the occasional t endency 
for the g roup to follow cer tain individuals on long, r ap id movements to 
new food sources, as well as the observat ion t ha t these individuals some
times w a n d e r extensively in areas far from the rest of the g roup (Waser, 
1974; Waser a n d Floody, 1974) m a y be re la ted to the finding of 
i m p o r t a n t b u t thinly-scat tered resources. T h e re tent ion in the g roup of 
individuals (of bo th sexes) past their reproduct ive p r ime (Waser, in 
p rep . ) , as well as the unusual ly high level of m a n y types of i n t r a g r o u p 
social interact ions, m a y be favoured by the need to re ta in a n d t ransmi t 
information concerning ra re a n d seldom-avai lable food plants . Aspects 
of the t empora l a n d spatial dis t r ibut ion of resources have also been 
suggested to effect the p a t t e r n of in t e rg roup spacing found in mangabeys 
(Waser, 1974, 1976). 

Food m a y have a r a the r more direct effect on g roup size. For a 
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uniform food dis t r ibut ion, doub l ing the size of a g r o u p will doub le the 
a rea over which it mus t move to feed itself. T h e energy requ i red for 
foraging will thus be increased for individuals wi th in a g roup , a l though 
individuals m a y minimize the increase by foraging in a dispersed a r ray . 

W h e n resources are no t uniform, however , an increase in g r o u p size 
need not necessarily car ry energet ic penal t ies . W h e n food is c l umped 
so t ha t more is avai lable in a small a rea t h a n can be used by one 
an ima l , a second can jo in h i m there , a n d if such food aggregat ions 
are sequent ia l a n d scat tered in space, two individuals will have to cover 
the same dis tance as one to exploit t hem. Effects of g r o u p size on 
energetic costs of foraging in mangabeys can be empir ical ly assessed by 
measu r ing the distances moved pe r d a y by different sized groups , or 
by measur ing the pe rcen tage of t ime spent moving . 

D a t a from six groups , r ang ing in size be tween six a n d 28 animals , a re 
avai lable . T h e assumpt ion is m a d e tha t these groups a re exploi t ing 
food supplies of equivalent densities, which seems reasonable since the S 
a n d Μ g roup d a t a are t aken from movement s in an a rea of r ange 
over lap, a n d the D S a n d S H ranges are also par t ly over lapping . 

T h o u g h the d a t a a re based on a small sample of groups , it is clear 
t ha t (a) dis tance moved per d a y increases wi th increasing g roup size, 
a n d (b) the relat ionship is not l inear (Fig. 10). T h e d a t a in Fig. 10 a re 
echoed by figures for the Μ a n d S groups in 1974, w h e n the larger Μ 
g r o u p moved a n average of 150 m per d a y farther. Activity samples for 
these two groups in 1972 a n d 1974 indica te t ha t the Μ g roup spent 
5 - 1 0 % more t ime moving d u r i n g both years . 

If the dis tance which h a d to be moved were direct ly p ropor t iona l 
to the n u m b e r of individuals in the g roup , addi t ion of each n e w 
m e m b e r to the Μ g r o u p would requ i re it to move an ext ra 75 m per 
day . D a t a from the 28 -member S H g roup indica te t ha t increases in 
g roup size above 15 m e m b e r s m a y result in increases in dai ly m o v e m e n t 
of this order . For smaller groups , however , the re la t ionship does no t 
hold well, the 12-member DS g roup a n d par t icu lar ly the s ix-member 
S g r o u p t ravel l ing far ther t h a n they should. Ex t rapo la t ing back, we can 
see t ha t a g r o u p of even one m a n g a b e y would have to move substant ia l 
distances d u r i n g the day . A least squares fit to the six means gives a 

j ; ( l ) =-= 600 m ; inc lud ing only the smaller five groups g i v e s j ( l ) =̂= 800 m. 
These figures indica te t ha t u p to a g r o u p size of 12 to 15 animals , 

the energetic costs to g roup m e m b e r s of a d d i n g a new m e m b e r (and 
pe rhaps the costs to a n o n - m e m b e r of jo in ing) a re relatively sl ight; 
above this size, the costs m a y become ab rup t l y greater . Assuming t ha t 
there a re o ther benefits of sociality which can overcome the small 
energetic cost of foraging slightly longer distances, we migh t then 
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FIG. 1 0 . Distance moved per day (daily range) as a function of group size (mean and s.d.). 
Groups involved, in order of increasing size, are: S ( 1 0 days' data); WR (1 day); DS (3 days); 
M, 1 9 7 2 - 3 ( 1 0 7 days); M, 1 9 7 1 ( 2 2 days); SH (5 days). See Waser ( 1 9 7 4 ) for a description of 
the methods used in measuring these daily ranges. 

expect a m o d a l g roup size for the species to be a b o u t 15 animals . 
La rge r groups would gain substantial ly by split t ing. A l though d a t a are 
few, such a cent ra l t endency is a p p a r e n t in the species as a whole 
(Cashner , 1972; Chalmers , 1968a; J o n e s a n d Saba te r Pi, 1968; 
Struhsaker , 1969; Waser , unpubl i shed d a t a ) . 

As has been a rgued , foraging in groups will no t be costly so long 
as the size of g roup does not exceed the capaci ty of these food pa tches 
( K u m m e r , 1971). If the g roup exceeds this size, it will do bet ter to 
split ei ther t emporar i ly or pe rmanen t ly . I n mangabeys , a var ie ty of 
tree sizes is used ; in smaller trees, feeding part ies m a y tempora r i ly 
separate , a n d this separa t ion is one factor responsible for h igh g r o u p 
spread. I t migh t be a rgued t h a t since small trees are usually c o m m o n 
(e.g. Diospyros, Celtis) or c lumped (Pancovia), the g roup as a whole is 
rarely requi red to move far to the next one , a n d foraging in a few more 
trees should no t impose substant ia l costs. Nevertheless, d a t a from the 
S a n d Μ groups show a clear t endency for increasing aggression in 
small food pa tches wi th increasing g roup size; the ra te of observed 

250Qr 
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chases or displacements in fruiting Diospyros trees was three t imes as 
h igh in the larger g roup . Moreover , the objection does no t app ly to 
large, scat tered trees, of which more t h a n one will no t often be fruiting 
in close proximity . A l though all m e m b e r s of the Μ g r o u p were some
times seen to feed wi th in a single Ficus, such was no t the case wi th even 
the largest trees for the 28 -member S H g roup . T h e need to visit larger 
n u m b e r s of such widely separa ted trees m a y account for the substan
tially longer distances moved by this g roup . 

7. D I S C U S S I O N 

T h e h o m e range of one m a n g a b e y g roup is es t imated to con ta in 
100 000 trees over 10 m high, only a very small n u m b e r of which 
represent significant sources of food a t any given t ime. A p r e m i u m is 
obviously p laced on means of acqui r ing , t r ansmi t t ing a n d re ta in ing 
information concern ing the locat ion a n d t iming of food concent ra t ions , 
a n d on their efficient use. 

K iba le forest mangabeys have become efficient followers of evan
escent food supe rabundances , shifting errat ical ly over several square 
kilometres of forest. Considerat ions of food dis t r ibut ion d o m i n a t e their 
m o v e m e n t pa t t e rns a n d have ramificat ions for the t empora l pa t t e rn ing 
of activities, the n u m b e r a n d dis t r ibut ion of individuals in a g roup , a n d 
the n a t u r e of bo th in t ra - a n d in te rg roup social interact ions. 

I n h o m e r ange size, r ang ing pa t te rns , a n d popula t ion density, 
mangabeys differ radical ly from sympat r ic omnivorous pr imates (e.g. 
Waser a n d Floody, 1974). H o w do these pr imates coexist while m a i n 
ta in ing considerable over lap in diet , a n d w h y do they demons t r a t e such 
differences in r ang ing ? 

I t is possible tha t , despite extensive feeding over lap , subtle differences 
such as the type of insects exploited allow mangabeys , Cercopithecus 
mitis, C. ascanius a n d Pan troglodytes to coexist. I f the factors l imit ing 
popula t ions of these species differ slightly, each species m a y exhibi t 
compet i t ive superiori ty in a small subset of resources, al lowing co
existence despite the c o m m o n use of most of t hem. For instance, a t 
fig a n d o ther major fruiting trees, mangabeys a re near ly always able 
to displace Cercopithecus ascanius, a n d usual ly C. mitis. Th i s superior i ty 
a t such sites allows t h e m to arr ive a t fig trees la ter in the d a y t h a n 
Cercopithecus species yet ga in a significant p ropor t ion of the fruit (pers. 
obs . ; R u d r a n , pers. c o m m . ) . Nevertheless , these species here m a i n t a i n 
m u c h h igher popu la t ion densities t h a n do mangabeys (Waser , 1974; 
St ruhsaker , 1975). T h e y must , therefore, be compe t ing more effectively 
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for some types of resources—perhaps new leaves, thinly dispersed 
fruits, or cer ta in types of insects. I n areas where fewer p r i m a t e com
peti tors exist, mangabeys live a t m u c h higher popu la t ion densities 
(Chalmers , 1968a). But as long as fig trees exist a n d act as a refuge for 
mangabeys , coexistence can cont inue despite considerable niche over
lap . I t m a y be inferred also tha t Cercopithecus species, by vi r tue of their 
superior abili ty to utilize other , ne ighbour ing , resources, canno t be 
excluded from fig trees. 

However , to search for static forms of n iche separa t ion m a y unde r -
emphasize the dynamic pa t t e rn of food availabil i ty in the Kiba le forest. 
For instance, the " re fuge" of fruiting fig trees is not cont inuously 
avai lable even for mangabeys , yet as long as it is avai lable at intervals , 
mangabeys m a y live th rough periods of poten t ia l compet i t ive inferiority. 

Moreover , the sudden appearances of food patches , especially those 
reach ing spectacular , t hough t e m p o r a r y concentra t ions , opens several 
a l te rna te routes to coexistence. For instance, mangabeys m a y be the 
first to utilize some infrequently occurr ing food types, thus behav ing like 
fugitive species (Hutchinson , 1965). O n the o ther h a n d , Cercopithecus 
species are likely to be the discoverers of a new fig crop wi th in thei r 
l imited h o m e ranges (see Fig. 6) since they visit po ten t ia l sites m u c h 
more often. Thus , a l though mangabeys eventual ly displace these species, 
they obta in m u c h of the fruit c rop by being there first—a sequence 
repea ted on a finer t empora l scale on m a n y morn ings . I n this case, 
Cercopithecus behaves as the fugitive species, be ing the first to exploit 
newly avai lable resources. 

Finally, some fruit crops m a y be large enough to sa tura te the 
resident Cercopithecus groups , a n d these p r ima tes ' relatively exclusive 
h o m e ranges leave the surplus avai lable only to a new species. I n fact, 
mangabeys m a y be one of a series of species exploit ing very similar 
resources with vary ing degrees of oppor tun i sm, wi th ch impanzees 
represent ing a still further step in this direct ion. M a n g a b e y s m a y thus 
be dependen t for their existence on grea t var ia t ions in product iv i ty 
wi thin small areas a n d on spatial he terogenei ty—in short, on the com
plexity of this t ropical forest. 

8. S U M M A R Y 

1. Cercocebus algibena, general ly classed as an a rborea l omnivore , was 
observed in the Kiba le forest, western U g a n d a , a t intervals be tween 
M a y 1971 a n d Oc tobe r 1974. Mos t d a t a on feeding a n d r ang ing come 
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from systematic mon th ly observat ion of one g r o u p be tween M a r c h 1972 
a n d Apri l 1973. 

2. M a n g a b e y s show no s t rong t endency to feed at pa r t i cu la r t imes 
of day . Whi l e preferred trees a re usually m e d i u m to large in size, 
mangabeys occasionally use low-sta ture trees a n d on r a re occasions feed 
on the g round . T h e observed dis t r ibut ion of feeding heights is a con
sequence of the n a t u r e of preferred t ree species combined wi th an 
avoidance of areas less t h a n 10 m high. 

Most m a n g a b e y feeding involves fruits, sometimes inc luding seeds. 
Activities involving substant ia l subst ra te man ipu la t i on , of which bark-
s t r ipping is a striking example , a re c o m m o n . Flowers a n d young leaves 
take small fractions of foraging t ime, a n d m a t u r e leaves are a lmost 
never ea ten . Forag ing for inver tebra tes a n d occasional ver tebra tes is, 
on the o ther h a n d , an i m p o r t a n t activity. Mos t inver tebra tes t aken 
by mangabeys are relatively sedentary , wi th lunges, r ap id slaps a n d 
grabs being conspicuously absent a m o n g feeding moto r pa t te rns . I n 
contrast , specialized behaviours a imed a t exposing concealed insects 
a re c o m m o n . 

3. M a n g a b e y s demons t r a t e considerable selectivity a m o n g tree 
species a n d par ts , wi th selection ratios r ang ing over th ree orders of 
m a g n i t u d e . Males , females a n d juveni les show minor b u t significant 
differences in the propor t ions of different i tem a n d species in their diet , 
t hough no obvious differences in feeding height or site occur. Factors 
which m a y con t r ibu te to selectivity inc lude morphologica l a n d nu t r i 
t ional aspects of the food, its t empora l a n d spatial pa t t e rn of avail
abil i ty, a n d the behavioura l flexibility of mangabeys . 

4. Subs tant ia l bu t aseasonal differences in feeding occur be tween 
mon ths , p r imar i ly s t emming from the i r regular availabil i ty of m a n y 
food sources. 

5. M a n g a b e y s specialize on large b u t t e m p o r a r y food concent ra t ions , 
which present t h e m wi th an a b u n d a n t b u t moving resource base. 
M o v e m e n t pa t te rns a re well-adjusted to such a resource dis t r ibut ion, 
concen t ra t ing on single fruiting trees over periods of 1-2 weeks wi th 
concur ren t forays in to su r round ing areas, al lowing exploi ta t ion of less 
concen t ra ted food a n d discovery of new resources. 

6. Social var iables , in add i t ion to aspects of the movemen t s a n d 
dispersion of individuals , can be expla ined in te rms of resource dis
t r ibut ion . G r o u p size, in par t icu la r , m a y be cons t ra ined by the size 
a n d dis t r ibut ion of fruiting trees t h rough the energet ic costs of move
ments be tween t h e m . 
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1. INTRODUCTION 

Recent attempts to account for the diversity of primate social systems 
have been predicated on the hypothesis that they are functions of 
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ecological var iables . Discussion of these i m p o r t a n t relat ionships h a v e 
proceeded wi th recourse to l imited informat ion on the overall survival 
strategies of the various species concerned. T h e major deficiencies have 
been a detai led analysis of habi ta t s on the one h a n d , a n d insufficient 
a t ten t ion to die tary preferences a n d pa t te rns of feeding behav iour on 
the other . Nut r i t iona l analysis of diets a n d the energy costs of activities 
have only recently begun to figure in p r ima te studies (e.g. R o d m a n , 
1973a; Coelho, 1974). For the 12 or 13 species compris ing the genus 
Macaca, detai led accounts of feeding behav iour have been publ ished 
only for Macaca sinica (Hladik a n d Hlad ik , 1972) a n d Macaca fuscata 
(Suzuki, 1965). 

This repor t presents an analysis of the foraging strategy of a forest-
dwell ing popula t ion of Macaca mulatta Z i m m e r m a n (Fig. 1). M u c h of 
the rhesus monkey popu la t ion of presen t -day I n d i a is found in non-
forested areas (Southwick et al., 1961a, b ) , a n d this c i rcumstance has 
led to frequent l ump ing of macaques wi th baboons as open coun t ry 
species. However , since the grea ter p a r t of n o r t h e r n I n d i a was covered 
wi th forest wi th in historic t imes ( R a n d h a w a , 1945), there is little d o u b t 

FIG. 1. A d u l t m a l e Macaca mulatta. 
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t ha t a da p t a t i on of rhesus monkeys to open coun t ry hab i ta t s is a fairly 
recent p h e n o m e n o n . Hab i t a t - soc ie ty relat ionships m a y therefore be 
best i l lumina ted by studies based in a hab i t a t which has charac te r ized 
the species t h roughou t most of its evolut ionary history. 

2. M E T H O D S 

T h e methods used in d a t a collection have been described in detai l else
where (L indburg , 1971). I present he re only the methodologica l 
details pe r t inen t to the new informat ion con ta ined in this repor t a n d a 
descript ion of analyt ical procedures which have been appl ied in o rder 
to e lucidate cer ta in aspects of foraging a n d re la ted topics. 

2.1. Recording of Behaviour 
Most of the observat ions for this repor t were der ived from two groups , 
n u m b e r i n g 35 a n d 8 0 - 8 5 individuals ( the la t ter is hereafter referred to 
as the " m a i n g r o u p " ) . T h e smaller g roup was observed in only the first 
two of the 12 mon ths of this s tudy. T o t a l observat ion t ime equal led 
527 hours , of which 4 1 % falls be tween 5.00 a n d 12.00h, a n d the 
ba lance be tween 12.00 a n d 19.00h. Con tac t days wi th forest groups 
averaged 13 per m o n t h . F r o m late Sep tember o n w a r d an I n d i a n 
assistant was employed to m a p the locat ion of the m a i n g r o u p du r ing 
periods w h e n the au tho r was absent . O u r m a i n p rocedure on each 
observat ion d a y was to a t t e m p t to m a i n t a i n contac t wi th the monkeys 
as long as c i rcumstances pe rmi t t ed , a n d to m a k e t imed entries of 
behav ioura l activities as they were seen to occur. Whi l e this t echn ique 
has cer ta in advan tages , it admi t t ed ly biases the results t oward u n e q u a l 
representa t ion of bolder , more a p p r o a c h a b l e individuals . For this 
reason, precise compara t ive s ta tements be tween age a n d sex classes a re 
no t a t t empted . 

T h e ident i ty of foods a n d port ions consumed were collected on 
a daily basis. Distinctions be tween feeding a n d non-feeding per iods 
were based on moni to r ing a t a p p r o x i m a t e half-hour intervals the 
n u m b e r of visible animals which were feeding. O n each observat ion 
d a y we were able to dist inguish be tween feeding periods in which a 
single food was being exploited as opposed to those in which feeding 
was more eclectic. Th i s dist inction was abe t t ed by the t endency for 
groups to enter discrete s tands of fruiting trees for var iab le periods of 
t ime, often ex tending over several hours in du ra t ion . E n u m e r a t i o n of 
these periods of whole -group feeding pe rmi t t ed a rough dist inction 
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between impor t ance of different foods from the s tandpoin t of t ime 
spent on each. T h e kinds of foods utilized at o ther periods were recorded, 
bu t no a t t e m p t at r ank ing was m a d e . W e did not a t t e m p t precise 
quan t i t a t ive measures of in take a n d were no t equ ipped to a t t e m p t 
nut r i t ional analyses. 

D a y ranges were rout inely plot ted on Survey of I n d i a m a p s scaled 
to four inches to the mile. F r o m these maps we ob ta ined d a t a on the 
length of day ranges a n d differential usage of port ions of the tota l 
range . 

2.2. Habitat Analysis and Description 
T h e study a rea was located on the no r the rn slopes of the Siwalik hills, 
a t 30°20' Ν a n d 78°0' E. Siwalik forests a re broadly classified as 
t ropical moist deciduous (Champion , 1936). At our location the forest 
consisted of a long b a n d r u n n i n g paral le l to the Siwalik crest, averaging 
6 to 7 k m in wid th . O v e r this dis tance the elevation increased from 
approximate ly 400 to 1000 m, bu t the slopes were gentle unt i l one 
app roached the uppe r reaches. Most of the forest is gove rnmen t owned 
a n d m a n a g e d . Cat t le graz ing a n d logging were pe rmi t t ed in des ignated 
areas, bu t the forest was otherwise closed to the publ ic . 

Monsoon rains descend u p o n the a rea a b o u t mid year a n d last 
approx imate ly three months . Meteorological d a t a provided by the 
Forest Research Ins t i tu te (FRI ) in D e h r a D u n reveal t ha t rainfall 
averaged 180 cm per year for the years 1963-65. Average daily t em
pera tures for the same per iod ranged from 10-9° C in J a n u a r y to 
27-7° C in J u n e . Rainfall occurs periodically a t o ther t imes of the 
year , bu t the combina t ion of scanty rainfall a n d increasing t empera 
tures results in increasingly dry condit ions from F e b r u a r y onward . 

Forest D e p a r t m e n t records for t ha t por t ion of the h o m e range of ou r 
m a i n g roup which fell wi thin reserved forest (60%) indicate t ha t 
approx imate ly 6 % of the land a rea was taken u p by dry a n d heavily 
e roded s t ream beds (raos), grasslands, a n d mixed inferior forest (Na th , 
1963). T h e r ema inde r was covered wi th i m m a t u r e Shorea robusta 
Gaer tn . , or sal, a commercia l ly exploited deciduous h a r d w o o d which 
var ied in pur i ty from region to region (Figs 2 a n d 3) . Accord ing to 
N a t h (1963), the m a t u r e sal in the Asarori forest was harves ted m o r e 
t h a n 100 years ago. N o equivalent b reakdown for the por t ion of the 
r ange which lay wi th in a n adjoining pr iva te forest is avai lable . H o w 
ever, the sal in the pr iva te por t ion was clearly of sapling a n d pole age, 
a n d areas taken u p by raos a n d mixed inferior forest were substantial ly 
larger t h a n in the reserved por t ion. 
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I n o rder to assess the composi t ion of the vegeta t ion in m o r e deta i l , 
t he au tho r censused all trees a n d shrubs above 1 m in height in ten 
plots, each measur ing 2024 m 2 . Plots were spaced a t 500 m intervals 
a long a t ransect r u n n i n g N W - S E th rough the ap p ro x ima te cent re of 
the range . I n T a b l e I , I present census results for the six most i m p o r t a n t 

TABLE I 
Distribution of primary food plants in ten sample plots at Asarori 

P l o t n u m b e r 
F o o d 1 2 3 4 5 6 7 8 9 10 T o t a l ( % ) 

Carissa 0 21 0 0 51 19 31 1 12 6 4 199 (8-1) 
Ehretia 4 16 9 2 3 14 0 9 22 14 4 115 (4-7) 
Grewia 0 11 15 3 0 1 0 2 5 1 0 56 (2-3) 
Phoebe 0 0 0 0 0 0 0 0 0 0 0 (0-0) 
Shorea 9 8 72 2 5 4 2 2 6 2 4 7 2 9 8 199 106 2 1 7 130 1847 (75-7) 
Syzygium 3 2 0 0 32 41 6 8 27 0 51 2 4 4 (9-2) 

T o t a l 105 122 2 7 8 252 3 4 4 3 5 9 307 181 2 4 4 2 4 9 2441 (100-0) 

food plants . Several conclusions m a y be d r a w n from these d a t a : 
(a) the sampl ing provides an indica t ion , a lbei t somewha t crudely, of 
the relat ive availabil i ty of the more i m p o r t a n t p l an t foods; (b) while 
vary ing in density from region to region, sal is clearly the d o m i n a n t 
species (inclusion of non-food plants does not al ter this conclusion) , 
a n d has a vir tual ly continuous d is t r ibut ion t h r o u g h o u t the r a n g e ; 
(c) o ther foods occur in patches {Phoebe d id not occur in our sample , 
since it is found only in shaded ravines at h igher e levat ions) ; (d) 
Syzygium a n d Carissa t end to occur together , bu t a re t empora l ly 
separa ted (discussed below). 

W e do not have d a t a on the dis t r ibut ion of less i m p o r t a n t foods, 
such as cl imbers, herbs a n d grasses, bu t it is our impression tha t they 
were most a b u n d a n t in the fringe forests a long raos a n d in the least 
m a t u r e s tands of sal. W e a t t e m p t e d to measu re thei r seasonal avail
abil i ty by use of a densi ty boa rd , described by DeVos a n d Mosby 
(1963). For our sampl ing, readings were t aken from a dis tance of 
15-2 m at 20 locations spaced a t intervals of 200 m a long two transects . 
Locat ions were carefully m a r k e d in o rde r t ha t readings could be 
repea ted at different t imes of the year . Results of the ten readings per 
t ransect were pooled to ob ta in an average densi ty at each read ing . 
T h e results (Fig. 4) for bo th transects indica te a t r end from m e d i u m 
densi ty of u n d e r g r o w t h a t the end of the ra ins to scarce condi t ions 
d u r i n g the d ry season. Given their locat ion a t or nea r g r o u n d level, 
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Dense 

Medium 

Scarce 

50 h 

I 2 
End monsoon 

I 2 
Cool season 

I 2 
Dry season 

FIG. 4. Seasonal change in density of undergrowth. The columns for each season refer to two 
different transects. 

it migh t be predic ted tha t reduced availabil i ty of these i tems would 
lead to seasonally reduced frequency of terrestr ial feeding. 

I n addi t ion to the above, the observer rout inely collected p h e n o -
logical da ta , such as season of flowering a n d fruiting, a p p e a r a n c e of 
new growth, etc. G u p t a ' s (1962) work on the flora of the region was 
consulted as the p r i m a r y reference source for addi t iona l floristic 
details. 

3. FEEDING BEHAVIOUR 

3.1. The Nature of Feeding Bouts 
Dispersion of g roup member s for n ight resting roughly app rox ima ted 
dispersion du r ing the last hours of feeding; hence, resumpt ion of 
feeding on the next day could begin wi thout re locat ing to feeding sites. 
Compar i son of cool season foraging wi th the daily pa t t e rn at o ther 
t imes of the year reveals a m a r k e d seasonal effect (Fig. 5) . In i t ia l 
feeding was uniformly sporadic , in termixed wi th grooming, nurs ing, 
s t retching and sunning. I n the cool season this initial per iod was in the 
order of 1-5 to 2h in length, compared to a notable increase on the 
t e m p o of feeding wi thin a half-hour of first activity du r ing w a r m e r 
periods. Given the delayed onset a n d shorter day leng th in winter 
( m a x i m u m of four hours difference), the monkeys h a d fewer hours of 
dayl ight in which to feed. As a result, the m i d d a y rest per iod which 

100 ι 
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Hour of day 

FIG. 5 . A compar ison of w a r m a n d cool season pa t t e rns of dai ly feeding activity, based on 
percentage of half h o u r observat ion periods in which a major i ty of visible monkeys was 
feeding. 

was character is t ic of the w a r m e r par t s of the year was less p r o n o u n c e d 
in the win te r mon ths . If we have accura te ly measured the feeding 
periods, the shape of the curves (Fig. 5) suggests t h a t in win te r food 
consumpt ion was reduced , or else the ra te of in take per un i t of feeding 
t ime was increased. W e are present ly u n a b l e to state which of these 
is in fact the case. Except for the d ry season, w h e n our m a i n g r o u p 
often l ingered nea r p e r m a n e n t water , day t ime rest ing a n d social 
activities, like n igh t resting, took place a t feeding sites. 

Coinc ident wi th the onset of foraging was a shift from rest ing 
perches to nea rby food i tems. M o v e m e n t from i tem to i tem occur red 
in concer t wi th slow, r a the r amoeba- l ike progression of the larger mass. 
W h e n uti l izing foods sui table for s torage in cheek pouches , feeding 
con t inued du r ing shifts be tween i tems as evidenced by chewing a n d by 
paus ing in t ravel to n u d g e food from the pouches wi th the h a n d . O n 
occasion we saw behaviour which suggested tha t cheek pouches en
hanced safety du r ing feeding. For example , w h e n exploit ing isolated 
fruit trees in open areas , the monkeys stored food in their pouches before 
ret i r ing to the tree line for processing. 

T h e density of the vegeta t ion mus t have l imited the rel iance on 
vision in ma in t a in ing contac t be tween foraging individuals . W e believe 
contac t was largely ma in t a ined by aud i to ry stimuli , based on the 
periodic occurrence of " c o o i n g " which elicited like-responses from all 
par ts of the g roup . I n the larger trees several monkeys could feed 
simultaneously, bu t except for m a t i n g pairs a n d mother-offspr ing 
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clusters, they t ended to avoid close contact . T e r m i n a l b ranches were 
exploited in two ways. Smaller individuals simply c l imbed out to the 
terminals , suppor t ing their weight by clasping mul t ip le b ranches wi th 
hands a n d feet. Adul ts seemed too heavy for this t echn ique , b u t solved 
the p rob lem by bend ing terminals i nward a n d hold ing t h e m in position 
wi th h a n d or foot while feeding. Somet imes b ranches were broken 
or b i t ten off a n d carr ied in the m o u t h to a more stable pe rch toward 
the centre of the t ree. O t h e r details of indiv idual feeding have been 
described elsewhere (L indburg , 1971). 

3.2. Composit ion of Diet 
T h e rhesus monkeys in the Asarori forest subsisted pr imar i ly on 
vegetable foods. Insects were consumed in small quant i t ies in all 
mon ths of the year . W e saw no evidence of ut i l izat ion of an ima l m a t t e r 
o ther t han insects. 

T h e vegetable diet inc luded the products of a var ie ty of trees, shrubs , 
herbs , grasses, cl imbers a n d fungi (Tab le I I ) . I n eva lua t ing the relat ive 
impor t ance of the different p l an t species, a n d of the por t ions consumed, 
we m a k e the following dis t inct ions: 

(1) P r imary food sources. Vi r tua l ly whole g roup feeding for all or 
pa r t of an observat ion d a y on one or two foods. 

(2) Secondary food sources. Foods which typified periods w h e n no 
single i tem was dominan t , or which were supp lementa l foods d u r i n g 
feeding on p r imary sources. 

(3) Inc iden ta l foods. Foods infrequently consumed. 
For the 92 different species on our list, six fall in to category 1, 27 into 
category 2, a n d the r ema inde r into category 3. F iner distinctions were 
a t t e m p t e d only for the p r i m a r y foods, for which it was possible to m a k e 
an assessment of usage on the basis of the du ra t i on of concen t ra ted 
periods of feeding on each. By this measure , Shorea robusta represented 
the single most i m p o r t a n t food. T h e o ther p r i m a r y foods, in descending 
order of usage, were Syzygium cumini (L.) Skeels, Grewia elastica Royle , 
Phoebe lanceolata Nees. , Ehretia laevis R o x b . a n d Carissa spinarum A . D C . 
(For further discussion, see section on seasonality.) 

At cer ta in periods, feeding was l imited to i tems in categories 2 a n d 3. 
I t is possible t ha t the cumula t ive total of cer ta in of these i tems, used in 
small quant i t ies on m a n y days, exceeded tha t of the least used p r i m a r y 
foods. T h e y were rarely the object of ex tended feeding, however , 
pe rhaps because no single i tem occurred in pa tches of sufficient size 
to a ccommoda te localized feeding of more t h a n one or two individuals . 
No tab le exceptions were short b u t concent ra ted periods of searching 
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a m o n g the leaves a t g round level for mushrooms (Russula sp.) a n d 
"puff-bal ls" (Scleroderma sp.) . 

W e do not know the reasons for the occasional sampl ing of the m a n y 
foods in category 3. Some were of l imited a b u n d a n c e while others 
were thinly dispersed. W e d o u b t if these factors a lone accounted for 
their l imited use, however , since those quant i t ies immedia te ly avail
able a t a feeding site d id no t a p p e a r to be exhaus ted . W e suggest two 
o ther possibilities: (a) the incidenta l foods const i tuted a small b u t 
i m p o r t a n t source of essential nut r ients , or (b) their infrequent use was 
a moni to r ing of reserves which could be t a p p e d in t imes of food 
scarcity. I n ei ther case, the abili ty to utilize a wide r ange of p l an t foods 
was undoub ted ly a crucial a t t r ibu te for survival as the forests of 
I n d i a u n d e r w e n t degrada t ion . 

T h e a m o u n t of feeding on p r i m a r y foods (all of which were fruits) 
in relat ion to total feeding t ime, plus the relat ive percentages of pa r t s 
consumed for foods in category 2, indicates t ha t the diet was in the 
o rder of 65 to 7 0 % frugivorous. Leaves were the second most i m p o r t a n t 
i tem in the diet from the s tandpoin t of quan t i t y consumed. 

Iden t i ty of insect foods could rare ly be de te rmined . Most of the 
observat ions consisted of monkeys sna tch ing a t insects in flight, or in 
examina t ion of ba rk a n d leaf surfaces too far above g r o u n d for identifi
cat ion. No tab le exceptions were a few occasions of grasshopper h u n t i n g 
d u r i n g the monsoon season, occasional feeding on a n t nests a n d the 
break ing open of te rmi te mounds . 

Clods of dir t a n d soil from te rmi te m o u n d s were n ibbled u p o n in each 
m o n t h from Sep tember th rough M a y . Samples were found to be high 
in iron content , bu t h a d no o ther dist inguishing characterist ics. 

3.3. Regional Differences in Diet 
T h e r e is l imited information on diet from other forest areas in Ind i a . 
W e collected d a t a on diet for a second popula t ion living on the g rounds 
of the Forest Research Ins t i tu te ( F R I ) nea r D e h r a D u n , a n d found 
24 foods (plants) which were used in bo th areas. A n addi t iona l 45 
plants were consumed a t F R I , bu t m a n y of these were exotics from a 
botanica l ga rden . Whi le m u c h of the difference was t he result of avail
abili ty in the two areas, there is l imited evidence of regional preferences 
a m o n g commonly avai lable foods. For example , the monkeys at F R I 
m a d e frequent use of Lantana camara L inn , a n d Solanum hispidum Pers. , 
while those a t Asarori d id not . Similarly, sal, t he most heavily used 
p lan t at Asaror i , was avai lable a t F R I bu t ha rd ly touched . I n foothill 
forests nea r Mussoorie we no ted monkeys feeding on oak (Quercus incana 
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R o x b . ) , ba rbe r ry {Berberis lycium Royle) a n d Rhododendron arboreum S m . 
Buds a n d seeds of sheesham (Dalbergia sissoo Roxb . ) were the object of 
long hours of winter feeding d u r i n g visits by the a u t h o r to Corbe t t P a r k 
a n d Sou th K h e r i forests. For non-forested regions, the use of roads ide 
trees a n d cul t ivated p lants by rhesus monkeys has been a m p l y described 
in o ther repor ts (Southwick, etal., 1965; Neville, 1968). 

3.4. Seasonal Variation in Food Choice 
A schemat ic representa t ion of food preferences on a m o n t h l y basis is 
presented in Fig. 6. T h e year m a y be divided in to periods w h e n feeding 
was p r e d o m i n a n t l y on one or two wild fruits, a n d periods w h e n the diet 
was more eclectic. T h e fruiting season for sal is roughly M a y a n d J u n e . 
Flowers of this species were heavi ly exploited in M a r c h a n d Apri l , whi le 
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FIG. 6. Schemat ic representa t ion of the most frequently used food p lan ts on a m o n t h l y basis, 
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leaves of seedlings, buds a n d p i th of t e rmina l twigs were ea ten in the 
cool season. Coincident wi th the use of sal from M a r c h th rough M a y 
was feeding on the r ipening fruit of Ehretia laevis, a small , s lender t ree 
which was scat tered thinly a m o n g the sal in shaded port ions of the 
range . 

I n the la t ter half of J u n e a n d th roughou t J u l y the monkeys fed main ly 
on jamun berries (Syzygium cumini). J a m u n is a mode ra t e sized tree found 
main ly in areas fringing the erosion beds which dissected the r ange . 
Augus t was a t ransi t ional per iod be tween j a m u n a n d the a p p e a r a n c e of 
Grewia elastica in the la t ter p a r t of the m o n t h . Wi ld mushrooms ( repor ted 
also by Roonwa l , 1956) a n d a var ie ty of herbs , cl imbers, grasses a n d 
shrubs were exploited du r ing this per iod. T h e fruit of Grewia d o m i n a t e d 
the diet from late Augus t t h rough September . T h e sounds of monkeys 
cracking the stones of this fruit be tween the teeth was an audi tory aid 
to identification of food preferences du r ing this per iod. 

Whi le Grewia is repor ted to be in fruit t h rough N o v e m b e r (Gupta , 
1962), its l imited occurrence in the Asarori forest m a y have been a factor 
in the monkeys ' shift to the fruits of Phoebe lanceolata du r ing Oc tobe r a n d 
early November . T h e r a the r l imited s tands of this small evergreen t ree 
were concent ra ted in shady ravines at h igher elevations, often ex tend ing 
to wi th in 35 m or so of the Siwalik crest. For the r e m a i n d e r of the 
cool season the diet became not iceably more var iable , consisting of 
foraging on the products of as m a n y as ten to 15 different p lants on a 
daily basis. T h e berries of a low shrub , Carissa spinarum, were the most 
i m p o r t a n t of these du r ing December a n d Februa ry , a n d were per iodic
ally the object of concent ra ted feeding character is t ic of fruits a t o ther 
seasons. 

3.5. Feeding Heights 
I n the ra re s tands of more m a t u r e sal, the u p p e r canopy is light bu t 
fairly cont inuous. Unders to rey vegetat ion in these regions is scarce. 
T h e i m m a t u r e stands of sal a n d mixed fringe forests, by contrast , have 
a discont inuous u p p e r canopy, bu t unders torey growth rang ing from 
modera t e to dense. 

T h e distance above g round at which p r i m a r y foods occurred a n d the 
a m o u n t of t ime spent feeding on each provided a rough indicat ion of 
feeding heights. Ignor ing t ime on the g round for shifting be tween i tems, 
we est imated t ha t feeding a t heights grea ter t h a n 10 m accounted for 
no more t h a n 2 0 % of foraging t ime. T h e majori ty of this h igh level 
feeding occurred du r ing the d ry season, w h e n sal was in fruit a n d g round 
level vegetat ion was correspondingly scarce. Ut i l izat ion of foods wi th in 
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2 - 3 m of the g r o u n d accoun ted for a b o u t 4 1 % of feeding t ime, a n d was 
more evident in the win te r m o n t h s t h a n a t o ther seasons, w h e n the 
monkeys fed on th inly dispersed grasses, herbs , cl imbers a n d low shrubs . 

4. R A N G I N G B E H A V I O U R IN RELATION TO R E S O U R C E 
DISTRIBUTION 

4.1. Essential Featuresofa Habitable Range 
Southwick et al. (1961b) found zones of forest in the Siwaliks a t Corbe t t 
Pa rk which were devoid of rhesus monkeys d u r i n g the d ry season, a n d 
suggested t ha t lack of wa te r was the p robab l e cause a n d t h a t popu la t ion 
densities are p robab ly low in sal forests because of lack of sufficient food. 
T h e evidence from the Asaror i forest shows t h a t food would indeed be 
seasonally scarce in the p u r e r s tands of sal (Tab le I ) . However , such 
areas m a y const i tute a n i m p o r t a n t p a r t of a larger n iche , a n d hab i t -
abil i ty would therefore d e p e n d on thei r re la t ionship to the to ta l 
complex of essential resources on a yea r - round basis. I n the sections 
which follow we will discuss the spa t io- tempora l availabil i ty of resources 
in the Asarori forest, a n d their effect on r ang ing behaviour . 

As yet there exists very little informat ion on the size of a n n u a l ranges 
for rhesus monkeys . T h e m a i n g r o u p a t Asaror i uti l ized an a rea in the 
order of 15 k m 2 . L i n d b u r g (1969, 1971) s tudied a popu la t ion inhab i t ing 
a pa t ch of forest a t the Forest Resea rch Ins t i tu te nea r D e h r a D u n , a n d 
found 115 individuals in five groups confining their activities to an a rea 
a b o u t 2*59 k m 2 . H e concluded, however , t ha t the F R I site bore the 
characterist ics of a refuge area , a n d p robab ly therefore suppor ted a 
densi ty m u c h h igher t h a n occurs in und i s tu rbed forest. O n the basis of 
per iodic sightings of recognizable groups , Neville (1968) es t imated h o m e 
ranges for four groups in forested areas nea r H a l d w a n i as be tween 
approx imate ly 1 a n d 3-1 k m 2 . W e are cer ta in tha t , wi th the possible 
except ion of a g roup of n ine , none of the groups a t Asaror i confined their 
activities to areas as small as Neville has repor ted . W e are unab l e to 
state a t this poin t whe the r a difference in me thods or a difference in 
hab i t a t qual i ty , or some combina t ion of these, accounts for the dis
c repancy in our findings. 

Leng th of day ranges for the m a i n g r o u p was rel iably de t e rmined for 
38 comple te days, spread over the last n ine m o n t h s of the s tudy. M e a n 
t ravel dis tance for all 38 days was 1428 m. O n a mon th ly basis, m e a n 
length of d a y journeys r anged from a low of 830 m in O c t o b e r to a 
m a x i m u m of 1895 m in M a r c h . D r y season ranges were , on the average , 
longer t h a n those a t o ther t imes of year , p robab ly because of occasional 
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long moves to a n d from water . Rhesus monkeys a re cer ta inly capab le of 
m u c h longer journeys , such as, for example , an occasion w h e n they 
travel led 12 k m in the last hours of the day . 

T h e d a y ranges of rhesus monkeys lack the often circuitous pa t t e rn of 
dai ly m o v e m e n t which has been descr ibed for h a m a d r y a s ( K u m m e r , 
1968) a n d yellow baboons (DeVore a n d Hal l , 1965; A l t m a n n a n d 
A l t m a n n , 1970). T h e b a b o o n pa t t e rn is d ic ta ted by the need for safe 
sleeping sites which are in short supply. N o such r equ i r emen t exists for 
forest-dwelling rhesus monkeys , for which the usual pa t t e rn is to use the 
trees immedia te ly a t h a n d a t the day 's end. W e believe tha t , except for 
t ravel to a n d from wa te r a n d occasional shifts be tween food pa tches , 
dai ly t ravel pa t te rns were de te rmined pr imar i ly by the locat ion of food 
i tems wi th in the p a t c h being exploited a t a given t ime. T h e shortness of 
d a y journeys , c o m p a r e d to those repor ted for baboons ( summar ized 
by A l t m a n n a n d A l t m a n n , 1970), is consistent wi th this view. 

4.2. Factors Affecting Ranging Patterns 
4.2.1. Sleeping sites 
I n measur ing usage of different por t ions of the total r ange we used the 
clearly m a r k e d boundar ies of c o m p a r t m e n t s established by the I n d i a n 
Forest D e p a r t m e n t (Fig. 7). Records of n igh t rest ing locations revealed 
t h a t 28 of the 34 c o m p a r t m e n t s entered d u r i n g the s tudy were used for 
sleeping. Near ly 5 0 % of the n ight lodging sites were concen t ra ted in 
five c o m p a r t m e n t s (approximate ly 1 8 % of the tota l r ange ) , b u t this 
pa t t e rn closely paral le led en t ry of these same areas for food a n d water . 
I n the d ry season the m a i n g roup often w i thd rew from the i m m e d i a t e 
vicinity of wa te r sources in la te afternoon, bu t in none of the com
pa r tmen t s could we detect a preference for pa r t i cu la r sleeping trees. 
W e conclude tha t sleeping sites by themselves h a d little or no effect on 
m o v e m e n t pa t te rns . 

4.2.2. Location of food 
I n Fig. 8 we show the dis t r ibut ion of the m a i n vegetat ion types in the 
Asarori forest. Several of these areas p robab ly qualify as food pa tches , 
defined by S. A. A l t m a n n (1974) as " t h e most inclusive sets of food i tems 
tha t are s i tuated in such a m a n n e r tha t it is possible for a n a n i m a l to go 
from one to ano the r wi thou t in t e r rup t ing his feeding act ivi t ies" . W e 
inc lude a m o n g the pa tches the more i m p o r t a n t s tands of wild fruit 
trees, a n d zones of mixed, somewhat scrubby forest which became the 
foci of feeding activity du r ing a p a r t of the cool season. Sal is the only 
one of the p r i m a r y foods which h a d a near ly cont inuous dis t r ibut ion 
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FIG. 7. Boundar ies of the 34 c o m p a r t m e n t s f requented by the m a i n s tudy g r o u p . S h a d e d 
c o m p a r t m e n t s account for near ly 5 0 % of sleeping locat ions. 

spatially. It follows from our earlier description of seasonal availability 
of primary foods that for nearly two-thirds of the year ranging would 
conform to the location of these patches. Our records of daily move
ments reveal that for periods ranging from 13 to 58 days, day journeys 
were largely confined to movement within patches. T h e different patches 
were situated within an easy day's journey of one another, and there 
were periodic excursions of one to three days' duration into other parts 
of the range, possibly in order to monitor food availability in other 
patches. 
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FIG. 8. Dis t r ibut ion of the more impor t an t food pa tches in the sal forest a t Asaror i . F : fringe 
forest conta ining Carissa spinarum a n d Syzygium cumini; G : Grewia elastica; P : Phoebe lanceolata; 
S: p redominan t ly scrub forest; ·—•· t ransect a long which vegetat ion was censused. 

4.2.3. Water 
Given its near ly cont inuous dis t r ibut ion, w h e n sal became the p r i m a r y 
food, the monkeys could theoret ical ly r ange in a less const ra ined 
pa t t e rn . Availabil i ty of sal occur red d u r i n g the d ry season, however , 
a n d at this t ime the location of wa te r replaced food as a factor l imi t ing 
g roup movement . As the d ry season progressed, p e r m a n e n t wa te r could 
be found only in two pools a t the south-eastern l imit of the r ange . 
Beginning in M a r c h , the monkeys shifted to this a rea a n d r ema ined 
there for most of the d ry season. 

I n T a b l e I I I we present d a t a which show tha t on five of six occasions 
our s tudy g roup left the vicinity of wa te r on the d a y of, or wi th in one to 
th ree days of, the occurrence of ra in . For var iab le periods following 
rainfall wa te r could be found in small depressions, in tree hollows, or in 
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TABLE III 
Relationship between occurrence of rainfall and visits by one group of rhesus monkey to 

permanent water source 

A m o u n t D a t e g r o u p D a t e g r o u p D a y s s ince 
D a t e of r a i n ( m m ) leaves w a t e r n e x t seeks w a t e r las t r a i n 

M a r . 5 4-6 M a r . 18 13 
M a r . 19 23-8 M a r . 22 — — 
M a r . 27 2-2 — A p r . 4 8 
A p r . 7 2-6 A p r . 7 A p r . 12 5 
A p r . 14 0-2 A p r . 14 A p r . 16 2 
A p r . 2 3 0-1 A p r . 2 3 A p r . 2 5 2 
A p r . 2 6 0-8 — — —• 
M a y 1 0 - 1 2 33-8 M a y 11 M a y 29 18 

cur led, d ry leaves on the forest floor. T h e i m p o r t a n c e of wa te r to g r o u p 
m o v e m e n t pa t t e rns seems to be indica ted , fur thermore , by a re la t ion
ship be tween a m o u n t of rainfall a n d n u m b e r of days which passed 
before the g roup has to again seek water , i.e. the heavier the ra in , t he 
longer mois ture could be found away from p e r m a n e n t wate r . But, since 
food was a b u n d a n t l y avai lable in the vicinity of the wa te r source, w h y 
did our g roup leave the a rea a t a l l? T h e r e are two possible reasons. A 
water source which was avai lable nea r the cent re of the r ange in the 
previous d ry season dr ied u p entirely in 1965, p robab ly as a result of an 
unusual ly light monsoon in 1964. I t is possible t h a t the need for wa te r 
in 1965 therefore forced the g roup beyond the limits of its n o r m a l r ange . 
Th is not ion draws suppor t from the fact t ha t the monkeys d id no t 
f requent this p a r t of the r ange a t any o ther t ime of year . T h e second 
possibility relates to reduc t ion of the frequency of contac t wi th ano the r 
g r o u p of rhesus monkeys a n d a g r o u p of Presbytis entellus which shared 
the same wa te r source. Typical ly , such periods of contac t were tense, 
as evidenced by b ranch-shak ing a n d long-dis tance threa ts on the p a r t 
of the macaques . However , the t endency to l inger nea r wa te r on a given 
day a n d hence to pro long the periods of in t e rg roup contac t leads us to 
conclude tha t the first exp lana t ion is the m o r e plausible. 

4.2.4. Predators 
Potent ia l p reda tors in the Asaror i forest were the l eopard (Panthern 
pardus), t iger (Panthera tigris), j a cka l (Canis aureus) a n d several species of 
rap tor ia l birds. Contac ts wi th wild cats by the m a i n s tudy g roup were 
observed on five occasions. F o u r of these occurred in a n a rea of scrub 
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forest f requented by the monkeys in the winter mon ths . Th is win te r 
r ange was near the edge of the forest and , accord ing to villagers, was an 
a rea where cats occasionally preyed on their cat t le . T h e first known 
contac t was a case of successful preying u p o n a fully adu l t male rhesus 
by a y o u n g tigress. Th i s event occurred a t a b o u t 7.45h on the m o r n i n g 
of 26th November . T h e kill took place in an a rea where the monkeys 
h a d spent the n ight a n d pr ior to the onset of foraging. Between this 
event a n d 21st December there were a t least th ree addi t iona l contacts 
wi th tigers in this same area . T h e last of these, as r epor ted by m y 
I n d i a n assistant, involved a m a t u r e tiger app roach ing a wa te r hole as 
the rhesus g roup was dr inking. T h e monkeys initially w i thd rew but , as 
the tiger finished dr inking, responded in a m a n n e r which we in te rpre ted 
as m o b b i n g behaviour . Despite the a p p a r e n t h igh p reda to r risk in thei r 
winter range , the monkeys did no t forsake the a rea unt i l the d a y 
following the encounte r a t the wa te r hole. 

I n early Februa ry , in ano the r p a r t of the range , the s tudy g r o u p 
rap id ly shifted a dis tance of a b o u t 12 k m in response to roar ing by a 
nea rby tiger. T h e y did no t r e tu rn to t ha t a rea unt i l a m o n t h later . 

O n e unsuccessful a t t e m p t by a r ap to r to sna tch a small juven i l e from 
the top of a feeding tree was seen. O n ten occasions we h e a r d a l a r m 
barks which were prec ip i ta ted by an u n k n o w n st imulus. I t is no t cer ta in 
t ha t these were provoked by preda tors since, on o ther occasions, t he 
monkeys responded wi th a l a rm to such events as a peafowl f lapping its 
wings. N o n e of these events resulted in subsequent migra t ion from, or 
avoidance of, the a rea where they occurred . 

O n the basis of our admi t t ed ly l imited da t a , we can confirm only one 
unequivoca l case of relocat ion in response to p r eda to r danger . Sur
prisingly, the one p a r t of the r ange hold ing the greatest p reda to r risk 
did no t p roduce immed ia t e avoidance of the area . W e suspect t h a t 
feeding requ i rements du r ing a t ime of relat ive scarcity of food m a y have 
been an overr iding factor. 

4.2.5. Intergroup competition 
Substant ia l port ions of the r ange of ou r m a i n g roup were shared by 
o ther rhesus groups . W e d o c u m e n t e d 48 instances of enc roachmen t , 
seven of which resulted in direct contact . (A small g roup of n ine 
monkeys has been excluded from this t abu la t ion , since it a p p e a r e d to 
be cont inuously wi th in the larger r ange of the m a i n group.) W e 
est imated the a rea of over lap to inc lude a m i n i m u m of 40 to 5 0 % of 
the r ange of the m a i n g roup . I t is possible of course t h a t o ther areas 
were encroached u p o n a t t imes w h e n the observer was no t present . 
A l though we could no t evaluate all par t s of the r ange equally, a t least 
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6 7 % of the observed enc roachmen t s involved resources of l imited dis
t r ibu t ion (i.e. food pa tches , wa t e r ) . Five of the seven contacts wi th ou r 
m a i n g r o u p occur red a t a d ry season wa te r source. Typical ly , the m a i n 
g r o u p ar r ived a t wa te r before m i d d a y a n d l ingered n e a r b y unt i l 
foraging resumed in the la te afternoon. Dr ink ing is an activity which can 
be c o n s u m m a t e d in a m a t t e r of m inu t e s ; it is therefore difficult to 
unde r s t and the t endency to l inger nea r water , par t icu lar ly w h e n it 
resulted in several hours of tense con tac t wi th ano the r g roup . W e offer 
as a speculat ion the possibility t h a t the combina t ion of h igh a m b i e n t 
t empera tu res a n d the b u r d e n of a c rop of new infants h a d a general ly 
depressing effect on g r o u p mobi l i ty a t this t ime of year . Such a n h y p o 
thesis is not necessarily a t odds wi th the observat ion t ha t occasional long 
jou rneys away from water , coincident wi th rainfall, occur red a t this 
season. For any activity, the costs in te rms of energy expend i tu re mus t 
be weighed against the gains to be real ized by its per formance . 

5. FEEDING B E H A V I O U R A N D S O C I A L B E H A V I O U R 

5.1. General Characteristics of Rhesus Monkey Social 
Organization 
I n the refined terminology of Eisenberg et al. (1972), rhesus monkeys 
have a mul t ima le g roup s t ruc ture . Long- t e rm studies on a capt ive 
popula t ion have revealed t ha t ind iv idua l groups consist of a n u m b e r of 
genealogical uni ts , each h e a d e d by a founding female (Sade, 1965). 
Males appa ren t ly lose their genealogical ident i ty wi th a p p r o a c h i n g 
adu l thood t h rough a somewha t different process of socialization t h a n 
t h a t of females (Al tmann , 1968; L i n d b u r g , 1974). I n bo th capt ive (bu t 
free-ranging) a n d n a t u r a l contexts males m a y transfer to o ther g roups , 
whereas females live ou t their lives in the na t a l g r o u p (Koford, 1966; 
L i n d b u r g , 1969; Boelkins a n d Wilson, 1972). A l though census d a t a a r e 
l imited, a size of a b o u t 25 to 30 individuals is p robab ly typical for forest 
popula t ions (Dolhinow a n d L i n d b u r g , in p r ep . ) . Changes in g r o u p size 
result from mor ta l i ty a n d r ec ru i tmen t t h r o u g h b i r th . Fission has b e e n 
noted to occur, b u t informat ion on this p h e n o m e n o n exists present ly only 
for artificially m a i n t a i n e d groups (Koford, 1963). T h e p r o b a b l e n e t 
effect of ma le shifts is a redis t r ibut ion of males wi thou t apprec iab le size 
change for a n y one g roup . 

I n species which m a i n t a i n long- te rm, cohesive groupings of several 
adul ts of bo th sexes, t he causes of sociality a re to be sought in p h e n o 
m e n a o ther t h a n m a t e locat ion a n d p a r e n t a l care (Eisenberg, 1966). 
I n rhesus monkeys , adu l t males rare ly engage in care-giving behav iour . 
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Al though the basis of m a t e selection is complex (L indburg , 1975), t he 
occurrence of ma t ing on a seasonal basis would requi re only t ha t 
bisexual associations be of a seasonal occurrence . Yea r - round cohesive-
ness in order to derive a seasonal benefit would , in te rms of energy 
expendi ture , be a most inefficient reproduct ive strategy. Whi le there 
a re undoub ted ly a n u m b e r of o ther factors, such as the benefits of 
g roup rear ing of offspring (Eisenberg, 1966), which favour mixed sex 
groups tha t are more or less p e r m a n e n t , enhanced p reda to r detect ion 
and avoidance is p robab ly the most i m p o r t a n t advan t age real ized from 
group living. 

For rhesus monkeys, then , the foraging un i t is the yea r - round g roup . 
W e will a rgue tha t a moda l g roup size of 25 to 30 individuals for forest 
popula t ions represents a compromise be tween forces selecting for 
op t imal foraging uni t a n d for safety from preda tors . T h e smaller g roup 
size of a rborea l monkeys, in contrast to cer ta in terrestrial , especially 
non-forest, species, is believed to be a result of reduced p reda to r 
pressure a n d more uniform spat io- tempora l dis t r ibut ion of food resources 
(Aldrich-Blake, 1970b; Crook, 1970). [ T h e t e rm i Cforest" seems to have 
been used to refer to t ropical ra in forest as opposed to w o o d l a n d 
savannah or t empera t e zone deciduous forest, bu t the diversity of forest 
types as well as the var ied econiches wi th in any one, as shown for 
example by R o d m a n (1973a), points u p the difficulty which arises in 
t rying to relate social organiza t ion to broadly defined habi ta ts . ] W e 
have shown tha t the forest hab i t a t of our rhesus popu la t ion is bo th 
spatially a n d tempora l ly diverse in te rms of food dis t r ibut ion. T h e size 
of individual food patches at the season of least a b u n d a n c e , a n d their 
frequency of occurrence , p robab ly places an u p p e r l imit on g roup size. 
Theoret ical ly , smaller groups could exploit the food in habi ta t s wi th 
these characterist ics equal ly well, bu t wi th greater risk of p reda t ion . 
N u m e r o u s au thors have poin ted out the advantages of large g roup size 
for p reda to r detect ion. I n a forest hab i t a t the a rea which any one 
individual can moni to r is l imited by the vegetat ion. T h e combined 
alertness of m a n y individuals therefore increases the overall size of the 
total a rea which can be moni tored . W h e t h e r or not the risks of p reda t ion 
are significant for forest rhesus canno t yet be de te rmined , bu t even 
infrequent p reda t ion for m a m m a l s wi th low reproduct ive rates m a y 
occur at substant ia l cost to the popu la t ion (Conaway, 1971). P reda to r 
pressure m a y therefore have selected for g roup size as large as can be 
suppor ted by a hab i t a t wi th uneven dis t r ibut ion of food. 
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5.2. Social Roles and Co-ordination of Foraging Behaviour 
Co-ord ina t ion of foraging becomes i m p o r t a n t where social units utilize 
relatively large ranges wi th discont inuous dis t r ibut ion of resources. I n 
a n earlier repor t on g roup m o v e m e n t pa t te rns in rhesus monkeys, we 
m a d e the following observat ions : 

Typically, it was an adult of low rank that showed the first signs of 
stirring in a resting group. Upon coming to the ground, such an 
individual sat, looked around, scratched itself, plucked and ate a handful 
of leaves, groomed itself, and then perhaps wandered off a short distance 
and repeated many of the same behaviors . . . The alpha male often 
slept on through the initial stirrings and seemed to join the move only as 
increasing numbers of animals left the resting trees. The initiators, 
having moved off a short distance, looked back as if to note whether or 
not the main body was following, or sat and groomed as if waiting for the 
balance of the group to join them. There is a suggestion, then, that group 
moves did not really start until the alpha male and possibly certain of the 
females had arrived (Lindburg, 1971, p . 27). 

Th i s pa t t e rn bears a resemblance to g roup m o v e m e n t in h a m a d r y a s 
baboons , for which K u m m e r (1971) identified individuals w h o func
t ioned as "p ropose r s " a n d "dec ide r s " . O t h e r evidence consistent wi th a 
" d e c i d e r " role for adu l t male rhesus is the observat ion tha t , in crossing 
open areas, they were more often t h a n not in the ap p ro x ima te cent re of 
the progression co lumn, p robab ly as a result of their late s tar t relat ive 
to t ha t of the "p ropose r s" . 

If o ther g roup m e m b e r s a re in fact co-ord ina t ing their t ravel to t ha t 
of cer ta in adu l t males, w h a t a d v a n t a g e is realized from this differentia
t ion of roles? O n e line of reasoning is t ha t males are repositories of 
knowledge on where food a n d wa te r a re located, a n d pe rhaps also 
where risks of p reda t ion are greatest . Th is is essentially the conclusion 
which K u m m e r (1971) d raws for h a m a d r y a s , in which the " d e c i d e r " 
role was typically assumed by the older males in the popula t ion . Crook 
(1970) gives even grea ter weight to ma le "exper ience of the h a b i t a t " in 
suggesting tha t , in a t least some p r i m a t e societies, it is the basis of the 
males ' association wi th " m o t h e r - l i t t e r families". These views seem to 
requi re ei ther t h a t males have be t te r memor ies t h a n females, or t h a t 
males acqui re superior knowledge as a consequence of grea ter longevity. 
Since bo th a re unlikely, there is no compel l ing reason for believing t h a t 
knowledge of the r ange becomes differentiated on the basis of sex. 

Subs tan t ia l evidence exists to show t h a t individuals can assume con
trol l ing roles independen t ly of status, b u t in our sample there does a p p e a r 
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to be a correlat ion wi th h igh male rank . However , this is no t to say t h a t 
assertion of status is the basis on which following d u r i n g the course of 
foraging is induced (Rowell , 1972). 

Alternat ively, we propose t h a t the regula t ion of dai ly foraging by 
rhesus males is m a d e possible simply by the a t t rac t ion which they hold 
for the females, a n d t h a t this a t t rac t ion stems pr imar i ly from their role 
as protector of the g roup . At t rac t ion of one sex for the o ther in bisexual 
groupings need not be equal . For rhesus monkeys there is substant ia l 
evidence showing t ha t females con t r ibu te more to the m a i n t e n a n c e of 
g roup cohesion t h a n males. L i n d b u r g (1974) found, for example , t ha t 
adu l t females performed far greater a m o u n t s of social g rooming t h a n 
males, a n d Bernstein a n d Sha rpe (1966) concluded from a capt ive s tudy 
t ha t adu l t a n d juveni le females h a d the highest a p p r o a c h scores a n d 
t ended to r ema in in proximi ty wi th o ther g roup member s more t h a n 
males. O t h e r evidence consistent wi th a sex difference in a t t rac t ion is 
the fact t ha t males will forsake their na t a l un i t to jo in o ther groups or to 
assume a solitary existence, whereas these tendencies a re ei ther r a re or 
non-existent for females. (It is of interest to note t ha t all studies of ma le 
transfer indicate a h igher incidence du r ing the m a t i n g season w h e n ma le 
a t t rac t ion for females should be a t its highest.) 

T h e "safe ty- in-numbers" a r g u m e n t discussed above was based on 
the observat ion t ha t vigilance is exercised on the p a r t of all bu t the 
very young . W a r n i n g calls, similarly, are emi t ted by juveni les a n d adul ts 
of ei ther sex, a n d of course male a n d female benefit equal ly from this 
system of combined vigilance. O t h e r observations indicate , however , 
t h a t cer ta in protect ive functions are largely the prerogat ive of adu l t 
males. W e note the following: 

(a) Adu l t males sometimes c l imbed trees a n d scanned the a rea in 
response to mildly a l a rming stimuli . A t t imes they subsequent ly moved 
off in the direct ion of the st imulus, as if to investigate. 

(b) O n l y adu l t males posit ioned themselves in clear view be tween 
the observer a n d the g roup in the early stages of hab i tua t ion . 

(c) I n 57 protect ive episodes, adu l t males par t ic ipa ted in 6 5 % a n d 
were exclusively involved in 4 9 % . T h e lesser involvement of females 
appea red to depend on their proximi ty to incidents a n d on the ident i ty 
of the th rea tened individual . (These d a t a were der ived from our F R I 
popula t ion , where h u m a n s a n d domest ic dogs were the pr inc ipa l causes 
for a larm.) 

(d) M o b b i n g responses t oward potent ia l p reda tors were seen on two 
occasions (again, in the F R I popu la t ion ) . M o b b i n g is by definition a 
g roup response, a n d the impor t ance of males to the success of such 
events is obvious. 
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T h e composi te p ic ture is of a substant ia l t hough no t exclusive 
dependence on males for protec t ion. Bisexual g roup ing on a yea r - round 
basis is p robab ly the basic an t i p r eda to r strategy, b u t there a re add i t iona l 
protect ive benefits which accrue to females a n d y o u n g by their associa
t ion wi th males, a n d it is these benefits which account for ma le control 
of foraging. 

5.3. Foraging in Relation to Energy Requirements 
If the foregoing is correct , how then do adu l t males " d e c i d e " where a 
g roup will r ange on a given d a y ? T h e p rox ima te de t e rminan t s p robab ly 
relate to such factors as the recency wi th which food source in the r ange 
have been visited, or to recency a n d locat ion of contacts wi th conspecific 
groups . Whi le all individuals possess this information, the d e p e n d e n c e 
on males for protec t ion would allow their "cho ices" to prevai l . 

T h e quest ion of i m m e d i a t e causat ion aside, h o w does a system 
favouring ma le co-ordinat ion of foraging re la te to the different food re
qu i rements of g r o u p m e m b e r s ? Whi le little specific informat ion on 
energy costs is avai lable , differences in body size, reproduc t ive state, 
g rowth requ i rements , a n d ind iv idua l levels of activity a re charac ter i s 
tics which affect energy expendi tu re . As no ted previously, males con
t r ibu te min imal ly to the rea r ing of young . I t m a y be erroneous to 
assume tha t their expendi tures for r ep roduc t ion are negligible, how
ever. W e h a d the impression t h a t males lost weight d u r i n g the m a t i n g 
season, p robab ly due in p a r t to r educed food in take , since m a t i n g t ime 
mus t be subt rac ted from t ime devoted to o ther activities. However , t he 
confinement of m a t i n g to th ree to four mon ths of the year , plus t he 
mul t ip le copula t ion pa t t e rn which character izes a sexual pa i r ing a n d 
the u n e q u a l sex ratios of adul ts , means tha t the energy expend i tu re pe r 
ind iv idual ma le is seasonally prodigious. 

O t h e r roles character is t ic of males , in addi t ion to the protect ive 
functions discussed above, a re the policing of i n t r a g r o u p quarre ls a n d 
the m a i n t e n a n c e of in te rg roup spacing. T h e la t ter is accompl ished 
pr imar i ly by the b ranch-shak ing display, a n d in our forest popu la t ion 
100% of the displaying in this context was performed by adu l t males . 
Nevertheless, these activities a re infrequent c o m p a r e d to the day- to-day 
burdens of offspring p roduc t ion bo rne by females. A n indica t ion of 
reproduc t ive costs for females is p rov ided by Coelho 's (1974) s tudy of 
capt ive Sykes 5 monkeys , Cercopithecus albogularis, in which he notes t h a t 
lac ta t ion a n d p regnancy increase metabol ic rates by factors of 1-5 a n d 
1-25 respectively. A l though smaller by a b o u t 3 0 % t h a n males (Crook, 
1972), sex differences in the ne t costs of locomotion are p robab ly 
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insignificant, given the p redominan t ly hor izonta l d imension of t ravel , 
a n d the fact t ha t foraging as a g roup requires equal amoun t s of t ravel 
for all individuals . I t mus t also be borne in m i n d t ha t the smaller 
females have almost total responsibility for t ranspor t of the young . 
C o m p a r e d wi th the adu l t males, a n d wi th i m m a t u r e members whose 
greatest expendi tures are for g rowth a n d long bouts of play, adu l t 
females p robab ly have the highest net energy expendi tures on a year-
r o u n d basis. 

If this assumpt ion is correct, a female's foraging strategy entails finding 
sufficient food while r ema in ing wi th in the protect ive sphere of the 
adu l t males. W e have earlier established tha t the p r i m a r y const ra in t 
on g roup m o v e m e n t is the location of food. This being the case, rest ing 
and social activities occur at feeding sites. Since the males do not forsake 
the feeding areas for these activities, it is theoretical ly possible t ha t 
indiv idual differences in t ime requi red for feeding could be accommo
da ted wi thou t loss of male protect ion. Pre l iminary evidence in suppor t 
of this content ion is Clut ton-Brock 's (1974) finding t ha t in red colobus 
monkeys [Colobus badius) females feed for longer periods t h a n males , 
a n d the finding by Bernstein a n d Sha rpe (1966) t ha t in capt ive colonies 
adul t male rhesus h a d the highest resting scores. F u r t h e r verification of 
these points requires the documen ta t ion of individual differences in 
activity pa t te rns a n d their respective costs in terms of energy expend i tu re . 

6. S U M M A R Y 

1. T h e s tudy of forest-dwelling popula t ions of rhesus monkeys p ro 
vides an oppor tun i ty for further explorat ion of habi tat-society relat ion
ships. 

2. This s tudy took place in a t ropical moist deciduous forest in which 
p r i m a r y foods are shown to be incons tant in space a n d t ime for the 
greater p a r t of the a n n u a l cycle. 

3. Rhesus monkeys feed pr imar i ly on wild fruits, bu t supp lemen t 
their diet wi th a var ie ty of leaves, stems, flowers, shoots a n d insects. 
T h e r e is m a r k e d seasonal var ia t ion in the availabil i ty of foods, a n d in 
the daily cycle of foraging behaviour . Mos t feeding occurs a t heights 
less t h a n 10 m above g round . 

4 . D a y ranges reflect the m o v e m e n t of groups in exploit ing food 
pa tches a n d in shifting be tween patches . Sleeping sites a n d p reda to r 
avoidance are of little consequence for feeding locations. T h e spat io-
t empora l dis t r ibut ion of food a n d l imited wate r supply in the d ry season 
are the two p r i m a r y constraints u p o n r ang ing behaviour . 
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5. I n rhesus monkeys the yea r - round g r o u p a n d the foraging un i t 
a re equivalent . Forag ing as a g r o u p affords protec t ion from preda tors , 
b u t an u p p e r l imit on g r o u p size is imposed by the pa t chy dis t r ibut ion 
of p r i m a r y foods. Dai ly foraging is co-ord ina ted by adu l t males , w h o 
are a t t rac t ive to o ther g roup m e m b e r s as a result of the protec t ion 
which they provide . Females p robab ly requi re m o r e food t h a n males , 
a n d the t endency for non-feeding activities to occur a t feeding sites 
provides a protect ive zone in which their grea ter energy needs can be 
fulfilled. 
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1. INTRODUCTION 

The gelada baboon, Theropithecus gelada Rüppell, is the sole surviving 
species of a genus which in Pleistocene times was found throughout 
the grasslands of sub-Saharan Africa (C. J. Jolly, 1972). Today, the 
gelada are confined to the Amhara plateau in Ethiopia, an area of 
volcanic uplift lying at approximately 1500-4500 m altitude which is 
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dissected by the extensive gorge systems of the Blue Nile a n d Taccazze 
rivers. I n their almost treeless hab i t a t the ge lada are d e p e n d e n t on these 
gorges for safe refuges a n d sleeping sites; consequent ly , they rarely stray 
more t h a n 1-2 km in land from the gorge r im (Crook, 1966). Th i s 
unusua l baboon is of par t i cu la r interest from the ecological poin t of 
view since, as an exclusive graminivore , it is one of the most specialized 
of the pr imates . I t is the only m e m b e r of the order which is a t rue grazer 
capab le of compet ing wi th ungula tes on the open grasslands. Fu r the r 
more , the species has long been p u t forward as a p r ime example of the 
in terre la t ionship be tween ecology a n d social s t ruc ture . Crook a n d 
G a r t l a n (1966), for instance, a rgued tha t the species' social o rganiza t ion 
(one-male groups a n d al l-male groups tha t were capab le of forming 
large herds) reflected an adap t a t i on to a seasonally ar id env i ronment . 

Al though our 1971-72 field s tudy was main ly concerned wi th social 
organiza t ion a n d behaviour , we were able to ob ta in enough informa
tion for a pre l iminary assessment of the species' ecology to be m a d e . 
This pape r constitutes an in ter im repor t pend ing the results of a more 
detai led s tudy of gelada feeding ecology current ly being carr ied ou t by 
R . W . W r a n g h a m . 

2. M E T H O D S 

2.1. Data-Recording Methods 
T h e ma in sampl ing p rocedure used to ob ta in quan t i t a t ive informat ion 
on gelada diet a n d activity pa t te rns was scan sampl ing (J . A l t m a n n , 
1974). I n the present case, the samples were carr ied out at 20-min 
intervals . For each sample , a sweep would be m a d e from one side of the 
herd to the o ther record ing w h a t each visible a n i m a l (except infants) 
was doing in as nea r an ins tan taneous sample as possible. D e p e n d i n g on 
the n u m b e r of an imals visible a t any one t ime, the samples took 2-7 min 
to complete . Al though as m a n y as 350 animals migh t be present , m a n y 
would be out of the observer 's field of view. T h e m e d i a n n u m b e r of 
animals recorded in samples was 65 (range 1-233). Samples were 
generally smallest in the first a n d last hours of the day w h e n the ge lada 
were on the sleeping cliffs below the observer. 

For the purposes of the samples, five categories of activity were dis
t inguished: rest, feed, move, social a n d other . I n the present context , 
only two of these requi re definition. A n an ima l was said to be feeding 
if it was harvest ing, passing to the m o u t h or b i t ing any i t em; however , 
ea t ing things picked from the fur du r ing g rooming was scored as 
g rooming ra the r t h a n feeding (see Sparks, 1967). A n an ima l was said 
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to be moving if it was in q u a d r u p e d a l locomotion, provid ing it was no t 
engaged in any form of social activity. Shuffling forwards on the 
haunches while feeding was scored as feeding since it was usually 
carr ied ou t at the same t ime as one or more of the activities defined as 
feeding. 

T h e samples were carr ied ou t d u r i n g two different seasons: J u l y to 
Augus t in the midd le of the wet season, a n d J a n u a r y to F e b r u a r y a t 
the height of the d ry season. E a c h sample was carr ied ou t over a per iod 
of abou t two weeks. 

T h e wet season samples were taken whenever the animals were u n d e r 
observat ion, a n d no a t t e m p t was m a d e to ensure an even dis t r ibut ion 
of records across the hours of the day . A total of 7319 an imal - records 
was taken, wi th a m e d i a n of 768 records per hour ( range 375-901) . 
Since most observat ion t ime was concen t ra ted in the m o r n i n g a n d 
evening hours , records for the midd le of the day migh t be biased by 
the fact t ha t the t ime at which the m o r n i n g observat ion per iod was 
t e rmina ted m a y have d e p e n d e d on w h a t the animals were doing (see 
A l t m a n n a n d A l t m a n n , 1970). T h e observers migh t have stayed wi th 
the animals longer, for instance, if someth ing of behav ioura l interest 
was going on t h a n if the an imals were feeding quiet ly. Hence , records 
for these hours migh t show peaks of social activity, for example , wh ich 
are in fact artefacts of the sampl ing p rocedure . 

I n view of this, a more de te rmined effort was m a d e d u r i n g the d ry 
season sample to ensure t ha t the t imes at which sampl ing s tar ted a n d 
finished were i ndependen t of w h a t the animals were doing. R a t h e r 
t h a n sampl ing cont inuously from d a w n till dusk, the day was divided 
into three per iods, 7 .00-10.59h, 11.00-14.59h a n d 15.00-17.59h. O n 
successive days the m o r n i n g a n d evening periods were a l t e rna ted wi th 
the m i d d a y per iod. A tota l of 13 863 records was taken d u r i n g the two-
week sample per iod, wi th a m e d i a n of 1281 records per hou r ( range 
554-2133) . However , due to the fact t ha t vary ing n u m b e r s of an imals 
were visible du r ing each sample , samples were still no t evenly dis t r ibu
ted across all hours . T a b l e I shows the n u m b e r of records ob ta ined 
du r ing each h o u r of the d a y for the two seasons. 

" I n s t a n t a n e o u s " scan sampl ing was chosen as the most a p p r o p r i a t e 
record ing strategy since it is easy to use, permi ts a large quan t i t y of d a t a 
to be collected in a short per iod of t ime a n d gives an exact es t imate of 
the p ropor t ion of t ime animals spend in a given behavioura l s tate 
( J . A l t m a n n , 1974). T h e under ly ing assumpt ion wi th this s trategy is t ha t 
an imals which are visible to the observer a t any given t ime are a r a n d o m 
sample of the an imals in the popu la t ion . T h e organiza t ion of the ge lada 
herd into one-male units a n d al l -male groups t ended to result in a 
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more or less r a n d o m sample of each age/sex class wi th in the observer 's 
field of view. Except , pe rhaps , for the subadu l t males of a l l -male 
groups , there was no t endency for the var ious age/sex classes to be 
found in different par t s of the he rd . F u r t h e r m o r e , the excellent observa
t ion condit ions (see Fig. 1) m e a n t t h a t bo th the animals a n d their 
activities were clearly visible. 

T o de te rmine w h a t the an imals were feeding on, we recorded the 
species a n d p a r t being ea ten by feeding animals whenever possible 
du r ing the scan samples. Animals m o r e t h a n 100 m from the observer 
were discounted since they were too far away for an accura te identifica
tion to be m a d e . However , even a t closer quar te r s it was often easier to 
identify some plants t h a n others . T o avoid biasing the d a t a against 
p lants which were more difficult to identify, general ized categories such 
as " h e r b " a n d "smal l p l a n t " were used in cases where a positive species 
identification could not be m a d e . 

I n addi t ion to the wet a n d d ry season samples, a r a n d o m sample of 
231 feeding records was t aken over a n u m b e r of days du r ing N o v e m b e r 
in order to ob ta in an est imate of w h a t the an imals were feeding on a t 
this t ime of year . 

Finally, a c rude est imate of the vegeta t ional s t ruc ture of the h a b i t a t 
was ob ta ined by sampl ing the a m o u n t of cover in 60 one-met re square 
plots spaced 15 m a p a r t a long a single t ransect p laced across the cent re 
of the m a i n s tudy band ' s h o m e range . I n each sample , the p ropor t ion 
of g round level (0-30 cm) cover was es t imated by eye, the propor t ions 
of grass a n d he rbage a n d of green cover be ing dist inguished. I n addi t ion , 
it was no ted whe the r or no t the plot h a d a n y bush (30-600 cm) or t ree 
(more t h a n 6 m) cover. Transec ts were carr ied ou t in the wet a n d the 
d ry seasons separately. 

Statistical comparisons were carr ied ou t using the Wilcoxon m a t c h e d -
pairs s igned-ranks test a n d the M a n n - W h i t n e y U test (Siegel, 1956). 
I n all cases, the Ρ values quo ted are two-tai led. I t is pe rhaps wor th 
not ing t ha t chi -squared tests on the pooled d a t a for the whole sample 
give ident ical results in almost all cases except t ha t the significant levels 
are general ly higher . 

2.2. Study Areas 
T h e m a i n s tudy was carr ied ou t in the Sankabe r a rea of the Simien 
M o u n t a i n s Na t iona l Park , E th iopia , be tween J u l y 1971 a n d M a r c h 
1972. C o m p a r a t i v e d a t a were ob ta ined from the Bole valley some 
500 k m to the south be tween M a y a n d O c t o b e r 1972. These two areas 
lay on the n o r t h e r n a n d southern limits of the species' geographica l 
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range , and were also close to the limits of the species' a l t i tudinal r a n g e . 
T h e Sankaber s tudy a rea (13°15' Ν , 3 8 W E ; a l t i tude 3300 m) 

consisted of a na r row r idge b o u n d e d on one side by the 1500 m escarp
m e n t face of the Simien moun ta ins a n d on the o ther by the 600 m 
deep gorge of the K h a b a u river. T h e vegeta t ion was afro-alpine in 
charac ter , consisting p r edominan t ly of Erica arborea L. forest a n d dense 
thickets of Hypericum revolutum Forssk., Rosa abyssinica R . Br., Solanum 
sp. a n d o ther bushes interspersed by areas of more open grass land. 
F igure 1 illustrates pa r t of the more open a rea on the r idge top a n d 

FIG. 1. Par t of a gelada he rd feeding on the r idge top at Sankaber , Simien M o u n t a i n s 
Na t iona l Park . 

shows scat tered Hypericum a n d Erica bushes a long the cliff edge in the 
background . Al though this pho tog raph clearly illustrates the excellent 
observat ion condit ions, m u c h of the hab i t a t h a d considerably more bush 
cover t h a n is indica ted here . M o r e t h a n 5 0 % of the one-met re square 
plots sampled on the gorge side a n d escarpment face h a d some bush 
and /o r t ree cover, while abou t 3 5 % of the plots on the r idge top d id so 
(see T a b l e V ) . 

T h e Bole valley (9°25' Ν , 38°33 ' Ε ; a l t i tude 2300 m ) , a box canyon 
some 600 m deep , formed pa r t of the Blue Nile d ra inage system. T h e 
hab i t a t was similar to t ha t in the Simien except t ha t the Erica a n d Hyperi
cum were replaced by Acacia spp. a n d Olea africana Mil l , while Carissa edulis 
(Forssk.) Vah l . was a c o m m o n bush in addi t ion to Rosa a n d Solanum. 
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Cl imat ical ly the two areas were similar a l though the Simien, be ing 
higher , was more ex t reme. T h e m a i n rains last from J u l y to ear ly 
Sep tember , wi th short rains in M a r c h or Apri l . However , some ra in is 
to be expected in most m o n t h s of the year , a n d the a n n u a l rainfall m a y 
be as m u c h as 1500 m m . H e a v y mists are c o m m o n d u r i n g the wet 
season, usually accompan ied by thunder s to rms a n d hail . G r o u n d frost 
occurs night ly t h r o u g h o u t the d ry season in the Simien, bu t is less 
c o m m o n at lower al t i tudes. 

3. FEEDING B E H A V I O U R 

3.1. Feeding Techniques 
T h e ge lada are almost exclusively graminivorous , a n d their feeding 
techniques reflect this ex t reme specialization. Feed ing is general ly 
carr ied ou t in a sit t ing position (Fig. 2) , i tems being collected from 
immedia te ly in front of the sitting an imal . F r o m t ime to t ime, t he 
an ima l shuffles forwards a few paces on its haunches to begin harves t ing 
a new area (Crook a n d Aldrich-Blake, 1968; D u n b a r a n d D u n b a r , 

FIG. 2. A d u l t f e m a l e d i g g i n g f o r g r a s s r o o t s . 
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1974a). However , the h a n d actions used d e p e n d on which p a r t of t h e 
p l an t is be ing ea ten . 

Grass blades a re collected by a l te rna te ro ta ry mot ions of the hands,, 
sn ipping off the leaves be tween the t h u m b a n d index finger. T h e b lades 
are ga thered in to the p a l m of the h a n d , a n d w h e n a handful has been 
collected the bund le is transferred to the m o u t h . Feeding is general ly 
a cont inuous opera t ion in which the an ima l mast icates the previous 
handful of grass while ga ther ing the next . 

Grass seeds a re collected ei ther by pul l ing the sterns t h r o u g h t h e 
teeth one a t a t ime, or by s t r ipping s tanding stems be tween the t h u m b 
a n d index finger. I n the la t ter case, the seeds a re aga in ga the red i n to 
the p a l m of the h a n d as w h e n feeding on leaves. T h e act ion used 
depends on the type of grass seed. 

W h e n feeding on grass rhizomes, the hands a re held flexed a t r igh t 
angles to the forearm a n d the ea r th is r emoved wi th r ap id a l t e rna te 
digging movements (Fig. 2) . T h e exposed rhizomes are t hen transferred 
to the m o u t h . Th is t echn ique is extremely efficient for ob ta in ing b o t h 
the trai l ing, sub t e r r anean root systems of the grasses a n d the roots a n d 
bulbs of small p lants . 

These feeding actions are highly skilled, a n d pe rmi t the ge lada to feed 
on grasses a t a m u c h faster r a te t h a n o ther baboons ( D u n b a r a n d 
D u n b a r , 1974a). T h e y are m a d e possible by two specializations in t h e 
a n a t o m y of the ge lada h a n d . I n the first place, ge lada have the highest 
opposabil i ty index of all the ca t a r rh ine p r imates (Napier a n d N a p i e r , 
1967), pe rmi t t ing t h e m to pick indiv idual grass blades. Th is is especially 
i m p o r t a n t in the d ry season w h e n green blades are to be found only 
here a n d there a m o n g the nutr i t ional ly useless d ry leaves. Secondly, 
the short , robus t pha langes provide a s t rong a p p e n d a g e for digging. 
These adap ta t ions a re of par t i cu la r impor t ance since they pe rmi t t h e 
ge lada to exploit a grassland h a b i t a t m u c h more efficiently t h a n o the r 
pr imates . 

W h e n feeding on the flowers or fruits of small p lants a n d bushes, t h e 
ge lada general ly pick indiv idual i tems a n d place t h e m in the m o u t h one 
a t a t ime, m u c h as o ther baboons do . Usual ly bo th hands are used 
a l ternate ly , a l though w h e n the animals have to c l imb in to bushes (as 
in the case of Rosa abyssinica or Hypericum), they m a y use only one h a n d 
while hold ing on to the bush wi th the other . 

3.2. Feeding Heights 
Since grasses const i tute the bulk of the gelada 's diet , most feeding takes 
place a t g round level. O n l y 15 of the 3051 animals recorded as feeding 
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during the wet season samples (0-5%) were not on the ground. All 
these records were of animals climbing into Rosa abyssinica bushes to 
reach fruits. Often, however, these could be reached from the ground: 
the 15 records accounted for only 16-7% of the records of animals 
feeding on this species. Out of the total feeding records for this period, 
only 3% of the items being eaten were classed as bushes, while during 
the dry season, less than 0-4% of the items were classed as bushes (see 
Table III below). 

3.3. Diurnal Pattern of Feeding 

The daily cycle of activity can be summarized as follows. Approxi
mately 1 hr after dawn, the animals move up to the cliff top from the 
sleeping ledges below. There they settle and spend some 2 hr engaged 
in social activity. Between 9.00 and 10.00h, feeding begins to replace 
social behaviour as the predominant activity and at the same time a 
gradual drift along the cliff edge gets under way. Feeding continues to 
predominate right through the middle of the day until late in the after
noon. At the same time, movement is continual but slow, the entire 
herd generally advancing on a broad front as animals shift their feeding 
places (see Crook, 1966). This gradual drift may sometimes be punctua
ted by true progressions, during which the herd may move 0-5 to 1 km 
in a rapid march. The timing of such bouts of fast travel varies from 
day to day, and indeed may sometimes not occur at all. As a result, 
there is little indication of a peak in movement to or from sleeping 
sites, as has been recorded in other baboons (Kummer, 1968; Altmann 
and Altmann, 1970). By 16.00h, the animals have usually arrived at 
one of their sleeping cliffs; movement and feeding decline in frequency 
and a small peak in social activity is observed before the animals 
descend to their sleeping ledges around 18.00h. Since most movement 
is accounted for by slow foraging, the distance travelled in any one day 
is low compared with other open country species. The day range (the 
distance travelled by the herd during the day as measured "round-the-
curve") seldom exceeds 3 km, and normally averages around 2*5 km 
(median 2-25 km, range 1-5-3-5 km, η = 29). 

Estimates of both the proportion of time spent feeding and the 
diurnal cycle of feeding were obtained from the scan samples of activity. 
The distribution of feeding records over the day during the wet and dry 
seasons is shown in Table II. Between 10.00 and 16.00h, feeding 
accounted for some 50-60% of the animal's time. Averaged over the 
whole day (7.00-17.00h inclusive) gelada spent around 45% of their 
time feeding. Two estimates of the exact proportion of time spent 
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feeding can be ob ta ined from the d a t a : (a) by tak ing an average of t he 
hour ly percentages a n d (b) by conver t ing the s u m m e d r a w feeding 
records to a percen tage of the total n u m b e r of samples. Both procedures 
give r emarkab ly close estimates for the two seasons despite the var ia t ion 
in the n u m b e r of records for each hou r of the d a y : 40-6 a n d 4 3 - 1 % 
respectively for the wet season, a n d 47-1 a n d 4 7 - 3 % for the d ry season. 
Th i s difference be tween the wet a n d dry seasons is ju s t significant 
( i = 1 0 , / > < 0 - 0 5 , w = l l ) . 

Considera t ion of the d a t a in T a b l e II shows t ha t there a re a n u m b e r 
of differences be tween the two seasons in the dis t r ibut ion of feeding over 
the day . Firstly, in the d ry season the animals t ended to begin feeding 

TABLE II 
Proportion of animals recorded as feeding during each hour of the day in the wet and dry seasons 

% of r e c o r d s 

7.00 8 .00 9 .00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 
( h o u r of d a y ) 

W e t season 5.1 12.5 41-2 39-1 58-8 41-3 48-9 57-0 51-6 55-0 36-0 
D r y season 19-6 22-5 40-1 55-7 53-3 51-8 50-6 54-0 59-2 57-9 53-8 

earlier a n d con t inue la ter in the day . T h e r e is a significant difference in 
the a m o u n t of t ime spent feeding a t 7.00h ( Τ < 0 Ό 1 ) , a l t hough the 
differences at 8.00 a n d 17.00h are not significant ( Ρ > 0 Τ 0 ; Ρ > 0 · 0 5 
respectively). (Analysis based on pooled samples for indiv idual days.) 
T h e reason for this difference seems to lie in the spatial d is t r ibut ion of 
preferred food i tems (see below). Secondly, the animals spent less t ime 
feeding a r o u n d m i d d a y du r ing the wet season t h a n du r ing the d ry 
season, a l though the difference here is not significant ( Ρ > 0 · 0 5 , a t 
12.00h). This can in pa r t be a t t r ibu ted to a small peak in social activity 
a t this t ime of day du r ing the wet season which migh t be an artefact 
of the wet season sampl ing p rocedure (see Section 2.1). However , i t 
p robab ly also reflects the fact t ha t thunders to rms are most c o m m o n 
a r o u n d m i d d a y du r ing the wet season. D u r i n g heavy storms, the an imals 
t ended to sit in huddles a n d a m a r k e d d r o p in the p ropor t ion of feeding 
a n d moving is recorded ( D u n b a r a n d D u n b a r , 1975). 

3.4. Diet 
M o r e t h a n 9 0 % of the gelada 's diet consists of grass. T h e r ema in ing 
1 0 % is accounted for by a var ie ty of tubers , fruits (mainly Rosa 
abyssinica), leaves a n d flowers of bushes a n d small p lants ( inc luding 
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Hypericum revolutum, Echinops spp . a n d o ther thistles, Co tula crypto-
cephala A. Rich . , Trifolium spp. , Salvia sp. a n d Kniphofia foliosa Höchst . ) 
a n d a few insects. 

A l though grasses accounted for more t h a n 9 0 % of the ge lada ' s diet 
t h r o u g h o u t the year , there was considerable seasonal var ia t ion in the 
p a r t ea ten. Likewise, the o ther p lants ea ten d e p e n d e d on seasonal 
availabil i ty. T a b l e I I I gives the pe rcen tage b r e a k d o w n of the an imal ' s 

TABLE III 
Percentage breakdown of diet during three periods of the year 

% of r e c o r d s 
P l a n t t y p e P a r t e a t e n J u l . - A u g . N o v e m b e r J a n . - F e b . 

G r a s s e s L e a v e s 93-0 17-3 24-7 
R h i z o m e s — 6-5 66-9 
Seeds — 69-7 — 

H e r b s , p l a n t s L e a v e s , s t e m s 0-2 0 4 2-7 
R o o t s , t u b e r s 3-3 0-9 — 
F l o w e r s 0-2 3-0 0-1 
Seeds — 1-3 5-2 

T h i s t l e s L e a v e s 0-1 0-8 0-1 
Bushes L e a v e s 0-2 — 0-2 

F l o w e r s — — 0-1 
F r u i t s 2-9 — — 

In sec t s — 0-1 — 0-1 
N o . of r e c o r d s 3051 231 3291 

diet for th ree periods of the yea r : J u l y / A u g u s t d u r i n g the wet season; 
N o v e m b e r ; a n d J a n u a r y / F e b r u a r y d u r i n g the he ight of the d r y season. 
[ I t should be no ted tha t , owing to the s t ruc ture of the sampl ing p r o 
cedure , the d a t a presented here on diet reflect the p ropor t ion of t ime 
which the an imals spent feeding (in the sense defined on p . 252) on 
the different p l an t types. T h e y do not necessarily reflect e i ther the p ro 
por t ion of t ime spent ingesting the var ious i tems or the quant i t ies 
ingested by weight or calorific value.] 

T h e d a t a show a m a r k e d change in the p ropor t ion of t ime spent 
feeding on grass leaves, seeds a n d roots in response to the la t ter ' s 
seasonal availabil i ty. D u r i n g the wet season, fresh green grass was 
a b u n d a n t everywhere a n d the ge lada consumed little else. By November , 
t he grasses h a d gone to seed, a n d seeds accounted for a substant ia l p ro 
por t ion of their diet a t this t ime. By the midd le of the d ry season in 
Feb rua ry , m u c h of the grass cover h a d wi thered , a l though green leaves 
con t inued to be plentiful wherever bush cover provided shade from the 
direct rays of the sun. At this t ime of year , the ge lada spent 6 7 % of the 



262 R. I. Μ . D U N B A R 

t ime feeding on grass rhizomes a n d a b o u t 2 5 % of the t ime harves t ing 
blades . 

Similar seasonal changes can be observed in those i tems which m a d e 
u p the r e m a i n d e r of their diet . T h e fruits of Rosa abyssinica accoun ted 
for a b o u t 3 % of their diet d u r i n g the rains w h e n this species was in 
fruit. A t this t ime of year , they also d u g u p the roots of a var ie ty of 
tuberous p lants such as Merendera abyssinica A. Rich , a n d Moraea sp. 
D u r i n g the d ry season, the seeds of Trifolium arvense L. a n d the leaves 
a n d roots ofCotula cryptocephala (a small h e r b which proliferated in well-
wa te red areas) provided the bulk of the non-grass diet. 

T h e ge lada a p p e a r to m a k e m a x i m u m use of the resources avai lable 
to t hem. T h e i r preferred food appears to be grass leaves, b u t du r ing the 
d ry season, w h e n these are in l imited supply a n d more nut r i t ion is 
avai lable below the g round , they concen t ra te more heavily on roots a n d 
rhizomes. 

3.5. Dietetic Diversity and Selectivity 
C o m p a r e d wi th o ther baboons , the ge lada are exceptional ly specialized 
wi th regard to diet. Th is specialization appa ren t l y appears early in the 
genus ' history, since all known theropi thec ine species show the same 
den ta l adap ta t ions to a small i tem diet (large, hypsodont molars for 
crushing, wi th r educed incisors: C . J . Jo l ly , 1972). T h e theropi thecines 
a re thus pr imar i ly grassland animals a d a p t e d to occupying hab i ta t s 
where grasses const i tute the bulk of the p r i m a r y produc t ion . Th i s 
ex t reme dietetic specialization is likely to m a k e the ge lada par t icu lar ly 
susceptible to the effects of food resource availabil i ty on popu la t ion size 
a n d dispersion (see below). 

Whi le grasses m a k e u p the bulk of their diet, the ge lada are selective 
both with regard to the species a n d the qual i ty of grass they will eat . 
Coarse, reedy grasses are never eaten, a n d areas which consist p re 
dominan t ly of these types of grasses are rarely entered . This was especi
ally not iceable in our secondary s tudy a rea in the Bole val ley: t he 
ge lada there seldom entered the forest in the river bed or the heavily 
bushed lower slopes of the valley where the grass cover was p r e d o m i 
nan t ly of the tall, coarse types such as Cymbopogon vallidus Bur t t -Davy 
a n d Setaria chevalieri S tapf & H u b b ( D u n b a r a n d D u n b a r , 1974a; see 
also Crook a n d Aldrich-Blake, 1968). F u r t h e r m o r e , even d u r i n g the d ry 
season, when m u c h of the grass cover was d ry a n d b rown, they fed only 
on green leaves. 

This ex t reme specialization raises a n u m b e r of issues. I n the first 
place, the ge lada are extremely efficient a t hand l ing the high cellulose 
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conten t of the grass blades. A l though fibre can be discerned in their 
faeces, undiges ted blades a re ra re . I n contras t , t he faeces οΐ Papio anubis 
J . P . Fischer a re c o m m o n l y full of undiges ted blades after extensive 
feeding on new grass g rowth (pers. obs.) . Since the digestive t rac t of 
T. gelada does no t appa ren t l y differ from t h a t of the Papio baboons 
(Hill , 1970), this suggests t h a t they have evolved some u n i q u e a d a p t a t i o n 
designed to h a n d l e this p rob lem. O n e possibility migh t be t ha t they 
have acqu i red a specialized in te rna l flora: however , this aspect of 
ge lada biology has yet to be invest igated. A n o t h e r possibility is t ha t 
the large, hypsodont cheek tee th of the ge lada pe rmi t grass blades to be 
thoroughly pulver ized pr ior to ingestion so t ha t their nu t r i t iona l con ten t 
can be ext rac ted . Jo l ly (1972) has suggested t ha t this den ta l specializa
t ion has been specifically evolved to h a n d l e a small i t em diet . W h i l e 
seeds a n d roots also r equ i re considerable chewing, it is clear t ha t some 
means of r ende r ing grass blades digestible mus t have been at a special 
evolu t ionary p r e m i u m in a g ramin ivorous species lacking the specialized 
digestive t rac t of the o ther leaf-eating p r imates . 

I n the second place, the ge lada ' s abil i ty to utilize all par t s of t h e 
grasses so efficiently explains w h y they are able to exist a t such h igh 
densities in w h a t has h i ther to been t hou g h t of as a seasonally ar id 
env i ronment (Crook, 1966). I n bo th s tudy areas, the popu la t ion 
density was a r o u n d 75-80 animals per k m 2 in the r ang ing a rea a n d 
a r o u n d 30 -40 animals pe r k m 2 if areas no t normal ly uti l ized a re 
inc luded ( D u n b a r a n d D u n b a r , 1974a, 1975). Such densities a re 
unusual ly h igh for a large, terrestr ial p r i m a t e a n d contras t m a r k e d l y 
wi th the densities achieved by o ther baboons . T h e highest densi ty so far 
recorded for Papio baboons is 34 an imals per k m 2 (Aldrich-Blake et al., 
1971), a l though overall densities a re often m u c h lower t h a n this, 
general ly be ing in the region of 5 -15 an imals pe r k m 2 . O n the o the r 
h a n d , the only t ru ly a r id -coun t ry baboon , Papio hamadryas L. , is ab le to 
exist a t overal l densities of a r o u n d only two an ima l s per k m 2 ( K u m m e r , 
1968). At least p a r t of the reason for this is t h a t typical ge lada h ab i t a t is 
ac tual ly very r ich from the an imal ' s po in t of view. Th i s can be i l lustra
ted in the case of the Bole valley where a given section of gorge side was 
able to suppor t th ree t imes as m a n y ge lada as Papio anubis baboons , 
largely d u e to the fact t h a t grasses const i tu ted the bulk of the p r i m a r y 
p roduc t ion ( D u n b a r a n d D u n b a r , 1974a). 

Th is successful exploi ta t ion of a grassland h a b i t a t depends on t h e 
gelada 's abil i ty to utilize bo th the leaves a n d roots of grasses efficiently. 
T h e la t ter food source is par t icu la r ly i m p o r t a n t d u r i n g the d ry season 
w h e n green blades a re in short supply. T h u s , despite the obvious 
desiccation of t he hab i t a t d u r i n g the d ry season (the a m o u n t of green 
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g r o u n d level cover fell from 8 6 % in Augus t to 3 5 % in F e b r u a r y ) , the 
ge lada p robab ly exper ienced only min ima l food shor tage a t this t ime 
of year . As Struhsaker (1967b) has poin ted out , grass rhizomes are a 
highly nutr i t ious a n d plentiful source of food in grassland hab i ta t s 
d u r i n g the d ry season. A t this t ime of year w h e n the plants are d o r m a n t , 
most of their nu t r i t iona l conten t is stored in the root systems. Grass 
rhizomes, of course, have vir tual ly the same dis t r ibut ion in the d ry 
season as green blades do du r ing the wet season. Consequent ly , a l though 
the hab i t a t looks impoverished to the observer, it is ques t ionable as to 
jus t how poor it is from the gelada's po in t of view. I n this respect, the 
fact tha t the ge lada spend slightly more t ime feeding du r ing the d ry 
season t h a n du r ing the wet season migh t reflect the fact t ha t rhizomes 
take slightly longer to harvest t h a n blades per un i t calorific value . I t 
should not , of itself, necessarily be taken to imply t ha t the animals 
experience severe seasonal food shortage. I ndeed , a difference of five 
percentage points m a y well be wi th in the day- to-day var ia t ion in the 
a m o u n t of t ime spent feeding a n d migh t reflect the small n u m b e r of 
days sampled in each case. 

4. T E M P O R A L A N D SPATIAL VARIATION IN FOOD CHOICE 

Litt le d iu rna l var ia t ion in diet can be detected du r ing the wet season 
w h e n the animals concen t ra ted almost entirely on the new grass g rowth . 
However , the d ry season d a t a reveal some striking differences in the 
food items being eaten over the day . T a b l e I V gives the percentages 
of the various i tems being ea ten du r ing each hou r of the day at this 
t ime of year . I t can be seen tha t the relat ive p ropor t ion of grass leaves 
to roots is lower du r ing the middle of the day t h a n dur ing the morn ing 
a n d evening. 

TABLE IV 
Percentage of items being eaten during each hour of the day in the dry season 

% of r e c o r d s 
7.00 8.00 9 .00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 

( h o u r of d a y ) 

G r a s s l eaves 44-3 32-9 17-4 9-3 17-5 23-2 19-3 38-5 42-9 32-2 59-5 
G r a s s r o o t s 47-5 44-5 79-6 88-1 72-9 72-0 77-3 59-0 54-2 46-0 38-0 
O t h e r 8-2 22-6 3-0 2-6 9-7 4-9 3-3 2-5 2-9 21-8 2-4 

N u m b e r of 
r e c o r d s 61 146 4 3 6 3 4 4 6 5 6 371 331 2 0 0 310 261 121 
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This can be expla ined relat ively simply by the fact t ha t m u c h of the 
bush cover in the hab i t a t is to be found on a n d immedia te ly above the 
m a i n cliff face. Since this cover protects the grass from desiccation 
d u r i n g the d ry season, green blades a re most plentifully avai lable in 
this section of the hab i t a t . This can be seen from T a b l e V which shows 

TABLE V 
Vegetational cover in three sections of the Sankaber habitat during the dry season, based on m' 

plots sampled at 15 m intervals 

% g r o u n d level % g r e e n g r o u n d 
c o v e r c o v e r 

S e c t i o n of ( m e a n of ( m e a n of % p lo t s w i t h N o . of p lo t s 
h a b i t a t a l l p lo ts ) a l l p lo ts ) b u s h / t r e e c o v e r s a m p l e d 

E s c a r p m e n t 86-4 86-4 70-0 10 
R i d g e t o p 86-3 13-0 37-0 27 
K h a b a u g o r g e 52-0 16-5 56-5 2 3 

the re levant d ry season vegeta t ional d a t a for the three m a i n sections of 
the hab i t a t (escarpment face, r idge top a n d gorge side). T h e m e a n 
percentage of g round level cover (grasses a n d herbs) , the m e a n per
centage of green g round level cover a n d the p ropor t ion of plots wi th 
some bush or t ree cover a re given for each area . O n the e sca rpment face, 
where some 7 0 % of plots h a d bush or t ree cover, all the ground- level 
vegetat ion was green. I n contrast , on the r idge top where bush cover 
was least c o m m o n , only a b o u t 1 5 % of the avai lable g r o u n d cover was 
still green, while on the K h a b a u gorge, which fell be tween these two 
in the p ropor t ion of bush cover, approx imate ly 3 2 % of the avai lable 
g round cover was green. 

Hence , so long as the ge lada r ema ined on or nea r the cliffs, they could 
feed on grass leaves. O n c e they h a d moved away on the day 's m a r c h 
a long the r idge top , however , they were forced to feed more or less 
exclusively on the roots a n d rhizomes which were more plentiful there . 
T h u s , the a p p a r e n t d iu rna l cyclicity of diet can be a t t r ibu ted to var ia 
tions in the spatial d is t r ibut ion of these food i tems a n d the t empora l 
s t ructure of the gelada 's d a y range . 

F u r t h e r m o r e , this very p robab ly accounts for the fact t ha t the ge lada 
began to feed earlier a n d con t inued la ter in the d a y du r ing the d ry 
season t h a n they did in the wet season (Tab le I I ) . T h e i r preference for 
grass leaves over o ther forms of edible m a t t e r appa ren t ly tends to 
result in their m a k i n g as m u c h use as possible of the leaves still avai l 
able a long the cliff edge before hav ing to concen t ra te on roots a n d 
rh izomes . 
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5. SEX D IFFERENCES IN FEEDING BEHAVIOUR 

D u r i n g the d ry season scan samples, we dist inguished records for adu l t 
males a n d females. T h e d a t a show tha t 829 of the 1975 records for 
males (42-0%) were for feeding c o m p a r e d wi th 1341 of the 2951 
(45-4%) records for females. (Means of hour ly percentages gave figures 
of 41-6 a n d 4 4 - 6 % respectively.) Th is difference is no t statistically 
significant (t=l8, P > O 0 1 , η = 10, there be ing one t ie) . Since adu l t 
males weigh approx imate ly twice as m u c h as adu l t females, the lack of 
a n y difference in the p ropor t ion of t ime spent feeding is striking. W e were 
unab l e to distinguish any qual i ta t ive differences be tween males a n d 
females ei ther in feeding behav iour or i tems ea ten . H e n c e , females 
mus t consume propor t iona te ly more per un i t body weight t h a n do 
males (in fact, a lmost exactly twice as m u c h ) . Th is can p robab ly be 
a t t r ibu ted to the nu t r i t iona l r equ i rements of gestat ion a n d lac ta t ion. 

6. INTERPOPULATION VARIATION 

A comparab l e analysis of ge lada diet in the Bole valley (see D u n b a r 
a n d D u n b a r , 1974a) revealed few differences from the S a n k a b e r 
popula t ion . M o r e t h a n 9 6 % of the i tems recorded as being eaten in scan 
samples were grasses. O f the r ema in ing 4 % , some minor differences 
were noted which can be a t t r ibu ted to differences in botanica l com
position be tween the two s tudy areas. Likewise, 9 8 - 5 % of the an imals 
recorded as feeding a t Bole were do ing so on the g round . Observa t ions 
m a d e by us in the Geech a rea of the Simien moun ta ins , by Crook 
(1966) in o ther areas in Simien a n d by Crook a n d Aldrich-Blake (1968) 
a t D e b r a Libanos in the south, indicate t ha t grasses are the m a i n food 
source of ge lada in all hab i ta t s . 

Some quan t i t a t ive differences were , however , de tec ted be tween the 
Bole valley a n d Simien popula t ions in o ther aspects of feeding a n d 
r ang ing behaviour . Scan samples taken a t 10-min intervals at Bole 
revealed t ha t the ge lada there spent an average of only 36*2% of the 
t ime feeding. Since the Bole valley d a t a cover bo th the wet a n d d ry 
seasons, it is necessary to pool the two sets of Simien d a t a before a more 
di rect compar ison between the two areas can be m a d e . If the two sets 
of d a t a for each hou r are averaged, the gelada spent 4 3 - 9 % of the t ime 
feeding in the Simien. T h e resul t ing difference is not statistically 
significant (£=18 ·5 , Ρ > 0 Ό 5 , η = 11). T h e difference might , however , 
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reflect the small size of the Bole valley sample a n d the consequent ly 
grea ter risk of small sample bias. Al ternat ively, it is possible t h a t the 
small size of the foraging uni ts a t Bole a n d the grea ter dispersion of the 
animals resulted in less interference from other an imals d u r i n g feeding. 
I n the large, compac t herds of 200-400 animals found in Simien, 
d isplacements from feeding places were relatively c o m m o n . O n the 
o ther h a n d , a t D e b r a Libanos (some 50 k m n o r t h of the Bole valley) 
where foraging uni ts were only slightly larger t h a n those a t Bole, 
Crook a n d Aldrich-Blake (1968) found t ha t ge lada spent approx imate ly 
4 7 - 9 % of the t ime feeding d u r i n g the wet season, a figure c o m p a r a b l e 
to t ha t for the Simien ge lada d u r i n g the d ry season. A l though the re 
seems to be some var ia t ion in the a m o u n t of t ime the an imals spent 
feeding in different areas , t he d iu rna l p a t t e r n of activity was qua l i t a 
tively similar in all th ree localities. O n ba lance , ge lada seem to spend 
a r o u n d 4 0 % of their t ime feeding, a figure which is general ly h igher 
t h a n t ha t r epor ted for Papio baboons (usually a r o u n d 2 5 - 3 0 % ) . Th i s 
p robab ly reflects the fact t h a t ge lada diet is relatively unnut r i t ious a n d 
requires a larger in take by weight t h a n t ha t r equ i red by the m o r e 
frugivorous diet of Papio baboons . 

T h e m e a n d a y r ange for the Bole valley groups was a b o u t one -qua r t e r 
of the dis tance covered by herds in the Simien (0-6 k m as against 
2*5 k m ) , a l though the p ropor t ion of t ime spent moving did no t differ 
(17*1% at Bole as against an average of 2 0 - 5 % in S imien ; £ = 1 5 , 
Ρ > 0 · 0 5 , η = 11). T h e difference in d a y r ange lengths can be a t t r ibu ted 
to the fact t h a t a t Bole one-male uni ts t ended to forage separate ly 
r a the r t h a n in large herds as in the Simien. H e n c e , the dis tance an 
an ima l h a d to move to find an unoccup ied p a t c h of grass a t Bole was 
less t h a n in Simien where the g r o u n d was li terally covered wi th an imals . 
T h e d a y r ange figures, of course, represent only the dis tance covered 
by the g roup as a whole d u r i n g the day , a n d do no t take in to accoun t the 
fact t ha t ind iv idual an imals m a y move back a n d forth several t imes over 
the a rea occupied by the g r o u p while the un i t itself does no t progress 
a significant dis tance forwards. Th is m a y well have been the case a t 
Bole, whereas in Simien uni ts h a d to move to the edge of the h e rd to 
find unoccup ied g r o u n d wi th the result t h a t the he rd as a whole 
progressed slowly forwards (see Crook, 1966). I t is consequent ly likely 
t ha t the ac tua l dis tance covered by individual animals d u r i n g the course 
of the d a y did no t differ be tween the two areas , as suggested by the fact 
t h a t the animals spent a b o u t the same p ropor t ion of t ime moving . 
I ndeed , on the few occasions t h a t ind iv idua l uni ts foraged alone in 
Simien, they t ended to have m u c h shorter d a y ranges t h a n was typical 
of the large herds there . 

κ 
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7. FEEDING A N D R A N G I N G BEHAVIOUR 

This aspect of the gelada 's ecology is discussed in more detai l elsewhere 
( D u n b a r a n d D u n b a r , 1975). I n this paper , the results will be s u m m a 
rized wi thou t present ing the d a t a on which they are based. 

7.1. Food Availability, Band Size and Herd Size 
T h e basic popula t ion uni t of the ge lada is the band. Each b a n d consists 
of a n u m b e r of reproduct ive a n d al l-male groups a n d occupies a h o m e 
range which overlaps to vary ing extents wi th the ranges of ne ighbour ing 
bands . T h e b a n d itself, however , does not necessarily const i tute a 
foraging uni t . T h e foraging uni t , or herd , m a y consist of all or only 
some of the units of the band , a n d in areas of h o m e range over lap m a y 
even consist of the units of two or more bands . However , the gelada 's 
dependence on grass as a food source makes it likely t ha t the size of bo th 
kinds of popula t ion uni t will be affected by the local condit ions of food 
resource availabil i ty. 

I t seems likely, for instance, t ha t there will be a close re la t ionship 
be tween the a m o u n t of grass cover avai lable in the band ' s r ange a n d the 
size of the band . As a pre l iminary examina t ion of this hypothesis we 
es t imated the a rea of grass cover avai lable for five bands , th ree at 
Sankaber a n d two in the Bole valley. Since h o m e ranges ( that is, the 
a rea in which each b a n d ranged du r ing the course of a year) over lapped 
extensively a t Sankaber , we took into account only t ha t a rea which the 
b a n d used most of the t ime. For this purpose , the a rea which accounted 
for 7 5 % of the band ' s movements was chosen. T h e propor t ion of each 
a rea covered by grass du r ing the d ry season was then est imated from 
the appropr i a t e sections of the botanica l transects carr ied out in each 
s tudy area. F r o m these two figures a c rude est imate of the area of grass 
cover avai lable in each h o m e range was ob ta ined . 

This est imate of avai lable grass was found to correlate well wi th the 
n u m b e r of animals in each band , wi th four of the five bands hav ing 
be tween 240 a n d 270 animals per k m 2 of grass avai lable . Bear ing in 
m i n d the crudeness of the quan t i t a t ive app roach , this is a r e m a r k a b l y 
close fit a n d suggests t ha t an u p p e r l imit m a y be imposed on the 
absolute densities of animals , which is of the order of abou t 250 animals 
per k m 2 of grass cover avai lable du r ing the d ry season. 

I t seems likely t ha t he rd size, likewise, will depend on food resource 
dispersion. Crook (1966), for instance, observed t ha t he rd sizes in 
different areas appea red to be correla ted wi th the richness of the local 
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hab i ta t , irrespective of the season. Some evidence suppor t ing this was 
ob ta ined du r ing the course of the present s tudy. T h e units of the m a i n 
s tudy b a n d on the relatively r ich r idge top a t Sankabe r a lmost always 
foraged as a single he rd of 260 or more animals . O n the o ther h a n d , the 
b a n d of 140 animals which r anged on the poorer h ab i t a t on the K h a b a u 
gorge side spent significantly more t ime doing so in two or more herds , 
while at Bole, likewise a poor hab i t a t , the units foraged a lone most of 
the t ime. A compar ison of the distances be tween adu l t males a n d thei r 
th ree nearest ne ighbours in Simien a n d the Bole valley showed t h a t 
the animals were spaced significantly far ther a p a r t a t Bole. W i t h grass 
cover averaging only 3 7 % of the g r o u n d surface a t Bole c o m p a r e d 
wi th 5 0 % on the r idge top in Simien, it seems plausible to a rgue t h a t 
individuals in poorer hab i ta t s m a y be forced to forage far ther a p a r t 
due to the lower densi ty of grass cover. A n a t u r a l t endency for indivi
duals of the same un i t to stay together m a y lead to the spat ial separa t ion 
of units . I t migh t likewise lead to the spat ial c lumping of units which 
have par t icu lar ly close ties, thus resul t ing in the b a n d foraging in two 
or more spatially discrete herds . 

7.2. Seasonal Variations in Ranging Behaviour 
T h e ma in s tudy b a n d a t Sankabe r showed some striking var ia t ions in 
rang ing pa t te rns du r ing the course of the year . I n the first place, the 
animals m a d e differential use of their h o m e range d u r i n g the d ry 
season w h e n green grass blades were m o r e patchi ly d is t r ibuted. 
Secondly, two major shifts in the locus of their r ang ing into areas 
outside their n o r m a l h o m e range took place, one in the wet season a n d 
one in the d ry season. 

I n the first case, the ge lada t ended to enter the £WV<z-covered escarp
m e n t slopes earlier in the evening a n d leave t h e m later in the m o r n i n g 
du r ing the d ry season t h a n d u r i n g the wet season. Th is largely reflects 
the con t inued a b u n d a n c e of green grass blades benea th the bush a n d 
t ree cover on the esca rpment face d u r i n g the d ry season (Tab le V ) . 
T h e r e was consequent ly a t endency for the an imals to begin the d a y 
by feeding r a t h e r t h a n socializing (see T a b l e I I ) wi th the resul t t h a t 
the social per iod t ended to occur la ter in the morn ing . As a result, t he 
per iod of foraging t ravel t ended to be delayed. Th is can be seen from 
T a b l e V I which gives the pe rcen tage of an imals recorded as moving 
d u r i n g activity samples for the two seasons. D u r i n g the wet season, 
m o v e m e n t began a r o u n d 11.00h a n d con t inued unt i l a r o u n d 15.00h. 
( T h e m a r k e d d r o p in the n u m b e r of an imals recorded as moving a t 
13.00h can , again , p robab ly be a t t r ibu ted to the m i d d a y t h u n d e r -
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TABLE VI 
Proportion of animals recorded as moving during each hour of the day in the wet and dry seasons 

% of r e c o r d s 
7-00 8-00 9-00 10-00 11-00 12-00 13-00 14-00 15-00 16-00 17-00 

( h o u r of d a y ) 

W e t season 8-6 8-8 7-3 15-6 24-1 26-4 12-2 29-8 36-0 19-9 21-5 
D r y season 15-0 6-5 11-2 11-5 15-4 32-1 35-1 34-6 25-8 21-8 30-0 

storms.) D u r i n g the d ry season, on the o ther h a n d , m o v e m e n t did no t 
begin unt i l a r o u n d 12.00h a n d cont inued to occur at a significant level 
unt i l as late as 17.00h. (The slightly h igher ra te of m o v e m e n t early in 
the morn ing du r ing the d ry season can be a t t r ibu ted to the early 
morn ing bou t of feeding.) However , the animals did not spend more 
t ime moving du r ing the d ry season t h a n du r ing the wet season (21-7% 
as against 1 9 - 1 % respectively: £ = 25, Ρ > 0 · 1 0 , ?z = 11), suggesting t ha t 
their d a y range is p robab ly abou t the same du r ing the two seasons. 

I n the second case, the major shifts of r ang ing locus in to areas out 
side the band ' s n o r m a l h o m e r ange were appa ren t ly due to c l imat ic 
condit ions in one case a n d to the local availabil i ty of a preferred food 
source in the other . D u r i n g the s tudy per iod, the m a i n b a n d r a n g e d 
over an a rea of 3*4 k m 2 on the r idge top a n d the u p p e r slopes of the 
m a i n escarpment face a n d the K h a b a u gorge. D u r i n g the wet season 
in J u l y a n d August , this p a r t of the hab i t a t was frequently enveloped 
in thick mist wi th the result t ha t visibility was reduced to as little as 
20 m for m u c h of the day. D u r i n g such t imes, activity t ended to cease 
a n d the animals sat hudd l ed in their social groups unt i l breaks in the 
mist pe rmi t t ed the resumpt ion of feeding. H e a v y ra in a n d hail s torms 
which commonly accompan ied the mists h a d a similar effect on activity. 
These factors must have a considerable effect on the feeding efficiency 
of the ge lada in t ha t they reduce the a m o u n t of t ime the animals can 
spend feeding du r ing any one day . 

T h e band ' s solution to this p rob lem was to move onto the K h a b a u 
gorge side beyond the western l imit of their n o r m a l r ange for per iods 
of a few days to a week a t a t ime. This p a r t of the hab i t a t was relat ively 
sheltered since the mists were forced u p by the h igher g round to the 
nor th , a n d the a rea consequent ly r ema ined free of mist on most days. 
These shifts of r ang ing locus onto the gorge side cont inued unt i l 
November , the last m o n t h in which mists were recorded. 

Shifts of this kind are p robab ly except ional since most ge lada bands 
r ange a long a single cliff-line a n d do not have the benefit of a second 



9. Τ Η ER Ο PI THECUS GELADA 271 

line of cliffs sufficiently close a t h a n d to be accessible. However , t he 
ge lada in the Bole valley a p p e a r e d to m a k e vertical shifts in their 
ranging , uti l izing the lower slopes of the gorge m o r e d u r i n g the wet 
season t h a n d u r i n g the d ry season ( D u n b a r , in press). I n genera l , mists 
were most severe on the u p p e r slopes a n d this m a y const i tute a com
p a r a b l e s trategy a imed a t avoid ing excessive loss of feeding t ime . 

T h e second major shift occur red d u r i n g the d ry season w h e n the 
a m o u n t of green graze avai lable in their h o m e r ange was considerably 
reduced . A r o u n d the midd le of December , the b a n d moved west a long 
the escarpment line more t h a n 2 k m beyond their n o r m a l r ange . After 
a few days, they moved rap id ly back t h r o u g h their own r a n g e a n d ou t 
a b o u t 2 - 3 k m on the eastern side in to a set of bar ley fields which were 
a t the t ime be ing harves ted . F r o m the beg inn ing of J a n u a r y un t i l 
M a r c h , the b a n d oscillated be tween this a rea a n d their own h o m e range , 
spending any th ing from a few days to a few weeks in each area . I n 
the bar ley fields, the animals seemed to be feeding par t ly on fresh shoots 
growing amongs t the s tubble a n d par t ly on fallen gra in , t hough they 
also d u g for roots. T h e y did not , however , a t t e m p t to p lunde r as yet 
unharves ted fields, a n d they showed no interest in the fields before 
harvest ing s tar ted la te in December . 

I t seems likely t ha t they h a d lea rned t h a t a new source of food becomes 
avai lable a r o u n d this t ime of year . For some t ime before they moved 
into the bar ley fields they h a d m a d e several tr ips to the eastern end of 
their r ange from where they h a d a clear view across to the bar ley fields 
to the east. T h e i r foray beyond the western l imit of their r ange m a y 
pe rhaps have been for a similar purpose , since they wen t as far as the 
village of Mich ib i before t u r n i n g back. A l though the villagers h a d 
extensively cul t ivated this p a r t of the h a b i t a t in previous years , they 
h a d not done so in the 1971-72 season. 

G e l a d a are known to congregate on threshing floors d u r i n g the d ry 
season to ga the r u p the fallen gra in (Crook, 1966). Observa t ions by 
Crook on the sou thern face of the A m b a Ras r idge in Simien d u r i n g the 
1965 d ry season also ind ica ted t h a t considerable shifts in r ang ing locus 
took place, wi th large herds bui ld ing u p on a b a n d o n e d threshing floors 
du r ing the la ter p a r t of the d ry season, only to disperse aga in once the 
short rains in M a r c h a n d Apr i l b rough t on a flush of new growth . I n 
areas u n d e r intensive agr icu l tura l use, such as those localities whe re 
Crook worked, the d ry season m a y impose considerable s train on the 
ge lada . W i t h the bush cover r emoved a n d most of the grass cover 
destroyed by p loughing , the g r o u n d bakes h a r d a n d little grass is 
avai lable in any form. Inevi tab ly , the an imals a re forced to congregate 
on the few resources avai lable in unusual ly large n u m b e r s (see Crook, 
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1966, p . 240). C o m p a r a b l e effects m a y be observed w h e n the first 
showers of the small rains br ing an extremely localized flush of new 
growth (Crook, 1966, p . 241). These pa t te rns of dispersion a n d move
m e n t can be a t t r ibu ted pr imar i ly to extensive hab i t a t dest ruct ion as a 
result of intensive cul t ivat ion. I n und i s tu rbed areas where grass is 
plentifully avai lable, such large-scale movements are less likely to 
occur. Crook (1966), for instance, no ted tha t on the Geech p la teau , 
where agr icul ture was l imited to a small section at one end, c o m p a r a b l e 
large-scale movements were not observed. 

I t is not entirely clear why the ma in b a n d at Sankabe r should h a v e 
m a d e this par t i cu la r change in r ang ing behaviour , since they h a d m o r e 
grass cover avai lable per an ima l in their r ange t h a n any o ther b a n d 
(see D u n b a r a n d D u n b a r , 1975). T h e d a t a thus suggest t ha t they were 
u n d e r little pressure du r ing the d ry season. I t may , however , reflect a 
preference for a par t icu la r type of food (e.g. bar ley grain) which is 
seasonally avai lable . 

8. S U M M A R Y 

1, 2. This pape r presents d a t a on the feeding ecology of Thero-
pithecus gelada Rüppe l l , a grassland b a b o o n endemic to the E th iop ian 
p la teau . A scan sampl ing techn ique was used as the m a i n quan t i t a t ive 
p rocedure for ob ta in ing information on bo th the d iu rna l activity 
pa t te rns and the diet of ge lada in two localities which lay on the limits 
of the species' geographical a n d a l t i tudinal ranges. 

3, 4. Feeding is carr ied out in a seated position a n d the h a n d act ions 
used are pr imar i ly re la ted to harvest ing the leaves, seeds a n d rhizomes 
of grasses. Almost all feeding is therefore carr ied ou t on the g round . 
Ge lada spend approx imate ly 4 0 - 4 5 % of their t ime feeding. A small 
difference was found in the a m o u n t of t ime spent feeding be tween the 
wet and dry seasons. Some 9 0 - 9 5 % of the i tems eaten by ge lada are 
grasses. However , the relat ive propor t ions of leaves, seeds a n d rhizomes 
being eaten depend on seasonal availabil i ty, a l though grass leaves 
a p p e a r to be preferred at all t imes. D u r i n g the d ry season, the p ropor t ion 
of grass leaves to rhizomes being eaten decreases du r ing the midd le of 
the day because green grass is more a b u n d a n t close to the sleeping 
cliffs t h a n on the r idge top . Unl ike Papio baboons , ge lada are able to 
digest grass leaves efficiently. F u r t h e r m o r e , their abili ty to utilize all 
par ts of the grasses p robab ly accounts for the fact t ha t they are able to 
ma in ta in m u c h higher popula t ion densities t h a n o ther open count ry 
species. 
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5. T h e r e is no significant difference in the p ropor t ion of t ime males 
a n d females spend feeding, despite the m a r k e d sexual d imorph i sm in 
size a n d weight . Th i s is a t t r ibu ted to the fact t ha t females requ i re a 
larger in take of food per un i t body weight t h a n males due to the 
requ i rements of their reproduc t ive activities. 

6. Compar isons wi th o ther popula t ions reveal few differences in diet 
or the propor t ions of t ime spent feeding a n d moving . A shorter d a y 
range in the Bole valley c o m p a r e d wi th the Simien was p robab ly a 
p roduc t of differences in the size of foraging groups . 

7. Band size correlates wi th the a rea of grass avai lable in its h o m e 
range . T h e d a t a suggest t ha t 1 k m 2 of grass cover avai lable in the d ry 
season can suppor t approx imate ly 250 animals . Bands living in hab i ta t s 
wi th a low density of grass cover t end to forage in two or more herds 
more often t h a n those living in areas wi th a h igh density of grass cover, 
p robab ly d u e to the fact t ha t an imals have to forage far ther a p a r t as 
the p ropor t ion of grass cover decreases. Differential use of the h o m e 
range was observed be tween the two seasons d u e to the fact t ha t green 
grass is more patchi ly d is t r ibuted du r ing the d ry season. I n addi t ion , 
two major shifts in the locus of r ang ing in to areas outside the n o r m a l 
h o m e range were observed. These shifts, which p robab ly occur regu
larly each year , were appa ren t l y d u e respectively to cl imatic condit ions 
a n d to the local availabil i ty of a preferred food source. 
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1. INTRODUCTION A N D M E T H O D S 

1.1. Introduction 
A field s tudy of the guereza (Colobus guereza Rüppe l l 1835), one of the 
black colobus monkeys, was conduc ted in East Africa from O c t o b e r 
1970 to M a r c h 1972 a n d was followed by observations in U g a n d a in 
O c t o b e r - N o v e m b e r 1973, a n d in K e n y a a n d U g a n d a in J u l y - S e p 
t ember 1974. Previously, a n u m b e r of workers h a d m a d e field observa
tions on the same species (see par t icular ly Ullr ich, 1961; Schenkel a n d 
Schenkel-Hull iger , 1967; Mar le r , 1969, 1972; Leskes a n d Acheson, 
1971; Kings ton , 1971; Clut ton-Brock, 1972, 1975a). However , these 
studies h a d been of relatively brief du ra t ion a n d only Clut ton-Brock 
h a d collected any detai led, quan t i t a t ive d a t a on feeding behaviour . 
Concur ren t ly wi th m y own study, D u n b a r a n d D u n b a r (1974b) 
collected quan t i t a t ive information on guereza feeding in the Bole 
valley, Eth iopia , du r ing 192 observat ion hours . 

T h e p r imary a im of m y s tudy was to ob ta in detai led informat ion on 
the ecology a n d social organiza t ion of the guereza (over a per iod of at 
least one year in one locality) tha t could be directly c o m p a r e d wi th 
d a t a collected by Τ . T . St ruhsaker on the red colobus monkey . Details 
of methods used in the guereza study, a n d their results, have been 
presented elsewhere (Oates , 1974) a n d a s u m m a r y compar ison has been 
m a d e between the two colobus species by St ruhsaker a n d Oa tes (1975). 

1.2. Study Areas 
T h e majori ty of guereza observations were m a d e in the K a n y a w a r a 
area of the Kiba le forest, western U g a n d a , a n d compara t ive d a t a were 
ob ta ined from other par ts of the forest a n d from elsewhere in U g a n d a , 
K e n y a a n d T a n z a n i a . I n par t icu lar , detai led d a t a were collected at 
Chobe in the Murch i son Falls (now Kaba lega ) Na t iona l Park, western 
U g a n d a . T h e K a n y a w a r a a n d Chobe s tudy areas have been described 
at length, a n d o ther localities t abu la ted , by Oa tes (1974). T h e Kiba le 
Forest Reserve has also been described by W i n g a n d Buss (1970) a n d 
the Chobe a rea by, amongs t others , Ga r t l an a n d Brain (1968). 

12 .3 . H a b i t a t p r e f e r e n c e . . . . . . . . . 3 1 5 
12.4. I n t e r p o p u l a t i o n d i f ferences in r a n g i n g p a t t e r n s . . . . 3 1 6 

13. S u m m a r y . . . . . . . . . . . 3 1 7 
A c k n o w l e d g e m e n t s . . . . . . . . . . 3 1 9 
A p p e n d i x : A c o m p a r i s o n for s a m p l i n g m e t h o d s . . . . . . 3 1 9 
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FIG. 1. Colobus guereza in an Acacia sieberana at Chobe . 

T h e K a n y a w a r a s tudy a rea comprised a b o u t 0-4 k m 2 of compar t 
ments 14 a n d 30 in the no r the rn pa r t of Kiba le forest, close to the 
K a n y a w a r a Forest Sta t ion (0°34' Ν , 30°2Γ Ε ; 1500 m a.s.L). T h e 
vegetat ion in most of c o m p a r t m e n t 30 was a moist high forest t ha t h a d 
been largely u n t o u c h e d by m a n , a p a r t from a small a m o u n t of felling 
by pit sawyers, since the reserve was gazet ted in 1932. C o m p a r t m e n t 14 
( together wi th a small segment of c o m p a r t m e n t 30 wi th in the guereza 
s tudy area) h a d been selectively felled u n d e r Forest D e p a r t m e n t 
supervision in 1969, wi th the remova l of large, commercia l ly-va luable 
trees. 

I n the s tudy a rea the g r o u n d rose near ly 100 m from a val ley-bot tom 
to a r idge crest, a n d this p roduced vegeta t ional heterogenei ty addi t iona l 
to t ha t resul t ing from felling. T h e midd le slopes be tween the extremes 
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FIG. 2. K a n y a w a r a s tudy area . S w a m p vegetat ion in the val ley-bot tom, wi th forest on the 
ridges behind . 

suppor ted a forest conta in ing a grea t var iety of evergreen a n d deciduous 
tree species, wi th an u p p e r discont inuous canopy layer at 25-30 m 
(Fig. 2) . Langdale -Brown et al. (1964) have described the na tu r a l 
vegetat ion of no r the rn Kiba le as evergreen Parinari forest. But a l though 
Parinari excelsa was present in the s tudy a rea it was o u t n u m b e r e d , 
amongst large trees, by Strombosia scheßeri, Mimusops bagshawei, Celtis 
qfricana, Ficus exasperata a n d Olea welwitschii. O t h e r i m p o r t a n t large trees 
were Pterygota mildbraedii, Aningeria altissima, Chrysophyllum gorungosanum 
a n d JVewtonia buchananii. Celtis durandii a n d Markhamia platycalyx were 
the most a b u n d a n t middle-storey trees. W h e r e felling h a d taken place 
it h a d mostly affected this middle slope forest, replacing the high growth 
wi th a dense tangle of secondary species which rare ly reached above 
6 m. Occasional groves of medium-sized trees a n d a scat ter ing of large, 
commercial ly " u n d e s i r a b l e " trees remained . 

O n the highest r idge in the s tudy a rea most trees reached to only 
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6-12 m a n d the var ie ty of trees was small , wi th Diospyros abyssinica a n d 
Chaetacme aristata c o m m o n . I n the p e r m a n e n t l y water logged valley-
bo t tom, low dense s w a m p vegetat ion flourished; Pennisetum grass, 
shrubs a n d large herbs were d o m i n a n t , bu t there were also scat tered 
small trees. T h e s tudy a rea was flanked by once-grassy h igh g round , 
now p lan ted wi th exotic conifers by the Forest D e p a r t m e n t . 

D u e to K a n y a w a r a ' s position close to the equa tor , the only cl imatic 
factor which showed obvious seasonality was rainfall, which total led 
1376 m m in 1971. T h e r e was some ra in in every m o n t h , bu t peaks 
occurred in M a r c h - M a y a n d A u g u s t - N o v e m b e r . T h e r e was little 
mon th ly var ia t ion in t e m p e r a t u r e bu t considerable d iu rna l fluctuation. 
D u r i n g periods of intensive guereza observat ion the highest m a x i m u m 
(day-t ime) t e m p e r a t u r e a t K a n y a w a r a was 31-2° C on 5th M a r c h 
1971 a n d the lowest m i n i m u m (night- t ime) t e m p e r a t u r e was 10-8° C 
on 31st J a n u a r y 1971. These wea the r records were taken in the open 
at the Forest Sta t ion (da ta from U g a n d a Forest D e p a r t m e n t ) . T e m 
pe ra tu re fluctuations were p robab ly smaller inside the forest. Sunr ise 
in 1971 var ied be tween 6.40h (local t ime) a n d 7.1 Oh, a n d sunset 
be tween 18.47h a n d 19.17h (Astronomical Ephemer i s ) . 

T h e na tu r a l vegetat ion a t C h o b e (2° 15' Ν , 32°09' E ; 945 m a.s.L), 
on the nor th b a n k of the Victor ia Nile a t the eastern edge of K a b a l e g a 
Park, has been classified by Langda le -Brown et al. (1964) as Terminalia 
woodland . I n fact, immedia te ly by the Nile bank , where the guerezas 
lived, the vegetat ion (Fig. 3) was a degenera te r ipa r i an forest conta in
ing groves of Markhamia platycalyx, Kigelia aethiopum a n d Margaritaria 
discoidea ( together wi th a few Spathodea nilotica a n d Ficus brachypoda) 
reach ing to be tween 9 a n d 21 m in height . Benea th these trees grew a 
dense scrub of Markhamia platycalyx a n d Teclea nobilis bushes, mostly 
kept below a height of 3 m by large herbivore browsing. Between 50 
a n d 100 m from the river the b a n k rose steeply a n d above this rise the 
forest gave way to a t ree s a v a n n a h wi th widely-scat tered Acacia 
sieberana a n d Kigelia aethiopum. I n 1970, rainfall a t K a r u m a Falls 
H y d r o m e t . Sta t ion (12 k m east of Chobe) total led 1176 m m , dis t r ibuted 
as a t K a n y a w a r a bu t wi th no ra in a t all in J u l y (rainfall in 1970 a t 
K a n y a w a r a total led 1610 m m ) . W i t h lower elevation a n d precipi ta t ion, 
t empera tu res were h igher a t C h o b e t h a n a t K a n y a w a r a . A t Gulu , 
40 k m nor th of Chobe , the highest m a x i m u m t e m p e r a t u r e in 1971 was 
35-6° C in M a r c h a n d the lowest m i n i m u m was 12-0° C in J a n u a r y 
(da ta from East African Meteorological D e p a r t m e n t ) . Sunrise d u r i n g 
studies a t C h o b e in 1971 var ied be tween 6.35h a n d 6.47h a n d sunset 
be tween 18.37h a n d 19.02h. 

A t K a n y a w a r a , the guereza shared its hab i t a t wi th five o ther monkey 
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species (Colobus badius, Cercocebus albigena a n d th ree Cercopithecus spp . ) . 
Baboons (Papio anubis) a n d vervet monkeys (Cercopithecus aethiops) slept 
in the r ipa r ian forest a t C h o b e a n d ob ta ined some of their food there , 
while pa tas (Erythrocebus patas) i nhab i t ed the savannah . 

1.3. Guereza Social Structure 
Guerezas live in relatively small groups. I n East Africa, I found a 
moda l g roup size of n ine monkeys in large forest blocks, wi th smaller 
groups in r ipa r ian forest a n d small forest pa tches (modal size: seven) . 
T h e composit ion of groups in the K a n y a w a r a a n d C h o b e s tudy areas 
is shown in T a b l e I . 

T h e s t ructure , composi t ion a n d dynamics of guereza social groups 
a re discussed in detai l elsewhere (Oates , 1974, a n d in press). Groups 
were found to be highly cohesive. Most conta ined a single adu l t male , 
while several adu l t females formed a "friendly nuc leus" a n d frequently 
g roomed one another . Aggressive interact ions occurred relatively rare ly 
wi th in the g roup , as noted by Leskes a n d Acheson (1971). 

1.4. Methods, Sample Sizes and Sample Distributions 
1.4.1. Study groups and observation time 
O n e guereza g roup a t K a n y a w a r a , g roup 4, was h a b i t u a t e d to the 
close presence of the observer a n d was followed from d a w n to dusk for 
a five-day per iod a t the beg inning of each m o n t h from J a n u a r y 1971 
th rough to J a n u a r y 1972. G r o u p 4, a n d o ther groups , were observed to 
a lesser extent on o ther days. Mos t C h o b e observations were also con
cen t ra ted on a single g roup , g roup 1, to which two five-day observat ion 
periods were devoted (in J u n e a n d Oc tobe r 1971). T h e dis t r ibut ion of 
observat ion t ime amongs t East African black colobus popula t ions is 
shown in T a b l e I I . 

TABLE II 
Time in field and in contact with black colobus 

Other parts 
Kany awara of E.Africa 

1970-72 1973 1974 Chobe (1970-74) Total 

Hours in field 2110 92 130 152 348 2832 
Hours in contact 

with colobus 1265 50 84 132 96* 1627 
Individual days in 

field 306 15 23 18 55 417 

* Including 13 hours Colobus angolensis contact. 
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1.4.2. Trail system 
A system of trails, most ly on a 50-m grid, was cut t h rough the vegeta t ion 
in the K a n y a w a r a s tudy area . Th i s al lowed animals to be a p p r o a c h e d 
wi thou t u n d u e d i s tu rbance a n d ac ted as a spatial reference against 
which an ima l r ang ing pa t te rns a n d vegeta t ion could be examined . 
A trail system was not requ i red t h rough the open vegeta t ion at C h o b e 
a n d the majori ty of observat ions there were m a d e from inside, or close 
to, a L a n d - R o v e r vehicle. 

1.4.3. Ranging patterns 
D u r i n g the 13 five-day observat ion periods a t K a n y a w a r a the move
ments of g r o u p 4 were plot ted on to p r e p a r e d m a p s of the s tudy a rea . 
These r ang ing d a t a were subsequent ly analysed by means of an 
accura te 50-m grid super imposed on the field maps . C h o b e r ang ing 
pa t te rns were analysed in te rms of a 100-m grid, since the accuracy 
of m a p p i n g was less good t h a n a t K a n y a w a r a . 

1.4.4. Distribution of activities 
Since pro longed observat ion of ind iv idual animals was impossible in 
the K a n y a w a r a vegetat ion, a form of scan sampl ing ( J . A l t m a n n , 1974) 
was used to assess bo th the a m o u n t of t ime devoted by animals to 
different activities a n d the dis t r ibut ion of these activities t h rough the 
day . Activities were categorized as below. 

Feeding, w h e n an an ima l reached for potent ia l food i tems, picked t h e m , 
transferred t h e m to the m o u t h or chewed t h e m . Th i s did no t inc lude 
movements be tween feeding sites nor periods of a p p a r e n t inact ivi ty 
d u r i n g a feeding session. 

Inactive exposed, w h e n a n an ima l was no t obviously engaged in any 
active behav iour a n d its body was so posi t ioned t ha t the majori ty of its 
u p p e r surface was unshie lded by vegeta t ion from the prevai l ing wea the r 
condi t ions. 

Inactive sheltered, w h e n an a n i m a l was inact ive wi th the major i ty of its 
u p p e r surface shielded from the prevai l ing wea the r condit ions. Both 
inact ive categories excluded infants cl inging to o ther an imals . 

Moving, w h e n an a n i m a l was engaged in locomotion. Th i s excluded 
young animals moving in play. 

Social grooming, self-cleaning, playing, clinging or other. These a re defined 
Oa te s (1974). 

Sampl ing was conduc ted d u r i n g the five-day observat ion periods 
on the m a i n s tudy g roup . I n 10-min periods, cen t red on half-hourly 
intervals from 7.00 to 19.00h, the g r o u p was scanned a n d the first 
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activities seen to be sustained for a t least 5 sec by the first four or five 
clearly visible monkeys were recorded. T w e n t y such " ind iv idua l 
activity observat ions" were collected by this m e t h o d for each half-
hour ly t ime period in each m o n t h , giving a total of 500 observat ions 
each m o n t h . 

W h e n activity samples were taken, the heights of the sampled 
animals above the g round were also es t imated, accord ing to 1*5 m 
blocks. As a check on accuracy, Τ . T . St ruhsaker a n d I each es t imated 
the height of a sample of 40 trees a t K a n y a w a r a , whose heights were 
then measured wi th a Blume-Leiss opt ical height-finder. N o significant 
difference was found be tween the two est imators or be tween S t ruh -
saker 's estimates a n d the height-finder. 

At Chobe , 500 activity observations were also ob ta ined , using the 
same me thod , in each mon th ly sample . These were t aken from 7 .00-
19.00h in J u n e , bu t from 6.30-18.30h in Oc tobe r (when sunrise was 
a t 6.35h). Oc tobe r d a t a have been combined wi th those collected one 
half-hour later in J u n e . 

1.4.5. Diet 
A frequency me thod , similar to t h a t employed by Leu tho ld (1970) o n 
gerenuk in Tsavo Park , was used to est imate the relat ive consumpt ion 
of different food i tems. A n i tem was one pa r t of one p l an t species, a n d 
the following major p l an t par t s were dis t inguished: leaf buds , y o u n g 
leaves, m a t u r e leaves, floral buds , flowers, fruits, leaf petioles, bark , 
wood and whole plants . W h e n one indiv idual monkey ate one pa r t (e.g. 
m a t u r e leaves) from one indiv idual of one p l an t species (usually a t ree) , 
a single score for this i tem was recorded. F u r t h e r feeding on this 
par t icu la r i tem was not scored unless it was eaten by a different 
individual , or by the same monkey from a different indiv idual p lan t , 
or by the original monkey from the same p lan t after the elapse of one 
hour . Therefore, two monkeys feeding on the same pa r t of the same tree 
at the same t ime scored two records. If one monkey changed to ea t ing 
a different pa r t in the same tree, or changed to a new food species, this 
const i tuted a new record. W h e r e relevant , the size a n d colour of par t s 
consumed were noted . 

I n 1970-72, the majori ty of feeding records a t K a n y a w a r a were 
ob ta ined from g roup 4 du r ing the five-day observat ion per iods, 
a l though some records c a m e from other groups a n d o ther days (Tab le 
I I I ) . T h e a im was to ob ta in at least 100 records each m o n t h . Al together , 
2715 feeding records were collected in the m a i n K a n y a w a r a s tudy area . 
A t Chobe , most feeding records were t aken from g roup 1; here , 148 
feeding records spread over eight days were ob ta ined in J u n e a n d 122 
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TABLE III 
The distribution of guereza feeding records at Kanyawara 

1971 
Jan. Feb. Mar. Apr. May Jun. Jul. Aug. 

No. feeding records 171 156 237 183 180 184 176 184 
% from group 4 c. 65 c. 95 86-1 96-7 84-4 96-7 94-3 94-6 

1972 
Sep. Oct. Nov. Dec. Jan. Feb. Mar. 

210 219 168 214 255 130 48 
98-1 94-1 96-4 99-1 92-9 70-8 77-1 

spread over six days in O c t o b e r 1971. I n East Africa as a whole , 3084 
Colobus guereza feeding records were ob ta ined in 1970-72. At K a n y a w a r a , 
a further 94 records were collected in O c t o b e r - N o v e m b e r 1973 a n d 299 
records in Augus t 1974. 

T h e r e was no evidence of s t rong bias towards pa r t i cu la r age or sex 
classes in the feeding da t a . I n a subsample of 372 feeding records 
collected from g roup 4 be tween 1st J a n u a r y a n d 7th M a r c h 1972, the 
only evident depar tu res from expecta t ion were in the adu l t ma le a n d 
infant categories (Tab le I V ) . Infants were recorded less often t h a n 
expected because suckling (not usual ly visible) was no t scored as 
feeding. T h e adu l t male was recorded more often t h a n expected, 
pe rhaps because he was the most easily observable g roup m e m b e r , a n d 
one of the most easy to identify. However , such possible bias is small 
enough to have h a d a negligible effect on the results. 

TABLE IV 
Distribution of a sub-sample of guereza feeding records according to age/sex categories* 

Age/sex category 
Ac* A? SAo* J/SAo* I Undet. Total 

No. of records 42 119 49 31 4 127 372 
% (of identified 

animals) 17-1 48-6 20-0 12-7 1-6 — — 
% composition of 

group 10-1 50-5 20-2 10-1 9-0 
Expected no. of 

records 25 124 49 25 22 (127) (372) 

* Data from Kanyawara group 4, 1 January-7 March 1972. 
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1 .4 .6 . Social behaviour 
O v e r t social interact ions were infrequent a n d observat ion condit ions 
were usually difficult, so an a t t e m p t was m a d e to record all observed 
interact ions (ad libitum sampl ing of J . A l t m a n n , 1974). However , 
in t e ran imal dis tance was sampled systematically a n d a " g r o o m i n g 
p a i r " was tempora l ly defined to allow quantif icat ion of social g rooming 
(Oates , 1974). 

1 .4 .7 . Food availability 
T r e e density a n d dispersion a t K a n y a w a r a were examined by a series 
of sample plots d is t r ibuted th rough the a rea used by guereza g roup 4. 
Most of these plots were circular, h a d a 10-m radius a n d were cent red , 
where possible, on trai l grid intersections. Eighty-five such circular 
plots were taken, together wi th two strip plots (in which trees wi th in 
2 m of one 270 m length of trail a n d wi thin 10 m of ano the r 460 m 
length were e n u m e r a t e d ) . Th is is a total a rea of 3-7 h a (0-037 k m 2 ) . 
All trees wi th a grea ter t h a n 50 c m t runk gir th a t breast he ight were 
recorded, giving a total sample of 789 trees. Such a selective sample 
saved t ime, while it inc luded the majori ty of trees reach ing to the he ight 
above which guerezas spent over 9 0 % of their day (Oates , 1974). 

T o examine phenology a t K a n y a w a r a , a sample of 63 m a r k e d trees 
was examined near the end of each m o n t h from December 1970 unt i l 
F e b r u a r y 1972 (see T a b l e V ) . T h e species represented in the sample 
ei ther formed a large propor t ion of guereza diet or were a b u n d a n t 
vegetat ional elements in the ma in s tudy area . Sample trees were t aken 
from right across the range of the ma in s tudy g roup (to avoid any bias 
from local differences) a n d were not chosen because of their a p p e a r a n c e . 
However , very small trees were excluded. 

D u r i n g the mon th ly examina t ion , the crown of each tree was 
scanned wi th field glasses a n d the quant i t ies of vegetat ive a n d repro
duct ive par ts present est imated. Par ts were categorized as leaf buds , 
young leaves, m a t u r e leaves, floral buds , flowers or fruits. Y o u n g leaves 
were dist inguished from m a t u r e leaves on the basis of colour a n d tex ture . 
Q u a n t i t y was j u d g e d using a five-point scale, geared to the m a x i m u m 
potent ia l a b u n d a n c e of a par t i cu la r pa r t on a par t i cu la r species, a n d 
was recorded as : " n o n e " , "very few" (1 po in t ) , " few", " s o m e " or 
" m a n y " . Actua l counts of s tructures were not usually feasible. " V e r y 
few" would general ly m e a n ten or fewer of the s t ructure , " few" would 
be from a r o u n d ten to a r o u n d one-quar t e r of the likely m a x i m u m , 
" s o m e " would be from one-quar t e r to one-half, a n d " m a n y " from one-
half upwards . A note was m a d e on the size a n d colour of s t ruc tures— 
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TABLE V 
Composition of Kanyawara tree phenology sample 
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Balanites wilsoniana  Daw e &  Spragu e 8 >20 5 Feb. 71-Feb . 7 2 
Bosqueia phoberos  Baill . >20 8 5 Dec. 70-Feb . 7 2 
Celtis africana  Burm . f . 4 11 5 Feb. 71-Feb . 7 2 
Celtis durandii  Engl . 1 2 15 12: Dec . 70-Feb . 7 2 Celtis durandii  Engl . 

2: Feb . 71-Feb . 7 2 
l:Feb. 71-Sep . 71 | 

Dombeya mukole  Spragu e 18 7 5 4: Dec . 70-Feb . 7 2 
l:Dec. 70-Feb . 7 1 + 

Ficus exasperata  Vah l 3 >20 5 Feb. 71-Feb . 7 2 
Funtumia latifolia  (Stapf ) Stap f e x N.e. 10 5 Dec. 70-Feb . 7 2 

Schltr. 
Markhamia platycalyx  (Bak. ) Spragu e 2 1 5 Dec. 70-Feb . 7 2 
Olea welwitschii  (Knobl. ) Gil g & 5 17 5 Dec. 70-Feb . 7 2 

Schellenb. 
Spathodea nilotica  Seem . 7 >20 3 1: Dec . 70-Feb . 7 2 

2: Feb . 71-Feb . 7 2 
Teclea nobilis  Del . N.e. 6 5 Dec. 70-Feb . 7 2 
* Fro m sampl e of236 6 guerez a feedin g record s i n perio d Februar y 1971-Januar y 1972 . 
j Fell . J  Died . N.e . =  no t eaten . 

this wa s pa r t icu la r l y i m p o r t a n t i n descr ibin g y o u n g leaves , fo r wh ic h 
t he quan t i t y o f differen t size s p resen t wa s als o r ecorded . A l thoug h t h e 
subjectivity o f thi s m e t h o d wa s a  d r awback , i t p rov ide d a  p rac t ica l w a y 
of mon i to r in g phenologica l change s i n t h e smal l p ropor t io n o f t h e s tud y 
t ime t h a t coul d b e m a d e avai lable . 

N o informat io n wa s ob ta ine d o n t h e densi t y o r seasona l b ehav iou r o f 
a qua t i c a n d c l imbin g p lant s consume d b y guerezas . Note s wer e m a d e 
on th e vegeta t io n a t C h o b e a n d t h e d is t r ibut io n o f t h e fe w tree s wa s 
m a p p e d i n gros s t e rms , b u t de ta i le d e n u m e r a t i o n a n d phenologica l 
s tudies wer e no t conduc ted . 

2. FEEDIN G B E H A V I O U R 

W h e n feedin g i n t rees , guereza s c o m m o n l y sa t a t on e sit e fo r severa l 
m inu tes , exploi t in g foo d wi th i n a r m ' s r each . Genera l ly , a  m o n k e y wou l d 
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m a k e a three-point suppor t wi th the ischial callosities a n d two feet, a n d 
use one or bo th hands to ob ta in food. Somet imes one h a n d grasped a 
b r a n c h a r o u n d shoulder level to give extra suppor t . T h e tail p rovided 
ba lance dur ing feeding, a n d from its movements seemed to be especially 
i m p o r t a n t as a ba lanc ing o rgan w h e n an an ima l fed on slender 
branches . 

Food-ga ther ing was influenced by the lack of a precision h a n d - g r i p 
result ing from the grea t reduct ion of the t h u m b in Colobus. La rge or 
medium-sized leaves were usually torn off a b r a n c h wi th one h a n d 
(often in bunches) . O n several occasions, adu l t males were observed to 
r u n a clenched h a n d along a twig towards its t ip, s t r ipping off all t he 
foliage. Sometimes, small b ranches would be ben t towards the an ima l 
a n d a b u n c h of leaves bi t ten off from the b r a n c h apex. Large leaves 
were occasionally bi t ten off a t the petiole. I n all these cases the leaves, 
after picking, were held in one h a n d a n d consumed from there in a series 
of mouthfuls. Some large leaves were not picked at all bu t ea ten in a 
series of bites from the b lade . Medium-s ized fruits a n d large flowers 
and floral buds were also commonly picked wi th the hands , then held 
a n d eaten in several bites. 

Smal l i tems (such as buds a n d small fruits) were general ly b i t ten off 
whole a n d eaten wi thout being held in the h a n d , a l though the h a n d s 
were sometimes used to pull the branches bear ing the food towards 
the m o u t h . W h e n the monkeys fed on leaf buds of Acacia sieberana a t 
Chobe , thorns prevented food-picking wi th the m o u t h a n d the h a n d s 
were instead used to pick the buds carefully (and r a the r slowly) from 
between the thorns . 

Very large fruits (for instance, of Kigelia aethiopum a t Chobe a n d 
Sterculia dawei a t Budongo) were often not picked off the b r anch at all 
bu t left a t t ached a n d a t tacked wi th the hands a n d m o u t h . 

I n specialized aqua t i c feeding at K a n y a w a r a , guerezas sat on the 
banks of small pools, or stood in the water , pul l ing u p rooted plants 
wi th the hands or using the hands as scoops to ga the r small floating 
plants . 

G r o u p members were usually closely co-ordinated in the t iming of 
their feeding, a l though dur ing a feeding period different individuals 
would often eat different i tems, especially if the g roup was dispersed 
th rough several trees. Indiv iduals were to lerant of o ther animals feeding 
close by ; for instance, I have observed s imultaneous feeding by two 
animals on the same Millettia dura c o m p o u n d leaf. Large males would , 
however, supp lan t o ther animals from feeding sites—especially w h e n 
a g roup first entered a feeding tree. 
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3. DISTRIBUTION OF FEEDING T H R O U G H HEIGHT A N D 
TIME 

3.1. Height of Feeding 
A n analysis of the heights of different activities a t K a n y a w a r a is 
displayed in Fig. 4. Th is is based on 3166 indiv idual he ight observat ions 
from 32 days w h e n g r o u p 4 occupied only the unfelled forest sector, 
a n d 1276 observat ions from 13 days w h e n the g r o u p occupied the felled 
a n d hil l- top sector. T h e observat ions were collected be tween M a r c h 
1971 a n d J a n u a r y 1972. T h e d a t a have been segregated because of the 
m a r k e d differences in the vert ical d is t r ibut ion of vegeta t ion be tween the 
two areas. L u m p i n g observat ions makes compar i son difficult wi th d a t a 
collected on o ther species occupying only one of the forest types. 

Feeding a n d moving took place a t lower forest levels t h a n inact ivi ty 
( "exposed" a n d " she l t e red" records c o m b i n e d ) . I n bo th sectors, over 
7 0 % of feeding observat ions were recorded below a n es t imated he igh t 
of 18 m, a n d there was a concen t ra t ion of records a t 10-5-13*5 m. O v e r 
5 0 % of inactivi ty observat ions c a m e from above 18 m in bo th sectors. 
Kolmogi rov-Smirnov two-sample , two-tai led tests (Siegel, 1956) 
showed t ha t inact ivi ty a n d mov ing took place a t significantly different 
heights (P<0-001) in the two sectors. I t is clear from Fig. 4 t ha t the 
differences arose because bo th these behaviours occur red m o r e fre
quent ly at lower heights in the felled forest. However , the re was no 
significant difference in the he ight of feeding be tween the two sectors 
( P > 0 - 1 ) . 

T h e major guereza food species were small to medium-s ized trees 
t ha t were typical of the midd le storey a n d forest edge a n d were c o m m o n 
in bo th sectors. These trees h a d been little affected by felling, which 
p robab ly accounts for the feeding he ight similari ty be tween the two 
sectors. 

3.2. Time Spent Feeding and Diurnal Activity Pattern 
I n the analysis of K a n y a w a r a activity observat ions, d a t a from the 
12-month per iod F e b r u a r y 1971 to J a n u a r y 1972 were combined , 
giving a tota l of 6000 observat ions (240 for each half-hourly pe r iod) . 
Feeding occupied 19-9% of these observat ions a n d showed m a r k e d 
d iu rna l var ia t ion , as d id inact ivi ty (57-4% of observa t ions : 35 -9% 
exposed a n d 2 1 - 5 % sheltered) a n d moving (5-4%) (see Fig. 5) . Chi -
squared one-sample tests showed t h a t i n t e rhour var ia t ions in these 
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FIG. 4 . Cumula t ive percentage dis t r ibut ion, according to height , of guereza activity o b 
servations in two forest sectors a t K a n y a w a r a . 
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activities were highly significant ( P < O 0 0 1 ) . Social g rooming (6 -2% of 
observations) also showed significant i n t e rhour var ia t ion , b u t there was 
little var ia t ion in self-cleaning (0 -7%) , p laying (4-6%) or cl inging 
(5 -7%) . 

A t K a n y a w a r a , a typical guereza group ' s d a y consisted of a b o u t five 
periods of m o v e m e n t a n d feeding, p u n c t u a t e d by long rest periods. I n 
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FIG. 5. Diurnal variations in the percentage importance of different guereza activity states 
at Kanyawara. 

the late afternoon feeding was prolonged, b u t a t o ther t imes a feeding 
bou t commonly lasted for less t h a n 30 minutes . A l though the precise 
t iming of different activities var ied from day- to -day (so t h a t combin ing 
m a n y days ' d a t a obscures ind iv idua l dai ly pa t t e rns ) , activities which 
commonly occur red a t a similar t ime of d a y still p roduce peaks on a 
g r aph , as shown in Fig. 5. 

A n obvious peak level of feeding occur red in the late afternoon a n d 
evening. T h e lowest scores for feeding coincided wi th a h igh level of 
exposed inactivi ty in the early m o r n i n g (when there was sun-ba th ing) 
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a n d a high level of sheltered inactivi ty at m i d d a y (resting in the shade) . 
Al though the scores for the same t ime periods in different mon ths were 
highly var iable (hence the large ranges a n d s t anda rd deviat ions in 
Fig. 5) , the relatively low ranges which app ly to the highest a n d lowest 
feeding scores indicate t ha t such peaks a n d t roughs were fairly regular 
t empora l p h e n o m e n a . 

4. DIET C O M P O S I T I O N 

4.1. Frequency of Consumption of Different Foods 
T h e 3084 Colobus guereza feeding records ob ta ined t h roughou t East 
Africa in 1970-72 were dis t r ibuted across 63 p l an t species ( including 
two lichens). T h e 2715 K a n y a w a r a records inc luded 43 species, to 
which only one certainly new species was a d d e d by the 393 records 
collected in 1973 a n d 1974 . a 

Results presented in this section are based on d a t a collected a t 
K a n y a w a r a dur ing the 12-month per iod for which activity a n d r ang ing 
d a t a are also p resen ted : F e b r u a r y 1971 to J a n u a r y 1972 (note tha t the 
12-month per iod for which feeding d a t a were analysed in Oa tes , 1974, 
was J a n u a r y - D e c e m b e r 1971). A 12-month per iod has been selected 
to avoid bias in t roduced by seasonal changes in feeding behaviour . 

Dur ing this per iod, 2366 indiv idual feeding records were m a d e wh ich 
were dis t r ibuted across 30 tree species ( including a s t rangl ing fig), n ine 
cl imbers a n d two aqua t i c herbs . I n addi t ion , l ichens growing on two 
different tree species were ea ten . N o a n i m a l mate r ia l was definitely seen 
to be consumed, a n d 126 records re la t ing to unidentif ied par ts were 
almost cer tainly p lan t par ts . However , small an imals (especially insects) 
m a y well have been ingested a long wi th p lan t par ts . This would app ly 
par t icular ly to fig consumpt ion , as these fruits often conta in huge 
n u m b e r s of pol l inat ing a n d parasi t ic wasps a n d parasi t ic beetles. 

T h e dis tr ibut ion of these feeding records be tween p lan t species a n d 
par ts is shown in Tables V I a n d V I I . T h e p r eponde rance in the diet 
of one medium-sized tree species (Celtis durandii) a n d of young leaves is 
striking. Leaf par ts as a whole (leaves of all ages, leaf buds a n d petioles) 
formed 76-9% of records. O n l y three species scored more t h a n 5 % of 
all records a n d these th ree formed 6 9 - 0 % of the total . T h e guerezas a te 
m a n y different par ts of the c o m m o n food species: young a n d m a t u r e 
leaves, leaf buds , floral buds a n d fruits of C. durandii were ea ten. 

Al though the impor t ance of different foods var ied be tween mon ths , 
a Unquantified observations were made of feeding on two additional tree species at 
Kanyawara. 
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TABLE VI 
The top 20 guereza food species at Kanyawara in the period February 1971 to January 1972 and, 

for trees, their density and selection ratio 

Growth form No. of % of 
when feeding feeding Selection 

Plant species mature* records! records No./km2§ ratio* 

Celtis durandii Engl. M, D 1185 50-1 3360 35-3 
Markhamia pi Uycalyx (Bak.) 

Sprague S/M,E 310 13-1 4110 7-5 
Ficus exasperata Vahl L, D 138 5-8 80 172-5 
Olea welwitschii (Knobl.) 

Gilg & Schellenb. L, Ε 84 3-6 220 38-2 
Ficus brachylepis Welw. ex 

Hiern L,D 77 3-3 140 55-0 
Spathodea nilotica Seem. M, D 73 3-1 30 243-3 
Premna angolensis Guerke S/M, D 72 3-0 140 51-4 
Celtis africana Burm. f. L, D? 70 3-0 490 14-3 
Balanites wilsoniana 

Dawe & Sprague L, D 53 2-2 50 106-0 
Mimusops bagshawei S. Moore L, Ε 29 1-2 380 7-6 
Rauvolfia oxyphylla Stapf Μ, D? 23 1-0 30 76-7 
Hippocratea plumbea 

Blakelock & Wilczek C 21 0-9 — — 
Oncinotis sp. C 21 0-9 — — 
Cardiospermum grandiflorum Sw. C 19 0-8 — — 
Schrebera arborea Ghev. M, D 17 0-7 50 34-0 
Dombeya mukole Sprague S, D 15 0-6 920 1-6 
Strombosia scheffleri Engl. L, Ε 15 0-6 950 1-6 
Dioscorea sp. C 14 0-6 — — 
Prunus africana (Hook, f.) 

Kalkm. L,E? 14 0-6 0 — 
Strychnos mitis S. Moore L, Ε 14 0-6 380 3-7 

* S : s m a l l t r e e ; Μ: m e d i u m - s i z e d t r e e ; L: l a r g e t r e e ; G: c l i m b e r ; D: d e c i d u o u s ; Ε: e v e r g r e e n , 
ΐ T o t a l n o . r e c o r d s = 2 3 6 6 . % S e e t e x t s e c t i o n 5.1. 

§ S a m p l e d a r e a = 0 - 0 3 7 k m
2

, s a m p l e s i z e = 7 8 9 t r e e s . 

C. durandii accoun ted for the major i ty of feeding records in all m o n t h s 
of the s tudy except Augus t 1974 w h e n M. platycalyx slightly exceeded it. 
I n the case of p l an t par t s , y o u n g leaves accoun ted for most records in 
all mon ths except Augus t a n d Sep tember 1971. O f specific food i tems, 
C. durandii y o u n g leaves accoun ted for the major i ty of records in every 
m o n t h except J a n u a r y , Augus t a n d Sep t ember 1971 a n d Augus t 1974. 
I n N o v e m b e r 1971, w h e n this i tem was a b u n d a n t l y avai lable , it m a d e 
u p 6 0 - 7 % of feeding records (it m a d e u p 7 0 - 8 % of M a r c h 1972 records , 
b u t the total feeding sample was only 48 records in t ha t m o n t h ) . 
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T A B L E VII 

The distribution according to plant parts and food items of 2366 guereza feeding 
records collected at Kanyawara from February 1971 to January 1972 

N o . r e c o r d s % 

A . P L A N T P A R T S 
Y o u n g l eaves 1369 57-7 
F r u i t s 3 2 4 13-6 
M a t u r e l eaves 2 9 4 12-4 
L e a f b u d s 91 4-0 
U n d e t e r m i n e d a g e l eaves 6 0 2-5 
F l o w e r s a n d floral b u d s 4 9 2-1 
W o o d a n d b a r k 25 1-1 
W h o l e w a t e r p l a n t s 14 0-6 
L e a f pe t io l e s , c l i m b e r s t e m , fo l iaceous b r a c t s 10 0-4 
L i c h e n s 4 0-2 
U n d e t e r m i n e d 126 5-3 

R F O O D T T F M ^ JJ. X W W - L / J. A J_J1VXO 

Celtis durandii y o u n g leaves 8 2 9 35-0 
Markhamia platycalyx y o u n g leaves 211 8-9 
Celtis durandii w h o l e f rui ts 156 6-6 
Ficus exasperata w h o l e f rui ts 129 5-5 
Celtis durandii m a t u r e l eaves 124 5-2 
Celtis africana y o u n g leaves 59 2-5 
Markhamia platycalyx l ea f b u d s 52 2-2 
Olea welwitschii m a t u r e l eaves 4 7 2-0 
Ficus brachylepis y o u n g l eaves 4 5 1-9 
Premna angolensis y o u n g leaves 4 3 1-8 
Spathodea nilotica y o u n g l eaves 31 1-3 
Balanites wilsonia y o u n g leaves 2 4 1-0 
Balanites wilsonia m a t u r e l eaves 2 3 1-0 
Mimusops bagshawei f ru i ts ( p r o b a b l y seeds on ly ) 2 3 1-0 
Rauvolfia oxyphylla m a t u r e l eaves 21 0-9 
Al l o t h e r i t e m s 5 4 9 23-2 

4.2. Dietetic Diversity 
T h e heavy concent ra t ion by C. guereza on a few foods gave it a m u c h 
less diverse diet t h a n C. badius in the same area . T o c o m p a r e dietet ic 
diversity be tween months , localities a n d species, indices were calcula ted 
using Shannon ' s formula (Pielou, 1966; Sager a n d Hasler , 1969): 

H'= -ΣΡΜΡι 

where s is the n u m b e r of species consumed, pt is t he relat ive a b u n d a n c e 
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in the diet of each species, a n d \ogp{ is t he log oip{ to the base of n a t u r a l 
logar i thms. T h e grea ter the diversity in a g r o u p of observat ions, t he 
grea ter is H'. 

For the 12-month per iod F e b r u a r y 1971 to J a n u a r y 1972, the overall 
diversity (Η') of guereza diet a t K a n y a w a r a in te rms of food species 
was 2-08. I n this per iod the highest mon th ly index was 2-14 in J a n u a r y 
1972 (in J a n u a r y 1971 it was 2*15) a n d the lowest was 1*21 in N o v e m b e r 
1971 (see Fig. 6) . By contrast , the index for C. badius a t K a n y a w a r a for 
the 17 mon ths , N o v e m b e r 1970 to M a r c h 1972, var ied from 3-05 to 
1-97 (Struhsaker a n d Oa tes , 1975). 

5. FOOD SELECTION 

5.1. Plant Species Selection 
T h a t only three ou t of a total of 43 food-plant species were responsible 
for 6 9 % of feeding records a t K a n y a w a r a suggests s t rong differential 
selection of food by guerezas. But this a p p a r e n t selection migh t s imply 
be a p roduc t of differential availabil i ty. T o investigate selectivity, one 
would ideally like to be able to c o m p a r e the a n n u a l p r i m a r y p roduc t ion 
of each species wi th its consumpt ion by guerezas. However , such 
investigations were outside the scope of this s tudy. Ins tead , I have 
c o m p a r e d n u m b e r s of feeding records wi th d a t a on t ree density. Th i s 
reveals t ha t the two most frequently consumed food species (Celtis 
durandii a n d Markhamia platycalyx) were also the two most frequently 
occurr ing species in the an imals ' r ange . So were guerezas showing 
strong species-selection; or were they al locat ing their t ime r a n d o m l y 
across food species ? 

T o examine this quest ion I have ca lcula ted selection ratios which 
c o m p a r e t ree densities wi th n u m b e r s of feeding records. For each 
species the ra t io is : 

N o . of feeding records on the species 
N o . of individuals of the species pe r hec ta re (0.01 k m 2) 

Rat ios for trees in the top 20 food species for the per iod F e b r u a r y 
1971 to J a n u a r y 1972 are shown in T a b l e V I . T h e largest rat ios 
indica te greatest positive selection, on a relat ive basis (cl imbing p lants 
canno t be given ratios as their densi ty was no t assessed). T h e rat ios do 
not reveal very m a r k e d selection of the medium-s ized C. durandii, 
a l though this species is ind ica ted as m o r e strongly selected (or less 
avoided) t h a n the small- to medium-s ized M. platycalyx. T h e ratios for 
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some relatively u n c o m m o n trees (such as Ficus exasperata, Spathodea 
nilotica a n d Balanites wilsoniana) a re m u c h h igher t h a n t ha t for C. 
durandii, while those for some c o m m o n trees (such as Strombosia scheffieri 
a n d Dombeya mukole) a re m u c h lower. Both F. exasperata a n d B. wilsoniana 
are large trees, so the appa ren t ly s trong preference of guerezas for these 
species m a y be par t ly an artefact of the selection ra t io used, which 
ignores biomass. 

T h e ratios in T a b l e V I use t ree densi ty from t h r o u g h o u t t he r ange 
of guereza g roup 4. But the g roup concen t ra ted its t ime in the unfelled 
sector of its range , a n d tree densities here were different from those in 
the felled a n d hil l- top forest. I n par t icu lar , C. durandii (with 3560 trees/ 
k m 2) was more a b u n d a n t in this a rea t h a n M. platycalyx (3020 trees/ 
k m 2 ) . 

A l though these ambigui t ies m e a n t ha t a detai led compar ison of 
selection ratios is unjustified, the ratios do a t least provide genera l 
indicat ions of species preference. For instance, the n ine highest rat ios a re 
clearly m a r k e d off, as a g roup , from the rest. T h e y are all over 30-0, 
wi th the next highest ra t io only 14-3. Eight of these n ine re la te to 
deciduous trees. By compar ison, some very c o m m o n evergreen trees 
were strongly avoided. Diospyros abyssinica (2300/km 2) a n d Bosqueia 
phoberos (870/km 2) h a d ratios of only 0-5. Both these species have tough 
a n d lea thery m a t u r e leaves. O t h e r c o m m o n trees wi th similar leaves 
t ha t were completely ignored by feeding guerezas at K a n y a w a r a were 
Chaetacme aristata (1190/km 2) , Teclea nobilis (950/km 2) a n d Uvariopsis 
congensis (840 /km 2) . 

5.2. Plant Part Selection 
T h e feeding d a t a suggest t ha t guerezas selected strongly for y o u n g 
leaves (57-7% of records) . Certa inly, these were never as a b u n d a n t l y 
avai lable in the K a n y a w a r a forest as m a t u r e leaves, yet in most mon ths 
they were m u c h more a b u n d a n t l y eaten. Relat ively high selection 
ratios for some deciduous tree species m a y reflect a greater availabil i ty 
of young leaves on those species c o m p a r e d wi th evergreens, r a the r t h a n 
a preference for y o u n g leaves of pa r t i cu la r species. A n ind iv idua l 
deciduous tree will car ry more young leaves in several mon ths of each 
year t h a n will any evergreen tree. At any given t ime, guerezas migh t be 
expected to select indiv idual trees wi th the greatest n u m b e r of y o u n g 
leaves. 

Guerezas did no t seem to be very selective in the precise age of 
young leaves they ate . W h e r e a var ie ty of Celtis durandii leaves was 
avai lable on the same twig, a monkey would usually pluck those of 
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fresh, l ight-green a p p e a r a n c e , regardless of size. T a b l e V I I I compares 
guereza feeding records for different sizes of C. durandii y o u n g leaves 
wi th thei r availabil i ty, as ca lcula ted from phenological scores (see 
Section 7). Th is suggests little obvious selection of a par t i cu la r age class. 
A l though the largest class appea r s to be m o r e strongly selected t h a n the 
others relat ive to its availabil i ty, the degree of selection is p robab ly 
small enough to be insignificant, given the imprecision of leaf size 
assessment du r ing guereza feeding. 

TABLE VIII 
Guereza feeding on different sizes of Celtis durandii young leaves compared with the 

availability of the leaves 

Leaf size No. of feeding records* 
% of feeding 

records 
Mean phenological 

scoresj 

Very small 27 5-3 0-2 
Small 149 29-4 1-2 
Medium 144 28-5 1-5 
Large 186 36-8 1-4 

* Data from period 1 August 1971 to 5 January 1972. 
I Means of mean monthly scores, each of which is total of individual scores on 0-4 
point scale divided by no. of trees in sample; data from six monthly samples between 
29 July 1971 and 30 December 1971. 

T h e guereza is not necessarily a preferential selector of leaves over 
fruits (but see Section 7). T h e overall biomass of fruits c o m p a r e d wi th 
foliage was usually low in the K a n y a w a r a forest, a n d the low n u m b e r 
of fruits in the diet is p robab ly not great ly d i spropor t iona te to thei r 
avai labi l i ty . T h e same applies to flowers, which were usually avai lable 
on a t ree for an even shorter per iod t h a n fruits. However , guerezas 
cer ta inly do not show a s t rong preference for fruits a n d flowers over 
leaves. 

I n fruit-feeding, s t rong selection by guerezas for ei ther r ipe or u n r i p e 
fruits was not a p p a r e n t , bu t he re m y d a t a a re inconclusive. 

5.3. Selection of "Occas iona l " Items 
At frequent intervals (est imated at once every 2 - 4 weeks) guereza 
groups descended from the trees a n d travel led a long the g round to two 
pools of open wa te r in the s w a m p y val ley-bot tom. H e r e they fed on 
small herbs rooted in the m u d d y pool marg ins , sometimes en te r ing the 
shallow wa te r to feed. Plants ea ten inc luded the rooted Hydrocotyle 
ranunculoides a n d the floating Lemna minor ( " d u c k w e e d " ) . Th is behav iour 
m a y have been connected wi th the need to m a k e u p for d ie tary 
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deficiencies of minerals (see Section 12). Mine ra l r equ i rements migh t 
also be the exp lana t ion for the consumpt ion of clay for which there was 
evidence a t K a n y a w a r a , a l though such behaviour could also have 
resulted from digestive physiological needs. 

Food i tems tha t were only ea ten in small quant i t ies migh t also have 
been specially selected for physiological reasons. For instance, Olea 
welwitschii m a t u r e leaves were avai lable in large quant i t ies t h r o u g h o u t 
the year a n d were frequently consumed, bu t only in small quant i t ies 
(often only one or two leaves were ea ten) . Th i s is discussed in Section 12. 

6. T E M P O R A L PATTERNING OF FOOD CHOICE 

I t was not obvious tha t guerezas a te par t i cu la r foods according to the 
t ime of day , or t h a t foods were ea ten in a par t i cu la r sequence. However , 
it was impossible to examine one individual ' s sequence of food choice. 
But I have been able to examine g roup feeding according to t ime. Th i s 
analysis suggests t ha t several p l an t species a n d par t s h a d t e m p o r a l 
pa t te rns of consumpt ion t ha t differed significantly from the overal l 
pa t t e rn . 

Records from the 12 five-day samples on K a n y a w a r a g r o u p 4 from 
F e b r u a r y 1971 to J a n u a r y 1972 have been isolated from other d a t a a n d 
segregated into four th ree-hour t ime blocks. Th is segregation accord ing 
to food species is displayed in T a b l e I X , together wi th chi -squared 
values result ing from a compar ison of the dis t r ibut ion of records 
th rough t ime for each species wi th the dis t r ibut ion for all species 
combined . T h e species differing significantly from the overall pa t t e rn 
are Markhamia platycalyx (consumed m u c h less t h a n expected in the 
first qua r t e r of the day) a n d Celtis africana, Spathodea nilotica a n d Olea 
welwitschii (all consumed more t h a n expected in the first q u a r t e r ) . 
Significant depar tu res for the same species are also found (at a 5 % 
level) if Celtis durandii records (50· 1 % of the total) are excluded from 
the analysis. 

A similar analysis has been performed on p l an t -pa r t feeding records 
(Table I X ) . This indicates significant depar tu res from the overall dis
t r ibut ion of records th rough t ime for leaf buds (eaten especially more 
t h a n expected in the th i rd quar te r ) a n d floral par ts (eaten less t h a n 
expected in the first a n d last quar te r s a n d more t h a n expected in the 
midd le of the day ) . 

T h e sample size was less t h a n 100 for all the species a n d par t s (with 
the exception of Markhamia platycalyx) for which there is a p p a r e n t 
t empora l var ia t ion in food choice, a n d the floral pa r t sample was 
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TABLE IX 
Temporal distribution of guereza feeding at Kanyawara according to plant species and parts* 

N o . f e e d i n g r e c o r d s i n t h e 
t i m e p e r i o d 

7 . 0 0 - 1 0 . 0 0 - 1 3 . 0 0 - 1 6 . 0 0 -
10.00 h f 13 .00 h 16.00 h 19.00 h i χ2

 Ρ 

A . P L A N T S P E C I E S 
Celtis durandii 167 2 2 2 2 3 3 4 3 5 2-26 > 0 - 5 
Markhamia platycalyx 27 74 57 124 16-36 < 0 - 0 0 1 
Ficus exasperata 33 2 0 2 4 4 9 7-15 < 0 - l , > 0 - 0 5 
Olea welwitschii 21 8 10 2 6 11-53 =^0-01 
Premna angolensis 7 11 16 31 3-05 > 0 - 3 
Spathodea nilotica 2 6 9 9 21 23-37 < 0 - 0 0 1 
Celtis qfricana 2 0 7 8 2 9 12-54 < 0 - 0 1 
Ficus brachylepis 17 10 14 22 4-32 =^=0-2 
Balanites wilsoniana 9 4 13 21 4-02 > 0 - 2 
A l l o t h e r spec ies 41 6 0 77 9 6 8-30 < 0 - 0 5 , > 0 - 0 2 

B . P L A N T P A R T S 
Y o u n g l eaves 2 1 0 252 2 3 5 522 5-55 > 0 - l 
F r u i t s 5 8 61 82 102 7-73 < 0 - l , > 0 - 0 5 
M a t u r e l eaves 4 0 51 57 110 0-89 > 0 - 8 
L e a f b u d s 17 10 2 9 2 9 9-97 < 0 - 0 2 , > 0 - 0 1 
U n d e t e r m i n e d a g e l eaves 8 7 12 2 4 1-77 > 0 - 5 
F l o w e r s a n d floral b u d s 2 15 14 7 18-70 < 0 - 0 0 1 
Al l o t h e r p a r t s 3 3 2 9 32 6 0 1-70 > 0 - 5 

G. T O T A L 3 6 8 4 2 5 4 6 1 8 5 4 

* G r o u p 4 , 2 1 0 8 feeding records from 12 five-day samples, F e b r u a r y 1971- Janua ry 1972. 
f Includes a few records before 7.00h. % Includes a few records after 19.00h. 

par t icu la r ly small . As the d a t a a re spread over 60 days, the var ia t ions 
found canno t be given m u c h weight . If there was genu ine t empora l 
var ia t ion in the consumpt ion of some i tems the reason is u n k n o w n , b u t 
physiological factors could have been involved. 

7. S E A S O N A L V A R I A T I O N I N D I E T 

T h e forest a t K a n y a w a r a con ta ined m a n y t ree species, which showed 
grea t var ia t ion in their phenology, g rowth form, densi ty a n d dispersion. 
Guerezas fed no t only on trees, b u t also on c l imbing p lants a n d aqua t i c 
herbs . Consequent ly , despi te a seasonal p a t t e r n of rainfall, the p a t t e r n 
of food avai labi l i ty was complex a n d showed no clear-cut overall 

L 
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seasonality. T h e r e was no significant i n t e r m o n t h var ia t ion in the p ro 
por t ion of feeding observations in the activity sample in the per iod 
F e b r u a r y 1971- Janua ry 1972 (χ 2; Ρ=^0·30) . However , the composi t ion 
of the guereza diet d id vary a n d this var ia t ion was closely correla ted 
wi th the seasonal behaviour of Celtis durandii. 

Al though C. durandii was the major food species in each m o n t h from 
J a n u a r y 1971 to M a r c h 1972, its p ropor t ion of all feeding records 
var ied from 22-2 to 75-0% (or to 6 8 - 5 % if the small M a r c h 1972 
sample is excluded) . T h e var ia t ion in the p ropor t ion of different 
C. durandii par ts in the diet var ied even more m a r k e d l y : no young leaves 
were seen to be ea ten in Augus t 1971, whereas they formed 70 -8% of 
records in M a r c h 1972 a n d 6 0 - 7 % in N o v e m b e r 1971; m a t u r e leaves 
were eaten in only eight of 15 months , b u t formed 2 7 - 7 % of records in 
Augus t 1971; fruits formed from zero to 16-8% of records. 

Unl ike some trees a t K a n y a w a r a , C. durandii showed qui te m a r k e d 
seasonality in its leafing pa t t e rn , a n d this seemed to be correlated wi th 
rainfall. I have calculated m e a n mon th ly phenological scores for each 
sampled t ree species by assigning scores of 0 -4 to the " n o n e - m a n y " 
descriptions of the quan t i t y of s tructures present . For C. durandii t he 
highest m e a n mon th ly young leaf score was 3-5 in Apri l 1971 (when 
all bu t four ou t of 15 trees were j u d g e d to bear m a n y y o u n g leaves) 
a n d the lowest score was 0-3 in Augus t 1971 (when only four trees h a d 
any young leaves a t al l) . I n fact, the species exhibi ted a b i a n n u a l cycle 
of leaf p roduc t ion a t K a n y a w a r a du r ing the m a i n s tudy, wi th most leaf 
buds noted in Apri l a n d Sep tember 1971 a n d most young leaves in 
A p r i l - M a y a n d O c t o b e r - N o v e m b e r 1971 (a similar b imoda l p a t t e r n 
was found in his adjacent s tudy a rea by Τ . T . S t ruhsaker ) . However , 
indiv idual trees appa ren t ly shed all their old leaves only once in the year , 
before one of the two periods of new leaf p roduc t ion . 

W h e n the m e a n scores for C. durandii y o u n g leaf availabil i ty from 
F e b r u a r y 1971 to J a n u a r y 1972 (collected a t the end of each m >nth) 
a re compared wi th the p ropor t ion of young leaves in the guereza diet in 
the same m o n t h , using a S p e a r m a n r ank correlat ion coefficient, a 
significant correlat ion is found (r s = 0-74; Ρ < 0 · 0 1 ) . T h e r e was also a 
correlat ion be tween feeding in these mon ths a n d availabil i ty j u d g e d a t 
the end of the previous mon ths (r s = 0*56; Ρ < 0 · 0 5 ) . F u r t h e r m o r e , 
there was a negat ive relat ionship be tween diet diversity a n d feeding on 
C. durandii y o u n g leaves (rs = 0*88; Ρ < 0 · 0 1 ) ; mon ths wi th h igh indices 
of diet diversity (see Section 4.2) were those in which few records of 
C. durandii y o u n g leaf feeding were collected, while those wi th low 
indices were m o n t h s in which there was m u c h of such feeding. These 
relationships are displayed in Fig. 6. 
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FIG. 6. Monthly fluctuations at Kanyawara in: (a) rainfall, (b) Celtis durandii young leaf 
availability, (c) C. durandii young leaf feeding by guerezas, (d) guereza diet diversity, 
(e) number of grid quadrats entered by group 4, (f) group 4 ranging diversity, (g) number of 
group 4 intergroup encounters. 
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N e w C. durandii young leaves were flushed approx imate ly one m o n t h 
after the a p p e a r a n c e of wet ter condit ions following D e c e m b e r -
F e b r u a r y a n d J u n e - J u l y d ry periods (Fig. 6) . M e a n mon th ly young 
leaf scores in different mon ths from J a n u a r y to December 1971 were 
more closely correlated wi th rainfall in the previous m o n t h (r s = 0 5 7 ; 
Ρ < 0 · 0 5 ) t h a n wi th rainfall in the same m o n t h (r s = 0-44; Ρ > 0 · 0 5 ) . 
T h e flushing evident in F e b r u a r y 1972 m a y have resulted from an 
unusual ly moist J a n u a r y . 

T h e availabil i ty of Markhamia platycalyx young leaves at the end of 
each m o n t h from J a n u a r y - D e c e m b e r 1971 was also re la ted to the 
frequency wi th which they were recorded in the guereza diet in the 
following m o n t h (r s = 0-81; Ρ < 0 Ό 1 ) . However , a direct correlat ion 
canno t be shown be tween the availabil i ty of Ficus exasperata fruits at 
the end of each m o n t h a n d their consumpt ion in the following m o n t h 
(rs = - 0-20). R a t h e r , most F. exasperata fruits were consumed in mon ths 
w h e n C. durandii young leaves were most scarce (Oates , 1974), suggesting 
preferential selection of the leaves over the fruits. 

Despite the complex pa t t e rn of var ia t ion in the K a n y a w a r a vegetat ion, 
there were months w h e n one general food type seemed scarce. For 
instance, phenological sampl ing a t the end of Augus t 1971 indica ted 
tha t , in addi t ion to the scarcity of C. durandii young leaves, few young 
leaves were avai lable on four o ther major guereza food-tree species. 
I n the following m o n t h there was a high index of diet diversity (1-98) 
a n d m a t u r e leaves (not a preferred d ie tary i tem) were the top-scoring 
p l an t par t , regardless of species, in the diet (forming 31 -9% of records) . 
I n August a n d Sep tember 1971, c l imbing a n d scrambl ing plants were 
i m p o r t a n t in the diet a n d more observations in the activity samples 
were recorded from below 6 m in the forest t h a n in any o ther m o n t h s 
( the result of guerezas feeding low down on scrambl ing plants at the 
forest edge a n d in areas of secondary g rowth) . Th is behaviour closely 
follows the model of Emlen (1968) which predicts t ha t p reda tors will 
feed more and more indiscr iminately as food becomes scarce. 

Al though different years at K a n y a w a r a show a broadly similar 
pa t t e rn of rainfall, qu i te marked year- to-year variat ions occur. P r o b 
ably for this reason, bo th the availabil i ty a n d level of consumpt ion of 
C. durandii young leaves were not always similar in the same m o n t h s in 
different years. T h e m e a n phenological score for this i tem in the tree 
sample was 3-3 in N o v e m b e r 1971 bu t only 1-1 in N o v e m b e r 1973, 
while its p ropor t ion in the guereza diet was 60 -7% in N o v e m b e r 1971 
bu t only 28 -7% in 1973 (in 1973, rainfall was m u c h h igher t h a n usual 
in Apri l , M a y a n d Sep tember ) . I n Augus t 1974, however , the s i tuat ion 
was very similar to t ha t in Augus t 1971. Very few C. durandii y o u n g 
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leaves were avai lable ( the t ree sample gave a m e a n phenological score 
of 0-1 c o m p a r e d wi th 0-3 in 1971) a n d only one feeding record ou t of 
299 was of this i t em (compared wi th no records in 1971). I n Augus t 
1974, Markhamia platycalyx leaf buds were the top-scoring food i t em 
(12-4% of records) , closely followed by C. durandii m a t u r e leaves (12*0%). 
I n Augus t 1971, C. durandii m a t u r e leaves h a d been the top-scoring i t em 
(27-7% of records) . 

8. R A N G E UTILIZATION 

8.1. Group Movements 
D u r i n g movement s t h rough their r ange , g r o u p member s would 
common ly follow a similar p a t h to the leading an ima l . Ind iv idua ls 
would keep close, wi th the last an ima l rare ly following the leader a t a n 
in terval m u c h grea ter t h a n 15 minu tes ( there were exceptions, such as 
w h e n males moved towards ano the r g roup du r ing an in t e rg roup 
encoun te r ) . M o v e m e n t s in K a n y a w a r a g r o u p 4 were often ini t ia ted by 
one adu l t female, believed to be the oldest a n i m a l in the g roup , b u t 
a l though ini t ia t ing progressions she rare ly r e m a i n e d a t their head . 

I n moving from one rest ing site to ano ther , guerezas did no t forage 
cont inuously. Ins tead , they t ended to stop a t a l imited n u m b e r of 
dist inct feeding sites en route; or they would move to jus t one site where 
feeding con t inued for a long per iod, after which the g r o u p often rested 
nea rby . Somet imes a feeding site was a single large tree, b u t it often 
consisted of several trees in a l imited area , t h rough which the g r o u p 
moved slowly, individuals spend ing from a few minutes to a n h o u r in 
different trees. 

8.2. Range Size and Differential Usage 
Measu remen t s from the r ang ing m a p s m a d e du r ing the 12 m o n t h l y 
five-day observat ion periods on g r o u p 4 a t K a n y a w a r a from F e b r u a r y 
1971 to J a n u a r y 1972, give a m e a n dai ly l inear t ravel dis tance of 
535 m, r ang ing from a m i n i m u m of 288 m on 5th N o v e m b e r 1971 (a 
d a y of very heavy rain) to a m a x i m u m of 1004 m on 2nd M a r c h 1971. 

T h e total a rea covered by such daily movemen t s was measured in 
two ways. Firstly, a n a rb i t r a ry line was d r a w n to enclose all the m a p p e d 
positions in which the g roup was seen be tween 1st J a n u a r y 1971 a n d 
7th M a r c h 1972 (over which per iod m e a n g r o u p size was 12 individuals) . 
T h e a rea inside this l ine, excluding large l acunae in which there were 
no plots, covered 0 T 5 1 k m 2 . 
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Secondly, a 50-m grid super imposed on the original r ang ing m a p s 
showed t ha t the g roup used 128 0-0025-km 2 grid q u a d r a t s over the 
same period, a total of0-320 k m 2 . Th i s m e t h o d over-est imates the r ange 
size, as m a n y of the 128 quad ra t s were only margina l ly occupied. 

D u r i n g the 12 mon th ly observat ion periods from F e b r u a r y 1971 to 
J a n u a r y 1972, the g roup entered 111 q u a d r a t s (0-278 k m 2 ) , b u t these 
111 were not equal ly used. Twenty-e igh t were only entered on single 
days, while rank-order ing the quad ra t s according to du ra t i on of 
occupancy shows tha t 4 9 - 3 % of the group ' s t ime was spent in the top 14. 
Eleven of these 14 formed a cont iguous block (0-0275 k m 2) which was 
occupied for 4 2 % of the t ime. Th is block lay towards one edge of the 
group 's r ange (see Fig. 7), almost entirely wi th in the unfelled sector of 
c o m p a r t m e n t 30 ( though two of the 11 q u a d r a t s ju s t over lapped in to 
the felled sector) . I n each mon th ly sample the g roup spent at least some 
t ime in this "core a r e a " (Kaufmann , 1962). 

G r o u p 4 appea red to have a regular cycle of r ange usage, spending 
several days wi th in the core a rea (in which relatively short distances 
were moved each day) a n d then r ang ing more widely outside it for 
several days. 

Column 

FIG. 7 . T h e range of guereza g roup 4 in the K a n y a w a r a s tudy a rea in te rms of 0 - 0 0 2 5 k m
2 

grid quadra t s (dashed l ine), wi th position of core a rea indica ted . 
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The number of quadrats entered by the group varied significantly 
between monthly samples (χ2, Ρ<0·02) . A maximum of 44 quadrats 
was entered in October and a minimum of 14 in June 1971, and the 
variation over 12 months was biphasic (Fig. 6). As might be expected, 
the number of quadrats entered in each sample correlates strongly with 
monthly indices of quadrat utilization diversity, as calculated from 
Shannon's formula (rs = 0-72; Ρ<0·01) . However, no correlation can 
be shown with rainfall, with Celtis durandii young leaf availability or 
consumption, with diet diversity or with the number of encounters with 
other groups (see Fig. 6). There is a possibility that the biphasic form 
of the ranging graph results from the sampling period (c. 30 days) being 
slightly out of phase with a cycle of range usage. But I have no evidence 
to support this. 

Although intermonth variation in ranging was apparently not 
related directly to variation in feeding behaviour, there were clear 
vegetational differences between the unfelled sector of group 4's range, 
in which its core area lay, and the felled and hill-top sector, which was 
widely ranged-over but not heavily used. Enumeration revealed 
differences in the abundance of the three most important food-tree 
species. These differences were additional to those caused by felling 
operations, as the species had not been cut. But despite the differences, 
there was remarkable consistency in the frequency with which these 
major food sources were exploited by group 4 in the two areas (Table 
X). This suggests that the extent to which these major foods were con
sumed at Kanyawara was not related directly to their density. 

TABLE X 
The consumption by guereza group 4 of three major food-tree species in two forest 

sectors at Kanyawara compared with the density of the trees 

Celtis Markhamia Ficus 
durandii platycalyx exasperata 

N o . / k m
2
 i n u n f e l l e d forest 3 5 6 0 3 0 2 0 100 

N o . / k m
2
 i n fe l led a n d h i l l - t o p forest 3 1 0 0 5 4 3 0 6 0 

% of f e e d i n g r e c o r d s f r o m u n f e l l e d 
forest* 50-8 14-0 5-7 

% of f e e d i n g r e c o r d s f r o m fe l led a n d 
h i l l - t o p forest f 50-8 12-1 5-2 

* Sample of 1152 records from 32 days be tween F e b r u a r y 1971 a n d J a n u a r y 1972 
when g r o u p r ema ined entirely wi th in unfelled forest. 
f Sample of 602 records from 17 days over same per iod w h e n g r o u p r ema ined 
entirely wi th in felled a n d hil l - top forest. 



306 J O H N F. OATES 

This could explain the differential r ange usage of g r o u p 4. T o m a i n 
ta in the same quan t i t y of Celtis durandii leaves in its diet, the g r o u p 
would have h a d to move over a wider a rea in the same t ime per iod in 
the felled a n d hil l- top sector as in the unfelled sector. T h e r e is evidence 
t ha t in its core a rea the g r o u p would have h a d to move even less widely 
t h a n in the whole unfelled sector of its r ange . T h e eight c i rcular 
enumera t ion plots which lay wi th in this core a rea conta ined a tota l of 
14 C. durandii trees, equivalent to 5570 /km 2, while a single square plot 
wi th 50-m sides, which over lapped the most intensively-used of g roup 4's 
r ange quad ra t s conta ined 20 C. durandii, equivalent to 8000 /km 2. 

However , feeding was no t totally similar in all par t s of the g roup ' s 
r ange . I have noted t ha t the g roup moved to one par t i cu la r p a r t of its 
r ange to consume wa te r p lants . I n addi t ion , a n u m b e r of t ree species 
completely absent from the core a rea (and su r round ing unfelled forest) 
occupied qui te a h igh propor t ion of feeding in the felled sector. Balanites 
wilsoniana formed 5-2% of feeding observat ions in the felled sector, 
Rauvolfia oxyphylla 3 -7% a n d Schrebera arborea 2 - 8 % . 

9. RELATIONSHIPS BETWEEN G R O U P S 

T h e ranges of K a n y a w a r a groups h a d long- term stabili ty (in 1973 a n d 
1974 g roup 4 occupied the same areas as in 1970-72) a n d over lapped 
considerably. I n 1970-72, o ther groups were seen in 95 (74%) of the 
128 0-0025 k m 2 gr id quad ra t s in which g roup 4 was observed. T h e 
r ema in ing 2 6 % of q u a d r a t s were not amongs t those most intensively 
used by g roup 4 a n d they m a y well have been used by o ther groups a t 
some t ime. 

Al though there was r ange stability, g roup composi t ion did no t 
r ema in stable between M a r c h 1972 a n d August 1974 (Oates , in press). 
I n par t icular , ma le member sh ip of groups changed . A t K a n y a w a r a , 
an adu l t ma le compet i t ion was evident for the "possession" of groups , 
whose stable e lement is a nucleus of adu l t females t ha t r ema in in one 
a rea of forest. M a l e compet i t ion is reflected in in te rg roup in to lerance , 
which contrasts strongly wi th to lerant i n t r ag roup relat ionships. 

D u r i n g the 12 mon th ly five-day observat ion periods from F e b r u a r y 
1971 to J a n u a r y 1972, g roup 4 h a d 65 in te rg roup encoun te r s : defined 
as one g roup being wi th in 50 m of one o ther g roup . For ty of these 
encounters were aggressive, g roup 4 supplan t ing , or be ing supp lan ted 
by, ano the r g r o u p ; 16 were " n e u t r a l " , wi th no obvious aggressive 
in te rac t ion ; a n d n ine were encounters du r ing feeding in the s w a m p 
pools—which all the groups in the s tudy a rea shared. La rge males were 
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primarily responsible for aggressive displays and chases during 
encounters. 

Positional analysis of intergroup encounters showed that group 4 
tended to supplant other groups encountered within its core area and 
to be supplanted from the wider area outside (Oates, 1974). On some 
occasions the group would make a long and quite rapid movement 
from a peripheral part of its range to the core area, where it supplanted 
another group. But there were exceptions to this pattern. For instance, 
group 4 sometimes supplanted groups well outside its core area. I 
believe that some sections of the group's range outside its core over
lapped the cores of other groups, while some were shared interstices 
between cores. 

Although no correlation was found between the number of quadrats 
entered by group 4 during monthly observation periods and the 
number of encounters it had with other groups, selective range usage 
at Kanyawara was almost certainly influenced by intergroup relation
ships. Some parts of the unfelled forest sector of group 4's range which 
it did not use intensively were probably the range cores of other groups 
(for which I do not have detailed range-usage data). 

Although the defence of a particular part of group 4's range at 
Kanyawara could be regarded as ultimately related to the defence of 
food, group supplantation over individual food trees was not evident: 
a group did not seem to chase another from an individual food tree and 
then feed there itself, but rather it chased another group away from an 
area of forest. However, in the very different habitat at Chobe (see 
below), group supplantation for a single food tree was recorded. 

10. VARIATION BETWEEN INDIVIDUALS, G R O U P S A N D 
P O P U L A T I O N S 

10.1. Individual and Group Variation at Kanyawara 
There was no obvious difference in the diet of different guereza age/sex 
classes at Kanyawara and all members of a group often ate the same 
type of food simultaneously. However, although the identity of feeding 
animals was noted during diet recording, individuals could not always 
be identified precisely and the sample sizes that have resulted for 
individual animals are too small to allow detailed comparisons to be 
made. 

Different groups also ate the same foods. Most guereza feeding 
records collected in 1970-72 came from only one group, but observa
tions made on other groups indicated no marked differences in diet 
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composit ion. Celtis durandii y o u n g leaves were the most frequently 
recorded food i tem (27-5% of records) in groups o ther t h a n g roup 4. 
T h e differences t ha t d id exist p robab ly resulted no t from differences in 
food selection, b u t from differences in vegeta t ion be tween areas. For 
instance, the t ree Prunus africana was no t seen wi th in the r ange of 
g roup 4. G r o u p 6, whose r ange conta ined several Prunus trees, con
t r ibu ted most of the 15 feeding records for this species. 

I n August 1974, the majori ty (82%) of feeding records was collected 
from g roup 6 r a the r t h a n g roup 4. All species (except for Prunus) ea ten 
by this g roup were previously known from the diet of g roup 4. O f the 
top ten species in the g roup 6 diet over a five-day per iod (see A p p e n d i x 
a t end of chap te r ) , six were represented in the top ten species from the 
August 1971 sample . 

Al though the r ang ing behav iour of only g roup 4 a t K a n y a w a r a was 
studied systematically, sightings of o ther groups indica ted t ha t they h a d 
r ange sizes of the same order of m a g n i t u d e a n d t h a t they concen t ra ted 
their activities in l imited par t s of their ranges . 

10.2. Interpopulation Variations 
Outs ide K a n y a w a r a , only the guereza popu la t ion a t C h o b e was sub
jec ted to careful observat ion over m a n y days. A l though groups seemed 
to be smaller, on average, in r ipa r i an forest a n d small forest pa tches , 
brief observat ions t h roughou t East Africa suggested little var ia t ion in 
the in te rna l s t ructure a n d behav iour of groups , o ther t h a n differences 
(such as diet composi t ion a n d he ight of activity) which der ived 
inevi tably from differences in the composi t ion a n d s t ructure of the 
vegetat ion. Guerezas usually inc luded in thei r diet second-growth or 
forest-edge species c o m m o n in their hab i t a t , t hough the pa r t i cu la r 
species var ied from place- to-place: Polyscias fulva a t Bwindi , Polyscias 
kikuyuensis a t L i m u r u , Rauvolfia oxyphylla a t Lake Nyamus ing i re a n d 
Rauvolfia cqffra a t Arusha . 

A t Chobe , guerezas fed lower (because of the n a t u r e of the vegetat ion) 
t h a n a t K a n y a w a r a , a n d they also fed less f requent ly; 5 1 - 9 % of feeding 
records from activity samples came from below a he ight of 7-5 m, while 
79-7% c a m e from below 15 m ( K a n y a w a r a equiva len ts : 6-9 a n d 
59*5%). M u c h of this feeding occurred in the bushes ( < 3 m) of the 
scrub below the trees. T h e d iu rna l p a t t e r n of feeding was similar to t ha t 
a t K a n y a w a r a , wi th a n obvious peak in the late afternoon, bu t feeding 
occupied only 13-2% of all activity observat ions, c o m p a r e d wi th 19*9% 
at K a n y a w a r a . Inac t iv i ty was correspondingly m o r e frequent, occupy
ing 7 0 - 1 % of records c o m p a r e d wi th 57 -4% at K a n y a w a r a . Th i s m a y 



10 COLOBUS GUEREZA 309 

have been the result of the h igher env i ronmen ta l t empera tu res a t 
C h o b e . 

T h e d o m i n a n t guereza food species a t C h o b e was one of the major 
K a n y a w a r a food species, bu t all the o ther foods were different. Celtis 
durandii was absent in the degenera te r ipa r i an forest a t Chobe , bu t 
Markhamia platycalyx was the most a b u n d a n t t ree in the groves fre
q u e n t e d by guerezas ( though not the most a b u n d a n t t ree in the forest 
as a whole) . I t d o m i n a t e d the C h o b e feeding records in 1971 in bo th 
J u n e a n d O c t o b e r (Tab le X I ) . T h e lack of var ie ty in the woody 
vegetat ion resulted in only seven species be ing recorded in the guereza 
diet , wi th records coming from every t ree species identified in the 
hab i t a t , except for Spathodea nilotica (of which only two individuals 
were seen wi th in g roup 1 's r ange ) . Indices of diet diversity, ca lcula ted 
as for K a n y a w a r a , were 1-57 in J u n e a n d 0-90 in Oc tobe r . T h e J u n e 
index is similar to the J u n e K a n y a w a r a index, bu t the O c t o b e r figure 
is the lowest recorded. 

Seasonal influences a re a p p a r e n t in T a b l e X I , as M. platycalyx 
flowers, floral buds a n d y o u n g leaves were more a b u n d a n t on the trees 
in O c t o b e r t h a n in J u n e (when floral par t s were completely absen t ) . 
Y o u n g leaf p roduc t ion by M. platycalyx seemed more constant low d o w n 
in the scrub, possibly as a result of large herb ivore browsing. 

M. platycalyx leaf petioles were ea ten by guerezas a t Chobe , bu t never 
consumed a t K a n y a w a r a , where they were common ly ea ten by Colobus 
badius. Interspecific compet i t ion be tween monkeys a t K a n y a w a r a 
seemed to be responsible for the small pe rcen tage of M. platycalyx 
floral buds , flowers a n d fruits in the guereza diet there , for their avail
abil i ty was general ly very low. I n O c t o b e r 1971, however , these par t s 
formed 3 0 - 3 % of guereza feeding records a t Chobe . I n 1973, heavy 
flowering by Μ. platycalyx a t K a n y a w a r a s w a m p e d browsing pressure, 
so t ha t fruits were noted in the s tudy a rea for the first t ime in November , 
w h e n comple te pods were ea ten by guerezas . 

T h e n a t u r e of the C h o b e hab i t a t resulted in guereza r ang ing pa t t e rns 
qui te different from those a t K a n y a w a r a , a l though g r o u p 1 did con
cen t ra te its t ime in a l imited a rea of its to ta l r ange . T w o small groves, 
bo th intensively used, were separa ted by some 1500 m of scrub a n d 
scat tered trees. G r o u p 1 moved on the g r o u n d be tween the groves, 
a n d to two large isolated fig trees. T h e result was a th in , s t re tched-out 
r a n g e : approx imate ly 2 k m long a n d in most places u n d e r 50 m in 
wid th . T h e a rea of g r o u n d covered by the g r o u p (calculated by a d d i n g 
the a rea inside lines encircl ing areas of intensive use to t ha t represented 
by the th in connect ing t ravel routes a n d isolated trees) has been calcu
la ted as close to 0-01 k m 2 . G r o u p 1 en te red 35 100-m grid q u a d r a t s 
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TABLE XI 
The percentage distribution of guereza feeding records collected at Chobe in June and 

October 1971 

J u n e O c t o b e r 
(« = 148) {η = 122) 

A . P L A N T P A R T S 
Y o u n g leaves 26-3 38-5 
M a t u r e l eaves 33-1 4-9 
F r u i t s 15-6 2-5 
F l o w e r s a n d floral b u d s 0 27-9 
L e a f b u d s 0 13-9 
Poss ib le fo l i aceous b r a c t s 10-1 0-8 
L e a f pe t io l e s 5 4 2-5 
W o o d , b a r k a n d f ru i t s t e m 0-7 5-7 
U n d e t e r m i n e d a g e l eaves 0 3-3 
U n d e t e r m i n e d 8-9 0 

B . P L A N T S P E C I E S 
Markhamia platycalyx (Bak. ) S p r a g u e 37-8 70-4 
Margaritaria discoidea (Bail l . ) W e b s t e r 25-0 7-4 
Ficus natalensis ( M i q . ) H ö c h s t . 20-9 0 
Acacia sieberana D C . 4-1 16-4 
Kigelia aethiopum (Fenz l . ) D a n d y 2-0 5-7 
Teclea nobilis D e l . 5-4 0 

Ficus brachypoda H u t c h . 4-1 0 
Thunbergia alata B o j . * 0-7 0 

C . F O O D I T E M S 
Markhamia platycalyx y o u n g leaves 16-9 32-8 
Markhamia platycalyx floral b u d s 0 23-0 
Ficus natalensis m a t u r e l eaves 20-9 0 
Margaritaria discoidea f ru i ts 11-5 0 
Acacia sieberana l ea f b u d s 0 11-5 
Markhamia platycalyx poss ib le fo l iaceous b r a c t s 10-1 0-8 
Margaritaria discoidea m a t u r e l eaves 8-1 0-8 
Margaritaria discoidea y o u n g leaves 4-7 4-1 
Markhamia platycalyx flowers 0 4-9 
Teclea nobilis y o u n g leaves 4-7 0 
Al l o t h e r i t e m s 23-1 22-1 

* C l imbing he rb . 

(0*35 k m 2) in the J u n e a n d Oc tobe r 1971 five-day observat ion periods, 
a n d it was not seen elsewhere on o ther observat ion days. T h e group ' s 
m e a n daily t ravel dis tance was 703 m, wi th a r ange on indiv idual days 
from zero (when it stayed in one tree) to 1840 m (when it moved 
from one end of its r ange almost to the o the r ) . 
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O n l y one o ther guereza g r o u p was located a long over 6 k m of t he 
Nile b a n k a t Chobe . T h e r ange of this o ther g r o u p (group 2) over
l apped 200 m in to one end of g r o u p l 's r ange ( 1 0 % of its long axis) . 
Ne i ther g r o u p was seen in an a rea used intensively by the other . Th i s 
was very different from the s i tuat ion a t K a n y a w a r a , whe re the re were 
m a n y groups , extensive r ange over lap a n d intrusion by o ther g roups 
in to a g roup ' s "core a r e a " . O n l y one direct i n t e rg roup encoun te r was 
seen at Chobe , w h e n g r o u p 2 supp lan ted g r o u p 1 from a large fig tree 
on the ext remity of g r o u p l 's r ange . 

11. PREDATION 

I n most localities visited, birds of prey, par t icu la r ly c rowned hawk-
eagles (Stephanoaetus coronatus), were p robab ly the chief p reda to rs on 
guerezas. C a p t u r e by a r ap to r was never seen b u t the remains of a large 
guereza were found on a t rack a few h u n d r e d metres from the m a i n 
K a n y a w a r a s tudy area . W i t h these remains were a n u m b e r of b rown-
and-whi te ba r r ed feathers. O n five occasions d u r i n g the m a i n s tudy a t 
K a n y a w a r a , the adu l t ma le of g r o u p 4 rushed towards a r ap to r (twice 
identified as a c rowned hawk-eagle) which h a d flown low a n d pe rched 
nea r the g r o u p ; on four of these occasions the ma le p roduced roar ing 
vocalizations a n d always the b i rd flew away. O n several o ther occasions 
roar ing was h e a r d from guerezas w h e n birds of prey were sighted flying 
over or t h rough the forest. Allen a n d Lover idge (1933) have no ted a 
large ma le Colobus angolensis chasing off a n eagle, a n d record a c rowned 
hawk-eagle shot while ea t ing a C. angolensis. T h e r e were maggots 
in the la t ter monkey ' s l imb, so it migh t no t have been killed by the 
eagle. 

I found no evidence of m a m m a l p reda t ion on guerezas, bu t Allen 
a n d Lover idge (1933) found C. angolensis fur in l eopard excrement in 
the N k u k a forest, T a n z a n i a , while Nishida (1972) has r epor ted finding 
hai rs a n d a lower j a w , p robab ly be longing to C. angolensis, in l eopard 
food remains in western T a n z a n i a . Suzuki ( repor ted in K i n g d o n , 1971) 
has observed ch impanzee p reda t ion on guerezas in the Budongo forest. 
A t K a n y a w a r a , guerezas ac ted nervously towards ch impanzees : on 
one occasion they reversed the direct ion of a progression after de tec t ing 
ch impanzees in a fig t ree they were a b o u t to en te r ; on ano the r occasion 
several moved hastily from a fig, in which they h a d spent the night , as 
two ch impanzees en tered the t ree from below. 
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12. D ISCUSSION 

12.1. Problems of a Leafy Diet 
T h e guereza is a medium-s ized m a m m a l which lives in t ropical African 
wooded habi ta t s a n d feeds pr imar i ly on the above-ground par ts of 
trees. Leaves, the most a b u n d a n t a n d constant ly avai lable non-woody 
tree par ts , form a high propor t ion of its diet. O n l y a few other species 
seem to occupy a similar n i che : o ther colobus monkeys (C. badius 
a n d C. verus) a n d the tree hyrax (Dendrohyrax arboreus) a re superficially 
similar in size, hab i t a t a n d diet. 

T h e r e is no detai led information on the diets of C. verus or Dendro-
hyrax, b u t C. badius ( the red colobus) has been carefully studied (Clut ton-
Brock, 1972, 1975a; Struhsaker , 1974, 1975). Us ing the same study 
techniques , r ed colobus diet a t K a n y a w a r a has been found to be more 
diverse t h a n t ha t of the guereza, bo th in terms of p l an t species a n d p l an t 
par ts (Struhsaker a n d Oates , 1975). T h e blades of large young leaves 
a n d m a t u r e leaves are m u c h less c o m m o n in the red colobus t h a n in 
the guereza diet ( the highest mon th ly p ropor t ion of m a t u r e leaves in 
the red colobus diet was 7-4%, compared wi th 3 3 - 7 % in the guereza) . 
T h e red colobus diet includes large quant i t ies of leaf buds , leaf petioles, 
flowers a n d floral buds in addi t ion to young leaves. 

C o m p a r e d wi th the red colobus, the guereza diet is monotonous a n d 
domina t ed by large leaf-blades. Several problems mus t be overcome in 
the hand l ing of such a leafy diet. Firstly, the diet will have a h igh 
cellulose content a n d therefore be relatively indigestible for a m a m m a l . 
Even if the cellulose can be digested by micro-organisms, these will be 
ineffective if the leaves conta in large quant i t ies of l ignin (Hark in , 
1973). 

T h e second major p rob lem faced by t ropical tree-leaf feeders is the 
presence of toxins in their food. These a re the p l an t " s econda ry" 
compounds , such as non-pro te in a m i n o acids, alkaloids a n d phenolics, 
whose major function m a y be to deter an ima l feeding (see Bate-Smith , 
1972; Free land a n d J a n z e n , 1974; Swain, in press). For ins tance, 
t annins (which are polymer ic phenolics) precipi ta te food proteins a n d 
digestive enzymes, w i thd rawing thei r usefulness. A l though bo th the 
s tomach bacter ia a n d its own microsomal system provide a detoxifica
t ion capaci ty to a r uminan t - t ype m a m m a l , it will be advan tageous for 
the an ima l to select a diet wi th a min ima l toxic componen t . 

Th i rd ly , a diet of p l an t mate r ia l m a y lack essential nu t r i t iona l 
components . Sodium, in par t icu lar , is deficient in the n o r m a l diet of 
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many herbivorous animals and is obtained from soil or special plants 
(Weir, 1972; Botkin et al, 1973; Arms et al, 1974). Guerezas might be 
expected to adopt strategies to counteract dietary mineral deficiencies, 
such as the feeding on aquatic vegetation observed at Kanyawara. This 
is discussed elsewhere (Oates, in prep.). 

12.2. Coping with Indigestibility and Toxicity 

Colobine monkeys probably cope with the cellulose in their food by 
means of their forestomach, which is modified as a fermentation chamber 
(Kuhn, 1964). However, several studies have found little evidence of 
cellulose digestion in colobus (Kuhn, 1964; Ohwaki et al., 1974). This 
may have been because the animals examined had been feeding largely 
on fruit and had very little plant fibrous material in their stomachs, 
since Bauchop and Martucci (1968) have reported high numbers of 
cellulolytic bacteria in the stomachs of Presbytis cristata and entellus, 
while Kay et al. (1976) have found evidence of considerable cellulose 
digestion in the forestomach of two captive C. guereza maintained on a 
leafy diet in Kenya. 

Although cellulose may be digested by bacterial fermentation, lignin 
is less easily coped with. It would be interesting to compare the lignin 
content of a wide variety of trees in a guereza habitat, from both food 
and non-food species. 

The presence of a stomach fermentation chamber probably dictates 
relatively long periods of non-feeding while a "fill" is fermented. When 
densely-packed leaves are browsed, a relatively short time will be needed 
to fill the forestomach. However, these leaves, which form the major 
part of the guereza diet, can probably be less rapidly digested than 
many of the dietary items of red colobus. This may explain the much 
greater inactivity of the guereza compared with the red colobus 
(57-4% of records compared with 34-8%, using the same recording 
technique: Struhsaker and Oates, 1975). 

The bulky and indigestible nature of the guereza diet presumably 
give it a low energy profit (after the losses of gathering, chewing and 
digesting). This may explain such energetic economies as early-
morning sun-bathing, a common behaviour pattern, in which the black 
thinly-haired undersurface is typically oriented towards the sun. 
Hamilton (1973) has reviewed black coloration and sun-bathing, 
presenting evidence that heat gain from such behaviour reduces energy 
expenditure. 

As yet, little information is available on the toxic constituents of 
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monkey foodstuffs. But it m a y be significant tha t , in the Kiba le forest 
hab i ta t , guerezas feed very little on species of large " d o m i n a n t " t ree, 
restricting most of their a t tent ion to species in the lower forest layers 
a n d a t the forest edge, a n d to non-woody cl imbers. Mos t of the tree 
species on which they feed are deciduous a n d more typical of d ry 
forest a n d colonizing si tuations t h a n of m a t u r e moist h igh forest. I n 
the 12 mon ths F e b r u a r y 1971- Janua ry 1972, 87*2% of guereza feeding 
observations a t K a n y a w a r a came from only n ine tree species, of which 
eight were deciduous a n d the n in th (Olea welwitschii) was typical of 
forest edge. I t m a y be tha t such species concent ra te more mater ia l a n d 
energy into rap id g rowth t h a n the big trees of m a t u r e forest, a n d p u t 
fewer resources into the accumula t ion of secondary compounds a n d 
lignin. Certainly the leaves of Celtis durandii a t K a n y a w a r a suffered 
extremely heavy insect a t tack, suggesting a low level of toxicity. 
Selection of a low-toxin diet could be m a d e on the basis of taste (see 
Bate-Smith , 1972), while texture a n d colour could p resumably have 
i m p o r t a n t influences. 

A t K a n y a w a r a , the diverse red colobus diet includes, as i m p o r t a n t 
consti tuents, several species of large forest t rees—such as Newtonia 
buchananii a n d Aningeria altissima. T h e red colobus also has a m o r e 
diverse pa t t e rn of r ang ing t h a n the guereza a n d groups have a larger 
r ange size (Struhsaker a n d Oates , 1975). T h e red colobus could be 
bet ter a d a p t e d to m a t u r e moist t ropical forest t h a n the guereza. T o 
exploit the p roduc t ion of trees in such a forest, exposure to a fairly 
high level of toxins m a y be unavoidab le . I t m a y be possible to cope wi th 
the si tuation, however , by avoiding old leaves a n d by diversifying the 
diet, as small amoun t s of a r ange of toxins are bet ter hand led by 
detoxification systems t h a n large quant i t ies of a few (Freeland a n d 
J a n z e n , 1974). 

Diversification of an herbivorous diet in a m a t u r e forest might be a 
means of coping wi th bo th toxicity a n d indigestibility. T h e old leaves 
of m a n y large forest trees are p robab ly highly indigestible (for instance, 
wi th a h igh lignin content) compared wi th the leaves of deciduous 
colonizing species. Leaf buds , flowers a n d fruits are p resumably m o r e 
easily digested t h a n leaves, bu t are usually more widely spread (in large 
trees) t h rough space a n d t ime. A diverse diet migh t be expected to 
result in a diverse pa t t e rn of ranging , a n d in large r ange size. 

I t should be noted, however , t ha t p l an t secondary compounds m a y 
not always be deleterious to a guereza. Capt ive colobines commonly 
suffer from " b l o a t " or tympani tes (a foaming of the digesta in the 
forestomach), as do t rue ruminan t s (Hill, 1964; Hol l ihn , 1969). T h e 
ingestion of tannins m a y inhibi t the occurrence of bloat in r uminan t s 
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(Jones et aL, 1970). Therefore , a l though a cons tant h igh level of t ann ins 
in the guereza diet c anno t be beneficial, t he advan tages of their con
sumpt ion a t cer ta in t imes or in cer ta in concent ra t ions migh t outweigh 
the d isadvantages . Similarly, t ann ins could sometimes act as a detoxi
fication device for alkaloids, which they prec ip i ta te (Freeland a n d 
J a n z e n , 1974). Such factors migh t be involved in the relatively f requent 
consumpt ion of only small quant i t ies of some foods by guerezas. 

12.3. Habitat Preference 
If the guereza a n d red colobus a re a d a p t e d to different types of forest, 
w h y do they coexist a t K a n y a w a r a ? O n e possible reason is t ha t the 
forest there consists of a mix tu re of species typical of bo th m a t u r e a n d 
colonizing forest. T h e r e was p robab ly a m u c h larger h u m a n popu la t ion 
in the a rea u p unt i l 70 years ago (Osmaston, 1959), imping ing de
structively on the forest, t hough leaving m u c h of it in tac t ( today m a n y 
large trees present are a lmost cer tainly m u c h older t h a n 70 years) . 
Steep slopes keep par ts of the old forest in a state of semi-regenerat ion, 
as t ree falls a re c o m m o n du r ing storms. Swamps also provide a source 
of pe rpe tua l colonizing vegetat ion. Th is mix tu re of vegeta t ion p re 
sumably provides condit ions to suit each colobus : their d ie ta ry over lap 
is very small , a l though there is comple te spat ial over lap be tween groups 
of the two species. I n biomass terms, however , the red colobus is more 
successful a t K a n y a w a r a , wi th an es t imated 1760 k g / k m 2 c o m p a r e d 
wi th 570 k g / k m 2 for the guereza in its a rea of m a x i m u m a b u n d a n c e 
(Struhsaker a n d Oa tes , 1975). I n some unfelled par t s of Kiba le forest 
the guereza is even less a b u n d a n t . 

I n m a n y areas of colonizing forest, d ry wood land , r ipa r i an a n d 
m o n t a n e forest a n d in small forest pa tches in East Africa, guereza 
densities are m u c h higher a n d o ther a rborea l monkeys a re sometimes 
completely absent . A guereza biomass of a t least 1800 k g / k m 2 (and 
possibly as h igh as 3000 kg /km 2) m a y be es t imated from the L i m u r u , 
K e n y a , d a t a of Schenkel a n d Schenkel-Hull iger (1967). I n these 
si tuations the vegetat ion m a y have low toxicity b u t exhibi t low species-
diversity a n d p ronounced seasonality (see also Clut ton-Brock, 1974a). 
I n some mon ths m a t u r e leaves m a y be the only a b u n d a n t food source 
in the t ree crowns. T h e guereza will feed on a small var ie ty of p lants 
(only seven species were ea ten a t Chobe) a n d will eat m a t u r e leaves in 
a b u n d a n c e w h e n o ther foods a re scarce. 

T h e small g roup size of the guereza a n d its aggressive in te rg roup 
relat ionships (based on spat ial factors) m a y be adap ta t ions to these 
" m a r g i n a l " forest si tuations, where trees a re often dis t r ibuted in small 
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c lumps : most efficiently exploited by small groups hav ing exclusive use. 
T h e presence of a single male m a y be explained in te rms of ma le com
peti t ion for females, a n d m a y not necessarily be re la ted directly to diet . 

A willingness to unde r t ake terrestr ial movemen t , frequently noted a t 
C h o b e a n d seen in m a n y o ther hab i ta t s , is also essential in pa t chy forest 
si tuations. F r e q u e n t terrestr ial activity has also been descr ibed by 
D u n b a r a n d D u n b a r (1974b). 

I suggest t ha t the guereza 's way of life is p r imar i ly a d a p t e d to a 
" m a r g i n a l " forest s i tuat ion, bu t t ha t the species can still exploit m a t u r e 
forest vegetat ion, where colonizing-type trees a re usually present b u t 
patchi ly-dis t r ibuted. I n such forests, epiphyt ic g rowth also forms an 
i m p o r t a n t e lement in guereza diet. 

12.4. Interpopulation Differences in Ranging Patterns 
T h e guereza popu la t ion density a t K a n y a w a r a was approx imate ly one 
an ima l per hec tare (100/km 2) (Oates , 1974). T h e r e is evidence t ha t a t 
h igher densities guerezas occupy m u c h smaller ranges (similar in size 
to the core a rea of g roup 4 a t K a n y a w a r a ) which are defended a n d 
exclusively used. A t L i m u r u , Schenkel a n d Schenkel-Hul l iger (1967) 
have repor ted a system of small , exclusive terri tories. F r o m their sketch-
m a p , a density of u p to 5 0 0 / k m 2 m a y be est imated, wi th ind iv idua l 
terri tories of from 0-013 k m 2 for a g roup of six monkeys to 0-031 k m 2 

for a g roup of 12. Similarly, D u n b a r a n d D u n b a r (1974b) found small 
g roup range sizes in the Bole valley, Eth iopia , wi th a m a x i m u m densi ty 
in one pa r t of the gallery forest of 370 /km 2. T h e larger r ange sizes found 
a t K a n y a w a r a could be the result of the relatively wider dispersion 
there of colonizing tree species as c o m p a r e d wi th the L i m u r u forest 
(domina ted by species such as Polyscias kikuyuensis) a n d the Bole forest 
(domina ted by Ficus spp. , Syzygium guineense a n d Albizia grandibracteata). 

T h e si tuat ion a t C h o b e is difficult to relate to these examples because 
of the extremely pa t chy n a t u r e of the forest there . If only the t ree-
c lumps fed in a re considered, the s tudy g roup h a d a very small r ange 
(similar to groups a t L i m u r u a n d Bole). However , if t ravel areas be tween 
c lumps are inc luded (and measured in terms of grid q u a d r a t s entered) 
the range is very large. At Chobe , some longi tudina l over lap be tween 
g roup ranges existed. T h e e longated n a t u r e of the hab i t a t d id no t a l low 
effective buffering of each o ther ' s movement s as occurred be tween 
groups in the high density popula t ions of L i m u r u a n d Bole. 

If the large r ange sizes a t K a n y a w a r a resulted from the wide dis
persion of sui table food, w h y was there such extensive r ange over lap ? 
If food is shared, is not the advan t age of moving over a wider a rea lost ? 
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Food, though , was no t equal ly shared t h roughou t a g roup ' s r ange . T h e 
m a i n s tudy g r o u p defended one p a r t of its r ange (the "core a r e a " ) 
where it spent most of its t ime a n d acqu i red most of its food. H e r e there 
was a h igh density of the chief food species (and an a b u n d a n c e of 
rest ing trees). However , it seems t ha t the core did no t conta in sufficient 
resources for m a i n t e n a n c e over long periods a n d the g roup moved ou t 
of the core frequently, par t ly to feed on wa te r p lants (which m a n y 
groups shared a n d which m a y have provided an essential minera l or 
minerals) a n d par t ly to r ange widely t h rough an a rea of felled a n d 
hil l- top forest (also used by several groups) . I t m a y be t ha t the resources 
in the felled forest were too widely spaced to be wor th defending, whi le 
the wa te r p lants m a y have been shared because they provided an 
essential r e q u i r e m e n t avai lable a t only one restricted site (as do w a t e r 
holes in m a n y s a v a n n a h si tuat ions) . 

I disagree wi th the suggestion of D u n b a r a n d D u n b a r (1974b) t ha t 
m a t u r e ra in forest m a y be assumed to be m o r e produc t ive t h a n 
r iverine forest a n d to conta in an a b u n d a n c e of preferred guereza foods. 
O n the cont ra ry , m a n y colonizing a n d r iverine forests m a y suppor t a 
grea ter a b u n d a n c e a n d p roduc t ion of sui table guereza foods t h a n 
m a t u r e forest. However , it is possible t ha t the large, over lapp ing ranges 
found a t K a n y a w a r a reflect a popu la t ion still below the m a x i m u m in 
relat ion to avai lable resources. I t could be t ha t the popu la t ion will 
g row a n d groups come to occupy small , defended ranges . But there was 
no evidence for such a t r end over the 1970-74 per iod. I t is also possible 
t ha t the K a n y a w a r a popu la t ion is l imited no t by the overall a b u n d a n c e 
of food, bu t by the a b u n d a n c e of special r equ i rements , such as the w a t e r 
p lants used by all groups . 

W h a t e v e r the explana t ion for the differences be tween guereza 
popula t ions , it is clear t ha t the species is able to occupy a grea t var ie ty 
of wooded habi ta t s . I n these it exploits similar resources bu t shows 
flexibility in g r o u p r ange size a n d the division of space be tween groups . 
However , it does no t a d a p t by m a r k e d changes in g r o u p size or com
position, or by grea t ind iv idual flexibility. I n fact, the guereza presents 
a r emarkab ly s tereotyped w a y of life over a wide geographica l a n d 
env i ronmenta l r ange . 

13. S U M M A R Y 

1, 2. Colobus guereza was observed in East Africa for 1627 hours in 
1970-74. Observa t ions were concen t ra ted a t K a n y a w a r a in the K i b a l e 
forest, U g a n d a , a moist t ropical h igh forest. 
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3. Over 7 0 % of feeding occurred below a height of 18 m in bo th 
felled a n d unfelled forest. Feeding occupied a b o u t 2 0 % of the guereza 
d a y a n d showed a peak in late afternoon. 

4. For ty- three p l an t species were ea ten a t K a n y a w a r a in 1970-72, 
bu t feeding was concen t ra ted on a few species, of which the deciduous 
middle-storey Celtis durandii ( 5 0 - 1 % of records) was the most impor t an t . 
Leaves were the chief guereza food, wi th young leaves forming 5 7 - 7 % 
of records. 

5. 6. T h e two major guereza food trees were also the two most 
a b u n d a n t trees in the forest. Guerezas appa ren t ly selected deciduous 
trees as food a n d avoided several c o m m o n evergreen species. 
W a t e r plants were frequently ea ten. Some foods were consumed 
dispropor t ionate ly at cer ta in t imes of day , pe rhaps for physiological 
reasons. 

7. Al though the pa t t e rn of food availabil i ty a t K a n y a w a r a was 
complex, C. durandii young leaves var ied seasonally in a b u n d a n c e wi th 
rainfall a n d this affected the guereza diet. W h e n these leaves were 
scarce, m a t u r e leaves became i m p o r t a n t in the diet , which diversified. 

8. O n e intensively s tudied guereza g roup occupied 0 T 5 k m 2 of 
forest bu t concent ra ted its t ime in a "core a r e a " of 0*0275 k m 2 . Th i s 
core conta ined a high density of C. durandii, bu t p robab ly failed to 
satisfy all nu t r i t iona l requ i rements . 

9. G r o u p ranges a t K a n y a w a r a over lapped extensively bu t inter
g roup relat ionships were aggresive. A g roup chased o ther groups from 
its core area . 

10. Guerezas inhab i t ing r ipa r ian forest a t C h o b e on the Nile b a n k 
fed at lower heights a n d for less of the d a y t h a n those at K a n y a w a r a . 
All bu t one of seven tree species in the hab i t a t were ea ten bu t feeding 
was concent ra ted on Markhamia platycalyx (also i m p o r t a n t in the 
K a n y a w a r a d ie t ) . G r o u p ranges were e longated a n d two adjacent 
groups over lapped slightly a n d in te rac ted aggressively. Animals 
frequently travelled on the g round . 

11. Crowned hawk-eagles, ch impanzees a n d leopards have been 
impl ica ted as guereza preda tors . 

12. I t is suggested tha t the guereza is pr imar i ly a d a p t e d to exploit ing 
colonizing a n d dry forests, feeding on leaf blades. Leaves of t ree species 
(part icular ly deciduous species) in these forests m a y be more digestible 
a n d less toxic t h a n those of m a t u r e high forest trees. Sui table guereza 
food species occur in m a n y habi ta t s , b u t m a y be patchi ly dispersed in 
m a t u r e forest. T r e e density will affect guereza popu la t ion density a n d 
tree dispersion will influence rang ing pa t te rns , bu t m a n y aspects of the 
guereza 's life are s tereotyped over a wide hab i t a t r ange . 
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A P P E N D I X 

A comparison for sampling methods 
I t migh t be a rgued t ha t the feeding d a t a presented here a re difficult to 
c o m p a r e directly wi th those collected in o ther studies. I n par t icu la r , 
Clut ton-Brock 's Colobus s tudy employed different me thods to sample 
bo th t ime spent feeding a n d the impor t an ce of different foods in the 
diet (Clut ton-Brock, 1974b, 1975a). 

T o examine activity pa t t e rns I followed St ruhsaker (1975), sampl ing 
activities sustained for a t least five seconds. T h e in ten t ion was to avoid 
record ing m o m e n t a r y acts occur r ing d u r i n g a per iod devoted pr imar i ly 
to a different activity (for ins tance, shifts of posit ion d u r i n g a feeding 
bout , or pauses du r ing a g rooming session). Clut ton-Brock also used 
scan-sampling, b u t recorded activities a t the ins tant of sighting. I n 
pract ice , these me thods p robab ly give similar results for C. guereza, as 
a compar ison m a d e on four days be tween the results ob ta ined by 
sampl ing activities sustained for five seconds, a n d those sustained for 
only two (equivalent to an ins tan taneous sample) , p roduced a m a r k e d 
divergence only for records of " m o v i n g " , which formed 5 -5% of 2-sec 
observat ions c o m p a r e d wi th 2 -4% of 5-sec observat ions. Feed ing formed 
21 -6% of 2-sec observat ions a n d 2 2 - 7 % of 5-sec observat ions (Oates , 
1974). 
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Secondly, I used a frequency m e t h o d to sample food choice, whereas 
Clut ton-Brock used a t ime-interval t echn ique . If an imals were recorded 
as feeding in Clut ton-Brock 's 15-min in terval activity scans, the food 
i tems were noted . Waser (1974) used a similar m e t h o d on Cercocebus 
albigena a t K a n y a w a r a , bu t employed 30-min intervals . I believe t h a t 
the t ime-interval me thods allow a closer est imate of the t ime spent 
feeding on different foods t h a n the frequency me thod . T h e la t ter , 
a l though it al lowed the full r ange of guereza foods to be quan t i t a t ive ly 
recorded, would have overes t imated the t ime spent feeding on a n y 
i tems which guerezas consistently fed on for short periods. M y m e t h o d 
also differed from Struhsaker ' s (1975) in t ha t he did not score a n 
addi t iona l record for feeding in a different indiv idual t ree if the s ame 
an ima l h a d fed on the same p a r t of t ha t species wi th in the previous 
hour . I n compar ison, m y m e t h o d could have overes t imated the t ime 
devoted to a species which guerezas exploited by feeding for shor t 
periods in a n u m b e r of different individual trees. F u r t h e r m o r e , m y 
m e t h o d is unsui ted to sampl ing c l imbing-plant a n d wa te r -p l an t 
feeding, as it is often difficult to distinguish be tween individuals of such 
species. 

However , in pract ice there was little difference in the p ic ture of 
guereza diet presented by these different techniques . This was shown 
by a compara t ive sample in August 1974. D u r i n g a five-day observat ion 
per iod on K a n y a w a r a guereza g roup 6, I scored feeding bo th by m y 
original me thod , by Struhsaker ' s m e t h o d a n d by Waser ' s me thod . T h e 
results of this compar ison are shown in T a b l e X I I . T h e sample size 
derived using the 30-min t ime-interval m e t h o d is half tha t ob ta ined 
using the o ther methods . P resumably the use of 15-min intervals 
would have p roduced more similar sample sizes. 

S p e a r m a n r ank correlat ion coefficients compar ing the scores ob ta ined 
for the different food species show strong correlat ions be tween the 
results from m y m e t h o d a n d from Struhsaker 's (r s = l-00, Ρ <ξ 0-01), 
a n d be tween the results from m y m e t h o d a n d Waser ' s (r s = 0*91, 
Ρ <^0·01). I t is par t icu lar ly no tewor thy tha t Celtis durandii was very 
similarly scored by all methods , suggesting tha t it is indeed the species 
on which most K a n y a w a r a feeding is concent ra ted . 

I n te rms of p l an t par ts , differences be tween the results from the th ree 
methods are even smaller, pe rhaps because fewer categories of pa r t s 
were recognized t h a n species, resul t ing in greater sample sizes for each 
category. T h e biggest difference was in the " u n d e t e r m i n e d " category, 
p robab ly because the frequency m e t h o d gave a longer per iod for 
identifying uncer ta in i tems t h a n the t ime-interval me thod . 
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TABLE XII 
A comparison of three diet-sampling methods used contemporaneously on Kanyawara 

guereza group 6 in August 1974* 

T i m e - i n t e r v a l 
F r e q u e n c y m e t h o d s m e t h o d 

( O a t e s ) ( S t r u h s a k e r ) ( W a s e r ) 
n=2H w = 2 0 7 n = \0\ 

A . P L A N T S P E C I E S f 
Markhamia platycalyx 23-4 22-7 17-8 
Celtis durandii 21-0 21-3 22-8 
Premna angolensis 13-6 14-0 16-8 
Millettia dura D u n n 7-9 7-3 5-0 
Celtis africana 6-5 6-8 10-9 
Ficus exasperata 5-6 5-8 6-9 
Oncinotis s p . 4-7 4-8 5-0 
Prunus africana 4-2 4-4 1-0 
Cardiospermum grandiflorum 3-3 2-9 2-0 
Olea welwitschii 3-3 3-4 4 0 
Balanites wilsoniana 2-8 2-9 2-0 
E p i p h y t e ( u n d e t e r m i n e d ) 1-4 1-5 3-0 
Apodytes dimidiata E . M e y . ex A r n . 0-9 1-0 2-0 
Dombeya mukole 
Strombosia scheffleri 

0-5 
0-5 

0-5 
0-5 

0 
0 

T r e e ( u n d e t e r m i n e d ) 0-5 0-5 1 0 

Β . P L A N T P A R T 
M a t u r e l eaves 31-3 31-9 29-7 
Y o u n g l eaves 26-6 25-1 24-8 
U n r i p e f ru i t s 16-4 16-4 17-8 
L e a f b u d s 15-9 16-4 15-8 
P r o b a b l e l ea f b u d s 2-8 2-9 4-0 
R i p e f ru i t s 1-9 1-9 0 
F l o r a l b u d s 0-9 1-0 0 
S t e m 0-9 1-0 0 
U n d e t e r m i n e d a g e f rui ts 0-9 1-0 1-0 
D e a d w o o d 0-5 0-5 0 
U n d e t e r m i n e d p a r t s 1-9 1-9 6-9 

* % of all feeding records. 
I Authori t ies not shown here a re given in T a b l e V I . 
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A c k n o w l e d g e m e n t s 
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1. INTRODUCTION 

Since the publ ica t ion of our ecological work concerning the food 
choices a n d food availabil i ty for p r imates in Sri L a n k a (Hladik a n d 
Hlad ik , 1972), we have ob ta ined new results concerning the composi t ion 
of the foods used by these pr imates , which allow a different type of 
in te rpre ta t ion of the relat ionship be tween feeding behaviour , a n d 
social a n d indiv idual behaviour . T h e details abou t me thods a n d inter
pre ta t ion of the analysis of the food samples will be publ ished in a 
separate pape r (Hladik et al., in press), b u t we mus t refer to these recent 
results as a basis of objective compar i son be tween the food choices of 
two sympat r ic species of Presbytis: the purple-faced langur , P. senex 
(Fig. 1) a n d the g ray langur , P. entellus (Fig. 2) . 

T h e ecological d a t a concerning these two species have been com
p lemented wi th information from other primatologists . Rip ley (1967, 
1970) developed the theoret ical aspects of terr i torial behav iour a n d 
social foraging strategy of the gray l angur in the field stat ion of 
P o l o n n a r u w a (Sri L a n k a ) : we uti l ized her d a t a on r ang ing pa t t e rns to 
est imate the food avai lable for the different groups of langurs . R u d r a n 
(1970, 1973) a n d G. M a n l e y s tudied the ecology a n d reproduc t ive 
behaviour of the purple-faced langur , in the same field stat ion, in the 
semi-deciduous forest of P o l o n n a r u w a ; we have used their informat ion 
to he lp calculate the a m o u n t of food avai lable for each g roup of purp le -
faced langur (Hladik a n d Hladik , 1972). Most of this research was pa r t 
of the Smi thsonian Biological P r o g r a m in Ceylon, P r i m a t e Survey, 
ini t ia ted by Drs J . F . Eisenberg a n d S. R i p l e y . a 

2. M E T H O D S OF M E A S U R I N G FOOD CHOICES 

2.1. Direct Observation v. Stomach Content 
I t migh t a p p e a r surprising t ha t the most simple m e t h o d of quantif ica
t ion of feeding behaviour , direct visual recording, has not been uti l ized 
by m a n y investigators, except the au tho r (Hladik a n d Hlad ik , 1969, 
1972; H lad ik a n d Char les -Dominique , 1971, 1974; Hlad ik , 1973, 1975) 

a
 S m i t h s o n i a n I n s t i t u t i o n F o r e i g n C u r r e n c y P r o g r a m , g r a n t n o . S F G - 9 - 7 0 0 4 a n d N I H g r a n t 
n o . M H 1 5 6 7 3 . 
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FIG. 1. A g r o u p of Presbytis senex a t Po lonna ruwa . 
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FIG. 2. Presbytis entellus feeding on the young leaves of a Pa lu t ree , Manilkara hexandra, a t 
P o l o n n a r u w a . 

a n d fairly recently I w a m o t o (1975). T h e observat ion of one monkey 
d u r i n g the whole day , a n d the cont inuous record ing of the n u m b e r of 
fruits a n d leaves ea ten , a re prac t icab le only w h e n the condit ions of 
visibility are except ional a n d w h e n the monkeys tolerate the presence 
of an observer very close to the g roup . For this reason, the field stations 
chosen for such studies were carefully selected. 

Records of the daily feeding act ivi ty of one monkey are necessarily 
inaccura te to some degree : even in the best field condit ions, the a n i m a l 
chosen m a y be par t ly h idden in a t ree for short periods. I n such cases, 
we ex t rapola ted from the feeding ra tes observed in the p reced ing or 
following minutes . I n a few other cases, w h e n the identification of one 
individual monkey a m o n g a g roup was very difficult, we h a d to shift 
to ano the r indiv idual in the same g roup (our observat ions only con
cerned the adul ts ) . These occasional shifts were no t i m p o r t a n t in this 
s tudy, since the feeding bouts were closely synchronized wi th in each 
g roup . 

W h e n the feeding rates were too fast to allow note- taking, we used a 
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small t ape recorder to describe the feeding bouts observed. T h e counts 
of leaves a n d fruits ea ten were m a d e afterwards. A t a n y change of 
activity, a reference to the t ime was no ted ( ± 0 - 5 m i n ) . T h u s it is 
possible to refer to our notes to calcula te the t ime spent feeding (see 
Section 2.2). I n o rder to keep cont inuous day-records , the a u t h o r was 
par t ly assisted by A n n e t t e H lad ik a n d two s tudents of the Univers i ty of 
Sri L a n k a : F . P . Ameras inghe a n d B. W . B. V a n Cuylenberg . 

T h e food samples were collected the d a y after (or a few days after) 
the per iod of feeding observat ion. O n e - h u n d r e d fruits or leaves were 
immedia te ly weighed to ob ta in the average fresh weight est imates of 
the different samples ea ten. T h e most difficult a n d p robab ly the least 
accura te estimates concern the small leaf shoots a n d flushes a n d the 
small flower bunches t ha t the leaf monkeys pick direct ly by m o u t h . 
After the per iod of field observat ion a n d collection of the food specimens, 
we r ep roduced 100 " p i c k s " or "mou th fu l s " a n d weighed the q u a n t i t y 
ob ta ined . F r o m these da t a , the estimates of the fresh weight ea ten m a y 
have a bias of 20 to 3 0 % concern ing the leaf shoots bu t the accuracy is 
bet ter t h a n ± 5 % for all the mater ia ls recorded as uni ts , such as fruits 
a n d large leaves which form the m a i n p a r t of the total a m o u n t ingested. 

Est imates of diet based on observat ion were checked against weighed 
contents of the first p a r t of the s tomach of some leaf monkeys which 
were shot [permit no . W L / P 9 1 (1) of the D e p a r t m e n t of Wi ld Life 
of Sri L a n k a ] . T h e relat ive p ropor t ions of leaves a n d fruits ea ten were 
in good ag reemen t wi th ou r direct recording, t hough we were u n a b l e to 
identify the different food species. 

Some more rel iable tests were m a d e by the a u t h o r on howler monkeys 
a n d capuchins of Barro Colorado Is land (BCI) a n d in m a i n l a n d 
P a n a m a (Hladik a n d Hlad ik , 1969). O n e of the capuchins , accidental ly 
in t roduced several m o n t h s before, was shot from the g r o u p u n d e r direct 
observat ion. I n its s tomach content , the different food i tems could be 
clearly identified a n d the relat ive propor t ions of their fresh weight 
cor responded ( ± 10%) to our quan t i t a t ive est imates from direct 
observat ion. 

T h e differences be tween the diets of different p r i m a t e species a re 
general ly large enough to rely on the m e t h o d of direct observat ion, in 
spite of its lack of accuracy . I t seems t h a t there is no a l ternat ive m e t h o d 
of measur ing feeding behav iour which allows interspecific compar i son . 

2.2. Time Spent Feeding 
T h e most accura te d a t a publ i shed on feeding behav iour concern t he 
t ime spent feeding, measured by different me thods (Clut ton-Brock 
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1975a; Struhsaker , 1975). Unfor tunate ly , the t ime spent feeding canno t 
be accepted as an est imate of the food in take , since feeding ra te m a y 
differ considerably be tween food i tems. Tab les I , I I a n d I I I i l lustrate 
these variat ions in the feeding rates of P. senex a n d P. entellus on different 
food items of the Po lonna ruwa forest. O u r field notes from different 
days of cont inuous observat ion have been used to c o m p a r e the per
centages of feeding t ime a n d the percentages of food in take , from the 
m e t h o d described in the preceding section. 

I n the example concerning P. senex (Tab le I ) , half of the feeding t ime 
was spent on the m a t u r e leaves of two species of trees. T h e propor t ion of 
leaves actual ly ingested is slightly h igher in te rms of fresh weight a n d 
represents 75-9% of the d ry weight ingested. Conversely, the p ropor t ion 
of feeding t ime spent on the young leaves a n d shoots is h igher t h a n the 
propor t ion of food ingested. 

T h e differences be tween the t ime spent feeding on par t icu la r foods 
by P. senex a n d food in take (fresh weight) a re general ly small, pa r t i cu
larly if we compare seasonal var ia t ion in the two measures (Figs 3 a n d 
5) . These two graphs show a close correlat ion be tween the two measures , 
except for the details of small peaks p robab ly d u e to the small size of 
the sample a n d the relative inaccuracy of the second me thod . T h e 
highest p ropor t ion of t ime spent feeding on young leaves a n d shoots 
(Fig. 3) a n d the largest a m o u n t of in take of m a t u r e leaves a t the 

SEEDS 

1969 1970 

FIG. 3. Percentage of feeding t ime of Presbytis senex, on different food categories a n d 
t h roughou t the year , after d a t a of R u d r a n a n d M u c k e n h i r n , in press. Food categories a re 
(from b o t t o m to t o p ) : m a t u r e leaves; y o u n g leaves a n d shoots; flowers; immatu re s a n d 
m a t u r e fruits; seeds. 
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beginning of 1969 (Fig. 5) are easy to unde r s t and (see T a b l e I) since 
large leaves requi re less t ime to be ga thered a n d ea ten t h a n the small 
shoots. Per contra, the fruits general ly ea ten by P. senex a re green a n d 
unr ipe small-sized objects (about 2 g, like the large leaves), thus 
ingested approx imate ly a t the same ra te as the leaves. 

I n the examples concerning P. entellus (Tables I I a n d I I I ) there is 
a n obvious lack of correlat ion be tween the t ime spent feeding on 
different categories of foodstuffs a n d the food in take , especially for 
leaves a n d fruits. I n the d a t a given as examples , the measures a re 
accura te ( ± 5 % ) for the food in take of large quant i t ies a n d for the 
longest feeding t imes (each tota l t ime includes two or th ree feeding 
bouts , so the result ing accuracy is ± 3 % for more t h a n 30 m i n ) . T h e 
gray l angur spent 2 8 - 1 % feeding t ime ea t ing the large fruits of Ficus 
benghalensis t h a t composed 7 7 - 3 % of the total fresh weight ingested 
(Tab le I I ) . All t he o ther fruits ea ten the same d a y accoun t for 16-6% 
of the fresh weight ingested a n d 4 6 - 8 % of the feeding t ime. T h e p ro 
por t ion of t ime spent feeding on flowers a n d leaf buds is ten t imes 
h igher t h a n the food in take . 

T h e last example (Tab le I I I ) shows t ha t these relat ive propor t ions 
a re not as different w h e n the gray l angur feeds on green un r ipe fruits 
wh ich are more similar in size a n d tex ture to leaves. W h e n feeding on 
y o u n g leaves of large size, the a m o u n t ea ten is high per uni t t ime (for 
Ficus religiosa y o u n g leaves, 21 -2% of the fresh weight cor responding to 
10-6% of feeding t ime) . Conversely, for small leaves such as Streblus 
asper, the a m o u n t ea ten is low per un i t t ime. 

For insect feeders like macaques a n d capuchins , t ime spent feeding 
is almost totally meaningless : a small a m o u n t of prey necessitates a very 
long foraging t ime a n d the definition of the feeding t ime is necessarily 
a rb i t r a ry (see discussion a b o u t ch impanzees , Hlad ik , this vo lume) . 

Deta i led compar ison of the diet or food choices of different species of 
pr imates canno t be achieved by measu remen t of t ime spent feeding on 
different food i tems. Nevertheless, measures of feeding t ime m a y be 
sufficiently accura te to c o m p a r e different groups of popu la t ion of t he 
same species which are feeding on fairly similar i tems. 

2.3. Size and Distribution of Observation Samples 
Days of un in t e r rup ted observat ion were spent a l ternat ively on P. senex, 
P. entellus a n d Macaca sinica, a t the P o l o n n a r u w a field stat ion. E a c h 
m o n t h , one week or more was spent in this s tudy area , from M a r c h 
1969 to F e b r u a r y 1970. 

T h e results concern ing feeding behav iour of the P o l o n n a r u w a 
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primates have been extracted from 5790 minutes of observation of 
P. senex and 7125 minutes concerning P. entellus. The distribution of 
these observations throughout the year is shown on Fig. 5: the days 
during which the observations have been carried on are marked with 
dots along the time axis. 

The diets of both species of leaf monkeys were generally fairly 
constant from day-to-day since a limited number of food species were 
available at any one time. For this reason, the average diet for one 
season could be obtained from a small sample of data (about 2000 
minutes of observation). The agreement of the general shape of the 
graph of the seasonal variations with the figure obtained from another 
sampling technique (Fig. 3) is an indirect evidence of the sufficient size 
of the observation sample. 

2.4. Collection and Processing of the Food Samples 

A large part of the time involved in this comparative study of the diets 
was devoted to collecting and preparing food samples for analysis. The 
resulting restriction of the time spent on direct observation cannot be 
avoided in a study aiming to attain complete information on the diets. 

Collection of the food samples at Polonnaruwa was possible without 
climbing the trees, with the help of a tree-pruner mounted on a series 
of bamboo poles. Samples were kept in large polythene bags, to avoid 
desiccation before weighing the series of fruits or leaves as described in 
Section 2.1. Alcoholic and dry fixations were made from the different 
samples and stored for further analysis (see Appendix II). 

One of the most important problems was to deal with shoots and 
young leaves in which size and composition vary rapidly during the 
flushing periods. To allow an accurate calculation of the food intake, 
the best method would have been to collect and weigh the samples 
corresponding to each day of observation, which would have required 
most time that was available. As a compromise, the leaf flush specimens 
were collected only when the differences were obvious (colour and 
size) and we utilized these average data for the entire period of observa
tion. 

We tested a few food specimens for the local variations in size and 
composition of the mature leaves and for differences between male and 
female specimens in dioeceous trees. Variations in composition among 
different trees of a given species were small and would not have affected 
our estimates of food intake. 
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3. C O M P A R I S O N OF SELECTIVITY A N D DIVERSITY IN THE 
L A N G U R SPECIES 

3.1. The Study Area 
T h e field stat ion of P o l o n n a r u w a was chosen for its except ional con
venience for direct observat ion of the pr imates . T h e u n d e r g r o w t h of 
this forest has been cleared by the archaeologists to b r ing to l ight the 
ruins of a city of the twelfth century . I n this "sacred a r e a " , where most 
of the observations on pr imates were carr ied out , the canopy is in tac t . 
T h e condit ions of visibility a re extremely good a n d it was possible to 
follow the different species of p r imates because they have been hab i tu 
a ted to the presence of buddhis t pilgrims for centuries . 

T h e vegetat ion is typical of the d ry zone of Sri L a n k a (Muel ler-
Dombois , 1969): a semi-deciduous t ropical forest wi th trees no t 
exceeding 20 -25 m in height . T h e a n n u a l rainfall is 1700 m m , b u t 
the d ry season of J u n e / J u l y / A u g u s t is general ly very marked . 

T h e frequency of the m a i n tree species of the Po lonna ruwa Field 
Sta t ion is shown in T a b l e I V , from two plots of 10 h a (plot 2) a n d 
5 h a (plot 3) which have been c o m p a r e d to the und is tu rbed forest 
nea rby (Hladik a n d Hlad ik , 1972). 

A large a rea covering 54-5 h a (2 km in length) was surveyed a n d 
m a p p e d , using a large-scale aerial pho tog raph . T h e canopy of each 
tree was measured after g round identification, to allow calculat ion of 
the total p roduc t ion in leaves a n d fruits after sampl ing the average 
p roduc t ion of each species from a square met re of canopy . Dis t r ibut ions 
of the two Presbytis species were recorded in the same area (Figs 7 a n d 8) , 
thus m a k i n g it possible to predic t the avai labi l i ty of their food. Except 
for pr imates , m a m m a l i a n fauna is fairly scarce at Po lonna ruwa and 
there are no longer large preda tors . 

3.2. Food Selection by P. senex 
At Po lonna ruwa , the social units of P. senex a re general ly "one -ma le 
g r o u p s " ( R u d r a n , 1970, 1973) inc luding three to five females a n d some 
juveni les . These groups are barely mobi le in small terri tories of a b o u t 
2 - 3 h a in which the food is ob ta ined from the most c o m m o n tree species. 

T h e food ingested du r ing one year includes an average (fresh 
weight) of 6 0 % leaves, 1 2 % flowers a n d 2 8 % fruits. A m o n g the 
leaves, abou t two-thirds (i.e. 4 0 % of the total food ingested) were 
" m a t u r e leaves" bu t the dist inction be tween young a n d " m a t u r e " 
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TABLE IV 
Frequency of tree species at Polonnaruwa* 

T r e e s p e r h e c t a r e 
T r e e spec ies p l o t 2 p l o t 3 

Alangium salvifolium ( A l a n g i a c e a e ) 0 2-0 
Elaeodendron glaucum ( C e l a s t r a c e a e ) 1-7 1-0 
Diospyros montana ( E b e n a c e a e ) 0 4 1-0 
Bridelia retusa ( E u p h o r b i a c e a e ) 0 4 0 
Drypetes sepiaria ( E u p h o r b i a c e a e ) 10-6 1 4 
Garcinia spicata ( G u t t i f e r a e ) 1-9 0-2 
Alseodaphne semicarpifolia ( L a u r a c e a e ) 0-9 0-2 
Cassia fistula ( L e g u m i n o s a e ) 3-9 0 4 
Cassia roxburghii ( L e g u m i n o s a e ) 1 4 0-2 
Strychnos potatorum ( L o g a n i a c e a e ) 2-8 0 
Aglaia roxburghiana ( M e l i a c e a e ) 0-2 1 4 
Chloroxylon swietenia ( M e l i a c e a e ) 0-2 0 
Walsura piscidia ( M e l i a c e a e ) 3-6 0 

Ficus amplissima ( M o r a c e a e ) 0-7 0-2 
Ficus benghalensis ( M o r a c e a e ) 0-1 0 
Ficus retusa ( M o r a c e a e ) 0-1 0-6 
Syzygium cumini ( M y r t a c e a e ) 0-2 0-2 
Adina cordifolia ( R u b i a c e a e ) 10-3 10-8 
Ixora arborea ( R u b i a c e a e ) 1-1 0-6 
Glenniea unijuga ( S a p i n d a c e a e ) 2-2 0-2 
Lepisanthes tetraphylla ( S a p i n d a c e a e ) 0-9 0-2 
Sapindus trifoliatus ( S a p i n d a c e a e ) 1 4 0 4 
Schleicher a oleosa ( S a p i n d a c e a e ) 2-0 1-0 
Manilkara hexandra ( S a p o t a c e a e ) 0-7 0-2 
Sterculiafoetida ( S t e r c u l i a c e a e ) 0-1 0 
Grewia polygama ( T i l i a c e a e ) 1-8 2-8 
Holoptelea integrifolia ( U l m a c e a e ) 0 4 8 4 
Premna tomentosa ( V e r b e n a c e a e ) 0-3 0 
Vitex pinnata ( V e r b e n a c e a e ) 5-6 3-2 

V a r i a t i o n s b e t w e e n p l o t s 2 a n d 3 s h o w u n e v e n d i s t r i b u t i o n . 
* T h e n a m i n g authori t ies of the p lan t species a re those m e n 
t ioned in Hlad ik a n d Hlad ik (1972). 

leaves is no t always obvious. A n y leaf of m a x i m u m size was inc luded 
as " m a t u r e " , except w h e n its t ex ture was very soft. Since a similar 
cr i ter ion was used to qualify the food of the o ther l angur species, a 
compar i son is nevertheless meaningful . 

Mos t of the food ingested by P. senex (more t h a n 9 0 % ) was t aken 
from 12 species of trees listed in T a b l e V (in fact, Ficus includes seven 
species bu t all of t h e m are no t present in each group ' s te r r i tory) . T h e 
first species in the list accounts for the m a i n p a r t of the food: Adina 
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TABLE V 
Plant species eaten by P r e s b y t i s s e n e x at Polonnaruwa 

Spec ies e a t e n 

P e r c e n t a g e of t o t a l 
food i n t a k e 

a c c o u n t e d for 

Adina cordifolia ( R u b i a c e a e ) 4 0 

Schleichera oleosa ( S a p i n d a c e a e ) 
Drypetes sepiaria ( E u p h o r b i a c e a e ) 70 

Alangium salvifolium ( A l a n g i a c e a e ) 
Elaeodendron glaucum ( C e l a s t r a c e a e ) 
Grewia polygama ( T i l i a c e a e ) 
Syzygium cumini ( M y r t a c e a e ) 
Holoptelea integrifolia ( U l m a c e a e ) 
Garcinia spicata ( G u t t i f e r a e ) 
Walsurapiscidia ( M e l i a c e a e ) 

Ficus spp. ( M o r a c e a e ) 
Sapindus trifoliatus ( S a p i n d a c e a e ) > 9 0 

cordifolia, from which leaves, flowers a n d fruits a re ea ten , accoun ted 
for 4 1 % of the an imals ' diet and , together wi th Schleichera oleosa, for 
5 8 % of the total . T h e top three food species accounted for a r o u n d 7 0 % . 

This low dietet ic diversity is similar to t ha t observed by Oa tes (1974 
a n d this volume) for Colobus guereza. T h r e e food plants accounted for 
6 9 % of Oa te s ' feeding observat ions. T h e m a i n food species, Celtis 
durandii, which accounted for 4 6 - 8 % of observations, can be c o m p a r e d 
to the Adina trees which gave the bulk of the food of P. senex. Shoots 
a n d young leaves account for 5 8 % of feeding t ime in Colobus guereza 
t hough the p ropor t ion of in take is p robab ly smaller . T h e strategy of 
this type of leaf monkey is to ob ta in the m a i n pa r t of its food from a 
very small n u m b e r of c o m m o n tree species, even if a large a m o u n t of 
m a t u r e leaves has to be ingested. 

T h e propor t ions of shoots a n d young leaves could be more i m p o r t a n t 
in the diet of Presbytis senex monticola, the subspecies which inhabi t s the 
m o n t a n e ra in forest of Sri L a n k a . After a small sample of observat ion 
(25 hours of con tac t ; see H l a d i k a n d Hlad ik , 1972), we ob t a ined a n 
est imate of 7 5 % young leaves, 1 6 % coriaceous leaves a n d 1 0 % flowers 
a n d fruits. 

3.3. Food Selection by P. entellus 
T h e gray langurs a t P o l o n n a r u w a are g r o u p e d in mul t imale uni ts 
(Ripley, 1967, 1970) t ha t comprise 20 to 30 animals . T h e y occupy 
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territories of 10 to 15 ha. They are less arboreal than P. senex and move 
around frequently, collecting a wider variety of foodstuffs from tree 
species which are more widely dispersed. 

The average yearly diet of gray langur includes 48% leaves, 7% 
flowers and 45% fruits. Less than half of the leaves (21% of the food 
intake) are "mature leaves". The diet is more diverse than that of the 
purple-faced langur. The types of fruits eaten by P. entellus are generally 
mature and fleshy while those eaten by P. senex tend to be fibrous and 
desiccated. 

Many food tree species are eaten by both langurs at Polonnaruwa 
though they do not account for the same proportion in the diet of the 
two species. Larger numbers of foods are utilized by P. entellus: 23 tree 
species make up 90% of its total food intake (Table VI). Ten species 

TABLE VI 
Plant species eaten by P r e s b y t i s e n t e l l u s at Polonnaruwa 

P e r c e n t a g e of t o t a l 
food i n t a k e 

Spec i e s e a t e n a c c o u n t e d for 

Walsura piscidia ( M e l i a c e a e ) 
Drypetes sepiaria ( E u p h o r b i a c e a e ) 
Schleichera oleosa ( S a p i n d a c e a e ) 30 

Adina cordifolia ( R u b i a c e a e ) 
Ficus benghalensis ( M o r a c e a e ) 5 0 

Strychnospotatorum ( L o g a n i a c e a e ) 
Mimosa pudica ( L e g u m i n o s a e ) 
Cassia fistula ( L e g u m i n o s a e ) 
Cassia roxburghii ( L e g u m i n o s a e ) 
Streblus asper ( M o r a c e a e ) 70 

Elaeodendron glaucum ( C e l a s t r a c e a e ) 
Sapindus trifoliatus ( S a p i n d a c e a e ) 
Holoptelea integrifolia ( U l m a c e a e ) 
Ficus religiosa ( M o r a c e a e ) 
Ficus amplissima ( M o r a c e a e ) 
Ficus retusa ( M o r a c e a e ) 
Grewia polygama ( T i l i a c e a e ) 
Sterculiafoetida ( S t e r c u l i a c e a e ) 
Tamarindus indica ( L e g u m i n o s a e ) 
Vitex pinnata ( V e r b e n a c e a e ) 
Lepisanthes tetraphylla ( S a p i n d a c e a e ) 
Glenniea unijuga ( S a p i n d a c e a e ) 
Bridelia retusa ( E u p h o r b i a c e a e ) > 9 0 
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account for 7 0 % (versus three species only account ing for the same 
propor t ion in the diet of P. senex) a n d there is no p r e d o m i n a n t food 
species. T h e young leaves of Adina cordifolia a re occasionally ea ten bu t 
they form only a small p a r t of the total food in take . 

A compar ison of the i Cd i e t o g r a m s " of the two species (Fig. 4) shows 
a difference in the relat ive propor t ions of leaves a n d fruits as well as 
differences in par t icu la r types of food. Both species eat small a m o u n t s 
of ear th , like m a n y o ther folivorous pr imates (Oates , 1974; Pollock, 

FIG. 4 . C o m p a r i s o n o f t h e " d i e t o g r a m s " o f Presbytis senex a n d P. entellus. V a r i a t i o n o f d a i l y 
f o o d i n t a k e i s s h o w n i n c o l u m n s a s f o l l o w s : ( 1 ) e a r t h , ( 2 ) m a t u r e l e a v e s a n d b a r k , ( 3 ) y o u n g 
l e a v e s , ( 4 ) flowers, ( 5 ) i m m a t u r e f r u i t s , ( 6 ) m a t u r e f r u i t s , ( 7 ) s e e d s , ( 8 ) i n s e c t s . T h e g r e y 
r e c t a n g l e s s h o w t h e a v e r a g e p r o p o r t i o n f o r t h e w h o l e y e a r . 

1975b; Hlad ik , 1973) wi thou t any need for minera l in take (see Section 
6.3, a n d Hlad ik a n d Gueguen , 1974). P. entellus m a y eat large a m o u n t s 
of fruits (up to 8 0 - 9 0 % ) while P. senex never eats more t h a n 5 0 % a n d 
general ly selects coriaceous fruits. P. entellus never utilizes more t h a n 
5 0 % m a t u r e leaves, while P. senex can eat u p to 8 0 % m a t u r e leaves 
over periods of several days. Both l angur species do not select insects 
in tent ional ly t hough P. entellus m a y ingest r a the r more an ima l m a t t e r 
t h a n P. senex w h e n feeding on Ficus fruits. 

T h e red colobus, Colobus badius, observed in the G o m b e Na t iona l 
Pa rk by Clut ton-Brock (1974a, 1975a) m a y be ecologically similar to 
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t he g ray l a n g u r : there is n o d o m i n a n t species in the die t a n d n ine 
species accoun ted for 7 0 % of Clut ton-Brock 's feeding records . A very 
similar d ie tary diversity was found by St ruhsaker (1975). I n bo th 
studies, a large a m o u n t of shoots a n d y o u n g leaves was ea ten by the 
red colobus. F u r t h e r m o r e , the groups of red colobus a re mul t ima le 
social units util izing medium-s ized terri tories, j u s t like the groups of 
gray langurs . T h e species m a y differ in the selection of h igher feeding 
levels by the red colobus (Clut ton-Brock, 1973) a n d eventual ly m o r e 
h u m i d hab i ta t s , t hough Colobus badius temmincki can survive in very d ry 
condit ions (Gat inot , 1975). 

4. S E A S O N A L VARIAT IONS IN FOOD C H O I C E S 
T h e dai ly records of food in take of P. senex a n d P. entellus d id no t show 
any m a r k e d differences in food choices be tween consecutive days. T h e 
diet of P . entellus, wi th a r o u n d ten to 12 food species being ea ten each 
day , var ied slightly more from day- to -day t h a n t ha t of P. senex. T h e 
sample is no t sufficient to s tudy these shor t - te rm var ia t ions bu t we can 
assume tha t the diet of each species is very stable over successive 
periods of two to three days. 

Avai labi l i ty of par t i cu la r food species changes t h r o u g h o u t the year 
(Hladik a n d Hlad ik , 1972) as does progressively the diet of bo th 
Presbytis species (Fig. 5) . O n these g raphs , d a t a concern ing the food 
in take of bo th species have been g rouped together for each per iod of 
two mon ths a n d one per iod of th ree mon ths , to m a k e samples of a b o u t 
2000 minutes cor responding to each season. 

D u r i n g the winter monsoon ( F e b r u a r y - M a r c h ) P. senex feeds on a 
very high p ropor t ion of leaves (95%) inc luding a h igh a m o u n t of 
y o u n g leaves a n d shoots. P. entellus a t this t ime also eats m a n y shoots, 
especially those of Walsura piscidia a n d Drypetes sepiaria, a n d a smaller 
a m o u n t of m a t u r e leaves. I n the d r y season t h a t follows ( M a y - J u n e ) , 
the a m o u n t of leaves ea ten by bo th langurs decreases because fruits a re 
avai lable , ma in ly those of Drypetes sepiaria a n d different Ficus \ b u t 
P. senex utilizes less fruits t h a n P. entellus, a n d ma in ly un r ipe fruits such 
as Elaeodendron glaucum. D u r i n g the major d ry season ( J u l y - S e p t e m b e r ) 
a large a m o u n t of flowers, ma in ly those of Adina cordifolia, is ea ten by 
P. senex, while P. entellus still utilizes m a n y fruits such as Schleichera 
oleosa a n d Walsura piscidia. M a n y shoots a n d y o u n g leaves a re avai lable 
d u r i n g the next monsoon ( O c t o b e r - N o v e m b e r ) , on which P. entellus 
takes the major p a r t of its food, while P. senex eats a lesser a m o u n t mixed 
wi th Adina m a t u r e leaves. I n D e c e m b e r to J a n u a r y , t he ra in be ing 
un in t e r rup ted , leaves increase in p ropor t ion in the diet of P. entellus as 
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Presbytis senex 

Presbytis e n t e l l u s 

FIG. 5. Percentage of the fresh weight ingested of different food categories, t h roughou t t h e 
year , by the two langur species of Po lonna ruwa . Food categories a re (from b o t t o m to t o p ) : 
m a t u r e leaves; young leaves a n d shoots ; flowers; i m m a t u r e fruits; m a t u r e fruits; seeds (small 
amoun t s of bark a n d stems have been included in the " m a t u r e leaves" ca tegory) . 

shoots become less ava i lab le ; b u t leaves a re also util ized in larger 
a m o u n t a t this t ime by P. senex. 

I n spite of the i m p o r t a n t var ia t ions of the availabil i ty in shoots, 
young leaves, fruits, etc. each of the Presbytis species ma in ta ins its own 
tendency, shown by a typical choice. M a r k e d seasonal var ia t ions follow 
the seasonal cycle in bo th die ts ; b u t the dietet ic differences r e m a i n 
approx imate ly cons tan t : a t any t ime of year , P. senex eats more leaves 
a n d P. entellus more shoots a n d fruits. 
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5. THE S U P P L Y I N G A R E A A N D ITS RELATION TO FEEDING 
B E H A V I O U R 

5.1. Ranging Behaviour: Definition of the Supplying Area 

The inventory of the food resources available for each group of langurs 
of Polonnaruwa necessitates a clear definition of what is actually avail
able for the different groups in the overlapping parts of their home 
ranges (Fig. 6). For example, group A has the exclusive utilization of 
all the resources in the core area and in the rest of area 1. In area 2 
where A and B's ranges overlap, an equivalent amount of the food is 
available for each group. The supplying area of group A thus includes 
half of area 2 and one-third of area 3 where the ranges of group A, Β 
and C overlap. The limits of the "supplying area" (dashed lines on 
Fig. 6) are fictitious but are useful in calculating the quantity of food 
available for each group in an homogeneous environment. 

5.2. Distribution of Food Resources for P. senex 

The supplying area of each group of purple-faced langur observed at 
Polonnaruwa was measured according to data collected by G. Manley 

FIG. 6. D i a g r a m showing the h o m e ranges of groups A , Β a n d G (solid line) a n d the supplying 
a rea of g roup A (dashed l ine) . 



FIG. 7. Distr ibut ion of the m a i n food-producing trees in the h o m e ranges of the groups of 
Presbytis senex, a t Po lonna ruwa . 
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TABLE VII 
Total food in kg {fresh weight) available per year for one monkey in the 

different groups of P r e s b y t i s s e n e x at Polonnaruwa 

Adina cordifolia Schleichera oleosa O t h e r t r ees 
G r o u p s l eaves flowers s h o o t s f rui ts l eaves 

A 1300 6 0 2 4 0 6 5 1100 
Β 3 5 0 0 160 380 105 2 2 0 0 
C 2 1 0 0 100 4 2 0 115 2 2 0 0 
D 4 7 0 0 2 1 5 3 5 0 100 2 0 0 0 
Ε 3 5 0 0 160 5 1 0 160 2 0 0 0 
F 1000 5 0 2 0 0 55 2 8 0 0 
G 6 5 0 0 3 0 0 300 8 5 5 8 0 0 
Η 6 0 0 30 130 35 1000 

After H lad ik a n d Hlad ik , 1972. 

Ea t ing one- ten th of the food p roduc t ion migh t be the m a x i m u m 
permissible for a folivore uti l izing an i m p o r t a n t a m o u n t of y o u n g 
leaves wi thou t endange r ing the food p lan t popu la t ion (C. M . Hlad ik , 
1977). I n the supplying a rea of g r o u p H , which is r educed by the 
pressure of the d o m i n a n t ne ighbour ing g roup (Fig. 7), the food avail
able per ind iv idua l is effectively less t h a n 2000 kg per year . I n this 
pa r t i cu la r area , some Alangium salvifolium trees were dy ing because thei r 
y o u n g leaves were too frequently p lucked by the purple-faced langurs . 
Th i s case can p robab ly be considered as a densi ty l imit , since g r o u p Η 
will necessarily d i sappear w h e n too m a n y trees are destroyed. 

I n each of the supply ing areas of g roups A to G, there are more t h a n 
500 m 2 of total c anopy of Adina cordifolia, t he m a i n food source. T h e 
relat ive a b u n d a n c e a n d even dis t r ibut ion of the trees util ized by 
Presbytis senex appea r s clearly on Fig. 7 a n d T a b l e I V . I t allows each 

(pers. comm.) a n d R u d r a n (1970 a n d pers. comm.) (see Fig. 7). I n 
each of the supplying areas , t he to ta l p roduc t ion of food (i.e. of food 
species actual ly selected by P. senex) was ca lcula ted (see H l a d i k a n d 
Hlad ik , 1972) a n d the m a i n results a re presented in T a b l e V I I . T a k i n g 
in to accoun t the n u m b e r of monkeys in each of the groups , we ob ta ined 
the average p roduc t ion of food per monkey a n d per year in the different 
groups . A purple-faced l angur ingests a b o u t 400 kg (fresh weight) pe r 
year (1006 g of food were found in the first p a r t of the s tomach of a 
specimen of 7600 g shot in the evening, bu t very i m p o r t a n t var ia t ions 
be tween days were observed) . T h u s the potent ia l food supply is m o r e 
t h a n ten t imes w h a t is ac tual ly ea ten , a n d the var ia t ions be tween 
different groups a re small . 
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group to ob ta in an equivalent share in a small supplying area . T h e dis
t r ibut ion of the food resources canno t be es t imated by a single record ing 
of the n u m b e r of trees in different plots. Di t tus (1974) discussed the 
different ma thema t i ca l in terpre ta t ions of dis t r ibut ion in plots a n d 
concludes t ha t a visual est imate is a necessary s tar t ing point . T h e 
average dis tance between two trees of a given species, a n d its var i 
ability, migh t be a useful measure of species d is t r ibut ion; bu t to measure 
p roduc t ion it is also necessary to take differences of canopy size in to 
account . 

5.3. Distribution of Food Resources for P. entellus 
Using d a t a supplied by Rip ley (1970 a n d pers. comm.) a n d N . M u c k e n -
h i rn (pers. c o m m . ) , we measured the supplying areas of the different 
groups of gray langurs . O u r measures of p roduc t ion a n d calculat ion of 
the average quan t i t y of food avai lable for each g roup allowed us to 
m a k e comparisons be tween groups (Hladik a n d Hladik , 1972—see 
T a b l e V I I I ) . 

T h e different t ree species util ized by the gray l angur (Fig. 8) a re 
less evenly dis t r ibuted t h a n those used by the purple-faced langur . T h e 
average distance be tween the trees of a given food species of the g ray 
l angur is grea ter a n d varies widely : for example , the m e a n dis tance 
be tween Ficus trees is more t h a n 100 m . La rge h o m e ranges allow access 
to these species wi th scat tered dis t r ibut ion. I n m a n y cases, the supplying 
a rea of the different t roops contains similar amoun t s of i m p o r t a n t food 
species: for example , an average of one female Drypetes sepiaria (pro
duc ing fruits) a n d one-and-a-ha l f ma le Drypetes sepiaria (p roducing only 
leaf shoots) is avai lable for each monkey of different t roops. O t h e r types 
of food-producing trees differ in a b u n d a n c e be tween groups (Tab le 
V I I I ) b u t o ther t ree species compensa te for w h a t is missing. A n 
average of 500 kg of fruits per indiv idual per year is avai lable from the 

TABLE VIII 
Annual mean production* available for one individual in the different groups of P r e s b y t i s 

e n t e l l u s , for some of the commonest food species at Polonnaruwa 

Walsura piscidia Drypetes sepiaria Ficus s p p . Schleichera oleosa 
shoo t s shoo t s f rui ts f ru i t s f ru i t s 

N o r t h g r o u p 4 0 180 23-5 62-5 30 
C e n t r a l g r o u p 2 0 135 2 0 2 6 2 115 
S o u t h g r o u p (few) > 5 0 > 1 0 197 4 0 

* I n k g f r e s h w e i g h t . 



FIG. 8 . Dis t r ibut ion of some i m p o r t a n t food trees in the h o m e ranges of the groups of 
Presbytis entellus, a t Po lonna ruwa . 
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ten first species of the list (Tab le V I ) a n d a b o u t half of these fruits a re 
actual ly eaten. 

Both l angur species show approx imate ly similar popu la t ion densities 
(about two animals per hec ta re ) , wi th biomasses of 10 to 15 kg per h a in 
m a x i m u m density locations. T h e success of each of the l angur species 
is due to a different strategy of adap t a t i on in the same env i ronment , t he 
large groups of gray langurs deal ing wi th a larger set of scat tered food 
species. 

6. C O M P O S I T I O N OF THE FOOD S U P P L Y 

6.1. Composit ion of the Food Samples 
T h e food samples collected at P o l o n n a r u w a were analysed to allow 
comparisons of the diets of the pr imates of Sri L a n k a a n d o ther p r i m a t e 
species (Hladik et al., 1971a; Char le s -Domin ique a n d Hladik , 1971; 
Hlad ik , 1973, 1975). T h e results have been compi led ou t of a set of 1800 
analyses (Hlad ik et al., in press) inc lud ing several samples of each species 
of P o l o n n a r u w a collected in different seasons a n d different places. 

For m a n y frugivorous species of p r imates the leaves, especially y o u n g 
leaves a n d shoots, are necessary to increase the pro te in content of the 
diet (C. M . Hladik , 1977) a n d p l an t species wi th the highest pro te in 
contents (such as Leguminosae) are usually selected. By contras t , 
pro te in conten t is less likely to de te rmine food choices in Presbytis species 
whose staple food (leaves) is pro te in r ich. I n fact, some samples have a 
very low prote in conten t t hough they are selected preferentially by 
P. senex. Food samples selected by P. entellus a re general ly r icher in 
p r imary compounds , especially in soluble glucids. 

6.2. Comparison of the Intake of Protein, Lipids and Glucids 
T h e average composi t ion of the foods ingested was calcula ted for 
different per iods of the year , using the composi t ion of the different food 
samples a n d their p ropor t ion in the diet du r ing different seasons (see 
Section 4) . 

T h e r e is m a r k e d seasonal var ia t ion in d ie tary composi t ion (Fig. 9) 
a n d the two Presbytis species show different characterist ics. T h e d ie ta ry 
pa t t e rn of P. senex shows less seasonal var ia t ion t h a n t ha t of P. entellus. 
T h e prote in in take of P. senex is low a n d approx imate ly constant a t 
11-5% of the d ry weight . P. entellus, in contrast , shows the highest 
average of prote in in take for the whole year , b u t has a r a te as low as 
1 0 % , reach ing 1 6 % dur ing the ra iny season w h e n leaf buds a n d leaf 
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FIG. 9. S e a s o n a l v a r i a t i o n i n t h e c o n t e n t o f t h e d i e t o f Presbytis senex ( s o l i d l i n e ) a n d Presbytis 

entellus ( d a s h e d l i n e ) . 

flushing are ea ten in large quan t i ty . T h e same applies to the rates of 
lipid i n t a k e : these vary little a n d lie a r o u n d 4 % for P. senex, while in 
P. entellus they vary from 3 to 11 % of the d ry weight of the total diet 
a n d are general ly considerably higher . T h e amoun t s of soluble glucids 
( the results of the analysis, after a short hydrolysis, show approx ima te ly 
the a m o u n t of glucids ac tual ly ass imilable; see H lad ik et al., in press) are 
more similar for the two species a n d follow seasonal var ia t ion in the 
flowers a n d fruits avai lable . 

As a result , P. entellus obta ins m u c h more energy from its environ
m e n t b u t has to spend more energy t h a n P. senex in finding scat tered 
food resources over a wider r ange . T h e less mobi le system of P. senex 
minimizes energy expend i tu re b u t allows a relatively low nut r i t iona l 
gain wi th little var ia t ion t h r o u g h o u t the year . 

6.3. Mineral Intake and Geophagy of the Leaf Monkeys 
Seasonal var ia t ion in the in take of some minerals was also found 
(Fig. 10) bu t , a t any t ime, rates of in take a re general ly h igher t h a n the 
m i n i m u m requ i rements for bo th l angur species. 
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FIG. 10. S e a s o n a l v a r i a t i o n o f m i n e r a l c o n t e n t i n t h e d i e t οϊ Presbytis senex ( s o l i d l i n e ) a n d 
Presbytis entellus ( d a s h e d l i n e ) . 

M a n y leaf-eating pr imates eat small a m o u n t s of ea r th (Ripley, 1970; 
Hlad ik a n d Hladik , 1972; Hlad ik , 1973; Oa tes , 1974; Pollock, 1975b). 
Th is behaviour (geophagy) has no a p p a r e n t connect ion wi th the minera l 
nut r i t ion , as migh t have been expected (Hladik a n d Gueguen , 1974). I f 
we c o m p a r e the results of the analysis of a piece of te rmi te m o u n d 
collected by S. Rip ley a t P o l o n n a r u w a to the composi t ion of different 
food samples ea ten a t the same t ime by the gray l angur (Table I X ) , 
the amoun t s of minerals in the ear th sample a re very small , wi th the 
exception of iron which is no t necessary a t such a h igh ra te (the i ron 
of leaves a n d fruits covers all physiological r equ i rements ) . Sod ium a n d 
zinc, the only elements t ha t migh t be low in the diet , a re present in the 
ear th sample bu t in smaller quant i t ies t h a n in m a n y c o m m o n foods. 
Several samples of ea r th ea ten by African p r imates have also been found 
to conta in low minera l levels w h e n c o m p a r e d wi th leaves. 

O n e possibility is t ha t the small quant i t ies of clay which a re eaten by 
folivorous pr imates m a y act as a n adsorban t of the tannins a n d com
pensate for their inhibi tory effect on prote in absorpt ion as d e m o n 
stra ted by Feeny (1969). Alternat ively, they m a y have a similar 
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FIG. 1 1 . Strychnos potatorum fruits (eaten by Presbyis entellus) a n d leaves ( the only p a r t selected 
by the macaques ) . Ru le in cm. 

physiochemical effect on the o ther secondary c o m p o u n d s which are 
frequently found in small quant i t ies in leaves. 

6.4. Intake of Secondary Compounds by the Langurs 
Secondary compounds or allelochemics (Whi t taker a n d Feeny, 1971), 
such as alkaloids, t annins , saponins, glucosides etc. a re general ly con
sidered as toxic or repel lent for insects a n d ver tebra te p lant -ea ters . 
T h e y m a y represent an t ip reda to r devices p roduced by the p lants . 
S t rong evidence of the advan t age to the p l an t of such toxic c o m p o u n d s 
in seeds has been presented by J a n z e n (1970). T h e occur rence of the 
allelochemics in large quan t i t y in leaves is not so c o m m o n (A. Hlad ik , 
1977). A var ie ty of secondary compounds is present in the leaves of 
m a n y species bu t their concent ra t ion is general ly low. 

Tests for alkaloids were m a d e on a series of dr ied h e r b a r i u m samples 
of the p lants ea ten by the langurs a t Po lonna ruwa (Hladik et al., in 
press). O n l y three species (out of a set of 41 species) have s trongly 
positive react ion wi th Mayer ' s a n d Dragendorf f ' s reagents and these 
positive results m a y eventual ly be due to a par t ia l decomposi t ion of the 
prote in du r ing hydrolysis. F u r t h e r investigation was carr ied out on 
Strychnos potatorum (Fig. 11) whose unr ipe fruits are ea ten by the gray 
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l angur in large quant i t ies a n d whose leaves a re frequently ea ten by 
Macaca sinica. W e found a large a m o u n t of alkaloid (nei ther s t rychnin 
no r brucin) in the fruit b u t no alkaloid in the leaves ( the positive 
react ions of the screening tests were due to the pro te in for which the 
m a c a q u e s eats the leaves). 

I t is not surprising t ha t some toxic c o m p o u n d s can be ea ten by the 
langurs since, in contras t to frugivorous species such as macaques , the 
bacter ia l flora of their s tomach will decompose such produc ts before 
intest inal absorpt ion ( K u h n , 1964; Moi r , 1968). As a protect ive device 
against p r i m a t e leaf-predator , the secondary substances of p lants 
would not be very efficient. 

A n o t h e r type of chemical pro tec t ion m a y be m o r e efficient: the small 
a m o u n t s of nu t r ien ts in Adina cordifolia a n d some o ther c o m m o n tree 
species (Hladik et al., 1976) would encourage leaf eaters to select the 
foliage of species wi th h igher nu t r i en t levels. T o feed on these low-level 
nu t r ien ts necessitates the highest physiological a n d ecological specializa
t ion of an a n i m a l a d a p t e d to a low level of energy i n p u t a n d o u t p u t 
(such as P. senex). 

7. D I S C U S S I O N : P H Y S I O L O G Y A N D FEEDING B E H A V I O U R 

Physiological a n d behav ioura l adap ta t ions of m a m m a l s have evolved 
to mee t the r equ i rements of different ecological niches. T h e result is a 
t endency to m a i n t a i n a pa r t i cu la r k ind of diet bu t to vary this in 
acco rdance wi th seasonal cycles of food avai labi l i ty (see Section 4) . 

T h e behav ioura l regula t ion of the milieu interne is the p r i m e cause of 
feeding behav iour (Garcia et al., 1974) bu t it involves two dist inct 
processes: firstly, a long- term effect via condi t ioning ope ra t ing t h r o u g h 
the beniefical effects of food ingestion a n d absorpt ion and , secondly, 
t h r o u g h taste s t imulat ion. E a c h of these two processes m a y have a 
different impor t ance for different species, as shown for the p r imates of 
C e n t r a l Amer ica (Hlad ik et al., 1971a) : the long- te rm effect plays the 
major role for species which a re pa r t ly folivorous such as Alouatta 
palliata, while i m m e d i a t e taste s t imula t ion is m o r e developed in 
frugivorous species such as Ateles geoffroyi a n d Cebus capucinus t h a t 
mus t be strongly mot iva ted to ga the r dispersed foods of h igh nu t r i en t 
content . 

A m o n g the two Presbytis species of P o l o n n a r u w a , the long- te rm effect 
of the same type of food m a y be very similar, since the digestive 
systems of bo th species a re qu i t e similar (with only small var ia t ions of 
the cell popula t ions a long the mucosa of the small g u t ; Ameras inghe 
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et al., 1971). T h u s the differences in food choice m a y be explained by a 
difference of intensity of the immed ia t e taste response. 

Similar differences in the feeding strategies of Colobus guereza (see 
Section 3.2) a n d Colobus badius (see Section 3.3) suggest t h a t t h e 
evolution of social s t ruc ture as described by Oa tes (1974 a n d presen t 
vo lume) , S t ruhsaker (1975) a n d Clut ton-Brock (1973, 1974a, 1975a) 
is associated wi th the evolution of the intensity of the response to tas te 
s t imulat ion. T h e difference in feeding behav iour be tween s i amang a n d 
g ibbon (Chivers, 1973 a n d this volume) a n d be tween goril la (Casimir , 
1975) a n d ch impanzee (Hladik, 1973 a n d this volume) also needs to 
be examined , in te rms of sensory physiology, accord ing to the 
composi t ion of the food selected in n a t u r a l condit ions. 

8. S U M M A R Y 

1. Direct observat ion of the feeding behav iour of two sympat r i c 
species of leaf monkeys (Presbytis senex a n d P. entellus) was carr ied ou t in 
the semi-deciduous forest of Po lonna ruwa , Sri L a n k a . 

2. T h e food ingested by these two species was es t imated from t h e 
weights of samples collected in the field. T h e r e a re i m p o r t a n t differences 
be tween the propor t ions of the different categories of food ingested a n d 
the propor t ions of t ime spent feeding on the same types of food. 

3. All t ree species were surveyed a n d m a p p e d in an a rea of 54-5 h a 
covering the h o m e ranges of different groups of langurs which were 
observed. T h e food p roduced by each of these trees d u r i n g one yea r 
was also calculated. 

Presbytis senex ob ta ined 7 0 % of its food from three tree species only. 
T h e food ingested inc luded (by wet weight) 6 0 % leaves, 1 2 % flowers, 
2 8 % fruits. 

Presbytis entellus ob ta ined 7 0 % of its food from ten t ree species. T h e 
food ingested inc luded (by wet weight) 4 8 % leaves, 7 % flowers, 
4 5 % fruits. 

4. Seasonal var ia t ions in the food choices were m a r k e d in bo th l angur 
species bu t similar differences be tween t h e m were present t h r o u g h o u t 
the year . 

5. Compar i son of the supplying areas of the different groups showed 
t ha t food resources were dis t r ibuted similarly be tween them, wi th a 
different mode l of h a b i t a t ut i l izat ion concern ing each species. 

6. T h e composi t ion of the foods ingested var ied be tween the two 
species. T h e food of P. senex was lower in nu t r i en t contents t h a n t ha t of 
P. entellus bu t var ied less t h roughou t the year . 
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Geophagy frequently observed among langurs and other folivorous 
primates does not appear to be associated with the selection of deficient 
minerals. 

Secondary compounds play a small role in the feeding ecology of 
langur species. Food choice is mainly determined by the distribution of 
primary compounds with taste stimuli playing a different role in relation 
to different feeding strategies. 
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1. INTRODUCTION 

T h e a im in this chap te r is to describe the cu r ren t state of knowledge 
a b o u t the feeding behav iour of s i amang after six years of in t e rmi t t en t 
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s tudy in Peninsular Malaysia , mostly in the K r a u G a m e Reserve in 
cent ra l P a h a n g . This involves synthesizing a n d discussing d a t a from 
various s tudies—mainly from a two-year s tudy from M a y 1968 to M a y 
1970 inclusive (Chivers, 1974, 1975), bu t also from two- or four -month 
studies in the summers of 1971, 1972 a n d 1974 (Chivers et al., 1975), a n d 
a s ix-month s tudy in 1973 ( M a c K i n n o n , 1977), a n d three mon ths of 
an 18-month s tudy in 1974 by J . J . R a e m a e k e r s (pers. c o m m . ) . 

2. M E T H O D S 
2.1. Study Areas 
T h e project s tar ted wi th a seven-month count rywide survey to de ter 
mine the dis t r ibut ion a n d n u m b e r s of hylobat id species, a n d to choose 

FIG. 1. M a p of Peninsular Malaysia showing the d is t r ibut ion of hylobat ids a n d the locat ions 
of the s tudy areas . Abbreviat ions of s tudy a reas : G, U l u G o m b a k ; R , U l u S e m p a m ; ] T , K u a l a 
L o m p a t . 
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t h e most sui table a n d representa t ive s tudy areas for deta i led observat ion 
of s i amang family groups . After this, a t least t en days in each of 17 
m o n t h s from J a n u a r y 1969 were spent in two a reas—one h igh land , one 
lowland—wi th th ree days in a th i rd (h ighland) locality (Fig. 1). 

T h e s i amang is ma in ly a n a n i m a l of hill forest (Fig. 2) , be ing found 
usual ly over 300 m above sea-level (a.s.L). Th i s h ab i t a t wi th its rugged 
te r ra in , however , poses considerable p rob lems for the field worker , a n d 
t h e greatest success was achieved in the lowland s tudy a rea a t a b o u t 
50 m a.s.L, in the vicinity of the K u a l a L o m p a t Post of the K r a u G a m e 
Reserve . Nevertheless, observat ions were m a d e t h r o u g h o u t the s tudy 
in the hill forest of U l u S e m p a m be tween 500 a n d 750 m a.s.L I n U l u 
G o m b a k , a par t icu lar ly rugged area , roads ide observat ions were m a d e 
o n three to four days each m o n t h from 1968 to 1970, ma in ly on call ing. 

T h e K u a l a L o m p a t s tudy a rea is a t the foot of the cent ra l massif of 
G u n o n g Benom a t the confluence of the rivers K r a u a n d L o m p a t , e ight 
miles west of the river P a h a n g . T h e forest is typical of lowland d ip te ro -
c a r p forest in the M a l a y Peninsula , be ing m u c h r icher in tree species 
t h a n hill forest. Species of Dipterocarpus, Shorea, Parkia, Intsia, Dyera, 
Sindora, Alstonia, Parinari, Ficus, a n d the magnif icent giants Koompassia 
excelsa a n d K. malaccensis (often exceeding 60 m in height) d o m i n a t e the 
forest. Conspicuous in lower levels of the canopy are species of Sloetia, 
Randia, Xylopia, Eugenia, Knema, Ficus a n d Nephelium. T h e forest marg ins 
show some sign of d i s turbance , be ing m o r e open wi th smaller trees. 
M e n from the n e a r b y village a re often seen in the forest on thei r w a y 
t o fish, harves t fruit or collect r a t t ans , b u t there is no h u n t i n g of 
an imals . 

T h e U l u S e m p a m study a rea is on the no r the rn slopes of Bukit Fraser 
(1400 m a.s .L); it has the largest hy loba t id popu la t ion a n d the least 
rugged te r ra in of all the h igh land areas surveyed. Par t s of the forest a re 
logged selectively a t intervals of a b o u t five years , wh ich a p p a r e n t l y 
produces an h a b i t a t enr iched for p r ima tes a n d o ther a rborea l an imals . 
R e m o v a l of par t s of the m a i n canopy encourages the g rowth of smaller 
trees, such as species of Aglaia, Cynometra, Dialium, Durio, Glochidion, 
Macaranga, Antidesma, Mallotus, Ficus, Xylopia, Diospyros, Litsea a n d 
Adinandra, which provide m u c h of the food of the s i amang a n d o ther 
p r imates . T r e e species i m p o r t a n t for t imber provide little or no food, 
on ly substrates for moving , resting, sleeping a n d calling. T h e r e a re 
n u m e r o u s species of Shorea, Dipterocarpus, Anisoptera a n d of A n a c a r d i a c e a e 
such as Bouea, Melanorrhoea a n d Melanchyla, in add i t ion to large n u m b e r s 
of the p a l m Oncosperma horrida a n d of the g ian t r a t t a n , Calamus urens, 
wi th dense b a m b o o in d is turbed lower-lying areas . T h e r e a re m a n y small 
t rees of the genus Saraca in the rocky gullies which d ra in the ridges. 
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FIG. 2. T h e tropical ra in forest. 
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A large ape , such as the s iamang , living in the canopy of the t ropica l 
ra in forest a n d a d a p t e d to exploit the t e rmina l b ranches would a p p e a r 
to suffer little from preda t ion . Risks to the m o r e vu lnerab le m e m b e r s 
of the family g roup , infants, a re min imized t h rough the unusua l a m o u n t 
of pa ren t a l care given to t hem. Nevertheless, snakes, cats a n d rap tor ia l 
birds a re poten t ia l p reda tors as ind ica ted by the a l a r m react ions of 
a s i amang g roup . H a v i n g a long reproduc t ive cycle (2 -3 year in terval 
be tween bir ths) , single bir ths a n d a long m a t u r a t i o n per iod (8-10 
years) , the frequent loss of y o u n g would have a serious effect on a 
popula t ion of s iamang. T h e y sleep safely in the t e rmina l b ranches of 
emergent t rees ; it m a y be significant t ha t they rarely sleep in the same 
tree on consecutive nights . D u r i n g the d a y they m a y cringe, a n d the 
young d a r t to an adul t , w h e n a rap tor ia l b i rd flies overhead . Somet imes 
the adul ts will s tar t g run t ing at the proximi ty of a potent ia l p r e d a t o r 
a n d this m a y develop in to a long chorus of barks, booms a n d bark-
chat ters (Chivers, 1974: 242). 

2.2. Size and Distribution of Observation Samples 
I n each a rea efforts were m a d e to ob ta in detai led dawn- to-dusk 
observat ions on ten consecutive days in each m o n t h . T h e behav iour of 
one indiv idual in the g roup was sampled at 1-min intervals t h roughou t 
the day , a n d t ha t of o ther g roup m e m b e r s a t 5-min intervals. Social 
in teract ions were recorded whenever they occurred. This sampl ing 
regime was achieved at K u a l a L o m p a t for one g roup of five s i amang 
(TS1) from Apri l 1969 to M a y 1970 inclusive, bu t never proper ly for 
the g roup of four s i amang (RS2) in U l u S e m p a m . After Augus t 1969 
several half-days of d a t a were ob ta ined , a n d in Feb rua ry , M a r c h a n d 
Apri l 1970, 22 comple te days were recorded. 

Since this first s tudy the emphasis has shifted to 10-min sampl ing of 
the behav iour of all g roup m e m b e r s over five consecutive days. Th is 
appears sufficient to describe accura te ly the behav iour of a g roup of 
s i amang in any m o n t h (Chivers et al., 1975). T h e start a n d finish of 
feeding bouts are recorded accord ing to the first an ima l to change 
activity. W h e r e it was possible to view all g roup m e m b e r s feeding for 
most of a bout , the posture a n d h a n d use of each was recorded at 
1-min intervals a n d the ra te of ingestion was measured for five a l t e rna te 
half-min periods for each an ima l in t u rn . 

Feeding includes the inspection of potent ia l food, the rejection or 
picking of same, br inging into the m o u t h , a n d mast ica t ion followed by 
swallowing. A feeding bou t is the per iod spann ing a series of con
secutive 5-min samples of feeding (if not measured in terms of s tar t 
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a n d finish t imes) . I t includes pauses in feeding for rest ing or for moving 
t h rough the tree. T h e frequency a n d du ra t ion of feeding in par t i cu la r 
food trees is invest igated in te rms of feeding visits. 

T h e dura t ion of a feeding visit is the t ime elapsing be tween the en t ry 
of the first an ima l in to the food t ree a n d the d e p a r t u r e of the first 
an ima l from the same tree. O n e feeding bou t often involves several 
feeding visits, if it takes less t h a n five minutes for the g roup to move 
be tween food trees. T h e s i amang m a y visit the same food tree in con
secutive bouts , in which event each visit is scored separately. I n t a k e 
a n d consumpt ion are used as synonyms for t ime spent feeding: little 
effort has been m a d e so far to measure the vo lume of food ingested, 
except for figs (Chivers, 1974: 118). 

2.3. Food Choice and Availability 
Food trees were n u m b e r e d a n d tagged for identification where possible. 
T h e great diversity of the flora in the M a l a y peninsula makes identifica
t ion a difficult a n d tedious process. T h e s t ruc ture of the forest was 
investigated by classifying trees growing wi th in 10 m on ei ther side 
of the N - S transects set 150 m a p a r t a n d the one E - W transect r u n n i n g 
from the s w a m p in the west to the K r a u river in the east as h igh , 
m e d i u m or low. 

T h e r e were 290 trees per hec ta re in the sample of transects a t K u a l a 
L o m p a t which represented 1 2 % of the h o m e r ange of the s i amang 
g r o u p T S 1 . O f these only 5 % were visited for food du r ing the 14-
m o n t h s tudy ; 8*5% were h igh (over 36 m in he igh t ) , 2 9 % were in the 
midd le level (providing the bulk of the canopy) a n d 6 3 % were in the 
unders torey (between 9 a n d 24 m in he igh t ) . Nea re r the rivers there 
were fewer trees overall , wi th more small trees a n d fewer in the midd le 
a n d high levels. T r e e species were identified where possible, bu t there 
was no regular recording of the phytophases of a sample of trees. Th i s 
deficiency is now being remedied by Aldrich-Blake a n d Raemaeke r s , 
w h o are s tudying the floristic cycles of the trees in several qua r t e r -
hec tare plots a t K u a l a L o m p a t , so as to es t imate the availabil i ty of 
potent ia l foods a t mon th ly intervals . 

Food i tems are divided in to four mu tua l ly exclusive categor ies : 
(i) fruit, (ii) l eaves—mature , young , shoots, stems, (iii) flowers a n d 
buds , a n d (iv) insects—termites, caterpi l lars . For each d a y the locat ion, 
s tar t ing t ime, du ra t i on a n d food type were recorded for each visit to 
food sources. Such records yield the dai ly n u m b e r of visits a n d minutes 
spent feeding on each food category. F r o m these can be calcula ted 
sample means for each observat ion per iod a n d the t ime spent ea t ing 
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each food category as proportions of the daily total and of the alert 
period (period of daily activity from leaving one night tree until 
entering the next). 

No serious error has been introduced with such a precise definition 
of a feeding visit because (a) once feeding has started it is a continuous 
process with individuals consistently spending about 95% of the time 
actually feeding, and (b) the activities of group members are highly 
synchronized, so that individuals do not often forage away from the 
group (Chivers, 1974: 64, 137, 173, 1975). 

Until biochemical evidence is available one must be as wary of 
basing too much interpretation of feeding behaviour on categories of 
food based on parts of trees as on a classification into tree species 
(Hladik and Hladik, 1969; Klein and Klein, 1975). It is what parts of 
plants contain and not what they look like that is important in our 
efforts to understand the effects of feeding on social behaviour. 

Dawn-to-dusk observations of all members of the family group 
appears to overcome most of the difficulties in obtaining an objective 
measure of the behaviour of forest primates, by avoiding bias in 
observations of different age/sex classes and in different types of 
vegetation (Aldrich-Blake, 1970a). Such continuous observation pro
vides data on aspects of behaviour peripheral to the main aims— 
information which might subsequently prove to be important in inter
preting the main data. In species with small groups sample size of 
individuals will be small, but this disadvantage is more than offset by 
the greater reliability of the data. It is very worthwhile making extra 
efforts in the field to sample the behaviour of particular individuals at 
regular intervals for long periods, thereby avoiding the need to indulge 
later in complex statistical operations in efforts (of unknown success) 
to correct for bias during irregular observations. The collection of 
unbiased quantitative observations is particularly useful if phenological 
and nutritional data can also be obtained to help explain what it is 
that attracts a group to particular parts of its home range at certain 
times. 

3. FEEDING B E H A V I O U R 

3.1. Feeding Techniques 
Feeding is a continuous social process among siamang; once one has 
started picking and ingesting food, the other group members soon join 
in and they are unlikely to stop for some time (every 2 hours for 72 
minutes on average, Chivers, 1974: 144). 
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Exceptions to this a re the 3 -5% of t ime spent in each food tree 
paus ing to survey the canopy for the location of food, the 4 % spent 
mov ing towards t h a t food (Chivers, 1975) a n d the t ime t aken to move 
be tween food trees (each feeding visit lasts 26 min on average, Chivers, 
1974: 78 ; so this h a p p e n s twice in a bou t on average a n d lasts less t h a n 
5 m i n each t ime) . Less often the g roup spreads ou t a n d feeds here a n d 
there as it travels be tween p r i m a r y food sources in the m a n n e r 
character is t ic of wh i t e -handed gibbons (Ellefson, 1974). 

Feeding t echn ique varies according to the size a n d s t ruc ture of the 
tree, a n d the dis t r ibut ion of food. S i a m a n g are more active earlier in 
the d a y harves t ing fruit, which is more widely dis t r ibuted t h r o u g h 
relatively large trees. Suspensory behaviour p redomina tes here wi th 
individuals hang ing by one a r m , assisted by one or bo th legs, a n d 
picking food wi th the free h a n d (Fig. 3) . Food is rare ly picked directly 
wi th lips a n d t ee th ; ins tead the a n i m a l pa lpa tes each fruit a n d leaves 
those which are un r ipe or bad . Larger fruit a re held in the corner of 
the m o u t h a n d are opened by m a n u a l ro ta t ion between the large 
canines. 

I n trees wi th new leaves, par t icular ly those on dense vines, feeding 
is less active a n d the s i amang sit for long periods picking food wi th in 
their long reach. I n such bouts s i amang sit twice as m u c h as they hang , 
whereas in fruiting trees they h a n g twice as m u c h as they sit, wi th 
scores vary ing from 1*5-4-5 t imes accord ing to the t ree. 

Indiv iduals usually show a preference for using one h a n d ra the r t h a n 
the o ther for picking food. At K u a l a L o m p a t the T S 1 male , female a n d 
juveni le were left-handed a n d the subadu l t male was r igh t -handed . O n 
average they changed h a n d every 2 -3 min , bu t used the preferred 
h a n d for 1 min longer t h a n the o ther each t ime. 

Movemen t s wi th in a food tree were classified as " m a j o r " or " m i n o r " 
according to whe the r the an ima l moved be tween or wi thin the p r i m a r y 
branches of the t ree. At U l u S e m p a m on one occasion each indiv idual 
moved between par ts of the tree once, a n d between secondary or 
ter t iary branches 3 -4 times in one hour . At K u a l a L o m p a t d u r i n g 
three feeding bouts in a fig t ree, individuals moved 5-5 m every 3*5 min 
on average, 3 1 % of the 78 moves were " m a j o r " . T h e ra te of feeding 
usually var ied du r ing a feeding visit. At first it was rap id , then there 
was a s teady decline, a n d finally there was sometimes a m a r k e d increase 
(Chivers, 1974). 

W a t e r was consumed a t specific t imes in a character is t ic way. I n 
t he early m o r n i n g after a n igh t of r a in the s i amang would sit by a 
vert ical b r a n c h a n d wipe the h a n d u p w a r d s against the flow of wa te r 
r ivulets ; the wate r would then be licked a n d sucked from the back of 
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the hand. This is identical to the way in which termites are consumed 
from their marching columns. A similar action is used to wipe water 
off leaves. 

The most distinctive mode of drinking, seen only in the drier area of 
Kuala Lompat, occurred during visits to trees containing holes, usually 
at the junction of branches or at sites of branch loss and rotting, which 
were filled with water. These occurred every other day on average and 
lasted for 5-20 min. Each animal would take a turn to sit by the hole, 
dip his or her hand into the depths, and then raise it rapidly to the 
mouth (elbow uplifted) to suck and catch the water running off the 
back of the hand. Similar behaviour has been described for the white-
handed gibbon (Ellefson, 1974). 

3.2. Feeding Heights and Sites 
Most of the arboreal pathways and food of siamang are found in the 
main canopy level, between 24 and 36 m above the ground. The 
emergent trees of the high level provide sites for sleeping and calling 
and some food. It is difficult to travel far in the low level but a certain 
amount of food (and water) can be found there. Siamang were never 
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seen less t h a n 1 0 m from the g round (except for two occasions w h e n 
i m m a t u r e animals fell to the g round , wi thou t suffering injury) . I n 
some trees food is wi th in reach of large (stable) b ranches , in others food 
is mostly near more flexible substrates. Hyloba t ids are best a d a p t e d 
a m o n g pr imates for exploit ing such food sources. 

I n 1969 a n d 1970 the s iamang at K u a l a L o m p a t spent 2 5 % of the 
day high, 6 3 % m e d i u m a n d 1 0 % low, whereas those at U l u S e m p a m 
(with a shorter alert period) were high 3 6 % , m e d i u m 5 7 % a n d low 7 % 
of the day. S i amang descend from their sleeping positions in the 
emergents to spend most of the day in the m a i n canopy, descending to 
the low level before or after noon (Fig. 4) . T h e s tudy shows the impor 
tance of the high level for activities o ther t h a n feeding, of the m a i n 
canopy for provid ing the bulk of their nour i shment , a n d of the low 
level for provid ing i m p o r t a n t nour i shment a n d little else. T S 1 , for 
example , feeds for 2 5 % of the 2 5 % of the d a y tha t it has been observed 
in the high level du r ing the last six years, for 5 4 % of the 6 1 % of the 
day tha t it has been in the m e d i u m level, a n d for 7 4 % of the 1 4 % of 
the t ime it spends in the low level (Tab le I ) . 

TABLE I 
Use of different levels of the forest by siamang 

% alert period % feeding time % alert period feeding 
Group year Η Μ L Η Μ L Η Μ L 

TS1 1969 23 63 14 6 68 25 12 49 84 
1970 28 62 10 17 69 14 31 58 69 
1972 29 54 17 19 57 24 31 50 65 
1974 25 57 19 13 62 25 28 56 69 

mean 26 61 14 13 67 21 24 54 74 
RS2 1970 36 58 7 28 65 8 35 51 53 

Η : h i g h ; Μ : m e d i u m ; L : l o w . 

3.3. Daily Activity Pattern and Proportion of Time Spent 
Feeding 
I t is appropr i a t e to refer to the t ime dur ing which s iamang are active 
each day as the "a le r t pe r iod" , as they differ from most o ther p r imates 
in the cont inual percep tua l readiness or alertness sustained by each 
individual du r ing this t ime, even when resting (Chivers, 1974: 165). 
T h e alert per iod can be defined from the first to last m o v e m e n t dis
cernible wi th in the g roup or, more usefully in studies of rang ing a n d 
feeding, from the t ime between leaving a n d enter ing successive n ight 
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sleeping trees. S i a m a n g usually rest for a b o u t 25 m i n after the first 
m o v e m e n t (involving el iminat ion) before leaving the n igh t t ree in the 
morn ing , b u t they reach their n igh t sleeping positions wi th in a few 
minutes of en ter ing the n ight t ree in the evening. 

T h e aler t per iod lasts for a b o u t 637 min (10-6 hr) on ave rage ; the 
sample means (Tab le II) have r anged from 604 to 666 minutes 
(10-11 hr) which represent 84 to 9 2 % of the 12 hours of dayl ight . T h e 
daily activity pa t t e rn of s i amang differs from tha t of most o the r p r imates 
by the lack of a long rest per iod in the midd le of the day , a n d by the 
t e rmina t ion of activity as m u c h as two hours before dusk. Peaks of 
feeding occur no t a t d a w n a n d dusk (as character is t ic of m a n y t ropical 
mammals ) b u t d u r i n g most of the m o r n i n g (Fig. 5 ) ; the peak of d r ink ing 

• Rest
 H o ur of d

°y 
ΪΔ Feed 
Ξ T rave l 

FIG. 5. Hourly patterns of resting, feeding and travel during the day for TS1 at Kuala 
Lompat. Test period: 148 days in 14 months 1969-70. 

water is a r o u n d noon. Activity, in te rms of feeding a n d travel , declines 
steadily thereafter as the d a y passes. O t h e r g ibbons show a similar 
pa t t e rn of activity (Ellefson, 1974; M a c K i n n o n , 1977). Since there is 
considerable d ie ta ry over lap be tween the p r imates in this t ropical forest 
hab i t a t , this t empora l separa t ion of activity pa t t e rns migh t facilitate 
their peaceful coexistence (Chivers, 1973). 

S i a m a n g feed for a b o u t half the alert pe r iod ; sample scores have 
r anged from 40 to 5 9 % (Tab le II). T h e concent ra t ion of feeding 
be tween 7.00 a n d 11.00h is more m a r k e d in d ry periods (Chivers, 1974). 
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T S 1 1969 A p r . - A u g . 59 617 
Sep t . -Dec . 40 628 25 

1970 J a n . - M a y 49 666 28 
1971 S e p t . - O c t . 18 604 
1972 J u l y - O c t . 20 665 29 
1973 J a n . - A p r . 15 664 

M a y - J u l y . 20 644 
1974 J u n e - A u g . 8 647 25 

Sept . -Nov.* 50 617 

T S 1 A 1971 S e p t . - O c t . 20 637 
1972 J u l y - O c t . 20 652 35 
1973 J a n . - A p r . 15 615 

M a y - J u l y 10 540 

R S 2 1970 J a n . - A p r . 22 610 36 

84 25 206 61 50 15 0 0 
64 11 125 34 202 59 21 6 2 1 
62 9 132 36 202 56 18 5 13 4 

101 37 149 54 22 8 3 1 
54 17 111 41 107 40 7 3 45 17 

196 56 132 38 16 5 4 1 
102 36 146 52 7 2 25 7 

57 19 154 43 162 45 5 1 36 10 
137 51 76 28 0 0 59 22 

145 47 147 48 13 4 4 1 
48 18 140 54 63 24 15 6 42 16 

117 32 192 53 11 3 44 12 
108 44 109 45 5 1 23 10 

56 7 131 47 139 50 5 2 2 1 

* D a t a collected b y j . J . Raemaekers . 

3.4. Amount of Time on Different Foods 
Siamang are unusual among hylobatids studied so far in their high 
intake of young leaves; this probably relates to their larger size, smaller 
territories and to the need for ecological separation between closely 
related species. Young leaves, leaf shoots and stems, with occasional 
mature leaves account for about half of feeding time among siamang; 
scores range from 24 to 61% in the various samples (Table II). Fruits 
account for about 40% of feeding time, with scores varying between 
25 and 56% according mainly to the time of year and whether or not 
the samples were taken during the fruiting season (Medway, 1972). 
Flowers and buds, and insects occupied 5 and 6% of feeding time 
respectively. These long-term figures contrast with behaviour in 
1969-70 when only 32% of feeding time was spent eating fruit, 58% 
on leaves, 9% on flowers and buds and 2% on insects. Fruits were 
relatively scarce during this period following their superabundance in 
1968 (Chivers, 1974: 125). 

Feeding visits to fruiting trees were either very long (up to 3 hr for 
some figs) or very short (a few minutes for some small berry-bearing 
trees). From 1969-70 feeding visits for fruit and leaves both lasted for 
about 27 min on average; the fewer bouts for flowers and buds tended 
to last a little longer, and those for termites and caterpillars were about 

TABLE 
Means and proportions of various parameters offeeding and ranging behaviour of three siamang family 

Forest Feeding t ime /day 
N o . Aler t level flowers, 
of period (% time) fruit leaves buds insects 

G r o u p Year M o n t h s days (min) Η : Μ : L (min) %t (min) %t (min) %t (min) %t 
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II 

R a n g i n g 

(min) 
To ta l 

% A P n o . visits 
n o . h a 
total 

q u a d r a t s 
different 

T rave l t ime 
(min) 

D a y r ange 
(m) 

N i g h t posn . 
shift 

Cumula t i ve r ange 
h a q u a d r a t s 

346 56 10-7 7-7 6-8 86 808 294 39 
355 57 12-1 7-1 6-4 79 725 257 38 
365 55 16-7 11-6 10-9 121 1358 320 40 
275 46 12-5 11-6 9-8 78 1016 257 18-0 33 
270 41 15-2 13-5 10-2 142 1483 235 30-5 42 
348 52 8-5 7-3 5-9 88 696 230 16-4 29 
280 43 8-4 9-1 8-0 81 790 303 28-5 43 
357 55 10-3 10-0 9-0 114 1053 341 14-0 35 
280 44 9-2 7-8 125 815 315 37-8 54 

309 49 12-6 10-1 8-1 63 835 293 18-2 36 
260 40 11-3 12-8 10-4 138 1356 314 21-4 36 
364 59 10-6 5-3 4-5 66 497 184 11-3 24 
258 48 7-5 5-0 4-8 60 400 205 12-5 23 

276 53 12-0 7-0 5-7 84 778 193 14-7 20 

half as long, averag ing 14 min . Similar results have been ob ta ined 
subsequent ly (Chivers et al., 1975). 

3.5. Food Selectivity and Diversity 
S i a m a n g inspect food carefully, appa ren t l y for r ipeness; un r ipe food is 
left u n t o u c h e d for subsequent visits. I t is also not iceable t h a t s i amang 
rare ly visit the same tree more t h a n once in a day , a l though they m a y 
visit as m a n y as 30 (the average is 12 food trees per day ) . If the re a re 
several trees of the same species wi th food, the s i amang m a y visit t h e m 
all in one day , par t icu lar ly if the a m o u n t of food in each is l imited. T h u s 
the dai ly behav iour of s i amang is charac te r ized by selection for variety, 
pe rhaps to yield a ba lanced in take of nu t r i t iona l const i tuents . 

Lit t le var ia t ion in techniques , heights a n d sites of feeding has been 
seen be tween groups a n d popula t ions . I n each sample a t K u a l a L o m p a t 
there was a m a r k e d degree of similari ty be tween the two s tudy groups 
in te rms of p ropor t ion of the aler t per iod spent feeding a n d dai ly 
activity p a t t e r n (Chivers et al., 1975). T h e r e was less correspondence , 
however , in the relat ive intakes of fruit a n d leaves. Th i s p resumab ly 
reflects differences in vegeta t ion a n d floristic cycles be tween the two 
areas. T h e 1970 d ry season is the only t ime for which c o m p a r a b l e d a t a 
are avai lable for two popula t ions . A t this t ime the lowland g r o u p 

groups in two localities in Peninsular Malaysia during nine observation periods from 1969—74 
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(TS1). was active for longer each day, feeding for 90 min more on 
average, a n d eat ing less fruit a n d more flowers a n d insects t h a n the 
h igh land g roup (RS2) . 

Whi le we have a full record of the trees util ized by s iamang, there is 
as yet no overall est imate of potent ia l foods in the area . I suspect, 
however, t ha t pr imates living in small groups in small h o m e ranges 
have such an in t ima te knowledge of the resources tha t , t h rough their 
behaviour , they provide as good an indicat ion of the a b u n d a n c e a n d 
dispersion of foods as any "objec t ive" me thod . T h e behav iour of 
s iamang may show where food is, where food is not , a n d where food is 
going to be . . . a n d in w h a t a b u n d a n c e . 

Est imates of food availabil i ty i ndependen t of behav iour will confirm 
the extent to which pr imates wi th pa t te rns of g roup ing a n d rang ing 
similar to s i amang are fully exploit ing avai lable foods to ob ta in a 
ba lanced diet. This hypothesis would not apply to periods of food 
excess (in terms of diversity of tree species yielding foods ra the r t h a n 
amoun t s of par t icu la r foods). At such t imes only can preferences for 
par t icu la r foods be investigated satisfactorily. 

4. T E M P O R A L PATTERNING OF FOOD CHOICE 

4.1. Diurnal Variation in Food Choice 
At any given t ime the daily activity, in par t i cu la r the d a y range , of a 
s i amang family g roup is clearly or ien ta ted towards one or more food 
t rees ; these are referred to as " p r i m a r y food sources" . These are usually 
fruiting trees, often figs (Ficus spp. ) , a l though some trees wi th leaf 
shoots can have the same a t t rac t ion . T h e y are visited at least once a 
day, usually in the morn ing , for be tween one a n d three hours for as 
long as food is avai lable (often u p to 10 days, a l though there will be 
infrequent visits beforehand as fruit s tar t to r ipen or as young leaves 
b u d ) . 

"Seconda ry food sources" are trees visited frequently, usually for 
shorter visits, in one or more observat ion per iods ; " t e r t i a ry food 
sources" provide food more easily for longer per iods ; t ha t is, s i amang 
feed in t h e m later in the day du r ing several mon ths , mostly on vine 
leaves. These pr inc ipal food trees are 7 % of the food trees visited by 
T S 1 in 1969 a n d 1970, which accounted for 3 0 % of feeding visits a n d 
4 0 % of feeding t i m e ; du r ing the 14-month s tudy 8 0 % of food trees 
were visited five t imes or less. 

T h u s , while there was an initial subjective e lement in the recogni t ion 
of pr incipal food trees, a n d in their classification as p r imary , secondary 
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or ter t iary, this classification can be backed u p objec t ive ly—primary 
sources are r ich sources of food in the shor t - te rm, secondary sources a re 
also of shor t - te rm impor t ance bu t are less product ive , a n d ter t iary 
sources are rel iable sources of nour i shmen t over several mon ths . D u r i n g 
14 mon ths of s tudy at K u a l a L o m p a t species of Ficus figured a m o n g the 
pr inc ipal food trees as follows: 

These trees occupy an u n i q u e place in the diet of s i amang since the 
a m o u n t of t ime spent feeding therein is d ispropor t ionate ly larger t h a n 
the n u m b e r of trees a n d frequency of visits (Chivers, 1972: 120). 

Dai ly pa t te rns of food use can be recognized. D u r i n g the course of 
the day , t ime spent ea t ing fruit decreases, a n d the t ime spent ea t ing 
new leaves increases (Fig. 6) . T h e p ropor t ion of t ime spent ea t ing fruit 
in each hou r decreased from a b o u t 7 0 % after d a w n to a b o u t 2 0 % by 
mid-af ternoon, wi th an increase in leaf-eating from a b o u t 30 to 7 0 % . 
T h e r e is an increase in fruit-eating, especially in some seasons, a t the 
end of the d a y before the g roup settles for the night . At K u a l a L o m p a t 
in 1969 a n d 1970 in the first q u a r t e r of the day 4 1 % of feeding bouts 
were on fruit a n d 4 5 % on leaves, bu t in the last q u a r t e r only 2 5 % were 
on fruit a n d 6 8 % were on leaves; the frequency of bouts on o ther food 
categories decreased only from 11 to 7 % (Chivers, 1975). Consumpt ion 
of leaf stems a n d shoots a n d of flowers, buds a n d insects var ied little 
t h roughou t the day . 

Decrease in fruit-eating as the d a y passes is correla ted wi th a decrease 
in the extent a n d ra te of r ang ing (see below a n d Chivers, 1975). I t is 
possible t ha t fruit-eating at the s tar t of the d a y provides an i m m e d i a t e 
source of energy for subsequent activity, restoring any energy deb t t ha t 
m a y have accumula t ed overnight ( M a c K i n n o n , pers. c o m m . ) . Fru i t -
eat ing at dusk would serve to bui ld u p energy reserves for the n ight . 
Suspensory behaviour , more i m p o r t a n t in fruit- t h a n leaf-eating (see 
above) , is energetical ly costly (Ellefson, 1974; Fleagle, 1974), especially 
for a large hyloba t id such as the s iamang . Since fruit-eating requires 
more energy expend i tu re a n d m o v e m e n t in the t e rmina l b ranches t h a n 
leaf-eating, in the absence of a m i d d a y siesta the necessary nu t r i t iona l 
const i tuents in leaves (Hladik et al., 1971a) a re more easily ob ta ined 
la ter in the d a y w h e n the s i amang a re more fatigued. 

I t has been indica ted above t ha t wi th in days the emphasis is on 
diversity of foods. T h u s , a t K u a l a L o m p a t only a b o u t 1 4 % of feeding 

P r i m a r y Secondary Te r t i a ry 
N u m b e r of t ree species 
Fig trees wi th fruit (%) 
Fig trees wi th new leaves (%) 

31 53 32 
55 23 16 
10 15 3 
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FIG . 6. Hour ly pa t t e rn of feeding on different food categories (fruit, leaves, figs a n d flowers/ 
buds/insects) du r ing the day for RS2 in U l u S e m p a m in 1970, for T S 1 a t K u a l a L o m p a t in 
1969-70 a n d for T S 1A du r ing 1971-73. 

visits were visits to the same or different trees for the same foods 
(Table III). Th i s is an underes t imate because it is often difficult to 
de te rmine whe the r leaves ea ten in one tree a re of the same species as 
those eaten in ano ther . By contrast , over periods of 10 days the same 
foods are consumed on a t least 5 0 % of visits on average . 

4.2. Variation in Food Choice Between Days 
T h e r e is usually little change in diet be tween days (or groups of days) , 
par t ly because the s i amang a d o p t a rou t ine for exploit ing the avai lable 
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T A B L E III 

Some aspects of food selectivity and diversity by the siamang group TS1 at Kuala Lompat 

No. of Visit Feeding % Visits to same foods each day 
No. of feeding duration visits/ new flowers 

Year days visits (min) day fruit leaves and buds insects total 

1969 59 608 31-7 10-3 23 42 34 2 9 
40 484 30-5 12-1 49 46 6 0 15 

1970 49 820 21-8 16-7 42 39 1 18 18 
148 1912 27-1 12-9 40 41 9 10 13 

1971* 18 225 22-0 12-5 69 15 15 0 6 
1972 6 101 17-5 16-8 27 7 0 66 15 
1973t 15 127 41-1 8-5 67 25 0 8 19 
1974 8 144 19-9 18-0 33 17 6 44 13 

+ 
+ 47 597 24-8 12-7 50 17 4 29 12 

Total 195 2509 26-6 12-9 42 36 8 14 14 

% Repeat 
No. of No. of visits to % Visits to same foods over 10 days 
food feeding same new flowers 

Year Months trees visits trees fruit leaves and buds insects total 

1969 Apr.-Aug. 381 608 37 29 51 19 1 45 
Sept.-Dec. 281 484 42 48 48 4 0 47 

1970 Jan.-May 441 820 46 47 39 3 11 56 
148 days 1103 1912 42 42 45 8 5 50 

* D a t a c o l l e c t e d b y F . P . G . A l d r i c h - B l a k e . 

f D a t a c o l l e c t e d b y j . R . a n d K . S . M a c K i n n o n . 

% D a t a c o l l e c t e d b y J . J . R a e m a e k e r s . 

food resources a t any given t ime (Tab le II). Th i s m a y involve circling 
the terr i tory in 1 d a y or, m o r e often, in 2 - 3 days. Th is p a t t e r n shifts 
g radua l ly as n e w foods become avai lable . 

Analysis of d a t a from K u a l a L o m p a t (1969-70) , in which the 
pa t t e rn of days of h igh activi ty (with a p ro longed aler t per iod a n d h igh 
scores for feeding a n d travel) is invest igated, reveals t h a t on average 
2 days wi th long aler t per iods t end to be followed by 2 days wi th short 
ones. F u r t h e r m o r e , 2 - 3 days of intensive feeding were followed by 
1-2 days wi th r educed feeding, whereas 1-2 days of increased t ravel 
were followed by 3 -4 days wi th less m o v e m e n t . Th is suggests t h a t 
following a d a y of increased m o v e m e n t a b o u t the h o m e range , the re 
follow 2 - 3 days wi th long a ler t per iods a n d m u c h feeding. 

A n y var ia t ion in food choice be tween consecutive days would 
p robab ly re la te to the r a t e a t which supplies were replenished in 
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par t i cu la r trees. Trees wi th a large, fast-r ipening crop are likely to be 
visited daily, whereas those wi th smaller crops r ipen ing more slowly 
are visited less often. This is reflected by differences in r ang ing pa t te rns 
whereby the h o m e range m a y be covered in 1 day or in 3 or more days 
(see below). However m u c h behav iour varies be tween consecutive 
days a rou t ine is adop ted , an equi l ibr ium established, over periods of 
5-8 days (Chivers etal, 1975). 

5. S E A S O N A L VARIATION IN FOOD CHOICE 

I n the M a l a y peninsula the per iod from J a n u a r y to Apri l is usually 
very dry a n d hot . F r o m O c t o b e r to December it is usually very c loudy 
a n d we t ; the in te rvening period, M a y to Sep tember , is more var iab le 
a l though it is usually wet ter in M a y a n d J u n e a n d dr ier in Sep tember 
(Dale, 1959, 1960, 1964; Chivers, 1974: 24). I n the 1969-70 s tudy d a t a 
were analysed in te rms of th ree seasons—"in te rmedia te" , wet a n d dry . 
Subsequent ly , the la t ter p a r t of the " i n t e r m e d i a t e " season has been 
referred to as the fruiting season (Medway , 1972; W h i t m o r e , 1975; 
Chivers etal., 1975). 

Fru i t are more a b u n d a n t from J u l y to Sep tember inclusive, a l though 
some food species, such as figs, fruit a t o ther t imes of year . Flowers a re 
most a b u n d a n t in the la t ter pa r t of the d ry season, a n d new leaves 
du r ing a n d after the N o v e m b e r a n d M a y rains. I t has still to be deter
mined w h e n insects are most a b u n d a n t ; s i amang have been recorded 
eat ing caterpil lars a t the end of most d ry seasons, a n d termites du r ing 
fruiting a n d dry seasons. Floristic cycles m a y not be clearly reflected 
in the feeding behav iour of s i amang (Fig. 7) because they select a 
ba lanced diet a t all t imes of year (Chivers, 1974; Chivers et al., 1975). 

T h o u g h little seasonal var ia t ion was evident in the a m o u n t of t ime 
spent feeding on different par ts of trees, use of tree species differed 
be tween months . T h e leaves of a c o m m o n small t ree Sloetia elongata a re 
consumed in considerable quant i t ies w h e n avai lable each wet season 
a n d at the end of the d ry season. At the la t ter t ime flowers a p p e a r (in 
the form of catkins) a n d these are consumed avidly, especially w h e n 
there is a scarcity of fruit a t this t ime of year . I t is a t the end of the d ry 
season tha t several o ther t ree species p roduce new leaves a n d flowers, 
e.g. Koompassia excelsa, Shorea leprosula, Xylopia caudata, Cassia nodosa, 
Dillenia reticulata a n d species of Cynometra. Dillenia is un touched by 
s iamang, bu t is fully exploited by the leaf monkeys, Presbytis spp. 
Species of Leguminosae a re major sources of food for pr imates , a n d 
they t end to have a fairly rigid, synchronized a n n u a l cycle. 
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FIG. 7. Seasonal var ia t ion in food choice a n d feeding behaviour by T S 1 a t K u a l a L o m p a t 
in 1969-70. 

A little la ter in the year , from J u l y onwards , the fruit of Maranthes 
corynbosum, Randia scortechinii, Dracontomelum mangifera, Aglaia spp . a n d 
Eugenia spp. a re regular ly avai lable . Every o the r year , or a t longer 
intervals , the fruit of Sapium baccatum, Nephelium cf. lappaceum, Baccaurea 
kunstleri, Bouea oppositifolia, Knema lamina, Antidesma coriacea, Dialium 
platysepalum, a n d species of Chisocheton, Pentaspadon, Nauclea, Garcinia 
a n d of R u b i a c e a e are m u c h consumed. A t these a n d o ther t imes the 
leaves a n d fruit of vine species, such as those of Gnetum, Combretum, 
Denis, Vitis a n d Connarus, a re i m p o r t a n t food sources. 
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T h e yea r - round availabil i ty of figs has a l ready been referred t o ; in 
any m o n t h at K u a l a L o m p a t there is almost always one large tree in 
fruit in the h o m e range of the s iamang, a n d often several. If any th ing 
there is a t endency for figs to be scarcer in w h a t is the fruiting season for 
o ther t ree species, t ha t is, from J u l y to Sep tember . T h e lack of synchrony 
wi th in some fig species, such as Ficus virens, is striking. Since this species 
fruits twice a year , it does not requi re m a n y specimens for fruit of this 
species to be avai lable at most t imes of year . Some of the 12 or so o ther 
species of fig found in the K r a u Reserve fruit annual ly , bu t not always 
a t the same t ime of year a n d not often in synchrony, e.g. F. sumatrana, 
F. consociata a n d F. stupenda. 

I n U l u S e m p a m , figs were even more i m p o r t a n t as sources of food; 
the extended fruiting per iod of two specimens of Ficus heteropleura (a 
stalked fig) provided food t h roughou t the 1970 dry season. Otherwise 
the s i amang fed in succession on the fruits of Ficus pellucidopunctata, t h en 
F. stupenda, F. virens a n d F. sumatrana, a n d finally F. dubia a n d F. 
consociata. O t h e r fruits consumed were of species of Memecylon, Aglaia 
a n d Bouea, while the new leaves οϊ Ficus caulocarpa a n d then of Cynometra 
inaequifolia, a n d the stems of a species of Connarus, were very i m p o r t a n t 
food sources (Chivers, 1974: 105). 

T i m e spent feeding on different t ree species var ied far more be tween 
sample periods t h a n did the t ime spent ea t ing different food categories; 
overall feeding t ime var ied less as a p ropor t ion of the alert per iod t h a n 
in absolute t e rms ; a n d t ime spent eat ing different food categories 
var ied less as a p ropor t ion of the alert per iod t h a n in absolute te rms 
(Chivers et al., 1975). This degree of constancy in s i amang feeding 
behaviour suggests an abil i ty to overcome local a n d t empora ry in
adequacies of cer ta in foods a n d to achieve a ba lanced diet by using 
most of the p l an t forms (each of which is usually more a b u n d a n t a t 
different t imes of year) a n d by ob ta in ing fruit from tree species exhibi t
ing different, often asynchronous , cycles—annual , b iennial , sporadic 
a n d endogenous (modified from M e d w a y , 1970). 

6. FEEDING A N D R A N G I N G 

At K u a l a L o m p a t the h o m e range can be divided in to a higher , dr ier 
nor th-west p a r t a n d a lower, wet ter (with seasonal flooding in places) 
south-east pa r t . T h e vegeta t ion appears to vary wi th soil type (Chivers, 
1974: 94) . T h e t endency of the s i amang to concen t ra te on the no r th 
west in each d ry season, a n d in the south-east du r ing each fruiting 
season, appears to be re la ted to a spatial var ia t ion in foods. 
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I n U l u S e m p a m the h o m e r ange of the s i amang g r o u p saddled a 
r idge, a n d ex tended d o w n one side a considerable dis tance, be ing 
intersected by several gullies. T h e var ia t ion in soil type in these 
different par t s p r e sumab ly de te rmines the d is t r ibut ion of t ree species 
in each. O n almost all days the s i amang r a n g e d on to the r idge top a n d 
well d o w n the slope, t he reby exploi t ing such spat ial va r i a t ion as 
existed in t ree species bea r ing food. 

I 9 7 0 

% Ranging time / quadrat 
6
 No. food trees / quadrat 

Quadrats ranked: I-5, 6- I0, II-I5. 
(by time) — 

F I G . 8. Differential use of the h o m e range b y T S 1 a t K u a l a L o m p a t du r ing five observat ion 
per iods . 

T h e r e is a h igh corre la t ion be tween feeding a n d r a n g i n g behav iour . 
O v e r the last few years 8 0 % of T S l ' s a ler t per iod has been spent in t he 
cent ra l 4 5 % of thei r h o m e r a n g e where 7 5 % of the food trees a re to be 
found (Fig. 8) . D u r i n g a 10-day per iod a b o u t two-thi rds of this h o m e 
r ange was visited, b u t 7 7 % of t he t ime was spent in 2 2 % of the a rea . 

A t a n y given t ime a s i a m a n g g r o u p combines two pa t t e rns of 
r a n g i n g : (i) intensive use of a small (usually centra l ) p a r t of the r a n g e 
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where food is temporar i ly a b u n d a n t , a n d (ii) f requent visits to most 
o ther par ts of the h o m e range (a) to look for future food a n d (b) to 
ma in t a in the exclusiveness of the g roup range or terr i tory. 

This pa t t e rn seems to vary little over t ime ; only occasionally will 
more or less t ime be spent foraging or patrol l ing. H e n c e there is little 
seasonal var ia t ion in the way a group 's t ime is dis t r ibuted across the 
h o m e range . D a y range , however , ei ther increases in length a t some 
times (Fig. 9) so tha t the range is circled in one d a y ra the r t h a n in 
three or four, or becomes more circuitous so tha t some par ts of the h o m e 
range are not visited for long periods. I t is not yet clear whe the r r ang ing 
is more localized when food is more a b u n d a n t or more scarce. If 
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s iamang are no t the eclectic feeders one supposes t h e m to be, food 
a b u n d a n c e migh t be charac ter ized by more localized ranging . I t 
seems more likely t ha t w h e n food is a b u n d a n t s i amang range m o r e 
widely consuming a more var ied diet , a n d w h e n scarce they conserve 
their energy by less r ang ing a n d consume a less var ied (and possibly 
less nutri t ious) diet. 

7. A G E / S E X VARIATION IN FEEDING 

Results are based main ly on observat ions of T S 1 at K u a l a L o m p a t , 
bu t there are sufficient observat ions of o ther groups to indica te t ha t 
cer ta in general izat ions are justified. Adu l t females feed faster t h a n adu l t 
males a n d for a b o u t 30 minutes longer each day . This appears to be 
re la ted to her more active role in g roup leadership a b o u t the d a y r ange 
a n d to the high energet ic costs of gestat ion a n d lacta t ion. Subadu l t s 
feed in a similar way to females, sometimes feeding faster a n d for longer 
each day. Juveni les also eat a lmost as m u c h as females, bu t infants eat 
m u c h less. 

Adu l t s i amang a p p e a r to occupy the most favourable feeding sites 
in each tree, in terms of densi ty of food a n d ease of access. Younger 
animals are forced to indulge in m o r e suspensory behav iour to ob ta in 
less accessible foods. As the bou t progresses a n d individuals move a b o u t 
the t ree, so the younger animals eventual ly gain access to the sites used 
by the adul ts . Ind iv idua l dis tance is grea ter du r ing feeding t h a n in 
m a n y o ther activities a n d less to lerance is shown to the proximi ty of 
others . T h e adul ts are most to le ran t of each o ther a n d the infant a n d 
t end to feed closest together , bu t juveni les a n d subadul ts are "encour 
a g e d " to feed on the opposite side of the tree, or to wai t unt i l the adul ts 
have finished if it is a small t ree. 

T h e foods ea ten by s i amang of different sex a n d ages a re very similar, 
because the g roup moves a b o u t in a closely co-ordina ted way a n d feeds 
together , usually in the same food trees. W h e n trees a re too small for 
amicab le relat ions, individuals m a y feed in t u r n or m a y utilize m o r e 
t h a n one t ree (as w h e n feeding on vine leaves spread th rough two or 
more trees). T h e only t ime w h e n different foods migh t be ob ta ined is 
w h e n the g roup forages in the w a y character is t ic of smaller g ibbons 
(Ellefson, 1974). S i a m a n g do not often " fo rage"—pick ing food here 
a n d there as they t ravel be tween pr inc ipa l food trees. I n any case, 
different foods a re no m o r e likely to be consumed d u r i n g such behav iour 
t h a n would be ingested by those individuals feeding more t h a n the 
others each day . 
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8. FEEDING BEHAVIOUR A N D S O C I A L ORGANIZAT ION 

T h e close relat ion be tween feeding a n d social behav iour is pe rhaps best 
i l lustrated by the observat ion tha t when rang ing is increased in t ime 
a n d extent , a n d w h e n feeding is increased in t ime a n d variety, g roup 
life is m u c h enhanced in terms of play, call ing a n d reproduct ive 
behaviour . 

Hylobat ids are unusua l a m o n g pr imates , a n d un ique a m o n g apes, in 
the way they live in monogamous family groups. Gibbons are m o r p h o 
logically a d a p t e d to suspensory behaviour for exploit ing the small 
b r a n c h n iche ; Ellefson (1974) suggests t ha t this migh t reduce their 
efficiency in moving long distances. F u r t h e r m o r e , the smaller g ibbons 
especially requi re large quant i t ies of fruit, which are widely a n d 
irregularly dispersed th rough the t ropical ra in forest. These smaller 
gibbons can best gain sufficient food by familiarizing themselves wi th a 
small t rac t of forest, the reby achieving some abil i ty to predic t the 
whereabouts of food a t any given t ime, a n d by ob ta in ing exclusive use 
of these resources by defending t h e m against conspecifics. For these 
reasons male- female units are dispersed across the hab i ta t , each 
util izing a por t ion wi th grea t efficiency. 

T h e larger s i amang shows some var ia t ion on this pa t t e rn , since its 
grea ter size renders it relatively less mobi le . I t is also less specialized 
for fruit-eating t h a n the smaller gibbons a p p e a r to be, a n d is the only 
species of hylobat id found sympatr ical ly wi th others . Hence , different 
feeding strategies a re p resumably present to allow their peaceful 
coexistence. T h e s iamang, therefore, lives in smaller terri tories, which 
are more widely spaced by the m u c h louder g roup calls; they eat more 
leaves a n d are more cohesive in their g roup life. W h e n food is scarce 
groups can range more widely—into the buffer zones which separate 
t h e m to some extent from their ne ighbours . 

These two var iants of a t heme are clearly most efficient ways, in 
terms of energetics a n d social h a r m o n y , for animals such as the lesser 
apes to be organized. 

9. S U M M A R Y 

1,2. D a t a have been collected discontinuously for six years on the 
ecology a n d behaviour of s iamang, Symphalangus syndactylies, in the low
land forest of the K r a u G a m e Reserve, Peninsular Malaysia , wi th 
supp lemen ta ry observations initially in two areas of hill forest. Observa-



12. SYMPHALANGUS SYNDACTYLUS 381 

t ions of family groups were cont inuous a n d / o r a t 1-, 5- or 10-min 
intervals from dawn- to-dusk for per iods of five to ten consecutive days. 
Feed ing behav iour was analysed in te rms of visits a n d t ime in trees 
yielding fruit, leaves (ma tu re , new, shoots, s tems), flowers or buds , 
a n d insects (caterpillars or te rmi tes) . 

3. Mos t food is found in the m a i n canopy, whereas emergen t trees 
provide sleeping a n d call ing sites; the infrequent visits to the u n d e r 
storey are mostly for food. M o r e t h a n half the alert per iod was spent 
feeding, mostly in the m o r n i n g wi th activity decreasing steadily after 
noon unt i l the an imals settle for the n ight well before dusk. Y o u n g 
leaves figure p rominen t ly in their d ie t ; m o r e t h a n one- th i rd of feeding 
t ime is spent ea t ing fruit, mostly figs. Food is selected carefully. T h e r e 
is little difference be tween groups a n d popula t ions in techniques , 
heights a n d sites of feeding, b u t more var ia t ion in relat ive intakes of 
fruit a n d leaves which p re sumab ly reflect differences in vegeta t ion a n d 
floristic cycles. 

4. F ru i t is consumed more in the m o r n i n g a n d leaves form the bulk 
of the afternoon diet. T h e dai ly diet is diverse; this appears to reflect 
the efforts of s i amang to ob ta in a nu t r i t iona l ba lance . By contrast , there 
is m u c h less var ia t ion in diet be tween days in a n y 5- or 10-day per iod. 
Hence , s i amang exploit fully avai lable foods in a ba lanced way. 

5. A ba lanced diet is ob ta ined over longer periods by the abil i ty of 
s i amang to exploit fully the diversity of p l an t forms a n d floristic cycles 
occurr ing in their hab i t a t . Th is is i m p o r t a n t considering their large 
size a n d small terri tories. 

6. R a n g i n g strategy combines elements of exploit ing tha t pa r t of 
their h o m e range where food is t emporar i ly a b u n d a n t , a n d of m a i n 
ta in ing the exclusiveness of t ha t r ange a n d searching for future food. 
T h e relat ive emphasis of these factors varies wi th t ime, appa ren t ly 
accord ing to the dis t r ibut ion a n d a b u n d a n c e of food. 

7. Differences in feeding behav iour be tween adu l t males a n d females 
can be re la ted to their different social roles. Adul ts have pr ior i ty of 
access to m o r e favourable feeding sites, a n d are less to lerant of their 
offspring d u r i n g feeding bouts t h a n du r ing o ther activities. T h e r e is, 
however , little difference in the diets of s i amang of different ages a n d 
sex, because of the high degree of cohesion of the family g roup . 

8. For p r imates a d a p t e d to exploi t ing the smal l -branch niche in a 
h a b i t a t wi th a diverse flora, o rganiza t ion in to terr i torial , m o n o g a m o u s 
family groups is very efficient. E a c h g r o u p becomes familiar wi th the 
complexit ies of the h o m e range , which is ma in t a ined for its exclusive 
use ; the long- te rm knowledge of feeding resources mus t be very 
advan tageous . T h e larger s i amang is m o r e sedentary a n d folivorous, 
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a n d less terri torial , t h a n the smaller gibbons, b u t terri tories are more 
dispersed so t h a t there is a buffer zone be tween ne ighbour ing groups 
which ei ther can utilize w h e n necessary. 
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1. INTRODUCTION 

T h e o rang -u t an (Pongo pygmaeus) has progressed rap id ly from one of t he 
least known of p r ima te species to one of the most s tudied. Fol lowing 
the early reports of Schaller (1961), Yoshiba (1964) a n d O k a n o (1965), 
each of which was based on little or no direct observat ion of wild 
orang-u tans , D a v e n p o r t (1967) publ ished a brief account of 192 hours 
of dayl ight observat ion of o rang-u tans in S a b a h (East Malays ia ) . 
D . A. H o r r ini t ia ted a two-year s tudy of o rang-u tans in S a b a h in 1967 
(Horr , 1972), a n d in 1968 J . R . M a c K i n n o n began observations a few 
miles south of Hor r ' s location ( M a c K i n n o n , 1971, 1973, 1974, in press). 
I cont inued Hor r ' s work s tar t ing in 1969, a n d then moved a b o u t 650 k m 
south to work in east K a l i m a n t a n (Indonesia) from 1970 th rough 1971 
( R o d m a n , 1973b, in press a ) . I n 1971 B. Ga ld ikas -Br indamour s tar ted a 
long- term study of o rang-u tans in cent ra l K a l i m a n t a n t ha t is still in 
progress (Galdikas-Br indamour , 1975; Galdikas , in press), a n d H . D . 
a n d A. G. Rijksen began three years of research on o rang-u tans of n o r t h 
S u m a t r a (Rijksen, 1974; Rijksen a n d Ri jksen-Graa tsma, 1974, 1975). 
At the t ime of wri t ing, Gald ikas -Br indamour ' s research cont inues, a n d 
others cont inue observations of o rang-u tans in no r th S u m a t r a a n d in 
east K a l i m a n t a n . T h e var ious observers have accumula t ed more t h a n 
13 000 hours of dayl ight observat ion of wild orang-u tans . This represents 
be tween 4000 a n d 6000 hours of feeding by the an imals , a n d there 
should be sufficient mate r ia l avai lable for analysis of feeding behaviour . 

T h e following descript ion of feeding behaviour of o rang-u tans is 
d r a w n pr imar i ly from m y own observations, bu t I will frequently refer 
to M a c K i n n o n ' s excellently detai led descript ion of feeding ( M a c K i n n o n , 
1974). O t h e r au thors have not as yet repor ted on feeding behav iour in 
a n y detai l , a l though I will refer to their occasional comment s on feeding 
when possible. 

C o m p a r e d wi th o ther a rborea l pr imates , o rang-u tans a re easier to 
observe. T h e y are large a n d of a colour conspicuous to a h u m a n 
observer. I n addi t ion they move del iberately wi th few precip i tous 

2. M E T H O D S 

2.1. Methods of Study of Feeding Behaviour 
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actions. T h e observer normal ly contacts only one or two i n d e p e n d e n t 
an imals a t a t ime so t ha t selection of a focal subject is no t difficult. 
Despi te these possible advan tages , there a re i m p o r t a n t constraints 
p laced on observat ion by the genera l n a t u r e of wild o rang-u tans . T h e y 
do not live in aggregat ions, b u t r a the r in dispersed, small uni ts wi th 
only a single adu l t or juven i le to a un i t ( M a c K i n n o n , 1974; H o r r , 
1972; R o d m a n , 1973b; Galdikas , in press). I t is therefore difficult to 
move from one subject to ano the r a t will, a n d each un i t affords 
observat ion of a l imited sample of age a n d sex classes. These var ious 
characterist ics of o rang-u tans pract ica l ly l imit the observer to following 
one uni t (often a single individual) for "as long as possible", for whole 
days, or for series of days, d e p e n d i n g on the degree of hab i tua t ion of the 
a n i m a l a n d on the e n d u r a n c e of the observer. 

D u r i n g contac t wi th an o r a n g - u t a n it is general ly possible to record 
transition times of behaviours (i.e. the t ime a t which one behav iour 
ceases a n d ano the r begins) . Trans i t ion t imes provide absolute dura t ions 
of activities, a n d in the case of feeding they provide a record of the t ime 
devoted to each food species or food type . Th is record, coupled wi th 
estimates of rates of feeding (fruits per m i n u t e , bites per m i n u t e , etc.) 
a n d weights of i tems of food, allows conversion of feeding t ime in to 
quan t i t y of food consumed. O t h e r me thods a re s impler a n d m o r e 
precise in some respects (e.g. ins tan taneous s ampl ing ) ; J . A l t m a n n 
(1974) discusses the var ious me thods of record ing behaviours a n d their 
advan tages or d i sadvantages . But the record of t ransi t ion t imes provides 
a comple te record of activities t ha t includes interest ing i tems of infor
ma t ion such as frequency a n d du ra t i on of feeding bouts . Both of these 
sorts of d a t a a re lost w h e n a sampl ing t echn ique is used exclusively. 

Reco rd ing of t ransi t ion t imes is inherent ly a w k w a r d w h e n changes 
in behav iour occur rap id ly or w h e n behav iour is d ivided in to n u m e r o u s 
e lements . Trans i t ion t imes work well for s low-moving an imals a n d for 
b r o a d categories of behaviour . I t m a y be a rgued t ha t using b r o a d 
categories of behaviour is likely to lead to less informat ion, or to less 
accura te in format ion ; for example , wi th respect to feeding, does the 
record of " feed ing" refer to picking, hand l ing , chewing or swallowing 
food ? Does it refer to all of t h e m or to some subset ? Subdiv id ing the 
category of feeding in to these elements makes the task of record ing 
t ransi t ion t imes more difficult, if no t impossible, a n d if the p ropor t ion 
of t ime spent in the var ious e lements of feeding is of interest , t ransi t ion 
t imes should no t be used. O n the o ther h a n d , before bl indly subdivid ing 
the category of feeding, it is i m p o r t a n t to decide whe the r such smaller 
e lements a re of interest , or whe the r ins tead it is sufficient to know t h a t 
" feed ing" includes all t he e lements listed. 
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Even for b road categories of behaviour , records of t ransi t ion t imes a re 
likely to give less precise results t h a n ins tan taneous sampl ing if there is 
some lower l imit to the du ra t ion of an activity t ha t can or will be 
recorded (e.g. one m i n u t e in this s tudy) . A feeding bou t m a y be in ter
spersed wi th brief bouts of rest ing or moving, a n d the record of absolute 
t ime spent feeding is likely to be an overest imate of the ac tua l t ime 
taken. O n the o ther h a n d , brief feeding episodes m a y be omi t ted from 
the record of t ravel l ing or resting, a n d the over-all p ic ture m a y be 
reasonably accura te after all. 

I n m y own work the record of t ransi t ion times has been a d e q u a t e . 
M y assistants a n d I recorded transi t ion t imes of major categories of 
behaviour t ha t m a y be defined as follows: 

Feeding. Picking, hand l ing , ingesting, chewing a n d swallowing food. 
Travelling. Mov ing from one feeding or resting site to a n o t h e r ; 

m o v e m e n t wi th in a food tree would normal ly be inc luded in t ime spent 
feeding. 

Resting. No t feeding, t ravel l ing or construct ing a nes t ; a few t ransi tory 
periods of p lay or o ther r a re behaviours are inc luded in the record of 
resting. 

Nest-building. Const ruct ion of a sleeping platform from bend ing of 
b ranches to last a p p a r e n t m o v e m e n t after enter ing the nest. 

Display. A n y or all of the following: Vocal izat ions ( " smack" , 
" g r u n t " , " b e l c h " ) , t ree shaking, b ranch-break ing , vine ra t t l ing ; in all 
bu t two instances, such display was appa ren t ly directed at the observer. 

Each observer described the behaviour in d ia ry fashion be tween 
transit ions in vary ing detai l . M y wife a n d I described the behaviours 
in considerably more detail t h a n our local assistants. 

T h u s observations of feeding behaviour consist of the t imes of 
ini t iat ion of bouts of feeding, their dura t ions in whole minutes , a n d a 
set of descriptions of feeding wi thin bouts inc luding identification of 
food type a n d food source (if known) , rates of feeding, height above 
ground , postures utilized, a n d means of suppor t while feeding. Unfor
tuna te ly only records of food type a n d food source were collected 
systematically. 

Food availabil i ty was measured in two ways. I n 1971 I sampled all 
trees above 4 cm d iamete r breast height (d.b.h.) in 0-012 k m 2 of 
forest, divided into 12 samples of 0-001 k m 2 apiece spaced a t 0-2 k m 
intervals a long a 2*4-km transect t ha t r a n in land from the river on the 
no r th of the s tudy area . Trees were originally identified using local 
names , as were food sources (this was convenient since I h a d access to 
instruct ion from several local experts) . These names could in m a n y 
cases be conver ted to p roper La t in b inomia using a tree list publ ished 
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by the Di rec tora te Gene ra l of Forestry in Indones ia (1971). I also 
received assistance from D r Soegeng Reksodihard jo , then of the 
H e r b a r i u m Bogoriense, w h e n he spent two weeks wi th m e in the field 
m a k i n g identifications of food trees of o rang-u tans . 

I n 1975 I was interested in the dis t r ibut ion of fruit in m y s tudy area . 
I n order to sample this d is t r ibut ion rap id ly I no ted the presence or 
absence of fruits on the g r o u n d in each 50 m-segment a long transects 
a n d pa ths th rough m y s tudy area . Obvious ly such a sample should be 
repea ted regular ly t h rough one or more years in o rder to de t e rmine 
the no rma l dis t r ibut ion of fruit; obviously as well there is some rela t ion
ship be tween fruit t ha t falls to the g r o u n d a n d fruit avai lable to 
a rborea l frugivores. Despi te these d rawbacks , the m e t h o d has provided 
interest ing d a t a regard ing the re la t ionship be tween dis t r ibut ion of 
p r ima tes a n d dis t r ibut ion of food ( R o d m a n , in press b ) . 

2.2. Study Area 
T h e s tudy a rea consists of 3 k m 2 of ra in forest in the K u t a i N a t u r e 
Reserve (0°24' Ν , 117° 16' Ε ) . I have descr ibed the a rea in more detai l 
elsewhere ( R o d m a n , 1973, a n d in press b ) . Briefly, it is a section of low
land d ip t e roca rp forest charac ter ized by a large p ropor t ion of i ronwood 
trees ( L a u r a c e a e : Eusideroxylon zwageri). I t lies on the south side of the 
Senga ta river approx imate ly 25 km from the east coast of K a l i m a n t a n , 
a n d it is pa r t of a large expanse of similar forest ex tending to the 
south a n d west. I n 1970-71 this forest was near ly und i s tu rbed for 
40 to 60 km in all in land di rec t ions ; by 1975 several logging companies 
a n d one oil c o m p a n y h a d cut a n u m b e r of roads t h rough the n a t u r e 
reserve a n d the t imber companies h a d t aken a substant ia l quan t i t y 
of t imber a long the roads . T h e southern th i rd of m y original s tudy 
a rea was logged in 1973, a l though the majori ty of the a rea was not 
d i s turbed . 

2.3. Samples of Feeding Behaviour 
As poin ted out above , the n a t u r e of o rang-u tans places constraints on 
the me thod of observat ion. T h e six observers (four local assistants, m y 
wife a n d I) logged a total of 1644 hours of observat ion of o rang-u tans 
d is t r ibuted in mon ths a n d by t imes of d a y as shown in T a b l e I ; T a b l e I 
also shows the dis t r ibut ion of lengths of observat ion periods. Clearly, 
d ispropor t ionate ly m a n y hours of observat ion fall in to the mon ths of 
M a r c h a n d Apri l , 1971. Al though this bias m a y be significant for 
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FIG. 2 . Adu l t male o rang-u tan rest ing a b o u t 2 m above the g r o u n d in r iverine forest. 



FIG. 3 . Adult female and young juvenile male orang-utan. 
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other reasons, it is not the result of var ia t ion in the presence of o rang
u t a n s ; it is instead the result of a change in priorities of research. I was 
collecting observations of the ecology of several p r i m a t e species 
( R o d m a n , in press b) in add i t ion to observing o rang-u tans , a n d du r ing 
M a r c h a n d Apri l , 1971, all efforts were p u t in to following orang-u tans . 
O t h e r var ia t ions in observat ion t ime represent changes in priorities a n d 
not var ia t ion in a b u n d a n c e of o rang-u tans . T h e same eleven o rang
u tans were present t h roughou t the study, wi th occasional visitors 
( R o d m a n , 1973b). 

T h e p r eponde rance of observat ion bouts of more t h a n ten hours 
(Table IC) reflects the fact t ha t it was easier to follow orang-u tans for 
" w h o l e " days t h a n to switch from one an ima l to another . O n l y 42 
days of observat ion qualify as comple te days, however , since on o ther 
long days the observers missed ei ther the first or the last movement s of 
the day , or some interval in be tween. 

3. FEEDING B E H A V I O U R 

3.1. Feeding Techniques 

3.1.1. General postures 
O r a n g - u t a n s feed main ly in or nea r the per iphery of t ree crowns, as 
do m a n y , if not most, p r imates . Consider ing their large size (40 to 
100 kg as adul ts ) , their pos tura l solution to this uns table region is of 
grea t interest a n d awaits detai led s tudy in the wild. A review of m y 
film a n d field notes indicates t ha t there are two pr incipal feeding 
postures util ized in the t ree c rowns : 

Upright orientation. T h e an ima l suppor ts itself wi th one a r m overhead 
a n d wi th bo th feet. T h e h a n d a n d feet grasp single branches or clusters 
of branches , a n d the second h a n d is free to pick food a n d carry it to 
the m o u t h . 

Horizontal orientation. T h e an ima l grasps small b ranches or clusters of 
b ranches wi th the h a n d a n d foot of one side a n d suspends the body in 
more-or-less hor izonta l or ien ta t ion wi th the h a n d a n d foot of the opposi te 
side free for feeding. T h e suppor t ing a r m a n d leg a re each ex tended at 
app rox ima te r ight angles to the axis of the body. 

O r a n g - u t a n s also feed in " inve r t ed suspended pos tu r e " (Mende l , 
1975), suppor t ing themselves wi th the two feet a n d hang ing below the 
feet on fully ex tended legs. M y impression is t ha t this posture d e m a n d s 
a more secure suppor t t h a n ei ther of the first two, a n d tha t the suppor t 
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must be a near ly hor izonta l l imb or b r anch . Th is posture is relatively ra re . 
I have no t observed a n o r a n g - u t a n to feed while suppor ted by a 

single a r m as I have frequently observed Bornean gibbons to do . M y 
impression is t ha t the n o r m a l postures no t only give mul t ip le points of 
suppor t , bu t also leave the a n i m a l in a position tha t would result in 
some angu la r fall if one suppor t were to give way, r a the r t h a n lead ing 
to an i m m e d i a t e vert ical d r o p p lac ing the full weight of the an ima l on 
the r ema in ing suppor t . I t is pe rhaps for this reason t ha t the inver ted 
suspended posture is r a re since the points of suppor t given by the two 
feet a re r a the r close together . I t is safe to say tha t except in the case of 
feeding on some types of ba rk (described below), suspension is near ly 
invar iably p a r t of the feeding posture . 

3.1.2. Feeding on fruit 
Perhaps the most str iking character is t ic of frugivory by o rang-u tans in 
m y s tudy a rea is t ha t they normal ly swallow the seeds of the fruit r a t h e r 
t h a n discard t h e m . As a result it is c o m m o n to find faecal deposit ions 
of such seeds far from the pa ren ta l trees. T w o extremely i m p o r t a n t 
fruiting species in m y s tudy a rea a re Dracontomelon mangiferum a n d 
Koordersiodendron pinnatum, bo th of the Anaca rd i aceae . E a c h is cha rac te r 
ized by a fruit of 2 - 3 c m in d i ame te r wi th a large stone. O r a n g - u t a n s 
would feed for hours at a t ime on these two species, d iscarding the 
skins a n d swallowing the rest. D u r i n g the s u m m e r of 1975 ( J u l y -
August) I found numerous depositions of K. pinnatum in sunny spots 
t ha t were sprout ing shortly after passing th rough o rang -u t ans ; m y 
impression was tha t these seeds sprouted more rap id ly t h a n those 
d r o p p e d from the mou ths of g ibbons or squirrels [Ratufa qffinis) w h o 
fed in the same trees, bu t this re la t ionship mus t be investigated m o r e 
carefully. I t is i m p o r t a n t to no te t ha t M a c K i n n o n (1974) observed 
o rang-u tans in S a b a h to discard the seeds of D. mangiferum after sc rap ing 
the flesh from the stone wi th the molars . A l though I occasionally 
observed an o r ang -u t an to d r o p a seed of this species direct ly from the 
m o u t h , a n d a l though an an ima l would often d e p a r t from a tree of this 
species while g r ind ing a last stone in the molars , these were except ions 
r a the r t h a n the rule in m y s tudy area . 

T h e s t rength of o rang-u tans doubtless assists t h e m in r each ing fruit 
from the pe r iphery of trees while no t ac tual ly moving into the pe r iphe ra l 
b ranches . T h e y m a y bend or even break branches to b r ing the food 
closer. Branch-break ing while feeding is a c o m m o n behaviour , bu t no t 
an easy one to in te rpre t since a t least one of the h a b i t u a t e d o rang-u tans 
in m y s tudy a rea broke off b ranches of fruit trees after s t r ipping t h e m of 
fruit r a the r t h a n before. 
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3.1.3. Feeding on leaves and leaf shoots 
Feeding on leaves requires no unusua l techniques by o rang-u tans . T h e 
leaves chosen a p p e a r to be young leaves t ha t occur in the per iphery 
of tree crowns or on vines in the canopy. T h u s the postura l problems of 
reaching leaves are similar to those of reach ing fruit. I n the case of 
small leaves such as those of some fig trees, o rang-u tans remove the 
leaves from twigs directly wi th their incisors. After collecting several 
leaves they chew a n d swallow. I n the case of larger leaves the an imals 
pick one or two leaves wi th a h a n d before bi t ing off p a r t of the leaves 
wi th the teeth. 

T h e r e m a y have been some selectivity of par ts of leaves a t all t imes, 
bu t such selectivity was most a p p a r e n t in feeding on the bases of the 
leaves of two species of pa lms. O r a n g - u t a n s commonly fed on the bases 
of the leaves of Pandanus epiphyticus which grows in the crotches of large 
trees. T h e leaves are deep green, u p to 1-5 m long, approx imate ly 
6 cm wide with thorns a r r anged abou t 2 cm a p a r t a long each edge. 
O r a n g - u t a n s grasp a leaf a n d pull it from the p lan t , t hen bite off the 
soft whi te base of the leaf a n d discard the r ema inde r . A second p a l m 
grows only in the deep forest of the s tudy a rea a t least 1 km from the 
ma in river, t hough it is unclear w h a t factors l imit its dis t r ibut ion. Its 
base m a y be on the g round , bu t it characterist ical ly develops a t runk 
u p to 5 m in height from the top of which spr ing the leaves. T h e 
young leaves grow out of the base (top of the t runk) in clusters t ha t will 
eventual ly rad ia te from the end of a thick stem tha t grows u p beh ind 
them. Local people are fond of the hea r t of the pa lm, a n d they will 
ea t it r aw or cooked after cut t ing the p l an t from a r o u n d it. O r a n g 
u tans canno t reach the hea r t of the p lant , bu t w h e n the leaf clusters 
a re young, o rang-u tans will pul l a whole cluster from the p lan t a n d 
chew off the bases of the leaves. These taste m u c h the same as the hear t . 
At times discarded leaves lie at the base of near ly every accessible 
p a l m in the s tudy area , a l though I have only observed an o rang -u t an 
feeding on one once. Accessible pa lms are those tha t grow close to the 
g round or t ha t grow benea th a stronger t ree from which an o rang
u t a n m a y reach down to the top of the t runk . 

T h e lat ter pa lm is interest ing because it is a b u n d a n t in a pa r t of the 
forest not favoured by orang-u tans , where fruit is relatively scarce. Th is 
p a l m and Pandanus epiphyticus are not avai lable as food to o ther p r imates 
or o ther animals . As a result the leaves of these pa lms give an indica t ion 
of the presence of o rang-u tans w h e n found lying on the g round . 
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3.1.4. Feeding on bark 
Orang-utans of this study area feed on a variety of species of bark in 
several ways. Bark of a few strangling figs is gnawed from the distal 
twigs; this was a principal food when fruit was scarce. A second 
technique involves stripping the bark from large limbs or the trunk 
(commonly of dipterocarps, but also of others such as Kompassia 
excelsa). The bark may be stripped directly with the teeth; it may be 
split open with the teeth and then stripped with the hands; or it may 
be stripped entirely with the hands. Most barks taken this way are not 
eaten entirely; instead the cambium layer is stripped out and chewed 
for several minutes after which the fibres are discarded. Some bark is 
consumed whole (e.g. Artocarpus sp.). 

3.1.5. Feeding on flowers and buds 
Techniques of obtaining these plant parts are essentially the same as 
those used to obtain fruits. 

3.1.6. Feeding on insects 
Two techniques are used to feed on termites or ants; neither is as 
delicate as termiting by chimpanzees. The most common method (all 
but three observations) is to take insects directly from the surface of a 
limb with the lips. The other method probably depends upon finding 
the proper kind of nest; I have only seen it three times. The orang
utan breaks off a section of a termite nest, bites into it, and then picks 
insects from the nest with the lips and tongue. 

3.2. Feeding Heights and Feeding Sites 
The postures described above appear to serve well for a large animal 
that feeds near the lateral periphery of tree crowns. Orang-utans of this 
study spent the majority of their time in the middle canopy where 
most of the vegetation occurs, from 20 to 30 m high (Table II). The 
adult males each fed and travelled on the ground for a fair proportion 
of travel time. Although two habituated females did descend to the 
ground on one occasion apiece, there was a sex difference in the use of 
the ground level and in use of other strata above the ground (Section 7.3 
below). My observations of any animals on the ground may have been 
biased, due to less-than-perfect habituation of the animals, and there is 
some indication that this is true in the comparison of total time in the 
lowest stratum with proportion of first contacts on the ground. The 
latter proportion is higher (Table II), and it may be that the animals 
were avoiding the observer subsequent to first contact, 

ο 
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TABLE II 

Utilization of vertical strata of the forest while feeding 

H e i g h t (m) 0 - 4 5 - 9 1 0 - 1 4 1 5 - 1 9 2 0 - 2 4 2 5 - 2 9 3 0 - 3 4 35 ± η 

M a l e s : 
% r e c o r d s 12-5 11-5 1 5 4 16-3 17-3 19-2 3-8 3-8 104 r e c o r d s 
% t i m e 3-6 5-0 11-7 20-3 19-1 32-9 2-8 4-6 3 7 4 3 m i n u t e s 

F e m a l e s : 
% r e c o r d s 1-4 3-2 5-0 25-9 37-2 23-0 3-2 1-1 282 r e c o r d s 
% t i m e 0-6 1-5 2-4 27-3 34-5 26-3 4-2 3-2 12947 m i n u t e s 

Al l a n i m a l s 
% r e c o r d s 4-4 5-4 7-8 23-3 31-9 21-2 3-4 1-8 386 r e c o r d s 
% t i m e 1-3 2-2 4-5 25-7 31-0 27-8 3-9 3-5 16690 m i n u t e s 

% F i r s t 
c o n t a c t s 7-3 4-9 2-4 24-4 29-3 14-6 14-6 41 c o n t a c t s 

3.3. Feeding and Diurnal Pattern of Activity 
Habituated animals spent 45-9% of their hours from 5.30 to 18.30h 
feeding. There were two feeding peaks during the day: one in the 
quarter-hour from 7.00 to 7.14h during which 65-0% of observation 
time was spent feeding; and one from 16.15 to 16.29h, when 66-9% of 
observation time was spent feeding (Table III). Feeding occupied 
little time in the early morning and in the late evening when the 
animals were normally in their night nests, and there was a midday 
minimum from 12.30 to 12.45h when they spent only 28-5% of 
observation time feeding. 

The remainder of the day was spent in resting (39*2%), travelling 
between trees (11-1%), building nests (1-0%) and displaying at the 
observer (2*7%). Resting and displaying varied approximately 
inversely to feeding, and nest building occurred nearly exclusively 
after 17.30h. Travelling had a more interesting pattern related to the 
diurnal variation in food choice described below (Section 4.2). The 
proportion of travelling remained nearly constant from 5.45 to 14.00h 
(with a slight decrease from 12.15 to 12.30h) but increased rapidly 

just after 14.00 to reach a peak from 16.45 to 17.00h. 
As discussed above, an undue proportion of the data on these 

habituated animals was gathered in only two months, and these were 
months when a single species of fruit dominated the diet of all orang
utans in the study area. I have therefore reviewed the features of the 
diurnal activity pattern of orang-utans during March and April, 1971, 
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a n d du r ing all o ther m o n t h s ; wi th minor exceptions the d a t a give the 
same pic ture at all t imes. 

3.4. Amount of Time on Different Foods 
O r a n g - u t a n s of this s tudy spent an average of 5 3 - 8 % of their t ime 
feeding on fruit, 29 -0% on leaves, 14-2% on bark, 2*2% on flowers 
a n d 0 -8% on insects. These figures a re the averages for 12 m o n t h s 
(Tab le I V ) . I t is i m p o r t a n t to notice in T a b l e I V tha t the propor t ions 
of food types taken du r ing August , Sep tember a n d Oc tober , 1970, a re 
the propor t ions of food types taken a t first contac t wi th feeding o rang 
u tans instead of propor t ions of t ime spent feeding. Theoret ica l ly the 
two figures should be the same if first contacts a re an unbiased sample 
of behaviour of the animals , bu t it is possible t ha t some bias enters if, 
for example , o rang-u tans are noisier w h e n feeding on bark t h a n w h e n 
feeding on leaves, so t ha t an observer is more likely to spot an o rang
u t a n feeding on bark . Al though such bias m a y have entered later in the 
s tudy when I was a t t emp t ing to find a n d follow orang-u tans , d u r i n g 
the mon ths in quest ion o rang-u tans were no more interest ing to m e 
t h a n any o ther p r i m a t e species. I therefore a m confident tha t , ba r r i ng 
sampl ing error associated wi th small sample sizes, these propor t ions 
m a y be considered equivalent to propor t ions of t ime spent feeding on 
different food types in subsequent mon ths of the study. 

3.5. Selectivity 
3.5.1. Selectivity of food parts 
O r a n g - u t a n s selected par ts of some leaves—usually the leaf base or the 
pe t io le—and took only bark from l imited areas of some trees. For 
example , only the ba rk of distal twigs (and on one occasion from the 
stilt roots) was taken from strangling figs. T h e m e t h o d of tak ing only 
the base of a p a l m leaf has been described above (Section 3.1). 

3.5.2. Selectivity of food items within a single source 
Choices m a d e by an an ima l wi th in a t ree are difficult to measure , a n d I 
have only indirect evidence for selectivity of foods wi th in a fruit t ree . 
I n the case of leaves observers frequently no ted tha t the animals were 
taking pa le green leaves, a n d this suggests t ha t they were selecting new 
leaves; this was par t icu lar ly t rue of leaves from vines. Selectivity of fruit 
m a y be inferred from the fact t ha t an o r ang -u t an was never observed to 
exhaust the fruit in a single tree du r ing an extended bou t of feeding. 

Some evidence of selectivity was provided by two o r p h a n o rang-
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utans who lived a r o u n d the c a m p . T h e older one , w h o h a d not h a d 
m u c h h u m a n contact , would reject r ipe b a n a n a s in favour of b a n a n a s 
we found too green to eat . Both o rphans sniffed a n d otherwise inspected 
a n y new food i tem a n d normal ly rejected it. I suspect t ha t o rang-u tans 
a re similarly selective of fruit in a fruit t r ee ; it is likely t ha t females are 
more selective t h a n males (Section 7.3). 

3.5.3. Selectivity of food sources 
M y j u d g e m e n t s of selectivity of food sources are based on the re la t ion
ship be tween food sources of the o rang-u tans a n d the frequency of 
a p p e a r a n c e of those sources in the 0-012 k m 2 sample of the forest 
described above. I will use the varieties of p lants recognized locally to 
m a k e j u d g e m e n t s abou t the frequency of various plants in the sample , 
a n d I will refer to these as "var ie t ies" . Mos t of these have been ident i 
fied to the generic or species level, a n d in genera l a local p l an t var ie ty 
refers to a t rue t axon in the L i n n a e a n system. T h e major exceptions 
in this respect are m e m b e r s of the commercia l ly useful d ip te rocarps . 
T h e local people recognize several varieties of p lants wi th in subspecific 
groups of these trees. 

O r a n g - u t a n s fed on 44 varieties of trees of which 8 2 % occurred in 
the sample a n d on 12 varieties of vines of which 4 2 % occurred in the 
sample . T h e m e a n n u m b e r of trees per var ie ty in the ent i re sample 
was 4-1 a n d the m e a n n u m b e r of vines in the ent i re sample was 4-9. 
T h e m e a n n u m b e r of trees per var ie ty fed u p o n by o rang -u t ans was 6*3 
a n d of vines per var iety fed u p o n was 4-9. I t is interest ing t ha t " e d i b l e " 
varieties are more c o m m o n t h a n the average var ie ty in each case. 
W h e n the par ts of p lants t aken are considered the p ic ture is different. 
F ru i t sources are ra re r in the sample t h a n the average var ie ty (3c = 3-1), 
while sources of leaves a n d ba rk a re more c o m m o n t h a n the average 
var iety (3c = 7-0). T h e relat ive a b u n d a n c e of sources is thus not cor
re la ted wi th the a p p a r e n t preference for food type of the animals . 
W h e n only fruit sources heavily used by o rang-u tans a re considered, 
the p ic ture is clearer. Koordersiodendron pinnatum, Dracontomelon mangiferum 
a n d Dillenia borneensis, each a pr inc ipal food source a t some t ime of 
year , average 2*7 trees ap iece ; a fourth pr inc ipa l source of fruit, 
Jarandersonia sp., does no t a p p e a r in the sample . I t seems therefore 
t ha t preferred fruit sources of the o r ang -u t an are ra re in the s tudy area . 

3.6. Dietetic Diversity 
O r a n g - u t a n s were observed to take food from trees a n d vines of 56 local 
var iet ies ; these correspond to a t least 50 different taxa , most of which 
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are distinct species. T h e animals fed on an add i t iona l 29 unidentif ied 
trees a n d vines so t ha t it is possible they fed on as m a n y as 80 different 
species. O n the o ther h a n d , there is a proliferation of local names for 
the genus Shorea from which the an imals took ba rk a n d leaves, a n d the 
n u m b e r of t rue species of this genus uti l ized by o rang-u tans is no t 
known. T h e animals took fruit from only 22 varieties of trees a n d vines, 
a n d these correspond to no more t h a n 30 species. O f these, only the 
fruits of K. pinnatum, D. mangiferum, Dillenia borneensis a n d Jar andersonia 
sp. were uti l ized extensively; together feeding on these varieties 
accounted for more t h a n 5 0 % of t ime spent feeding on fruit. T h e ba rk 
a n d leaves of a few st rangl ing figs a n d of several varieties of the genus 
Shorea a n d the genus Uncaria const i tu ted " p e r m a n e n t " food sources to 
which the an imals t u r n e d be tween t imes of avai labi l i ty of the pr inc ipa l 
fruit sources. Th i s is similar to the use of p e r m a n e n t food sources 
descr ibed by Gald ikas (in press). I t is in teres t ing t ha t flowers were taken 
from only a single species of t ree d u r i n g the year (Ζλ borneensis). 

M y observat ions of dietet ic diversity contras t marked ly wi th those 
of M a c K i n n o n (1974). I n Sabah , o rang-u tans took some p a r t of 105 
species of p lants , a n d took fruit from all bu t eight of these species. Such 
a r emarkab le difference in feeding ecology should provide exp lana t ion 
— o r clues to an exp lana t ion—of o ther interest ing differences be tween 
the o rang-u tans in S a b a h a n d those in m y s tudy area . T h e life pa t te rns 
of o rang-u tans in this s tudy a rea a p p e a r e d to be re la ted to re l iance on 
a few fruiting species each represented by several ind iv idual trees 
wi th in a small a rea , a n d it wou ld no t be surprising if r ang ing a n d m a n y 
o ther pa t t e rns re la ted to feeding differed in areas where such rel iance 
was no t prac t ica l . 

4. T E M P O R A L PATTERNING OF FOOD CHOICE 

I n o rder to describe d iu rna l var ia t ion in food choice I have considered 
only days of observat ion beg inn ing earl ier t h a n 6.30 a n d end ing after 
17.30h wi th no gaps of observat ion longer t h a n one half-hour. I have 
counted the frequency of days on which a pa r t i cu la r food type (fruit, 
leaves, bark , flowers or insects) was t aken a t least once d u r i n g a n h o u r 
of the day . T h e d a t a a re presented in T a b l e V . T h u s , for example , 
o rang-u tans took some fruit be tween 6.00 a n d 6.59h on 61· 1 % of 
observat ion days. 

T h e r e is clearly var ia t ion in food choice t h r o u g h the d a y as shown by 
the ra t io of per iods in which leaves, bark , flowers or insects were ea ten 
to periods in which fruit was ea ten . T h e ra t io is low in the m o r n i n g 
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(high fruit, low other) a n d at the end of the d a y ; it is h igher from 
9.00 to 15.59h w h e n there is a grea ter t endency for the an imals to take 
o ther foods t h a n fruit. T h e ra t io peaks from 11.00 to 11.59h a n d from 
15.00 to 15.59h, a n d these two peaks correspond to similar peaks in 
p ropor t ion of t ime spent t ravel l ing. Th i s cor respondence provides a n 
exp lana t ion of the d iu rna l var ia t ion in choice of food types. 

T h e daily activity pa t t e rn of o rang-u tans consists of an early m o r n i n g 
feeding bou t in one t ree, rest, m o v e m e n t to ano the r pr inc ipa l fruit source, 
a n d a late afternoon feeding bou t in t h a t fruit source. I t appea r s t h a t 
while t ravel l ing from one pr inc ipa l fruit source to ano the r the o rang
u tans forage on various "misce l laneous" food i tems encoun te red a long 
the way. D . A. H o r r (pers. comm.) has called these foraging periods 
" shopp ing expedi t ions" , a n d they are most obvious in the af ternoon; 
note t ha t t ravel t ime is highest d u r i n g the last four hours of the d a y 
a n d t ha t the m a x i m u m of t ravel t ime (15.00 to 15.59h) corresponds 
to the highest ra t io of feeding on o ther foods to feeding on fruit. I t seems 
t h a t the major foraging expedi t ion te rmina tes in ano the r pr inc ipa l fruit 
source in the evening more often t h a n not , a n d t ha t the d iu rna l cycle 
begins aga in in this t ree early the next day . Such a p a t t e r n carries the 
animals from one fruit source to ano the r on a regular basis. 

T h e r e a p p e a r e d to be no shor te r - te rm pa t te rns of food choice, 
a l though I occasionally suspected t h a t the an imals moved from a fruit 
t ree to a leaf source in somewha t r h y t h m i c pa t t e rn . I n Oc tobe r , 1970, 
for example , a female a n d adolescent fed heavily on the fruit of Dillenia 
borneensis. O n e tree of this species stood adjacent to a m a t u r e Ficus 
albipila from which o rang-u tans c o m m o n l y took leaves a n d ba rk 
t h roughou t the year . D u r i n g two morn ings of observat ion the o rang
u tans fed in the fruit t ree , bu t moved regular ly to the o ther t ree for a 
bou t of leaves, t hen back to the fruit t ree for more fruit, etc. I suspected 
t ha t this migh t be a n o r m a l pa t t e rn , the leaves serving as " r o u g h a g e " 
for the relatively soft fruit, b u t subsequent observat ions rare ly revealed 
such a pa t t e rn . Pe rhaps it occurs w h e n a fruit t ree is located convenient ly 
close to a leaf source. 

5. S E A S O N A L VARIATION 

N o other observer of o rang-u tans has publ i shed phenological d a t a or 
product iv i ty d a t a from a s tudy area , a n d unfor tuna te ly I have no t 
ga the red such observat ions. Consequent ly it is impossible to discuss 
var ia t ion in feeding behav iour in re la t ion to to ta l food avai labi l i ty . 
Var i a t ion in availabil i ty of fruit m a y be inferred from, a l though 
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not demons t ra ted by, var ia t ion in d ie ta ry propor t ions of o rang-u tans . 
T a b l e I V shows propor t ions of foods taken in each m o n t h by o rang

u tans . T h e r e is considerable var ia t ion in the p ropor t ion of fruit t aken , 
a n d there are some correlated var iat ions in feeding behaviour . Con
sidering only the three hab i tua t ed females (two m a t u r e adul ts , one 
juveni le) a n d compar ing M a r c h a n d Apri l , 1971, wi th M a y , J u n e a n d 
Ju ly , 1971 (when the propor t ions of fruit were h igher a n d lower 
respectively), two of the females showed increases in feeding t ime associ
a ted with lower propor t ions of fruit in the diet. T h e th i rd female showed 
no difference in activity profile, a n d none of the females showed changes 
in travel t ime or day range . T h e difference in feeding t ime by the two 
females was a c c o m m o d a t e d by a decrease in resting. 

M a c K i n n o n (1974) observed more regular var ia t ion in fruit ea t ing 
th rough the year , a n d his d a t a indicate a t rue fruit season (inferred 
from the propor t ion of fruit in the diet) from J u l y t h rough N o v e m b e r 
wi th a non-fruit season from December t h rough J u n e (my in te rpre ta t ion 
of Fig. 19a in M a c K i n n o n ' s 1974 p a p e r ) . Activity profiles of o rang
u tans in M a c K i n n o n ' s s tudy differed markedly in the two seasons, a n d 
the change is in the opposite direct ion from tha t suggested by m y 
observat ions: feeding t ime decreased a n d t ravel increased in the non-
fruit season relative to the fruit season. Galdikas (in press) comment s 
t ha t day ranges were shorter in her a rea w h e n the an imals fed on 
seasonal foods (i.e. fruit or flowers) t h a n w h e n they fed on p e r m a n e n t 
food sources (i.e. leaves a n d ba rk ) . Th is pa t t e rn resembles M a c K i n n o n ' s 
r a the r t h a n mine . 

6. SPAT IAL VARIATION 

T h e distr ibutions of all five c o m m o n p r ima te species in the s tudy area 
are re la ted to their diets a n d to the availabil i ty of fruit relative to o ther 
foods ( R o d m a n , in press b ) . T h e r e are two major hab i t a t zones in the 
s tudy area, one of which is flooded in termi t ten t ly a n d one of which is 
not . I t is predic ted on theoret ical g rounds tha t the flooded zone, which 
is a tempora l ly heterogeneous hab i ta t , will be popu la t ed by r-selected 
p lan t species t ha t p roduce fruit a t a relatively high ra te . T h e rest of 
the s tudy a rea ("deep forest") is a stable forest in which ^T-selected 
plants should be favoured, a n d such plants theoret ical ly should p u t 
more resources into vegetat ive s tructures (leaves, for example) relat ive 
to reproduct ive structures (fruit). I n 1975 I tested the predic t ion as 
described above (Section 2.1). T h e r e was a t least one fruit on the g round 
in 48 -9% of 50-m segments in the flooded zone (w = 47) , a n d a t least 
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one fruit on the g r o u n d in only 3 3 - 5 % of segments in the deep forest 
zone (n = 158). T h e r e was a clear difference in dis t r ibut ion of fruit in 
the predic ted direct ion. 

T h e relat ive densi ty of o rang-u tans in the two h ab i t a t zones is best 
ind ica ted by an index of the frequency of contacts per a rea surveyed; 
I have used 0-04 k m 2 cells as the un i t of a rea . T h e m e a n index of 
frequency of contacts wi th o rang-u tans in cells of the flooded zone was 
3-07 (contacts per walk t h rough a cell χ 100) a n d the m e a n index of 
frequency of contacts in the deep forest was 0*24. N o t surprisingly, these 
highly frugivorous an imals use areas of h igh fruit a b u n d a n c e m o r e 
intensely t h a n o ther areas. 

T h e r e is no difference in propor t ions of food types t aken by o rang
u tans in the two zones of the s tudy area . Ins tead the intensi ty of 
ut i l izat ion differs in a m a n n e r suggesting t ha t areas of use are chosen 
accord ing to the a b u n d a n c e of preferred food (fruit) avai lable . T h e 
dis t r ibut ion of o rang-u tans a n d their pa t te rns of life in a n y small a rea 
of their geographica l r ange should therefore be var iable , depend ing on 
the a m b i e n t d is t r ibut ion a n d a b u n d a n c e of fruit trees, a n d on the 
t empora l d is t r ibut ion of fruit. O t h e r observers have found somewha t 
different pa t te rns of life in o ther areas of Borneo ; it seems likely t h a t 
the differences will u l t imate ly be a t t r ibu tab le to var ia t ion in fruit dis
t r ibu t ion a m o n g the areas. 

7. A G E / S E X VARIATION 

7.1. Proportion of Time Spent Feeding 
M y observat ions were of a small n u m b e r of h a b i t u a t e d o rang-u tans a n d 
a slightly larger n u m b e r of others . I observed only one h a b i t u a t e d adu l t 
ma le supp lemen ted wi th observat ions of two addi t iona l u n h a b i t u a t e d 
adu l t males . M y sample size of h a b i t u a t e d adolescent an imals is also 
one , wi th no supp lementa l observat ions. For some comparisons I have 
a d d e d observat ions of the adolescent female to those of the two m a t u r e 
females. I have no presumpt ions a b o u t the s t rength of conclusions based 
on such small samples, b u t the differences a m o n g the an imals a p p e a r 
to be re la ted to age/sex var ia t ion in ways t h a t a re interest ing a n d 
m a y or m a y not be suppor ted by m o r e extensive observat ions in the 
future. 

I have l imited analysis to observat ions t aken d u r i n g M a r c h a n d Apri l , 
1971, because most observat ions of the h a b i t u a t e d adu l t ma le were 
m a d e in those mon ths . Th is l imi ta t ion has an a d v a n t a g e in t ha t the 
resource base for the ma le a n d females was s imi lar : all four were using 
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TABLE VI 
Sex difference in activity patterns of habituated subjects, March and April, 1971 

A c t i v i t y 

M e a n n o . M e a n d u r a t i o n 
f e e d i n g b o u t s of f e e d i n g 

F e e d R e s t T r a v e l F / T p e r d a y * b o u t s ( m i n ) 

F e m a l e s : 
J f a 42-1 42-0 12-6 3-3 —- — 

Afd 31-4 55-7 10-6 3-0 — — 
Afa 47-5 36-3 13-1 3-6 — — . 

A L L 40-3 44-7 12-1 3-3 7-2 35-7 
( λ = 14) ( « = 2 8 7 ) 

M a l e (BC) 57-0 32-6 9-3 6-1 6-9 50-1 
(n = 7) (,i = 161) 

* N u m b e r of feeding bouts on whole days of observat ion, from first to last m o v e m e n t . 

the same region of the s tudy a rea a n d feeding on a single pr inc ipa l fruit 
source, D. mangiferum. 

Compar i son of activity profiles is presented elsewhere ( R o d m a n , in 
press a ) . Briefly, t he adu l t ma le spent a larger p ropor t ion of t ime feeding 
t h a n any of the females (Tab le V I ) . T h e m e a n n u m b e r of feeding bouts 
per day was the same for the ma le as for the females, bu t this implies 
t ha t the m e a n length of feeding bouts was grea ter for the ma le t h a n for 
the females, as it was. 

T h e difference in feeding t ime is to be expected not because the 
animals are ma le a n d female, bu t because the male is considerably 
larger t h a n the female. Given similar rates of feeding on similar foods, 
the male mus t spend more t ime feeding to suppor t his greater metabol ic 
costs. 

A l though feeding t ime alone appears to be re la ted to size differences 
— a n d therefore to sex differences—among the adul ts , the re la t ionship 
of feeding t ime to t ravel t ime shows even grea ter sex difference. T h e 
male spent less t ime travel l ing each d a y t h a n any of the females so t h a t 
the ra t io of feeding t ime to t ravel t ime is considerably grea te r for the 
ma le t h a n for the females. 

M a c K i n n o n (1974) has analysed activity pa t te rns of o rang-u tans in 
S a b a h a n d in S u m a t r a , a n d his observations differ from m y own in the 
total ra t io of t ime spent feeding to t ime spent t ravel l ing; the ra t io is 
smaller in his sample . T h e sex difference occurs in the same direct ion 
in his sample , bu t it is no t near ly as m a r k e d as in m y own observations. 
M a c K i n n o n includes subadu l t males in the compar ison wi thou t 
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separa t ing t h e m from adu l t males , a n d since subadu l t males a re smaller 
t h a n m a t u r e adu l t males , it is no t surpris ing t h a t the feeding to t ravel
l ing ra t io differs less be tween males a n d females in his analysis. 

7.2. Feeding Sites 
T h e pa t t e rn of ut i l izat ion of vert ical s t ra ta for feeding is different for 
males a n d females, as shown in T a b l e I I . I n general , feeding is dis
t r ibu ted more evenly t h rough s t ra ta for males t h a n for females, bu t the 
striking sex difference is in ut i l izat ion of the lowest s t ra ta (0 -14 m ) . 
Males used this region 4-5 t imes as m u c h as females (based on tota l 
t ime) . This difference appears to be entirely consistent wi th observa
tions m a d e by Gald ikas (in press) w h o repor ts a similar differentiation 
of ma le a n d female feeding despite the fact t ha t bo th males a n d females 
used the lower s t ra ta , inc lud ing the g round , to some extent . 

7.3. Foods Eaten 
Consider ing only the mon ths of M a r c h a n d Apri l , 1971, there is a sex 
difference in propor t ions of food types t aken by the h a b i t u a t e d adu l t 
ma le a n d by the others (Tab le V I I ) . A l though all four h a b i t u a t e d 
o rang-u tans (and several others) fed p r e d o m i n a n t l y on the fruit of a 
single species a n d in the same trees of t ha t species d u r i n g these mon ths , 
the adu l t ma le took considerably less fruit a n d considerably m o r e ba rk 
t h a n the three females. T h e difference in feeding on ba rk is in teres t ing 
since ba rk seems to be a food wi th low energet ic yield for a h igh cost 
of p rocu remen t . Bark of most species ea ten a p p e a r e d to be difficult 
to ob ta in relat ive to fruit, a n d it is pe rhaps no t surpris ing t ha t the larger , 
p r e sumab ly stronger, ma l e uti l ized it m o r e t h a n the females. O n the 
o the r h a n d , fruit a p p e a r e d to be a b u n d a n t , a n d it is pe rp lex ing t h a t 
the male d id not feed more heavily on it. H e a p p e a r e d to be tak ing 
less of the most "p re fe r red" foods a n d more of the least preferred foods 
relat ive to the females. 

TABLE VII 
Proportions of food types taken by habituated subjects, 

March and April, 1971* 

F r u i t L e a v e s B a r k F l o w e r s I n s e c t s T i m e ( m i n ) 

F e m a l e s 
M a l e 

67-1 
58-6 

23-2 
22-0 

4-9 
16-5 

2-8 
2-1 

1-9 
0-8 

13 6 6 0 
8 6 6 5 

* Percentages of total feeding t ime spent on each food type . 
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T h e r e is a h igh degree of ecological divergence be tween adu l t ma le 
a n d female suggested by these observat ions. T h e significance of such 
divergence to the social system is discussed below (Section 9) . 

8. I N T E R P O P U L A T I O N A L VARIATION 

8.1. Stability and Size of Home Ranges 
O r a n g - u t a n s of m y s tudy lived in ranges averaging 0-42 k m 2 (n = 6) , 
and their ranges were constant du r ing the 15-month s tudy. T h e ranges 
of two adul t males were similar in size to those of four adu l t females, 
a l though two o ther males passed th rough the s tudy a rea for brief 
periods of t ime on one occasion each ; the la t ter observations suggested 
to me tha t there were different classes of males in the adu l t popu la t i on : 
a resident class a n d a n o m a d i c class ( R o d m a n , 1973b). Galdikas (in 
press) reports a very similar pa t t e rn except t ha t ranges of adul ts were 
m u c h larger ; ranges of five females were 5-6 k m 2 in a rea , a n d those of 
two resident adu l t males were similar in size to the females' ranges . 
M a c K i n n o n (1971) original ly repor ted tha t o rang-u tans in his a rea 
were highly nomad ic , bu t later (1974) he modified this assessment to 
suggest t ha t a few animals m a y have been resident in very large h o m e 
ranges ; these ranges were large relative to his 5 -km 2 p r inc ipa l s tudy a rea . 

8.2. Day Ranges 
T h e m e a n day range of animals in m y s tudy was 305 m (n = 76). 
Galdikas (in press) reports an average day r ange of no more t h a n 800 m. 
T h e relat ionship be tween h o m e range a rea a n d length of d a y r ange is 
roughly similar in the two studies if l inear measurements are expected 
to vary as the square root of a re la ted area . M a c K i n n o n (1974) 
observed a day r ange of approx imate ly 500 m. 

8.3. General Comparisons: Climate and Topography 
Despite an overall similari ty in life pa t te rns of o rang-u tans in the var ious 
s tudy areas, there are considerable differences in details of r ang ing 
pa t te rns . These p robab ly a re accounted for in large p a r t by differences 
in the resource bases in each area , a n d differences in resources m a y be 
re la ted to local c l imate a n d topography . For example , there is little 
seasonal var ia t ion in wea the r in the K u t a i a rea ( R o d m a n , 1973b), 
while there are distinct monsoonal seasons in S a b a h a n d p robab ly in 
Galdikas ' a rea since bo th lie on or nea r the coast a few degrees from 
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the equa tor . Grea te r seasonality of wea the r should lead to t empora l 
c lumping of fruit, a n d it seems logical t ha t if fruit is c l umped in t ime 
an an ima l will need a larger r ange to m a i n t a i n a m in ima l resource 
base t h a n if fruit is spread evenly t h r o u g h t ime. T o p o g r a p h y in 
Ga ld ikas ' a rea is uniform (Galdikas , in press) whereas there is m a r k e d 
relief in bo th M a c K i n n o n ' s a rea a n d in m y area . Such relief m a y easily 
in t roduce spatial patchiness in hab i t a t d u e to var ia t ion in soils a n d 
exposures. T h e following assessment should be examined critically, b u t 
a t present it seems reasonable to suggest t h a t the " e x t r e m e " p a t t e r n 
of animals in M a c K i n n o n ' s a rea is d u e to a combina t ion of h igh 
seasonality a n d var iab le t e r r a in ; t ha t the " i n t e r m e d i a t e " p a t t e r n in 
Gald ikas ' a rea is d u e to uniform subst ra te in a seasonal a r e a ; a n d t h a t 
" e x t r e m e " condit ions in m y a rea a re d u e to a non-seasonal c l imate in 
a s tudy a rea which covers a " g o o d " p a t c h in a spatial ly pa t chy ter ra in . 

9. FEEDING BEHAVIOUR A N D S O C I A L B E H A V I O U R 

9.1. General Aspects of Social Behaviour 
O r a n g - u t a n s a re invar iab ly highly solitary c o m p a r e d wi th o the r 
d iu rna l p r imates . T h e i r social system fits the scheme presented by 
Jo l ly (1972b) in which degree of aggregat ion is re la ted to pa t te rns of 
search, d is t r ibut ion of food a n d m o d e of p r e d a t o r defence. T h e pr inc ipa l 
food source is fruit which is d is t r ibuted in small , discrete pa tches (trees) 
relat ive to the size of an ind iv idua l o rang -u t an . I n the absence of 
p reda t ion such a resource base favours solitary an imals r a the r t h a n 
aggregates . T h e resource base thus explains w h y females do not r e m a i n 
in aggregates (i.e. w h y mother-of fspr ing bonds do not persist) . Given 
this dis t r ibut ion of females, males are faced wi th a p r o b l e m of finding 
mates while compe t ing wi th o ther males for access to t hem. T h e ma le 
pa t t e rn of behav iour m a y be expla ined as a solution to the p rob l em 
th rough compet ing for space in which females reside r a the r t h a n 
a t t emp t ing to associate wi th females directly, except for m a t i n g 
( R o d m a n , 1973b). S t rong compet i t ion a m o n g males for females 
tends to p romote size d imorph i sm, the males be ing larger (Trivers, 
1972), a n d the size difference m a y lead to ecological differentiation 
as described below. 

9.2. Activity Budgets 
T h e re la t ionship be tween ind iv idua l activity profiles a n d solitary 
behav iour is discussed in detai l elsewhere ( R o d m a n , in press a ) . Briefly, 
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the large adu l t male is l imited to his activity pa t t e rn by energetic 
constraints , a n d the female derives no benefit from association wi th 
the male . O n the o ther h a n d the female m a y benefit from increased 
selectivity of foods by travel l ing more a n d feeding less a t each site t h a n 
the male (the benefit is p resumed to be increased vigour of offspring as 
a result of be t ter foetal nour i shmen t or improved qual i ty of milk 
p roduced ) . T h e differences in activity pa t te rns serve to reinforce spat ial 
segregation of adu l t males a n d females. 

9.3. Ecological Segregation 
Males differ from females in ut i l izat ion of vert ical s t ra ta of the forest 
(Section 3.2 above) . Galdikas (in press) observed similar spatial segrega
tion, a n d she states, " G r o u n d foraging seemed to be a no rma l pa r t of 
each h a b i t u a t e d male ' s daily rou t ine b u t was m u c h ra re r even a m o n g 
the most hab i t ua t ed females". M y observat ions suggest t ha t males a n d 
females differ in degree of selectivity of food sites a n d of food at food 
sources as well as in propor t ions of various food types chosen (Section 
7.3). If fruit is considered to be the preferred food, it appears t ha t the 
male was tak ing less of preferred foods. Assuming such a pa t t e rn is 
character is t ic of male o rang-u tans , it is interest ing to speculate on 
selective pressures t ha t migh t lead the ma le to such a p p a r e n t sacrifice. 
If it is correct t ha t selection favours females w h o maximize the qual i ty 
of their diets, a n d if resident males are most likely to be the fathers of 
young born wi th in their ranges (limited observations by Galdikas , in 
press, t end to suppor t this assumpt ion) , t hen it is to the resident males ' 
advan tage to avoid compet ing wi th females for preferred foods in o rder 
to maximize survival of thei r o w n offspring. T h e r e is, of course, no 
reason w h y non-res ident males should avoid compet ing wi th females, 
bu t as Galdikas (in press) has a rgued , the system of m a l e - m a l e com
pet i t ion will t end to exclude t rans ien t ma le compet i tors from female 
ranges . A n interest ing predic t ion of this l ine of t hough t is t ha t an adu l t 
female should be able to exclude a resident ma le from favoured food 
sources (a l though it is no t predic ted tha t she will always t ry to do so) 
because it is to the male 's advan tage to defer to his offspring's mother ' s 
d ie tary qual i ty . I have observed a single inc ident in which an adu l t 
female drove a resident male from a fruit t ree. I t is also interest ing t h a t 
if this cha in of reasoning is correct , res ident males m a y " e m i g r a t e " 
in t imes of scarce preferred resources thereby reduc ing compet i t ion 
wi th females. Gald ikas (in press) describes changes in male presence 
t h a t a re correla ted wi th changes in availabil i ty of fruit ; she comment s 
tha t , 
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. . . the central study area seemed devo id of males during mid-1973 w h e n 
only minor fruit crops were avai lable a n d the females were subsisting on 
unusual ly large amounts of bark. Perhaps significantly, it was during this 
one t ime that there was even an absence of resident males . 

Similarly, the h a b i t u a t e d resident ma le in m y s tudy a rea occupied p a r t 
of his r ange in the deep forest zone where there is less fruit (Section 6 
above) except du r ing M a r c h a n d Apri l , 1971, w h e n fruit was pa r t i cu 
larly a b u n d a n t in the flooded zone. Pe rhaps coincidental ly, the la t te r 
zone was the a rea of most intense occupa t ion by female o rang-u t ans . 
Unfor tuna te ly these observat ions m a y be expla ined by an entirely 
opposite line of reason ing : pe rhaps in t ime of scarce preferred resources 
males move off to more fruitful ranges while the females a re left wi th 
w h a t they can find, as Gald ikas (in press) has suggested. Existing d a t a 
do not allow a choice be tween the two a rgumen t s , a l though the former 
explana t ion , which assumes "a l t ru i s t i c " motives on the male ' s pa r t , 
appeals m o r e to m e t h a n the lat ter , which assumes entirely the opposi te 
ma le mot iva t ion . 

10. S U M M A R Y 

1,2. T h e n a t u r e of o rang-u tans influences the observer to follow a 
subject for ex tended periods of t ime r a the r t h a n switching from subject 
to subject, a n d to record t ransi t ion t imes of behaviours as the p r i m a r y 
da t a . Trans i t ion t imes are useful if behav ioura l categories are sufficiently 
large a n d if the animals are slow moving, b u t the result ing record m a y 
be less precise t h a n one provided by a sampl ing me thod . I n this s tudy 
food availabil i ty was measured by e n u m e r a t i n g trees a n d t ree species 
in a small sample of forest a n d by coun t ing fruits on the g r o u n d in the 
s tudy area . T h e s tudy a rea consisted of 3 k m 2 of lowland d ip te roca rp 
forest. Observa t ions of feeding behav iour were unevenly dis t r ibuted 
t h r o u g h the year , evenly d is t r ibuted t h rough the d a y a n d taken pr i 
mar i ly in bouts of m o r e t h a n ten hours du ra t ion . 

3. Techn iques of feeding almost invar iab ly involved suspension by 
two or more appendages in the midd le canopy of the forest, nea r the 
pe r iphery of t ree crowns. O r a n g - u t a n s a p p e a r e d to disperse some fruit 
species since they swallowed the seeds. T h e y uti l ized several foods, such 
as the leaves of two pa lms a n d ba rk of d ip terocarps , t h a t a re not avail
able to o ther an imals as food. Mos t feeding took place in the midd le 
canopy from 20 to 30 m h igh b u t the re were sex differences in uti l iza
t ion of s t ra ta . O r a n g - u t a n s spent 4 5 - 9 % of their wak ing hours feeding, 
wi th peaks of feeding in the early m o r n i n g a n d la te afternoon. T h e y 
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spent 39-2% of their t ime resting, 11*1% travell ing, 1*0% bui ld ing 
nests, a n d 2*7% displaying at the observer. Trave l l ing occupied more 
t ime in the afternoon t h a n in the morn ing wi th a peak in the mid-
afternoon. T h e animals were pr imar i ly frugivorous, b u t fed on a large 
propor t ion of leaves, some bark , a n d a few flowers a n d insects. T h e 
animals were selective of par ts of some leaves; appa ren t ly selective of 
fruit in a fruit t r ee ; a n d selective of food sources in the forest. T h e i r 
preferred food sources were less c o m m o n t h a n the average var ie ty of 
t ree or vine in the forest sample . T h e y fed on at least 50 species of 
plants , bu t their dietetic diversity was lower t h a n tha t of o rang-u tans 
observed by M a c K i n n o n (1974) in Sabah . 

4. T h e r e was d iu rna l var ia t ion in food choice : o rang-u tans took less 
fruit relative to o ther foods in the midd le of the day a n d in the early 
afternoon, a n d this var ia t ion in food choice was correlated wi th the 
d iu rna l pa t t e rn of m o v e m e n t from one food source in the m o r n i n g to 
ano the r in the evening. T h e r e is little evidence of o ther t empora l 
pa t te rns of food choice. 

5. Seasonal var ia t ion in food supply of o rang-u tans has not been 
studied, bu t there are some correlat ions be tween d ie ta ry var ia t ion a n d 
var ia t ion in o ther feeding behaviour . I n this s tudy, t ime spent feeding 
increased for two of three animals when fruit consumpt ion was lower. 
I n o ther studies feeding t ime decreased wi th lower fruit consumpt ion 
( M a c K i n n o n , 1974) or t ravel t ime increased ( implied by Galdikas , in 
press). 

6. Availabil i ty of fruit appa ren t ly var ied be tween two hab i t a t zones 
in the s tudy area, b u t d ie ta ry propor t ions d id no t va ry be tween the 
two areas for o rang-u tans . In tensi ty of ut i l izat ion by o rang-u tans was 
higher in the zone of higher fruit a b u n d a n c e . 

7. A hab i tua t ed male spent more t ime feeding each d a y t h a n any of 
th ree females. H e fed in the same n u m b e r of feeding bouts for a longer 
t ime at each food source. T h e difference is p robab ly rela ted to size 
differences be tween adu l t males a n d adu l t females. M a c K i n n o n ' s 
(1974) da t a show a similar sex difference in pa t t e rn of feeding a n d travel , 
bu t the difference is smaller. Males utilized the lower 14 m of the forest 
4-5 times as m u c h as females, a n d the hab i tua t ed male took more ba rk 
a n d less fruit t h a n females w h e n all fed on the same a b u n d a n t fruit. 

8. H o m e ranges of six adu l t o rang-u tans in this s tudy a rea averaged 
0-42 k m 2 a n d were stable th rough the 15-month study. Galdikas (in 
press) found a similar pa t t e rn , bu t wi th m u c h larger h o m e ranges of 
5-6 k m 2 in cent ra l K a l i m a n t a n . M a c K i n n o n (1974) observed animals 
in S a b a h whose h o m e ranges were very large or w h o appea red to be 
nomad ic . D a y ranges in this s tudy area averaged 305 m, a n d in 
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Gald ikas ' a rea averaged no m o r e t h a n 800 m. T h e a u t h o r provision
ally a t t r ibutes the var ia t ion in r ang ing pa t t e rns to var ia t ion in season
ality a n d in t opog raphy a m o n g the th ree s tudy areas. 

9. Social behav iour is re la ted to feeding behav iour in t ha t the dis
persal of o rang-u tans in min imal ly small "foraging u n i t s " is to be 
expected of an an ima l feeding on small pa tches of resources wi thou t 
t h rea t of p reda t ion . M a l e pa t te rns of behav iour are further de t e rmined 
by their compet i t ion wi th o ther males for dispersed females. Differential 
activity pa t te rns of males a n d females con t r ibu te to segregation of the 
sexes. T h e h a b i t u a t e d ma le in this s tudy a p p e a r e d to utilize resources 
in different propor t ions to the females, choosing a less "p re fe r r ed" 
diet. This difference, if it is character is t ic of male o rang-u tans in 
general , can be in te rpre ted as a choice by breed ing males t ha t l imits 
compet i t ion wi th females—and thus wi th the males ' own young—for 
preferred resources. Some d a t a a re presented re la t ing to this hypo 
thesis, bu t a l ternat ive hypotheses canno t be rejected. 
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1. INTRODUCTION 

In contrast to the other apes, which range in parties of changing 
composition and size (chimpanzees and orang-utans), or in small family 
groups (gibbons and siamangs), most gorillas live as members of 
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compara t ive ly stable groups , usually wi th an adu l t sex ra t io of m o r e 
t h a n one female per male ( H a m b u r g a n d Goodal l , in press). 

Publ ished d a t a on the feeding behav iour of gorillas in the wild is 
sparse. Schaller (1963) remains an inva luable reference work on the 
East African gorilla popu la t ions : eastern lowland gorilla (Gorilla gorilla 
graueri Matschie) a n d m o u n t a i n gorilla (Gorilla gorilla beringei Matschie) 
(see Groves, 1970). O t h e r work has also been done on the eastern 
popu la t ions : Donis thorpe (1958) a n d K a w a i a n d M i z u h a r a (1962) 
provided d a t a on die ts ; K a w a i a n d M i z u h a r a (1962), Casimir a n d 
Bu tenand t (1973) a n d Fossey (1974) gave details of r ang ing pa t t e rns 
a n d their relations to food dis t r ibut ion. Donis thorpe , K a w a i a n d 
M i z u h a r a , Schaller, Fossey, a n d H a r c o u r t worked main ly in t he 
V i r u n g a volcanoes. Casimir a n d B u t e n a n d t worked in the M t K a h u z i 
region. Schaller (1963) has given a p re l iminary m a p of the dis t r ibut ion 
of the East African gorilla popula t ions . 

D a t a on the West African gorilla popula t ions , western lowland gorilla 
(Gorilla gorilla gorilla Savage a n d W y m a n ) , a re even more scarce. 
Saba te r Pi (1966) provided details of die ts ; J o n e s a n d Saba te r Pi (1971) 
provided details of diet, activity pa t te rns a n d range sizes. 

FIG. 1. A d u l t f e m a l e i n h e r b a c e o u s v e g e t a t i o n . 
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This chap te r a n d papers by C a r o (1976); Elliott (1976); a n d by 
Fossey (1971, 1972a, b , 1974) a re all based on d a t a collected wi th in the 
same s tudy area , a n d the same g r o u p reference n u m b e r s a re used in all. 

2. S T U D Y A R E A A N D M E T H O D S 

T h e s tudy a rea was app rox ima te ly 25 k m 2 a n d was cent red on the base 
of the southern slopes of M t Visoke wi th in the V i r u n g a volcanoes. Pa r t 
of the a rea lay wi th in the Pare des Volcans of R w a n d a a n d pa r t in the 
Pa re des Vi rungas of Zai re at app rox ima te ly 30° Ε a n d 1° S. T h e m a i n 
vegeta t ion zones wi th in the s tudy a rea were Ηagenia-Hypericum wood land 
a n d an afro-alpine zone. T h e s tudy a rea was subdiv ided in to a n u m b e r 
of more definitive zones (see Fig. 3) . M o r e deta i led descript ions of t h e m 

FIG. 2 . View from 3 1 0 0 m on west slopes of Mt Visoke. Herbaceous zone in foreground; 
saddle zone in middle ground (mostly Hagenia trees visible); afro-alpine zone and meadows on 
mountain in background. 
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m a y be found in Schaller (1963), Fossey (1974) a n d L ind a n d Morr i son 
(1974). 

Saddle zone. T h e saddle te r ra in was a compara t ive ly flat a rea be tween 
the moun ta in s of Visoke, Kar i s imbi a n d Mikeno . I t was in t e r rup ted by 
hills a n d ridges, most of which were less t h a n 30 m in height . For the 
most pa r t , the saddle zone, character is t ic of most of the saddle te r ra in , 
consisted of dense, lush g r o u n d cover a n d m a n y Hypericum a n d Hagenia 
trees. T h e zone suppor ted an a b u n d a n c e a n d var ie ty of vines a n d gorilla 
food i tems not found in o ther zones. 

Herbaceous zone. F o u n d on the lower slopes of M t Visoke a n d M t 
Kar i s imbi a t an a l t i tude of approx ima te ly 3000 m, a n d on the steeper 
slopes of the saddle . I t consisted of a fairly dense g r o u n d cover of bo th 
gorilla food a n d non-food p lan ts wi th only a m in ima l a m o u n t of 
Hypericum, Hagenia a n d Vernonia trees. 

Vernonia zone. Dis t inguished by a dense g rowth of Vernonia saplings 
a n d trees which grew in small areas of the saddle te r ra in a n d on the 
lower slopes of M t Visoke a r o u n d 3000 m. T h e g r o u n d cover wi th in the 
zone itself was usual ly similar to t ha t of adjacent areas , b u t in some 
areas the Vernonia were so dense t ha t g r o u n d cover was almost absent . 

Nettle zone. F o u n d main ly a r o u n d the base of the western slopes of 
M t Visoke, t hough nettles were found scat tered t h r o u g h o u t the saddle 
a n d herbaceous zones. T h e zone consisted of a very dense g rowth of the 
net t le , Urtica, a n d the Galium v ine. 

Mimulopsis zone. W i t h i n the s tudy a rea this zone was found only in the 
no r the rn section of the saddle te r ra in . I t was dist inguished from other 
zones by the sometimes dense pa tches of sh rub g rowth of Mimulopsis, 
which the gorilla did not eat . 

Bamboo zone. F o u n d mostly in the eastern p a r t of the s tudy a rea nea r 
the boundar ies of the park , a l though there were a few isolated c lumps 
in the saddle te r ra in a n d low on M t Visoke. S tands were seldom more 
t h a n 3 -5 m in height a n d were interspersed wi th pa tches of herbs , 
shrubs a n d vines. 

Brush zone. F o u n d on n a r r o w ridges a n d steep slopes, i.e. ma in ly in the 
most rav ined par t s of M t Visoke. T h e g r o u n d cover consisted of tough 
shrubs wi th very few herbaceous plants . T w o tree species, Pygeum a n d 
Rapanea, were m o r e character is t ic of this zone t h a n a n y other . 

Lobelia zone. F o u n d be tween 3500 a n d 3700 m on the m o u n t a i n 
slopes. I t was charac ter ized by a dense g rowth of g ian t Lobelia, s tun ted 
trees, a n d sparse g r o u n d cover. 

Afro-alpine zone. Th i s zone, which was usual ly found above the lobelia 
zone a n d u p to the m o u n t a i n summits , a n d the open, grass meadows 
con ta ined very little gorilla food. 
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Cult ivat ion abu t t ed the south-eastern boundar ies of the Pa re des 
Volcans . 

T h e r e were a n u m b e r of o ther herbivores in the a r e a ; e lephan t , 
buffalo and , in par t icu la r , cat t le were p robab ly the ones which most 
affected the gorillas a n d their hab i t a t . Gorillas avoided the areas 
t r amp led by these animals unt i l regenera t ion h a d occurred (see also 
Schaller, 1963; J o n e s a n d Saba te r Pi, 1971). M a n was a n d is the only 
i m p o r t a n t p reda tor . T h o u g h gorillas have been killed in the V i r u n g a 
volcanoes (Fossey, 1972a; H a r c o u r t a n d Groom, 1972; G r o o m , 1973), 
they are not killed for food there , so they a re not h u n t e d as extensively as 
in o ther par ts of Africa (Schaller, 1963; J o n e s a n d Saba te r Pi, 1971). 

Eight groups , consisting of approx imate ly 65 animals , a t an es t imated 
popu la t ion density of 1-5-2 animals per k m 2 , were found wi th in the 
s tudy area , bu t only two groups used it pe rmanen t ly . O v e r a per iod of 
seven years (Sep tember 1967 to Sep tember 1974) observat ions were 
concent ra ted on these two groups (groups 4 a n d 5). Observat ions were 
also m a d e on o ther groups (par t icular ly groups 8 a n d 9) w h e n they were 
encounte red in the s tudy area . T h e composit ions of the four most 
s tudied groups are summar ized in T a b l e I . T h e frequency a n d length of 
observat ional periods ("contacts") var ied from 0 to 25 per m o n t h , a n d 
from unde r 1 to over 8 h r per day. D u r i n g the last two years of the s tudy, 
day t ime activities were recorded a t qua r t e r -hour ly intervals (Tab le V I I ; 
Fig. 4) . Activities recorded were as follows, (a) Eating, behav iour 
involving the collection, p repa ra t ion , a n d ingestion of food, (b) Stationary, 
most sedentary activities, i.e. main ly resting, (c) Locomotion, any t ravel 
from one point to another , (d) Play, the activities classed as p lay were 
j u d g e d subjectively, bu t most au thors agree tha t p lay is usually an easily 
dist inguishable behaviour . T h e activities inc luded are essentially those 
described in Loizos, 1967. (e) Other, copula tory behaviour , non-p lay 
displays. I t was often possible to j u d g e activities of obscured animals 
from sounds a lone, bu t records from such j u d g e m e n t s were not used 
since moving a n d feeding animals would have been overrecorded 
compared to s ta t ionary ones. Observat ions were not d is t r ibuted evenly 
th roughou t the day. I n order to ob ta in figures for dai ly activities of 
individuals , the unevenness was corrected by tak ing the m e a n of the 
percentage of records for each activity per four-hour per iod. Figures for 
g roup activities were calculated by tak ing the m e a n of the indiv iduals ' 
corrected per cent of records. 

I n the same quar te r -hour ly scans, the positions of all possible 
individuals were m a p p e d a n d the overall g r o u p activity was recorded. 
(The activities of g r o u p m e m b e r s were more or less synchronized, so it is 
legi t imate to speak of " g r o u p activities".) T o c o m p a r e in te r indiv idua l 
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TABLE I 
Group compositions 

S b B b F y A J I T o t a l 

G R O U P 4 

S t a r t 

S e p t . 6 7 3 1 4 4 — 2 14 

(4) 
S e p t . 70 1 — 7 — 2 3 13 

(3) (1) 
S e p t . 72 1 — 3 2 2 2 10 

(4) ( 1 - 3 ) ( 1 - 3 ) 

S e p t . 74 1 1 2 2 2 1 9 

G R O U P 5 

S t a r t 

S e p t . 6 7 2 1 5 — 4 3 15 
(3) (4) (5) (4) 

S e p t . 70 2 5 1 3 2 13 
(3) 

S e p t . 72 1 1 6 2 2 4 16 

S e p t . 74 1 1 4 — 3 2 11 

G R O U P 8 

S t a r t 

N o v . 6 7 2 1 1 2 — — 6 

S e p t . 70 1 3 — — — — 4 
(2) (2) (1) 

S e p t . 72 1 1 1 1 — — 4 
(2) (1) 

J u n e 74 1 — 2 — — — 3 

G R O U P 9 

S t a r t 

D e c . 67 1 1 5 2 — 4 13 

(1) 
A u g . 70 1 1 1* 5 — 4 2 13 

F e b . 74 1 1 1* 3 2 — 3 11 

S b : s i l v e r b a c k ( m a l e o f 11 4 - y e a r s ) ; B b : b l a c k b a c k ( m a l e o f 8 -

11 y e a r s ) ; F : a d u l t f e m a l e ( 8 + y e a r s ) : y A : y o u n g a d u l t ( 6 - 8 

y e a r s ) ; J : j u v e n i l e ( 3 - 6 y e a r s ) ; I : i n f a n t ( 0 - 3 y e a r s ) . T h e u p p e r 

a g e l i m i t s t o m o s t o f t h e c l a s s e s a r e h i g h e r t h a n t h o s e g i v e n i n 

S c h a l l e r ( 1 9 6 9 ) a n d F o s s e y (1972b), w h i c h a r e n o w c o n s i d e r e d t o 

b e u n d e r e s t i m a t e s . 

* B l a c k b a c k o r f e m a l e . B r a c k e t e d n u m b e r s a r e c o u n t s i n t h e i n t e r 

v e n i n g p e r i o d w h i c h e x c e e d t h e u n b r a c k e t e d c o u n t s . 

421 
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spacing du r ing rest ing periods wi th t ha t which occurred du r ing t r a v e l -
feeding periods, a sample of records of g roup 4 taken d u r i n g 22 days in 
November , D e c e m b e r 1973 a n d F e b r u a r y 1974 was selected (Tables X 
a n d X I ) . O n l y those records of dis tance w h e n the g roup activity was 
unmis takab le were used. Also, no m o r e t h a n two qua r t e r -hou r records 
per g roup activity per day , a n d very few consecutive records were used. 

T h e record ing of feeding was no t as systematic. Both au thors 
concent ra ted on observat ions of social behaviour , so feeding behav iour 
was less precisely recorded. T h e records consisted of: (a) the ind iv idua l 
a n d its food; (b) in the last two years, o ther food species avai lable . 
" F o o d species" were defined as such if the previous five years of the 
s tudy h a d shown the gorilla hab i tua l ly fed on them. A food species was 
defined as available if it was wi th in a rm ' s reach of the subject. I n the first 
five years of the s tudy, intervals be tween records var ied widely a n d were 
often less t h a n a qua r t e r -hou r for any par t icu la r individual , bu t in the 
last two years they were never less t h a n a qua r t e r -hou r for a n y 
par t icu la r individual . T h e more commonly ea ten foods were p robab ly 
under recorded a n d the less c o m m o n ones overrecorded. D a t a from the 
first five years form the basis of T a b l e I I a n d Figs 5 a n d 6, a n d d a t a from 
the last two years, Tables I I , I I I , I V , V a n d V I I I , a n d Fig. 5. 

I n the analysis of activity a n d feeding records, we dist inguished 
between the six age/sex classes in T a b l e I . Since the methods of 
quantifying feeding measured t ime of in take , no t a m o u n t of in take , 
" % of feeding t i m e " is synonymous wi th " % of r eco rds" t h roughou t the 
chapter . Also, for activities, " % of the d a y " is synonymous wi th " % of 
corrected records" . 

T o measure the an imals ' movements , a con toured m a p (Fossey, 1974) 
was gr idded wi th squares of side 0-25 km (0-0625 k m 2) a n d the positions 
of groups a n d their trails were assigned grid references. Prior to 
Sep tember 1972, only groups , not their t rai l as well, were recorded 
wi th in the square in which they were found. S u m m i n g squares in which 
jus t groups were found ( = contacted) underes t imated range sizes. 
Therefore r ange sizes are here presented as a total of bo th the squares in 
which a g roup was contac ted plus the squares in which the groups ' trails 
were found (p. 434 a n d T a b l e I X ) . A compar ison of the two me thods of 
recording showed tha t contac t evidence alone gave a good idea of r ange 
usage pa t te rns (Figs 7 a n d 8) , t hough wi th two m a i n d isadvantages 
[see (c) a n d (d) be low] . Because of the slope a n d i r regular i ty of the 
terra in , the m a p squared areas do not correspond to g round areas. Th i s 
discrepancy was par t ly corrected by finding the m e d i a n change in 
a l t i tude a long one side of 21 squares in the steeper par t s of the s tudy 
area (127 m ) . T r igonome t ry showed t ha t one side of the squares was, 
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therefore, 280 m, no t 250 m, which gave a g r o u n d square a rea of 
0-07 k m 2 for the steeper par t s of the te r ra in . N o corrections were m a d e 
for the ravines . D a y jou rneys (A l tmann a n d A l t m a n n , 1970) were 
es t imated from routes d r a w n on the m a p . T h e m a i n d isadvantages to 
the me thods were t h a t : (a) g r o u n d a rea was still unde re s t ima t ed ; 
(b) there were areas wi th in some squares which were no t used ; (c) using 
only squares in which groups were con tac ted overes t imated use by 
lesser s tudied groups of squares nea r c a m p ; (d) squares of lesser s tudied 
groups which over lapped those of the m o r e s tudied groups were over-
recorded ; (e) d a y jou rneys were unde re s t ima ted since the d r a w n routes 
were " s m o o t h e d " . 

Chi -squared tests were used in Sections 3.3 a n d 7; M a n n - W h i t n e y 
U tests in Sections 5 a n d 6 ; two-tai led values of " P " are shown. 

3. FEEDING B E H A V I O U R 

3.1. Feeding Techinques 
T h e an imals usual ly fed while seated a n d the food was normal ly 
collected before it was ea ten . Juven i les a n d infants were not iceably more 
careful of spined a n d st inging p lants t h a n were adul ts . Ra re ly were all 
par ts of a n y p l an t ea ten , except for the most c o m m o n food p lan t , t he 
Galium v ine. P repa ra t i on techniques var ied accord ing to the p a r t of the 
p l an t ea ten . Th is was especially not iceable w h e n one par t , for example 
the stem, was separa ted in to its different subpar t s , e.g. epidermis a n d 
interior , which were then ea ten separate ly . 

Collected food was often w a d d e d before it was ea ten . Leaves, (e.g. 
thistle, Urtica) were usually picked separate ly , or s t r ipped off by r u n n i n g 
the h a n d u p the stem. Juveni les a n d infants, w h o took less leaves at a 
t ime t h a n d id adul ts , sometimes s t r ipped the leaves downwards . Fruits, 
(e.g. Rubus) were picked off separa te ly by h a n d or m o u t h . Insides of 
stems, if the ou ter por t ion of a s tem could no t easily be removed (which 
was general ly the case wi th woody stems, e.g. Senecio), the inter ior was 
exposed by break ing the stem, gr ipp ing the j a g g e d ends wi th teeth a n d 
hands a n d s t r ipping the stem open , a n d then gnawing ou t the inter ior . 
T h e ou te r por t ions of softer stems (e.g. celery, Laportea) were r emoved 
pr ior to ea t ing by s t r ipping or peel ing off the leaves by h a n d a n d then by 
peel ing off the exterior wi th fingers a n d / o r tee th . Roots and stem bases, 
if it was possible to pul l a p l an t ou t of the g r o u n d (e.g. celery, 
Cynoglossum), this was done a n d the base a n d / o r roots t hen ea ten . A t 
t imes it was evident t ha t considerable force was exerted w h e n pul l ing. 
If a p l an t could no t be pul led u p (e.g. Senecio), the gorillas often d u g 
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a r o u n d the base unt i l the roots were exposed. T h e interiors of smaller 
roots were sometimes separa ted from their exteriors by being pul led 
t h rough the teeth , which act ion left the ba rk in the m o u t h a n d the 
inter ior in the h a n d . T h e n ei ther or bo th were ea ten . H a r d roots were 
gnawed . Wood and bark, e i ther b roken off the t ree by h a n d or m o u t h 
a n d the chunks then chewed, or the t ree was gnawed directly. Grubs, 
obta ined from split stems, u n d e r n e a t h ba rk slabs, or from the surface of 
leaves by either fingers or m o u t h . Dung, deposi ted in the h a n d or picked 
off the g round , a n d then n ibbled . Water, d r u n k by b e n d i n g d o w n to the 
water ' s surface a n d sucking. 

3.2. Feeding Activity 
Gorillas normal ly rose be tween 6.00 a n d 6.45h a n d night-nested 
be tween 18.00 a n d 18.45h. O n l y in except ional c i rcumstances d id 

6.01-10.01 10.01-14.00 14.01-18.00 

FIG . 4 . Diurna l activity pa t te rns of groups . E : ea t ing ; S : s ta t ionary ; L : locomot ion; 
Ρ : p l ay ; Ο : o ther activities. T h e number s of records for the four periods, given chronological ly 
a r e : g roup 4—543 , 2670, 559, 3772; g roup 5—553, 2250, 511 , 3318; g roup 8—209, 307. 
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groups move d u r i n g the n ight . Groups 4 a n d 5 h a d similar act ivi ty 
pa t te rns a n d spent a b o u t 2 5 % of the d a y feeding (see Fig. 4 ) . G r o u p 8's 
marked ly h igher p ropor t ion of the d a y spent feeding was possibly 
inaccura te because lack of d a t a p reven ted correct ion for unevenness of 
observat ions t h rough the day . T h e d a t a show, though , t ha t g r o u p 8 d id 
no t have the m a r k e d m i d d a y rest per iods shown by groups 4 a n d 5. 
Ne i ther g roup always h a d a m i d d a y rest per iod, a n d on some days there 
was no discernible g roup rest ing per iod a t all. Mos t of the act ivi ty 
records of groups 4 a n d 5 were t aken w h e n their composit ions were 
s imilar ; this could have been p a r t of the reason for the similari ty of the i r 
activity pa t te rns . 

C l imate affected activity pa t t e rns . I n ra in , an imals sat h u d d l e d a n d 
almost motionless ; on sunny days, adul t s t ended to rest longer, basking 
in the sun. W h e t h e r they then compensa ted for this inact ivi ty by 
increased locomotion, or feeding, d u r i n g the rest of the day is no t yet 
known. 

3.3. Food Selection 
T h e gorillas d id no t eat all of the p l an t species wi th in their r ange , a n d 
some of the most c o m m o n ones, such as ba l sam (Impatiens), were no t 
seen to have been even sampled , a l though o ther herbivores a te t h e m . 
T h e 42 species (18 families) shown in T a b l e I I a re all wild species. N o 
reports were h e a r d from the R w a n d a n s of gorillas feeding on their crops, 
t hough g r o u p 5 occasionally en te red the cul t ivated areas . A few food 
species formed the bulk of the feeding records (see Tab les I I a n d I I I ) . 
Sixty per cent of feeding records were for the th ree most common ly 
ea ten species a n d 2 0 % for the next six most c o m m o n . Because of 

T A B L E II 

Numbers of plant types in diet 

I n d i e t 
P l a n t t y p e V e r y c o m m o n C o m m o n U n c o m m o n 

T r e e 1 7 
S h r u b 2 1 
H e r b 2 2 15 
V i n e 1 4 
G r a s s 1 2 
E p i p h y t e 2 
F u n g u s 2 
T o t a l 3 6 33 
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recording bias (p. 422), the actual figures were, perhaps, nearer 70 and 
25% respectively; i.e. 95% of feeding time spent on 21% of all food 
species. Leaves, shoots and stems [Galium included) formed the bulk of 
the gorillas' diet: 85-8% of all records. Wood accounted for 6-9%; 
roots, 3-3%; flowers, 2*3%; and fruits, 1·7%. Grubs and dung were also 
eaten and the gorillas occasionally drank. Feeding time was probably 
roughly proportional to intake for the more commonly eaten items. This 
was not the case with the less commonly eaten ones (wood and roots) 
since much time was sometimes spent obtaining a small intake. 

Donisthorpe (1958), Kawai and Mizuhara (1962), Schaller (1963) 
and Jones and Sabater Pi (1971) also reported that a few species 
comprised the bulk of the diet. Schaller (1963) estimated that the four 
most commonly eaten species comprised 80% of the daily diet of his 
study groups. Jones and Sabater Pi (1971) estimated that two species of 
Aframomum comprised 80-90% of the yearly diet of their western gorilla 
study groups. All reported that the gorillas were predominantly 
folivorous rather than frugivorous. Western lowland gorilla probably 
ingest more fruit than do mountain gorilla (cf. Sabater Pi, 1966). 

Group differences in the amount of time spent feeding on certain 
foods (see Table III) were commonly associated with obvious differences 
in the amounts of those foods within their ranges. For example, there 
seemed to be more thistle than celery in group 4's range while the 

TABLE III 
Percentages of feeding records for the more commonly eaten species 

G r o u p 4 G r o u p 5 G r o u p 8 

Galium 29-8^ 2 7 - f 23-7^ 
(v ine) 

T h i s t l e 21-0 >59·8 10-5 
>57·8 

37-3 
>69·. 

C e l e r y 9-0 20-2 8-5 

Vernonia 4-6^ 5-4^ — -
( t ree) 

υ

τ

τ ύ Μ W i e 6-5 — — 
Laportea j 
Rubus* 

7-0 
2-0 

•20-1 
4-5 
5-3 

- 2 1 1 
3-4 
5-1 

^8-5 

( s h r u b ) 
B a m b o o — 6-0 — 

(grass) 

O t h e r s 20-1 21-0 22-0 

η = 8 1 7 6 6 9 62 

5 

* T w o species were ea ten . 
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reverse was t rue in g r o u p 5's r a n g e ; thistle comprised 2 1 % of g r o u p 4's 
records a n d celery, 9 % , whilst thistle m a d e u p 10-5% of g r o u p 5 records 
a n d celery, 20 -2%. 

Indiv idua ls usually d id no t eat all food species avai lable a t a n y one 
feeding spot. T h u s T a b l e I V shows t h a t of the 120 records m a d e of two 
s imul taneously avai lable species, only 28 were of bo th be ing ea t en ; of 
the 34 records for th ree avai lable species, only th ree of all of t h e m were 
be ing ea ten . Age/sex classes differed in their degree of selectivity 
(P<0-001 for a compar i son of one , as against more t h a n one species 
being ea ten) . T h e silverback showed the least selectivity; this was 
pe rhaps re la ted to his spending more t ime per feeding spot t h a n d id a n y 
o ther an ima l (see Section 5) . 

If feeding t ime on a pa r t i cu la r food was p ropor t iona l to the a b u n d a n c e 
o f t h a t food (see above) , it wou ld seem t h a t selection wi th in the diet d id 
no t occur. However , records m a d e w h e n m o r e t h a n one food species 
were avai lable showed t h a t some of the less c o m m o n l y ea ten species 
were usually chosen over some of the m o r e c o m m o n ones (Tab le V ) . 
For example , thistle a n d celery (about 1 0 - 2 0 % of the diet) were each 
chosen a b o u t th ree t imes m o r e often t h a n Galium ( about 2 8 - 5 % of the 
d ie t ) . A further indica t ion of choice was no ted in t h a t thistle leaves were 
usually ea ten before the s tems: 28 records for leaves first as against 13 
for the stems first (records from 8 days over 28 days in M a y a n d J u n e 
1974). W e th ink t h a t the reason for this t empora l selectivity was t h a t if 
they a te the stem first, t hen the leaves became u n u s a b l e : to eat the stem, 
they s t r ipped off the leaves, a n d d iscarded food was rare ly ea ten . 

Ind iv idua ls a n d groups often moved to new feeding spots w h e n there 

TABLE IV 
Records of numbers of food species eaten at any 
one feeding spot, compared with numbers 

available* 

N u m b e r e a t e n 1 2 1 2 3 
N u m b e r a v a i l a b l e 2 2 3 3 3 

A g e / s e x class 
S b 10 7 2 3 — 
B b 10 3 4 — — 
F 27 15 7 7 2 
I m m 4 5 3 8 — 1 

T o t a l s 92 2 8 21 10 3 

T h e figures a re n u m b e r s of records taken d u r i n g 
8 days over 28 days in M a y a n d J u n e , 1974. 
* i.e. wi th in an imal ' s reach . 

ρ 
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TABLE V 
Choice offood species in relation to other foods available 

Galium to
 

* s * * CO
 

K3
 

56 5 6 18 37 26 6 8 
T h i s t l e 29 2 — — 

17 4 2 2 0 2 — 
C e l e r y 3 11 3 — 

5 2 12 7 2 
Vernonia — 5 — 

ο 

Urtica 3 
8 — 

Laportea — — 
5 

Rubus 1 

T h e top left of each pa i r of figures is the n u m b e r of times the row p lan t was 
ea ten , when the co lumn p lan t was avai lable . T h e b o t t o m r ight of each pa i r 
of figures is the n u m b e r of t imes the co lumn p lan t was ea ten w h e n the row 
one was avai lable . T h e records are for groups 4 a n d 5 c o m b i n e d : combined , 
because all choices for each were in the same direct ion, a n d most choices for 
each h a d similar rat ios. 
* Indica tes the largest differences. 

was still seemingly a b u n d a n t food r ema in ing in their previous area . T h e 
immed ia t e cause of such m o v e m e n t migh t have been t ha t collection was 
becoming inefficient: animals were spending too m u c h t ime reach ing 
for p lants further from them, hav ing c ropped the closer ones, or were 
crossing each others ' feeding pa ths too often. T h e benefits of such 
movements could have been threefold: (a) to m a i n t a i n the efficiency of 
collection; (b) to leave plants for regenera t ion ; (c) to s t imula te 
regenera t ion . R e a r d e n (1974) a n d Vesey-Fi tzgerald (1969, 1974) also 
suggest the last benefit. 

Gorillas bui l t most of their nests from non-food species even w h e n 
food species were avai lable (Tab le V I ) . O f 598 nests examined , 585 
were buil t of non-food species. O f 196 buil t nea r a substant ia l n u m b e r of 
food species, 185 were buil t of non-food species. Females wi th infants 
t ended to select non-food areas for nest bu i ld ing more t h a n did others . 
T h e cause of such selectivity in this a rea was p robab ly tha t food p lants 
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TABLE VI 
Extent of use of food species in nests 

N e s t s b u i l t w i t h N e s t s b u i l t w i t h N e s t s b u i l t w i t h 
food spec ies n o n - f o o d spec ies m i x t u r e 

+ — + + — 

F e m a l e s + 
in fan t s 0 0 27 100 0 0 

O t h e r s 2 0 158 3 0 0 9 2 
T o t a l s 2 0 185 4 0 0 9 2 

Nests were counted as being bui l t w i th a " m i x t u r e " if there was a ra t io 
of less t h a n 1:1-5 (40 : 6 0 % ) by volume (visual est imation) of food a n d 
non-food species in t h e m . If the ra t io was more t h a n this, t hen the nests 
were counted as being buil t of food, or non-food, species depend ing on the 
direct ion of the ra t io . " + " : nests bui l t nea r a substant ia l n u m b e r of food 
p lants . " - " : nests no t bui l t nea r a substant ia l n u m b e r of food p lan t s . 

were unsui tab le nest mate r ia l . I n o ther areas , whe re food p lan ts were 
sui table nest mate r ia l (e.g. R i o M u n i ) nests were m a d e of t h e m (Jones 
a n d Saba te r Pi, 1971). Since most gorillas bui l t a nest every night , t he 
selection of non-food plants for nest ing mate r i a l possibly resul ted in 
considerable " s a v i n g " of food. 

4. S E A S O N A L VARIATION 

(See also Section 6.3.) 
T h e r e was a m a r k e d seasonal var ia t ion in rainfall wi th a major wet 
per iod occur r ing from M a r c h to M a y a n d a major d ry per iod from J u n e 
to Augus t (see Fig. 5b) . (For most m o n t h s the tota l rainfall differed 
widely be tween years , so s u m m i n g the feeding records for seven years 
p r o b a b l y obscured some year by year seasonal differences.) Seasonal 
var ia t ion in the diet was evident (Fig. 5 a ) : records for Galium decreased 
from a peak in J u l y to a low po in t in Oc tober , while those for celery, 
thistle a n d Vernonia rose m o r e or less i r regular ly over the same per iod. 
Galium records rose marked ly in November , a t which t ime those for 
thistle a n d Vernonia d ropped . Records for celery were highest a r o u n d 
bo th wet periods, while those for wood were highest in the wettest 
per iod only. Pleopeltis records were clearly highest d u r i n g the th ree 
m o n t h s before the wettest per iod a n d were very low a t all o ther t imes. 
Records for b a m b o o were highest in J u n e a n d D e c e m b e r wi th a g r a d u a l 
increase over each of the p reced ing th ree mon ths . 

W i t h t he except ion of b a m b o o shoots, t he avai labi l i ty of pa r t i cu la r 
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plant foods did not appear to change through the year. However, the 
amount of flowers, fruits, and shoots of both food and non-food species, 
in addition to the general "lushness" of the vegetation, did change. This 
undoubtedly altered the nutritional qualities of the plants and, 
presumably, the gorillas changed their diet accordingly. 

Donisthorpe (1958), Kawai and Mizuhara (1962), and Casimir and 
Butenandt (1973) have all reported seasonal variation in bamboo 
intake. Donisthorpe (1958) and Kawai and Mizuhara (1962) reported 
it as having been eaten mostly in June; Casimir and Butenandt (1973) 
reported October. The last two references have reported bamboo as 
comprising more than 90% of the diet at the peak of the shooting season 
(gorillas fed on the shoots far more than on the leaves). Correlated with 
the increase in bamboo consumption there was a decrease in intake of 
other species. Donisthorpe (1958) reported celery as one such example. 
Sabater Pi (1966) found that fruit consumption by western gorillas 
increased during the fruiting season to more than 50% of their diet. 

5. A G E / S E X VARIATION 

Although individual differences in feeding behaviour were sometimes 
marked (see Table VII), consistent differences between the various 
age/sex classes were found. In groups 4 and 5, silverbacks spent the most 
time eating, infants the least, and the other four classes were intermediate 
(Table VII). Also, both silverbacks of group 8 spent more time eating 
than did either female. The differences in the amount of food consumed 
were greater than the figures indicate since the size of each mouthful of 
food was roughly proportional to the size of the animal. In addition, the 

TABLE VII 
Age/sex variation in % of day spent eating 

S b B b F y A J I 

M e d i a n % * 35-3 28-3 29-7 27-1 25-5 11-4 
R a n g e 34-2 28-2 15-6 22-4 14-5 7-7 

t o t o t o t o t o t o 
36-5 28-5 35-7 30-3 29-3 23-5 

N u m b e r of 
i n d i v i d u a l s 2 2 8 5 6 3 

* T h e figures a re the medians of the corrected pe r cents of 
records for each individual in groups 4 a n d 5, the r ange of 
which percentage is shown in the second row of the tab le . 
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group 4 silverback's m e d i a n t ime per feeding spot was significantly 
h igher t h a n t ha t of the o ther ind iv idua ls : 8*5 m i n (η = 16) as opposed to 
a r ange of 2-5 to 4-0 m i n (n = 14-21) wi th Ρ < 0 · 0 4 for all s i lverback-
o ther indiv idual comparisons . ( T h e records are from 8 days over 28 days 
in M a y a n d J u n e , 1974.) 

T h e difference be tween the silverbacks 5 a n d others ' t ime spent 
feeding is small so, however real the difference, a chi -squared test would 
no t show it as significant. I t is suggested t ha t the difference is rea l 
because only one an ima l in one g roup h a d a h igher figure for t ime ea t ing 
t h a n d id the si lverback of t h a t g roup a n d it is difficult to th ink of a n y 
sampl ing error t ha t would cause this resul t : bias in t roduced by silver-
backs spending more t ime per feeding spot t h a n others (and so be ing 
more likely to be recorded eating) was counte rac ted by the same bias for 
their s ta t ionary a n d locomotion records. Silverbacks were abou t twice as 
heavy as o ther adul ts (Schaller, 1963, pers. obs.) . Pe rhaps this difference 
was the reason why, despite a smaller body surface to weight ra t io , 
silverbacks needed to spend more t ime feeding t h a n d id o ther adul ts . 
T h e silverbacks' larger size also m e a n t t ha t accelerat ion a n d decelera t ion 
took more energy. Therefore , it was p resumab ly more efficient for t h e m 
to have a few, long ea t ing periods r a the r t h a n m a n y , short ones. Also, 
because their a r m reach was greater , they h a d more food avai lable to 
them, thus they could afford to spend longer in each feeding spot 
(R. W . W r a n g h a m , pers. c o m m . ) . 

Differences in diet also existed be tween the classes (see Fig. 6) . I n 
Fig. 6, the foods in the left co lumn of his tograms were the most 
commonly eaten, a n d those in the r ight were the least commonly ea ten . 
Because of the bias in our record ing (under record ing of the m o r e 
commonly ea ten foods), the records in the two left columns should be 
increased c o m p a r e d to the one(s) in the r ight . I m m a t u r e s fed more on 
Vernonia, Pleopeltis, wood a n d grubs t h a n d id adul ts , b u t less on Galium. 
Infants fed less on celery, a n d silverbacks more on thistle t h a n d id o ther 
classes. 

I m m a t u r e s (young adul ts to infants) spent more of their feeding t ime 
u p trees t h a n d id adul ts a n d par t icu lar ly w h e n feeding on Galium 
(Table V I I I ) . T h r e e reasons a re suggested for th i s : (a) there were m a n y 
trees t ha t would bear an immatu re ' s weight a n d no t a n adu l t ' s ; 
(b) adul ts most often c l imbed trees only to ob ta in fruits, which were 
r a re in this a r e a ; (c) immatu re s often c l imbed trees for non-feeding 
activities ini t ial ly; these could la ter lead to feeding. 

I n general , immatu re s fed less on the most commonly ea ten species 
t h a n did adul ts . T h e immed ia t e causes migh t have been different for 
each species. For example , infants migh t have fed less on celery t h a n d id 
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TABLE VIII 
Percentages qf total feeding records which were of individuals 

feeding up trees 

Al l foods ( e x c l u d i n g d u n g ) Galium 

A d u l t s 3 - 6 % 2-4% 
T o t a l η 8 5 3 2 6 6 
I m m a t u r e s 1 8 - 2 % 2 4 - 7 % 
T o t a l η 6 8 6 147 

T h e figures are the means of the % of the three classes in each 
age category. 
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other classes because of the difficulties involved in pul l ing the p lan t free 
from the soil (celery was usually pul led u p before it was e a t e n ) ; 
immatu re s migh t have fed more on Vernonia par t s a n d Pleopeltis because 
these i tems were a b u n d a n t u p trees. W h a t e v e r the i m m e d i a t e causes, 
one of the effects of the general ly different diet a n d feeding sites be tween 
adul ts a n d immatu re s could have been to ma in t a in compet i t ion a t a low 
level. T h e chances of compet i t ion for the most c o m m o n food, Galium, 
would have been reduced , since the immatu re s a te less Galium t h a n d id 
adul ts , a n d also a te more of their Galium u p trees (see also K u m m e r , 
1971—baboons) . 

I t is no t known how i m p o r t a n t g rubs were in the goril la diet , bu t the 
observat ion tha t imma tu re s a te more t h a n d id adul ts agrees wi th the 
results of a n u m b e r of o ther studies (see Schoener , 1971) concern ing 
p redominan t ly herbivorous species, in which immatu re s a te more 
an ima l pro te in t h a n did adul ts . 

6. FEEDING BEHAVIOUR A N D R A N G I N G BEHAVIOUR 

T h e r e was no substant ia l evidence t ha t groups defended areas. If lone 
silverbacks d id so (Fossey, 1974), the defended a rea was small c o m p a r e d 
wi th the total a rea used, a n d the defence was t e m p o r a r y : o ther g roups 
could visit the defended a rea w h e n the lone silverback was not there . 
I n this chap te r the t e rm " r a n g e " means the a rea used by a g roup , or 
lone an imal , over a given per iod wi th no implicat ions of hab i tua l use 
du r ing n o r m a l activities (Burt, 1943). 

Theyearly range sizes (between O c t o b e r 1972 a n d Sep tember 1974) of 
the two most s tudied groups w e r e : g roup 4, 4-9 k m 2 a n d 4-0 k m 2 in the 
two consecutive yea r s ; g roup 5, 8-1 k m 2 a n d 7-7 k m 2 . Est imates by o ther 
observers of the year ly r ange sizes of their most s tudied gorilla groups 
were qui te different: Schaller (1963) repor ted a b o u t 20 k m 2 (w = 2 ) ; 
J o n e s a n d Saba te r Pi (1971) repor ted 6-12 k m 2 over a per iod of 6 -9 
mon ths (n = 3); Casimir a n d B u t e n a n d t (1973) repor ted a b o u t 30 k m 2 

(n = 1). All of these observers used contac t evidence equivalent to t h a t of 
this s tudy (see p . 422 ) ; h o w they then calcula ted the given r ange sizes 
was not s tated. Since Schaller 's s tudy a rea was adjacent to t h a t of this 
s tudy, it migh t have been expected t ha t ou r estimates of r ange sizes 
would have been more similar despite his groups hav ing been larger 
(18 a n d 20 animals) , a n d their ranges less encroached upon . W h e n this 
s tudy's m e t h o d of measur ing r ange size from contac t evidence alone was 
appl ied to the m a p area in Schaller (1963), a figure of 10 to 12 k m 2 , as 
opposed to 20 k m 2 , was ob ta ined as the r ange size for his two most 
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s tudied groups . A l though Schaller al lowed for i r regular te r ra in a n d also 
used d a t a no t shown in his book (pers. c o m m . ) , it is suggested t ha t his 
final es t imate of 10 to 15 mi les 2 (25-38 k m 2) was too large. J o n e s a n d 
Saba te r Pi (1971) seemed to have mul t ip l ied the sides of the q u a d r a n g l e 
which covered their few observat ions, a n d this possibly resulted in a n 
overes t imate . Casimir a n d B u t e n a n d t (1973) seem to have s u m m e d 
squares in which nests were found a n d then to have mul t ip l ied the 
resul tant figure (approximate ly 12 k m 2) by 100/40 because they found 
only 4 0 % of nest sites; this m e t h o d p robab ly also resulted in an over
est imate . I t is suggested t ha t goril la year ly r ange sizes va ry be tween 
areas a n d t h a t they a re from 4 - 5 k m 2 to 2 0 - 2 5 k m 2 . Year ly ranges 
shifted. For example , the five-yearly r ange size of g r o u p 4 (Fossey, 1974) 
was a b o u t twice its year ly size. Cas imir a n d B u t e n a n d t (1973) also 
repor ted shifting year ly ranges . 

T a b l e I X shows the monthly range sizes of a n u m b e r of groups a n d two 
lone si lverbacks; the med ians r a n g e from 0-66 k m 2 to 1-98 k m 2 . I t 
a p p e a r e d tha t the m o n t h l y r ange sizes of g roups were positively 
corre la ted wi th g r o u p size (and therefore, p resumably , wi th total food 
r e q u i r e m e n t s ) : significant differences were found be tween the r ange 
sizes of groups 5 a a n d 5 b ; 5 a a n d 4 ; 8 a n d 4, 5 a , 5 b . However , the 
mon th ly r ange sizes of two newly formed groups were smaller t h a n the 
m e d i a n m o n t h l y r ange of an established g r o u p of the same size. Also, 

TABLE IX 
Monthly range sizes of groups and lone silverbacks between October 1972 and August 1974 

L o n e 
G r o u p s s i l ve rbacks 

5
a 

5
b 

4 8 Sc N
c S Β 

M e d i a n n o . 
of a n i m a l s 15 10 10 3 3 3 1 1 

M e d i a n r a n g e 
size ( k m

2
) 1-98 1-45 1-52 1-06 0-66 0-79 1-65 0-99 

M a x . r a n g e 
size ( k m

2
) 2-51 3-37 2-51 1-45 2-24 

M i n . r a n g e 
size ( k m

2
) 1-45 0-99 0-86 0-40 1-25 

N o . of 
m o n t h s 7 10 18 7 1 1 1 1 

a
 G r o u p 5 before J u n e 1973. 

b
 G r o u p 5 after J u n e 1973. 

c
 Newly formed g r o u p s : the r ange sizes a re those of the first m o n t h after format ion of the 
g r o u p . 
T w o females jo ined silverback S to form g r o u p S. 
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the range of one of the two groups was well outside the silverback's 
n o r m a l range . J u d g i n g from groups ' effects on the vegetat ion, it seemed 
likely t ha t the larger g roups ' m i n i m u m mon th ly ranges could not have 
been as small as those of the smaller g roups ' wi thou t causing serious 
d a m a g e to the vegetat ion. Lone silverbacks h a d m o n t h l y r ange sizes as 
large as those of established groups (Caro , 1976). M o n t h l y ranges 
shifted, sometimes markedly , a n d usually there was no discernible 
consistency in the pa t t e rn of movemen t . Schaller (1963) a n d Casimir 
a n d Bu tenand t (1973) bo th impl ied t ha t m o n t h l y ranges shifted. 
(Th rough most of their paper , Casimir a n d B u t e n a n d t used the t e r m 
C icore -a rea" to m e a n w h a t we would call " m o n t h l y core a r e a " , i.e. the 
a rea in which abou t 5 0 % of each mon th ' s night-nests were most densely 
dis tr ibuted.) 

O v e r an 8-month per iod (October 1972 to M a y 1973), the m e d i a n 
length of day journeys per m o n t h of groups 4 a n d 5 were 295 m a n d 360 m 
respectively. T h e figures a re underes t imates (see p . 423) a n d should be 
nea re r 350 m a n d 450 m. T h e daily var ia t ions were usually from a b o u t 
100 m to 2*5 km, a n d once 6 km. Indiv iduals in the groups t ravel led 
far ther t h a n the g roup as a who le ; some pe rhaps twice as far du r ing a 
n o r m a l day ' s movemen t . O v e r seven mon ths in 1973, Elliott (1976) 
found t h a t the m e a n d a y j o u r n e y of g roup 8 was 522 m ( m e d i a n : 434 m) 
(83-1342 m ; w = 41) . For three mon ths in early 1974, C a r o (1976) 
found tha t the m e a n day journeys of two lone silverbacks were 460 a n d 
385 m (ft = 35 a n d 91 respectively). Elliott a n d Ca ro es t imated the d a y 
journeys by pacing . T h e above day journeys are similar to those given 
by Schaller (1963) w h o repor ted a r ange of means per g roup from 337 to 
663 m. Casimir a n d B u t e n a n d t (1973) gave a m e a n (and med ian ) d a y 
j o u r n e y of abou t 900 m. J o n e s a n d Saba te r Pi (1971) repor ted m e a n 
day journeys of a b o u t 1 k m in R io M u n i , wi th the length vary ing wi th 
the density of Aframomum thickets. W i t h an es t imated m e a n g roup 
d iamete r of a b o u t 50 m per day , a n d a day j o u r n e y of a b o u t 400 m, the 
daily range of gorilla groups was a b o u t 0-02 k m 2 . M o n t h l y r ange sizes 
did not vary wi th season or wi th zone. D a y journeys migh t usual ly have 
been longer in the a lpine zone a n d slightly shorter in the wettest season. 
Because of the var ia t ion a n d inconsistency in r ang ing pa t te rns , t he 
positions a n d sizes of year ly ranges could no t be es t imated from even 
6-month r ange positions a n d sizes (cf. W r a n g h a m , this vo lume) . 

T h e ranges of the groups over lapped (Fig. 7). T h e por t rayals of the 
ranges of g roup 5 from 1967 to 1972, a n d groups 8 a n d 9, were biased by 
the two disadvantages [(c) a n d (d)] given on p . 423, especially regard ing 
the positions of their core areas. T h e groups actual ly spent far more t ime 
t h a n was indica ted far ther away from bo th c a m p a n d g roup 4's r ange . 
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T h e por t r ayed ranges of groups 4 a n d 5 from 1972 to 1974 were accura te 
samples because, for the most pa r t , the groups were followed wherever 
they were in their r ange (see also, Fossey, 1974). G r o u p 8's r ange 
extensively over lapped those of groups 4 a n d 9 because g roup 8 
persistently followed these two groups (Fossey, 1972a). T h e ranges of 
m a n y o ther groups a n d lone an imals also over lapped those of the m a i n 
s tudy g roups ; it seemed unlikely tha t there were any exclusively used 
areas wi th in any g roups ' year ly rärige. G r o u p 4 over lapped wi th the 
ranges of a t least four o ther groups plus three lone si lverbacks; g roup 5 
over lapped wi th a t least five o ther groups a n d three lone si lverbacks; 
a n d g roup 8 wi th a t least th ree groups a n d two lone silverbacks. I t was 
possible t ha t some lone silverbacks spent most of their t ime wi th in their 
" p a r e n t - g r o u p ' s " r ange (Caro , 1976). 

T h e " m a i n core a r e a s " a n d "core a r e a s " (Fig. 7) were , for the most 
s tudied groups , the areas of "heavies t regular use t h roughou t the ent i re 
per iod of obse rva t ion" (Kau fmann , 1962); for the lesser s tudied groups 
they were simply the areas in which the groups were found the most 
frequently. F igure 7 indicates t ha t core areas a n d even m a i n core areas 
over lapped t hough a group ' s core areas were visited only infrequent ly 
by o ther groups . O f all previous studies of gorillas ' r a n g i n g habi t s , 
only J o n e s a n d Saba te r Pi (1971) have repor ted t ha t ranges did no t 
over lap . 

I t m a y be seen from Fig. 7 t ha t (a) core areas were no t necessarily in 
the r ange cen t res ; (b) there could be m o r e t h a n one m a i n core a r e a ; 
a n d (c) core areas were mostly low on the m o u n t a i n slopes. Compar i son 
of Fig. 7 wi th Fig. 3 shows t ha t most of the core areas were in the 
herbaceous zone (between 1972 a n d 1974: 7 7 % of g roup 4's core a rea 
a n d 4 5 % of g roup 5's). I t a p p e a r e d t ha t the saddle zone, r a the r t h a n the 
herbaceous zone, offered a more a b u n d a n t food supply to the gori l las; 
bu t it was used less, p robab ly because of h u m a n interference. Both 
Schaller (1963) a n d Casimir a n d B u t e n a n d t (1973) repor ted core areas 
in the year ly r ange a n d Casimir a n d B u t e n a n d t (1973) impl ied t ha t the 
core areas con ta ined a b u n d a n t food. 

Despi te the shifts of year ly ranges , g r o u p 4's m a i n core a rea has 
always been in a b o u t the posit ion shown in Fig. 7, a n d there were few 
indicat ions t ha t the posit ion would change . G r o u p 5, however , never 
visited its m a i n core a rea on the m o u n t a i n d u r i n g the last five mon ths of 
the s tudy per iod a n d m a y have been in the process of chang ing its 
r ang ing pa t t e rn . 

F igure 8 shows the extent of differential use of the r anges : 5 0 % of the 
t ime was spent in a b o u t 1 7 % of the r a n g e ; 6 2 % of t ime in 2 5 % of 
the r a n g e ; a n d 8 3 % of t ime in a b o u t 5 0 % of the r ange . Figures for lone 
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FIG . 7. T i m e spent by groups in different areas of their r ange . T h e figure shows the 
cumula t ive n u m b e r of contacts wi th each g roup in the different squares . T h e two black 
squares in the over lapping area of g roup 4 a n d 5's ranges in 1967-1972 are g r o u p 4 's . T h e 
n u m b e r of contacts on which the ranges are based a r e : 

1967-72: g roup 4 — 5 9 8 ; g roup 5—232; g roup 8—263. 
1972-74: g roup 4—337 ; g roup 5—354; g roup 8—146. 
1967-74: g roup 9—99. 
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10 20 30 40 50 60 70 80 90 I00 
Cumulative % of squares (= RANGE) 

FIG. 8. Dis t r ibut ion of g roups ' t ime over their r ange . T h e points a re records for one g r o u p 
over one per iod from the same d a t a as formed Fig . 7. T h e s t anda rd deviat ions a re for records 
for the groups a n d periods shown in F ig . 7. T h e s t andard deviat ions for the 25 a n d 5 0 % 
cumula t ive contacts figures are too small to show. 

silverbacks were similar (Caro , 1976). T h e small s t anda rd deviat ions 
indica ted t ha t the extent of differential usage of even segments of ranges 
(only p a r t of g roup 9's r ange was wi th in the s tudy area) was similar to 
t h a t shown over the ent i re r ange . 

T h e only evidence ind ica t ing t ha t movemen t s be tween zones were 
affected by food preferences was t ha t p rov ided by g roup 5's m o v e m e n t 
to the b a m b o o zone be tween Sep tember 1972 a n d Sep tember 1974. 
T h e y were contac ted in this zone from Apr i l to J u n e a n d O c t o b e r to 
J a n u a r y . T h e d a t a suggested t ha t these were also the m o n t h s in which 
the b a m b o o shoots were most a b u n d a n t . T h e a m o u n t a n d qua l i ty of 
food species var ied across zones a n d grid squares . I t was found t ha t the 
gorillas d id no t use all par t s of each zone, or even each square , equal ly , 
a n d it is suggested t h a t the p a t t e r n of movemen t s was pe rhaps closely 
re la ted to food dis t r ibut ion. Such a corre la t ion m a y have been 
responsible for shor t - te rm, d iu rna l , a n d be tween-day , var ia t ions in the 
diet . R a n g i n g pa t te rns were also re la ted to pas t movement s , since 
gorillas t ended to avoid areas which they h a d recent ly used. Th is was 
most clearly shown whenever g r o u p 4 t ravel led a r o u n d the bo t t om few 
h u n d r e d feet of the m o u n t a i n : thei r r e t u rn routes were usual ly e i ther 
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higher or lower t h a n the o u t w a r d routes , a n d thus were m a d e t h r o u g h 
unused vegetat ion. K a w a i a n d M i z u h a r a (1962), Schal ler (1963) a n d 
Casimir a n d B u t e n a n d t (1973) all r epor ted t ha t gorilla movement s were 
re la ted to b a m b o o shoot a b u n d a n c e . Saba te r Pi (1966) repor ted t ha t 
the spatial pa t t e rn of fruiting (of two species in par t icu lar ) de t e rmined 
the r ang ing pa t te rns of some western gorillas. J o n e s a n d Saba te r Pi 
(1971) suggested tha t the daily r ang ing pa t te rns of their s tudy groups 
were re la ted to the dis t r ibut ion of Aframomum th ickets : Aframomum was 
bo th the m a i n food a n d the m a i n night-nest ing mater ia l . 

7. FEEDING BEHAVIOUR A N D S O C I A L BEHAVIOUR 

Feeding individuals stayed further from their ne ighbours t h a n did non-
feeding ones : adul ts were seen on their own (more t h a n 10 m from other 
adults) more often du r ing travel-feeding periods t h a n du r ing rest ing 
periods (Tab le X ) , a n d most nearest ne ighbour distances were higher 
du r ing travel-feeding periods (Tab le X I ) . Adul ts dispersed more t h a n 
immatu re s (Tab le X I ) : all a d u l t - a d u l t m e d i a n nearest ne ighbour 
distances were h igher (most significantly so) du r ing travel-feeding 
per iods ; i m m a t u r e - i m m a t u r e distances were not . 

I t is suggested t ha t the animals , by feeding far apa r t , kept the chances 
of compet i t ion for food low, a n d cer tainly kept t h e m lower t h a n they 
would have been if the animals h a d fed at the rest per iod in te r indiv idual 
distances. Adul ts fed further a p a r t t h a n immatu res , possibly because 
adul ts , w h o used more space a n d a te more food t h a n did i m m a t u r e s , 
were potent ia l ly more severe compet i tors wi th each o ther t h a n were 
immatu re s . 

Agonistic encounters over food were so ra re t ha t even silverbacks, the 
class t ha t supp lan ted others by far the most frequently, p robab ly ga ined 

TABLE X 
Records (in percentages) of different numbers of adults within 
10 m of each other during rest periods and travel-feed periods 

N o s . of a d u l t s w i t h i n 10-m d i a m . 
2 3 4 5 η 

R e s t p e r i o d 33-9 40-3 19-3 4-8 1-6% 62 
T r a v e l - f e e d 

p e r i o d 64-1 30-1 2-9 1-9 1-0% 103 

T h e dis t r ibut ion of the records be tween the two periods was 
significantly different ( Ρ < 0 · 0 0 1 ) . 
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TABLE XI 
Records of distances to the nearest member of each class during travel-feed periods 

and rest periods 

D i s t a n c e s (m) 
Classes P e r i o d s 0 - 5 6 - 1 0 1 1 - 1 5 1 6 - 2 0 > 2 0 T o t a l s 

S b - B b R e s t 3 3 n . s . 4 10 
T - f 3 1 11 15 

S b - F R e s t 12 9 t 4 2 27 
T - f 4 5 2 9 2 4 

F - B b R e s t 1 7 6 17 
T - f 3 1 11 15 

F - F R e s t 8 3 + 
+ 2 1 14 

T - f 2 4 3 2 5 16 
S b - i m m R e s t 21 n . s . 13 n .s i. 7 1 2 4 4 

T - f 9 13 4 3 2 31 
B b - i m m R e s t 11 7 * 12 3 33 

T - f 1 2 4 2 4 31 
F - i m m R e s t 32 * 17 1 1 51 

T - f 1 9 70 7 11 4 4 
I m m - i m m R e s t 22 n . s . 10 2 1 35 

T - f 13 2 3 1 1 2 0 

M e d i a n d i s t a n c e s a r e in italic, s y m b o l s a r e p l a c e d b e t w e e n t h e d i s t a n c e 

c a t e g o r i e s c h o s e n f o r c o m p a r i s o n . 

* Ρ < 0 · 0 0 1 . 

t Ρ < 0 · 0 1 . 

% Ρ < 0 · 0 5 . 

n . s . = n o t s i g n i f i c a n t . 

no significant advantage, in terms of food intake, from their dominant 
position. However, in areas where food was less abundant, they might 
have done so. The nature of the encounters ranged from fighting, 
through pig-grunting (Fossey, 1972b), to just staring, with occasional 
supplantings. If food sources were localized (e.g. a single bamboo 
clump), agonistic interactions were more severe and often involved 
more than two animals (cf. Recher and Recher, 1969—birds; Chalmers, 
1968b and Southwick, 1972—primates). 

8. I N T E R T R O O P A N D I N T E R P O P U L A T I O N V A R I A T I O N 

Group size, composition and diet differed between populations as well 
as between groups. If the parks were divided into two sections, each 
containing three of the six largest mountains, then the median group 
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size in the western section (study a rea location) was significantly larger 
t h a n tha t in the eastern section ( Ρ < 0 · 0 1 ) : in the western it was 10 
(range, 2 - 2 0 ; η =17) a n d in the eastern it was 5 (range, 2 - 9 ; η = 11) 
(Fossey, 1972b; H a r c o u r t a n d Groom, 1972; Groom, 1973). Schaller 
(1963) repor ted similar differences from samples in the two sections. 
T h e r e appea red to be less food a n d cover a n d more h u m a n intrusion in 
the eastern section t h a n in the western one. All three factors were 
possible causes of the smaller g roup size in the former. 

T h e m a i n componen t s of the gorillas' diet in the eastern section of the 
parks were b a m b o o , Pychnostachys, Vernonia, Cynoglossum a n d Basella 
(Donis thorpe, 1958; K a w a i a n d M i z u h a r a , 1962; Schaller , 1963). 
These species differ from those repor ted for the western section (see 
Section 3 .3 ; Schaller, 1963). Th i s in te rpopula t ion difference in diet is 
grea ter t h a n the in te rg roup difference shown in T a b l e I I I . I n addi t ion , 
differences be tween the ent i re V i r u n g a popu la t ion a n d o ther East 
African popula t ions were greater t h a n be tween the two V i r u n g a 
popula t ions (Schaller, 1963). A few of the differences did not a p p e a r to 
be associated wi th the different p lan t dis tr ibut ions, bu t were possibly 
" c u l t u r a l " i.e. the same species was present in two areas bu t ea ten in 
only one (Schaller, 1963). A few such differences have been observed 
wi th in the s tudy area . For example , Pychnostachys, a fairly common ly 
eaten sh rub in the eastern section of the parks in 1971 (pers. obs.) , was 
also found in g roup 5's range , bu t there were no signs of it ever hav ing 
been eaten. I t was ra re in g roup 4's r ange , bu t a juveni le was once seen 
to eat it. 

9. D ISCUSSION 

I n descriptions of activity pa t t e rns or feeding behav iour of groups or 
popula t ions , it has often been the pract ice to combine the records from 
all age/sex classes. T h e r e are , however , objections to such a p r o c e d u r e : 
it disguises differences be tween age/sex classes a n d gives misleading 
results if, as is usual , the different age/sex classes a re not equal ly 
represented, ei ther in the popula t ion or in the records because of their 
different visibilities (see Chalmers , 1968b; Aldrich-Blake, 1970b). I n 
addi t ion , the differences be tween even adjacent groups a n d popula t ions 
repor ted here enforces the po in t t ha t general izat ions based on the s tudy 
of only a few groups or popula t ions should no t be accepted wi thou t 
quest ion. Fossey (1974) described how one group 's in teract ions wi th 
o ther gorillas d is rupted t ha t group ' s n o r m a l r ang ing pa t t e rns . O u r d a t a 
on the r ang ing of newly formed groups—different from tha t of 
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established groups a n d the previous r ang ing of the new g roup m e m b e r s 
—demons t ra t e s again t ha t de t e rminan t s of r ang ing pa t t e rns , even of 
non- ter r i tor ia l species, should no t be sought only in te rms of avai lable 
resources, b u t also in te rms of social factors. S t ruhsaker (1974) makes 
the same p o i n t : he found tha t diversity of r ang ing pa t t e rns was 
corre la ted wi th frequency of in t e rg roup encounters . 

T h e m o n t a n e forest hab i t a t provides an a b u n d a n c e of food for 
folivores, especially those which , like the gorilla, eat bo th m a t u r e a n d 
young leaves. However , a possible inference from the fact t ha t some less 
c o m m o n , a n d less commonly ea ten , species were usually chosen over 
some more c o m m o n ones (p. 428) is tha t , were the r a re r m o r e c o m m o n , 
they would have been ea ten more . Th i s could imply tha t some foods 
were not , in fact, a b u n d a n t a n d t h a t an imals were being forced to eat 
less preferred i tems (see also e.g. Kle in , 1970). T h e above a r g u m e n t 
does no t app ly if the less ea ten species were chosen simply because of 
their relat ive novelty. 

Since n o analysis was m a d e of the chemical composi t ion of a n y p lan t , 
we can only assume t h a t the an imals selected p lants a n d p lan t par t s 
wi th the highest usable nu t r i en t content . T h e fact t ha t o ther herbivores 
a te some plants no t ea ten by gorilla suggests t h a t nu t r ien ts were present 
in those p lants , b u t were less economical ly usable by gorilla, pe rhaps 
because of the presence of an t inu t r i t ive substances (e.g. Gon tzea a n d 
Paraschiva , 1968) a n d / o r toxins (e.g. F ree land a n d J a n z e n , 1974). T h e 
plants ea ten by the gorilla were no t necessarily completely free of these 
substances, b u t concent ra t ions of t h e m migh t be expected to be low, 
since their b r eakdown requires energy (Free land a n d J a n z e n , 1974). 
Ano the r explana t ion is t ha t nu t r ien ts were present a n d usable in the 
u n e a t e n p lants , b u t the ea ten p lan ts con ta ined more useful a m o u n t s a n d 
combina t ions of t h e m . T h a t the la t ter exp lana t ion migh t sometimes be 
the case is suggested by the facts t h a t the gorilla occasionally a te small 
a m o u n t s of the very c o m m o n , b u t rare ly ea ten , species (e.g. Conyza), 
a n d t h a t some u n e a t e n species were ea ten in o ther areas (e.g. 
Pychnostachys). If the nu t r ien ts in the u n e a t e n p lants were total ly 
unusab le , it can be assumed t h a t the gorillas would no t eat t h e m . 
However , if they were only less usable t h a n in the more common ly ea ten 
plants , t hen it migh t be wor th the gorillas ' whi le occasionally to test the 
nut r i t ive va lue of the u n c o m m o n l y ea ten p lants (Free land a n d J a n z e n , 
ib id . ) . I f t he p lants were c o m m o n in the r ange a n d found to be va luab le , 
t hen the rewards of test ing would be great . 

Brambel l (1972) r epor ted t h a t gorillas, wh ich he t h o u g h t were pure ly 
herbivorous , do no t have a dist inct fe rmenta t ion c h a m b e r in their gut , 
so seemingly a re u n a b l e to synthesize a n u m b e r of essential nu t r ien ts 
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(among t h e m v i tamin B 1 2) t ha t are present in an ima l m a t t e r bu t no t in 
p lan t ma t t e r . T h e d a t a presented here show tha t gorillas do , in fact, ea t 
an ima l mat te r , del iberately a n d inadver tent ly , p robab ly in sufficient 
quant i t ies to provide a t least their v i t amin B 1 2 r equ i rements . D u n g 
was p robab ly ea ten too infrequently for this purpose (see O x n a r d , 
1969). 

Because member s of a g roup spend more t ime closer to each o ther 
t h a n do member s of a scat tered popula t ion , the former are potent ia l ly 
more severe compet i tors wi th each o ther t h a n are the lat ter , t h o u g h 
compet i t ion could be reduced if dispersion var ied wi th resource densi ty 
(Schoener, 1971). W h y , then , do gorillas live in relatively stable g roups? 
T h e r e are two m a i n lines of a rgumen t . First, food is a b u n d a n t enough 
for the d isadvantages of potent ia l increased compet i t ion to be overcome 
by the advantages of prolonged association. These migh t include, for 
example , advantages result ing from the socialization process (Poirier, 
1972), par t icular ly those result ing from play, which migh t m a k e a 
group-l iving an ima l bet ter able to survive a n d rep roduce t h a n a n o n -
group-l iving one ( though see Baldwin a n d Baldwin, 1973b). D e n h a m 
(1971) seems not to have taken these advantages in to account in his 
theory of social organiza t ion . This is pe rhaps w h y gorillas do not fit 
neat ly in to his scheme. For example , his predic ted adu l t sex ratios in the 
g roup (equal) a n d degree of sexual d imorph i sm (moderate) do no t 
agree wi th w h a t is found: 1 ma le to 1-5 females [or 1 : 2-3 if only 
fully m a t u r e males (silverbacks) are c o u n t e d ] ; a n d m a r k e d sexual 
d imorphism. T h e second a r g u m e n t is t ha t feeding efficiency is ac tual ly 
increased by group- l iv ing: (a) aggregat ions of feeding animals migh t 
indicate good food sources a n d so a t t rac t o ther animals (Krebs , 1974). 
Essentially, the searched a rea is increased, (b) Younger an imals 
( including adults) migh t benefit from the experience of older ones, no t 
only in the finding of ra re resources (Rowell , 1969; K u m m e r , 1971), bu t 
also in the finding of the best ones, (c) Vesey-Fitzgerald (1969, 1974) 
a n d Cody (1974a) have respectively shown tha t buffalo a n d finches can 
effect long- term regulat ion of movements to allow op t ima l regenera t ion 
of plants be tween visits. If gorillas lived in a scat tered popula t ion a t a 
similar density as a t present , they would have to live in extensively 
over lapping ranges, because ranges wi th little over lap would no t 
provide each an ima l wi th a sufficient var iety of food. Because of 
extensive range over lap, a t t empts a t such regula t ion by m e m b e r s of a 
scat tered popula t ion would be vi t iated by frequent uncoord ina ted visits 
to the a rea by other individuals . T h e advantages to g roup living would 
then be tha t only as member s of groups could the animals co-ordinate 
their movements to prevent unregu la ted visits to areas and , a t the same 
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t ime, to decrease over lap be tween ranges , a n d thus ensure t ha t the most 
used areas (perhaps the areas most susceptible to misuse) a re infrequent ly 
visited by s t range gorillas. T h e consequent advan t age of long- te rm 
assurance of a good food supply to g r o u p m e m b e r s would outweigh the 
d isadvantages of possible i m m e d i a t e compet i t ion caused by their feeding 
compara t ive ly close together . S. A. A l t m a n n (1974) po in ted ou t t ha t 
this i m m e d i a t e compet i t ion could be decreased if the an imals avoided 
one ano ther ' s feeding pa ths , by moving paral le l a n d in-l ine, a n d 
ma in t a in ing their dis tance from each other . Goril las, however , d id no t 
so move a n d therefore crossed each others ' feeding pa ths . For the gorilla, 
we do not th ink t h a t advan t age (a )—at t rac t ion to feeding aggregat ions 
— o p e r a t e s : first, there was no evidence t ha t it d i d ; a n d second, it would 
not be expected to do so, because the vegeta t ion is so dense t ha t 
differences in the sizes of aggregat ions are difficult to detect . W e can 
only suggest t ha t advan t age (b)—benefi t from experience of older 
an imals—opera tes , bu t there is evidence tha t advan t age (c)—co
ord ina ted regula t ion of movemen t—does (p. 439) . W e suggest, therefore, 
t ha t the m a i n advan tages to a gorilla in group-l iving are those tha t arise 
from, (i) the deve lopment of a n u m b e r of stable social relat ionships, 
a n d (ii) the co-ordinat ion of r ang ing pa t te rns to allow opt imal resource 
use. 

10. S U M M A R Y 

1,2. T h o u g h informat ion from a n u m b e r of groups is presented, most 
of it is from two groups , which var ied from n ine to 16 member s . 

3 .1 . Ra re ly were all par t s of a n y p l an t ea ten , a n d p repa ra t i on 
techniques var ied accord ing to the pa r t , r a the r t h a n the species. 

3.2. T h e gorillas were d iu rna l . T h e y t ended to have m o r n i n g a n d 
afternoon travel-feeding per iods separa ted by a m i d d a y rest ing per iod. 
Groups spent a b o u t 2 5 % of the d a y feeding. C l imate affected activity 
pa t t e rns . 

3.3. T h e gorillas were selective in the choice of their diet of 42 p l an t 
species; grubs , gorilla d u n g a n d wa te r were also c o n s u m e d ; no 
cul t ivated p lants were ea ten . Seventy per cent of feeding t ime was spent 
on 7 % of the diet ( three species). Leaves, shoots, a n d stems formed 
8 5 - 8 % of the d ie t ; fruits only 1*7%. Differences be tween groups in the 
a m o u n t of t ime spent feeding on cer ta in foods were re la ted to differences 
in the a m o u n t s of those foods be tween their ranges . Ind iv idua ls usually 
did no t eat all food species avai lable a t any one spot, a n d they showed 
preferences for a few of the less c o m m o n l y ea ten species. Animals often 
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moved to new feeding areas w h e n there was still seemingly a b u n d a n t 
food in their previous area . I t is suggested tha t the move ma in t a ined 
efficiency of collection, p revented overcropping, a n d s t imula ted 
regenerat ion. Gorillas buil t most of their nests from non-food p lan t 
species, p robab ly because food species m a d e unsui table nest ing mater ia l . 

4. T h e r e was seasonal var ia t ion in rainfal l ; correla ted var ia t ions in 
the diet were p resumably due to chang ing nut r i t iona l quali t ies in the 
vegetat ion, a l though b a m b o o shoots were the only food i tems which 
obviously changed in a m o u n t t h rough the year . 

5. Silverbacks spent the most t ime eat ing, infants the least, a n d the 
other four classes were in te rmedia te . I m m a t u r e s spent more of their 
feeding t ime u p trees t h a n did adul ts . T h e r e were differences be tween 
classes in their diets ; it is suggested t ha t the different diets a n d feeding 
sites of adul ts a n d immatu re s migh t have ma in t a ined a low level of 
compet i t ion be tween them. 

6. T h e gorillas lived in over lapping h o m e ranges ; core areas were 
seldom entered by s t range gorilla, t hough there was no overt terr i torial 
defence. Yearly range sizes var ied wi th t ime a n d place, and shifted from 
year to year . I n the s tudy area, they were 4 - 8 k m 2 ; in o ther areas, 
pe rhaps u p to 25 k m 2 . I t is suggested tha t some previous figures of r ange 
sizes were overest imates. M o n t h l y range sizes of established groups 
var ied propor t ionate ly to g roup size, bu t newly formed groups h a d 
a b n o r m a l ranges. Lone silverbacks h a d mon th ly ranges as large as those 
of established groups. M e d i a n day journeys of groups a n d lone silver-
backs varied from 100 m to 2*5 km, bu t were mostly a b o u t 400 m. I n 
some other areas, day journeys were usually abou t 1 km. T h e h o m e 
range was used u n e q u a l l y — 5 0 % of the t ime in 1 7 % of the r a n g e — a n d 
the most used par ts (core areas) offered the best combina t ion of food 
a n d safety. R a n g i n g pa t te rns were p robab ly rela ted to food dis t r ibut ion, 
bu t usually not overtly so; they were sometimes obviously re la ted to 
social factors. 

7. Feeding individuals stayed further from their ne ighbours t h a n d id 
non-feeding ones, a n d feeding adul ts stayed further apa r t t h a n d id 
feeding immatu res . Agonistic encounters over food were so ra re t h a t 
status could rarely be re la ted to priori ty to food. 

8. I n addi t ion to m u c h in te r t roop var ia t ion (ment ioned t h r o u g h o u t 
the chap te r ) , there was in te rpopula t ion var ia t ion . For example , the 
m e d i a n g roup sizes (10 a n d 5) in two sections of the pa rk were 
significantly different. T h e smaller g roup size could be re la ted to a 
poorer hab i ta t . In t e rpopu la t ion differences in diet were main ly due to 
different food distr ibutions, bu t some migh t have been cul tura l . 

I f misleading general izat ions abou t g roup activity pa t te rns a n d diets 
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are to be avoided, s tudents should take in to account , (a) differences 
be tween age/sex classes, a n d (b) differential representa t ion of the classes 
in the records. I n addi t ion , since even adjacent groups m a y differ 
marked ly , general izat ions a b o u t popula t ions mus t be based on the s tudy 
of a n u m b e r of groups . Because r ang ing pa t t e rns a re affected by social 
factors, these, as well as resource dis tr ibut ions, should be considered in 
studies of r ang ing behaviour . T h o u g h gorillas lack a dist inct fe rmenta t ion 
c h a m b e r , and , therefore, c anno t synthesize some nut r ien ts t h a t a re 
found in an ima l mate r ia l only (e.g. v i t amin B 1 2) , we suggest t h a t they 
eat enough grubs to offset the lack. Preferences shown by the goril la for 
a few of the less c o m m o n , a n d less c o m m o n l y ea ten , species over t he 
m o r e c o m m o n ones migh t indica te t ha t the preferred species were in 
short supply, unless they were preferred simply because of their re lat ive 
novelty. I t is suggested t ha t the advan tages to gorillas of g r o u p l iving a re 
ma in ly those t ha t arise from (a) the deve lopmen t of a n u m b e r of s table 
social relat ions, a n d (b) co-ordina t ion of r ang ing pa t t e rns to al low 
op t ima l use of resources, par t icu lar ly in te rms of s t imula t ion a n d 
m a i n t e n a n c e of op t ima l g rowth of food p lants . 
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1. INTRODUCTION A N D M E T H O D S 

1.1. Introduction 
T r u e " m o u n t a i n gor i l las" {Gorilla gorilla beringei) a re found only in two 
regions of cent ra l Afr ica—the V i r u n g a volcanoes a n d the K a h u z i region 
(Groves, 1970). T h e r ange of the V i r u n g a gorillas is d o m i n a t e d by large 
areas of Hagenia-Hypericum wood land (Robyns , 1947) (Spinage, 1972) 
which was m u c h more extensive unt i l recently. T h e r ange of h a b i t a t 
occupied by the K a h u z i gorillas, a n d t ha t of Gorilla gorilla grauen 

28° 30' 29°30' 

FIG. 1. Geograph ic regions a n d s tudy areas . 
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(Groves, 1970), is far more var iab le a n d is p robab ly m o r e similar to the 
ha b i t a t occupied by gorillas d u r i n g the Pleistocene w h e n m o n t a n e forest 
covered all areas over 500 m. This p a p e r is concerned wi th the feeding 
a n d r ang ing behav iour of one g r o u p of Gorilla gorilla beringet which 
inhabi t s the T s h i b i n d a - K a h u z i region of Za i re . 

1.2. Study Area 
T h e m a i n s tudy a rea was a r o u n d T s h i b i n d a in the Kahuz i -Biega 
Na t iona l Park . Th is lies approx ima te ly 100 k m south-west of the 
V i r u n g a volcanoes a n d is in t he K ivu province of Za i re (Fig. 1). T h e 
a l t i tude of the s tudy a rea was 2000-2500 m a n d the te r ra in consisted of 
m a n y hills covered in var ious subtypes of m o n t a n e forest. Several large, 
flat areas were covered by Cyperus swamps . T e n n a t u r a l vegeta t ion types 
were recognized ( L a m b i n o n , M a r i u s et al., pers. c o m m . ) . These a re 
listed in T a b l e I together wi th d a t a on a l t i tude a n d d o m i n a n t species. 
A n eleventh vegeta t ion type—cul t iva t ion—was also recognized. Th i s 
borde red the s tudy a rea a long its eastern b o u n d a r y a n d consisted of tea 
a n d coffee p lan ta t ions together wi th crops of beans , pota toes , b a n a n a s , 
man ioc a n d maize . 

Addi t iona l no tab le n a t u r a l vegeta t ion inc luded t ree ferns (Cyathia 
manniana) on wet slopes a m o n g the p r i m a r y forest regions ; Usnea l ichen 
was c o m m o n on m a n y trees in the p r i m a r y m o n t a n e forest—especially 
near the s w a m p s ; Myrianthus holstii trees were found in localized pa tches 
amongs t a mix tu re of old secondary /p r imary forest wi th in the s tudy 
areas . L a r g e areas of ferns Pteridium africanum were also preva len t , 
especially in regions which h a d been repea ted ly b u r n e d a n d cleared for 
cul t ivat ion. Such areas were most extensive on the south-western 
borders of the p a r k n e a r the village of Nyaka longe . Vege ta t ion types 
1-6 (inclusive) a re primary forest types while vegeta t ion types 7-10 
(inclusive) a re secondary vegeta t ion types. 

T e m p e r a t u r e records a t Lwi ro ( 1 6 8 0 m ) show a m e a n m i n i m u m 
value d u r i n g the per iod 1953-70 of 12-4° C, a n d a m e a n m a x i m u m 
va lue of 24-6° C. T e m p e r a t u r e records a t the highest s tat ion, M t 
Bukulumisa (2100 m ) , d u r i n g 1971 show a m i n i m u m va lue of 9-9° C 
a n d a m a x i m u m va lue of 19*2° C. D u r i n g the same per iod the relat ive 
humid i t y var ied be tween 4 6 % (at 15.00h in August) a n d 8 2 % (at 6.00h 
in M a y ) . T h e a m o u n t of prec ip i ta t ion increases wi th increased a l t i tude , 
from an a n n u a l m e a n from 16 years of 1590 m m a t Lwiro , to one of 
app rox ima te ly 2300 m m per year in the region of M t Bukulimisa. Mos t 
r a in fell in M a r c h / A p r i l a n d in S e p t e m b e r - D e c e m b e r (Meteorological 
r e c o r d s — I R S A C , Lwiro) . 
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1.3. Field Methods 
D a t a were collected from trai l signs a n d direct observat ion on bo th 
u n h a b i t u a t e d a n d hab i t ua t ed gorillas (Goodal l , 1974). Par t i cu la r family 
groups were s tudied over periods r ang ing from one to seven m o n t h s — 
the longest per iod being spent wi th one g roup in the Tsh ib inda area , 
a n d this became the " m a i n s tudy g r o u p " . I t was composed of one 
silverback male , one blackback/si lverback male , th ree b lackbacked 
males, four adu l t females, th ree subadul t s (unknown sexes), two 
juveni les , five infants, plus one semiper iphera l silverback male . A t t he 
s tar t of the s tudy the g roup h a d been par t ia l ly h a b i t u a t e d by in t e rmi t t en t 
contacts m a d e by Mons ieur Adr ien Deschryver (Conse rva teu r—Pare 
Na t iona l d u Kahuzi-Biega) d u r i n g the previous three years. T h e g r o u p 
was followed by the present au thor , a lmost on a day- to-day basis, d u r i n g 
A p r i l - O c t o b e r (1972). 

Each day 's trai l m a d e by the g roup du r ing the s tudy per iod was 
followed a n d paced . If a day was missed from field work then the ent i re 
gorilla t rai l—from the place they were last seen to their present 
posi t ion—was followed a n d recorded the next day . I n this way 209 of 
the total 213 d a y journeys were recorded accurate ly . Fou r further trails 
in the b a m b o o forest were so criss-crossed tha t it was impossible to 
record their exact rou te . T h e locat ion of all 213 night nest-sites was also 
recorded. T h e goril las ' dai ly routes were carefully m a p p e d on to a 
t r anspa ren t overlay super imposed u p o n stereoscopic aerial pho tog raphs 
of the s tudy a rea (scale 1 : 28 000). Th is m e t h o d enab led the locat ions 
to be p in-poin ted usually to wi th in 100 m on the g round . T h e dai ly 
routes were later t ransposed on to detai led vegeta t ion m a p s (scale 
1 : 28 000). These were divided in to one-cent imet re square q u a d r a t s 
(280 χ 280 m on the g round) for the purposes of ca lcula t ing the h o m e 
r ange sizes of the m a i n s tudy g roup a n d the relat ive cover of the var ious 
vegeta t ion types wi th in the h o m e range , T a b l e H a . T h e n u m b e r of visits 
pa id to each vegeta t ion type by the g roup t h roughou t the s tudy per iod 
was recorded daily, a n d mon th ly summar ies were p repa red , T a b l e l i b . 

Prolonged visual contacts wi th the g r o u p (i.e. of more t h a n 15 
minutes dura t ion) were not possible each day . This was d u e ma in ly to 
the problems, a n d the real dangers , involved in m a k i n g extremely close 
con tac t wi th par t ia l ly h a b i t u a t e d gorillas in areas of dense vegeta t ion. 
D u r i n g the seven-month period, 103 pro longed visual contacts were 
m a d e provid ing 273-4 hours of deta i led observat ion t ime as follows: 

Apr i l 41-24 h r (11) ; M a y 50-19 h r (16) ; J u n e 39-33 h r (17) ; J u l y 
50-07 h r (13) ; Augus t 38-06 h r (17) ; Sep t ember 30-33 h r (13) ; 
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TABLE II 
(a) The relative percentage cover of each vegetation type (1-11) in the home range 

of the main study group (Tshibinda-Kahuzi) 

P r i m a r y v e g e t a t i o n S e c o n d a r y v e g e t a t i o n 
t y p e s t y p e s 

1 2 3 4 7 8 9 10 11 

% c o v e r i n 
h o m e r a n g e 11-8 5-8 2-1 11-6 62-6 0-2 3-1 2-8 0 

(31-3) (68-7) 

(b) The numbers and percentages of crossings of each vegetation type within the home range area of 
the main study group 

N o s . p r i m a r y v e g e t a t i o n S e c o n d a r y v e g e t a t i o n 

M o n t h /o 1 

t y p e s 

2 3 4 7 8 

t y p e s 

9 10 11 T o t a l s 

A p r . n o . 8 1 2 3 2 9 0 0 12 0 5 5 

/o 14-5 1-8 3-6 5-5 52-7 0 0 21-8 0 
M a y n o . 3 2 2 2 31 3 0 15 0 5 8 

o/ /o 5-2 3-4 3-4 3-4 53-4 5-2 0 25-9 0 
J u n e n o . 2 4 5 9 13 2 6 2 1 2 0 0 100 

/o 24-0 5-0 9-0 13-0 26-0 2-0 1-0 20-0 0 
J u l y n o . 18 2 1 6 31 4 3 22 1 8 8 

/o 20-5 2-3 1-1 6-8 35-2 4-5 3-4 25-0 0-2 
A u g . n o . 2 4 8 9 14 2 9 4 2 19 0 109 

/o 22-0 7-3 8-3 12-8 26-6 3-7 1-8 17-4 0 
S e p t . n o . 2 6 21 12 21 2 5 0 0 8 0 113 

/o 23-0 18-6 10-6 18-6 22-1 0 0 7-1 0 
O c t . n o . 2 4 31 1 19 27 0 0 5 0 107 

/o 22-4 29-0 0-9 17-8 25-2 0 0 4-7 0 
T o t a l s 20-2 11-1 5-7 12-4 31-4 2-1 1-4 16-0 0-2 (630) 

/o (49-4) (51-1) 
(630) 

O c t o b e r 23-35 h r (16) (N.B. the n u m b e r in brackets refers to the 
n u m b e r of pro longed visual contacts , n u m e r o u s o ther brief encounters 
a re not i nc luded) . 

P lan t samples were identified a t the h e r b a r i u m in I R S A C (Lwiro) . 
Those in t ended for nu t r i t iona l analysis were dr ied for several hours a t 
96° C, cooled in a desiccator a n d t hen sealed in separa te po ly thene bags. 
T h e y were la ter analysed for c rude fibre conten t , to ta l n i t rogen a n d 
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gross energy content . M o n t h l y summar ies of all d a t a were p r e p a r e d a n d 
the feeding a n d rang ing behaviour of the gorillas were analysed in 
relat ion to these (Goodall , 1974). 

2. FEEDING BEHAVIOUR 

2.1. Dietetic Diversity 
At least 104 food plants , compris ing 42 families, were ea ten by gorillas 
of the two Kahuzi -Biega s tudy areas. O n l y two of these lacked personal 
verification (they were po in ted ou t by pygmy t rackers) . T h e r e m a i n d e r 
were either observed to be ea ten or found as food r e m n a n t s on the 
gorilla trail , or bo th . T h e m a i n s tudy g roup a te over 160 par ts of at least 
78 of the known food plants in the Tsh ib inda area . T h e complete list of 
food items comprises 33 vines, 25 herbs , 20 trees, 13 shrubs, six grasses, 
four ferns a n d three semiparasi tes. F u r t h e r details, inc luding a comple te 
species list, a re given in Goodal l (1974). F r o m d a t a collected via t rai l 
signs a n d visual sightings the food plants were given a ra t ing for degree 
of relative impor t ance in the diet a n d classified in to the following 
g roups : 

1. Main food items 

2. "Preferred"food 
items 

3. Occasional food 
items 
(** a n d ***) 

4. Rarely eaten food 
items 
(*) 

5. Seasonal food 
items 

Plants wi th a wide a n d plentiful dis t r ibut ion, ea ten 
t h roughou t the year bu t wi th some seasonal var ia
t ion in a m o u n t , e.g. Urera hypselodendron, Basella 
alba, Taccazafloribunda. 
Plants wi th a very pa t chy dis t r ibut ion, often r a r e ; 
these are almost always ea ten w h e n they are 
encountered , usually in grea t quant i t ies , e.g. 
Achyrospermum omicranthum, Galineria coffeoides, Coffea 
sp., a n d species of semiparasi t ic Loranthus. 
Plants which m a y have ei ther a wide or a pa t chy 
dis t r ibut ion bu t m a y or m a y not be ea ten w h e n 
encountered , e.g. Hypoestes sp., Piper capense, Hagenia 
abyssinica. 
Plants wi th var ied dis t r ibut ion bu t only seen to be 
ea ten on one or two occasions, e.g. Albizzia 
gummifera, Sericostachys scandens, Begonia sp., Dombeya 
goetzenii. 
Plants which a re ea ten in large quant i t ies w h e n 
they become seasonally a b u n d a n t , e.g. fruits of 
Myrianthus holstii a n d Syzygium guinense, b a m b o o 
shoots (Arundinaria alpina). 
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Al though the m a i n s tudy g r o u p h a d oppor tuni t ies to eat eggs or 
helpless chicks of several species of birds, I found no ind ica t ion t h a t 
these were ever ea ten . I n fact on several occasions in tac t eggs a n d squabs 
were found on or a t t he side of the t rai l left by feeding gorillas. Whi l e 
ch impanzees in the s tudy a rea frequent ly d u g open the u n d e r g r o u n d 
nests of Trigona bees a n d a te honey, g rubs a n d adu l t bees, the gorillas 
were seen to pass nea r to, a n d even over, nests of these stingless bees 
wi thou t a t t e m p t i n g to feed. N o traces of a n i m a l m a t t e r of a n y k ind were 
ever found in the m a n y samples of d u n g which were analysed. 

2.2. Foraging and Feeding Techniques 
I n genera l the g r o u p was spread ou t while foraging, the m a x i m u m 
spread d e p e n d i n g u p o n the local vegeta t ion types a n d the food i tems 
being ea ten . W h e n feeding on Ensete sp. ( the wild b a n a n a ) most of the 
g roup concen t ra ted a r o u n d one or two of these large trees for periods u p 
to one or two hours unt i l the p l an t was almost complete ly demol ished. 
Whi le foraging in ei ther old secondary forest or b a m b o o forest, the 
g roup often spread ou t over distances of u p to 200 m, a n d sometimes 
split in to two subgroups . 

Animals from the m a i n s tudy g roup were seen to feed in almost every 
conceivable posit ion, from sit t ing on the g r o u n d to h a n g i n g in the trees 
by one foot a n d one h a n d , pa r t ly ups ide-down a n d any th ing u p to 40 m 
above the g round . T h e feeding pos ture adop t ed was great ly influenced 
by the food i tem being consumed a n d the local vegeta t ion type . For 
example , the herbaceous vine Basella alba, one of the m a i n food i tems in 
Kahuzi -Biega , usually occur red in grea t quant i t ies in open areas 
associated wi th Pteridium ferns a n d o ther low herbaceous g rowth . 
Gorillas would typically sit d o w n , reach ou t wi th one or bo th hands a n d 
pul l in pa tches of this vine which were en tangled in the n e a r b y 
vegeta t ion. Leaves were then e i ther b i t ten off direct ly or a n u m b e r were 
collected m a n u a l l y a n d then p laced in the m o u t h . T h e leaves of m a n y 
vines, par t icu lar ly Urera hypselodendron, were collected by rap id ly pul l ing 
the stem be tween c lenched fingers a n d the resul t ing b u n c h was t hen 
ea ten (cf. Casimir , 1975) a l though sometimes they were discarded a n d 
only the ba rk was ea ten . Th i s behav iour emphasizes the impor t ance of 
visual verification of all food i tems, for m a n y can easily be missed by 
rel iance on t rai l signs a lone. Feed ing an imals sometimes stood bipedal ly 
to reach u p a n d pul l d o w n low h a n g i n g vines from nea rby shrubs. 
W h e n feeding intensively the gorillas often pushed leaves rap id ly in to 
the m o u t h wi th one h a n d while collecting more wi th the o ther h a n d . 
T h e ba rk of woody vines such as Urera hypselodendron was ei ther b i t ten off 
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directly wi th the incisor teeth or scraped off while the vine was pul led 
between clenched teeth. La rge quant i t ies were ea ten by all gorillas 
except suckling infants. 

A marked vertical d is t r ibut ion of feeding animals was often observed, 
especially in secondary forest regions, wi th the largest silverback usually 
feeding on the g r o u n d a n d the rest of the g roup feeding above g round . 
Some independen t infants c l imbed highest (up to 40 m ) , while juveni les 
were seen to c l imb higher t h a n females, a n d the females h igher t h a n 
males—though one very large b lackbacked (almost si lverbacked) ma le 
was frequently seen at heights of u p to 35 m. However , w h e n feeding on 
the leaves of semiparasi t ic Loranthus sp. or the fruits of Myrianthus or 
Syzygium, all an imals were seen to c l imb a n d even the largest silver-
backed male , w h o must have weighed at least 200 kg, was seen to c l imb 
over 20 m h igh—even a m o n g hang ing vines. 

O n l y a few herbaceous plants such as Rubia cordifolia, Galium simense, 
three species of epiphyt ic ferns, a n d possibly a few herbaceous vines on 
occasions, were seen to be eaten in their entirety. Pa r t or par ts of o ther 
food plants , such as leaves—especially u p p e r leaves a n d growing t i p s— 
bark , flowers, fruits, shoot, root, p i th a n d even d ry wood, were con
sumed in vary ing quant i t ies . Whi le only one p a r t was ea ten from the 
majori ty of food plants , three or four par t s were ea ten from some of the 
m a i n food i tems. T h e gorillas used their hands , lips, teeth a n d j aws in 
extremely well co-ord ina ted movements in order to collect, p r epa re a n d 
ingest food i tems r ang ing from t iny succulent fruits to tough fibrous ba rk 
or p i th from m a t u r e trees. Detai led descriptions of the feeding tech
niques used to deal wi th this wide var iety of food i tems are given by 
G o o d a l l ( 1 9 7 4 ) . 

Drinking. T h e gorillas of the m a i n s tudy g roup appa ren t ly ob ta ined 
most, if not all, of their wa te r requ i rements from the herbs a n d vines 
which were ea ten du r ing the ra iny season; from the ju icy Myrianthus 
holstii fruits a n d the sa tu ra ted leaf bases of Cyperus latifolius du r ing the 
d ry season; from b a m b o o shoots du r ing the la t ter wet p a r t of the year 
a n d from the p i th of wild b a n a n a s a t various t imes t h roughou t the year . 
However , on several occasions trai l signs, especially in the swamps 
d u r i n g the d ry season, strongly indica ted t ha t gorillas h a d pul led 
vegetat ion aside to expose a small s t ream or trickle of water . O n two 
separa te occasions member s of the m a i n s tudy g roup were seen to lick 
dew from nea rby leaves while they were still in the nests early in the 
morn ing . W h e n feeding on the p i th of the wild b a n a n a (Ensete sp.) the 
gorillas were seen to ingest large amoun t s of the copious cell-sap present 
in this food i tem. 
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2.3. Nutritive Values of Vegetation Samples 

A variety of vegetation collected from many parts of the study area was 
analysed for nutritive values in terms of gross available energy and 
protein. The results for 39 items known to be eaten by the study gorillas 
revealed gross energy values ranging from 1467-2472 kj/100 g (dry 
matter) and crude protein values from 2*18-47-68 g/100 g (dry matter). 
The percentage of crude fibre in 22 of these samples ranged from as low 
as 7-41% (in new bamboo shoots) to as high as 43-07% (see Table III). 
The mean nutritional values of the remaining 28 samples showed no 
significant differences, in terms of gross available energy and protein, to 
the known food plants (t-test). These plants appeared to be as readily 
available as known food items—in many cases growing with them in 
mixed stands. Some were eaten by Pan troglodytes and several species of 
Cercopithecus. Although no crude fibre analyses were carried out on these 
samples it seems unlikely that these were significantly different from 
known gorilla food items. 

It is obvious that whatever the gorillas actually gain from their food, 
in terms of both energy and protein, will depend not only on their 
intrinsic availability in various food items but also on the efficiency of 
the gorilla digestive system. Therefore, in order to arrive at what 
Mitchell (1964) calls "the truly metabolizable" energy of a diet, i.e. net 
available, various debits have to be made from the gross available values 
owing to losses via indigestibility, urine and the specific dynamic action 
(SDA) of a given ration. 

According to Dr T. Lawrence (pers. comm.) the losses due to these 
three factors are generally in the order of 70-80%, 5-10% and 15-20% 
respectively. Unfortunately it was impossible to collect accurate data on 
each of these losses for free-living gorillas, and no animals were available 
in captivity which were feeding on a "wild-type" diet. However, an 
attempt has been made (Goodall, 1974) to estimate values of the net 
available energy (and protein) in the plant samples from Kahuzi. 

There is a high negative correlation between the digestibility of 
vegetable diets and their crude fibre content. Regression curves of these 
relationships for various farm animals are given by Mitchell (1964). 
Since pigs are animals of comparable size to gorillas, and also are 
non-ruminants, it was decided to use the regression curve given for these 
animals in order to estimate the digestibility values of some of the 
Kahuzi plant samples. By this method it was found that they varied 
from as high as 84% digestibility in bamboo shoots and the leaves of the 
herbaceous vine Basella alba, to as low as 38% for the leaves of Smilax 
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kraussiana. Assuming tha t these losses due to indigestibil i ty were equa l to 
7 0 % of the total losses, further al lowances were m a d e for u r ina ry losses 
of 1 0 % , a n d those due to S D A of 2 0 % . Finally, deduct ions for such to ta l 
losses were m a d e from the gross avai lable values for each p lan t sample . 
T h e result ing estimates of net avai lable metabol izab le energy a n d 
pro te in are listed in T a b l e I I I . 

2.4. Theoretical Nutritional Requirements and Estimates of 
Possible Intakes of the Study Animals 
Since d a t a are avai lable on bo th the energy a n d prote in values of all the 
m a i n food i tems of the s tudy gorillas, a n d also of m a n y minor food i tems, 
it is possible to speculate on the dai ly intakes of the s tudy animals a n d 
re la te this to their theoret ical nu t r i t iona l requ i rements . 

T h e total wet weight in take of food per d a y was es t imated for var ious 
age/sex classes of the s tudy animals . Based on calculat ions m a d e from 
the daily d u n g ou tpu t , the wet weight intakes for an adu l t silverback 
ma le a n d an adu l t female gorilla were es t imated to be 30 a n d 18 kg pe r 
d a y respectively (Goodall , 1974). Calculat ions of dai ly intakes based on 
direct observations of animals feeding on single food i tems, such as 
b a m b o o shoots a n d Myrianthus fruits, for pro longed periods of t ime 
indica ted tha t the est imations based on d u n g o u t p u t were realistic ones. 

Since it would obviously be impossible to s imulate the ac tua l dai ly 
" m e n u " of the s tudy animals the energy a n d prote in values for two very 
simplified versions have been worked out as shown in T a b l e I V . 

I t can be seen tha t equal propor t ions of th ree m a i n food i tems, Basella 
(leaves) a n d Urera (bark a n d leaves), would yield some 45 530 k j a n d 
560 g pro te in /30 kg wet weights. A similar a m o u n t of b a m b o o shoots 
will yield slightly less energy i.e. 44 220 k j bu t doub le the a m o u n t of 
prote in a t 1104g . T h u s , these a re possible net available values for an 
adu l t weighing some 200 kg. T h e relat ionship be tween body weight a n d 
basal metabol ic ra te ( B M R ) is discussed by Brody (1945) w h o suggests 

B M R = 7 0 ^ r ° - 7 5 kca l /day ( W = w t in kg) . 

I n a s tudy of 120 species of zoo animals , Evans a n d Mil ler (1968) found 
t ha t the vo lun ta ry calorie intakes were almost exactly twice t ha t 
requ i red for basal metabol i sm. Examina t ion of T a b l e I V shows tha t the 
es t imated ne t avai lable energy for bo th a 200 kg an ima l a n d a 100 kg 
a n i m a l (equivalent to an adu l t ma le a n d an adu l t female goril la 
respectively) a re almost th ree t imes the theoret ical ly predic ted value for 
their basal metabol ic ra te . R e g a r d i n g prote in levels, Bilby (1968) refers 
to a figure of 1 g pro te in per kg body weight per d a y being a useful 
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TABLE IV 
Simplified menus for (Ä) = 200 kg animal and (Β) =100 kg animal, to show the nutritive 

values of each 

N e t N e t 
W e t w e i g h t D r y w e i g h t A v a i l a b l e a v a i l a b l e a v a i l a b l e 

of i n t a k e of i n t a k e w a t e r e n e r g y p r o t e i n 
F o o d i t e m ( in kg) ( in kg) ( in l i t res) ( in k j ) ( in g) 

(A) 2 0 0 k g a n i m a l (i) T h r e e t y p i c a l m a i n food i t e m s e a t e n i n s e c o n d a r y forest a r e a s 

Basella ( leaves) 10-0 1-0 9-0 13 9 1 0 3 0 0 

Urera ( leaves) 10-0 1-5 8-5 16 6 2 0 180 

Urera ( b a r k ) 10-0 3-0 7-0 15 0 0 0 9 0 

T o t a l s 30-0 5-5 24-5 4 5 5 3 0 5 7 0 

(ii) B a m b o o shoots— - e a t e n a l m o s t exc lus ive ly w h e n i n s e a s o n 

B a m b o o (shoots) 20-0 2-0 18-0 2 9 4 8 0 736 

B a m b o o (shoots) 30-0 3-0 27-0 4 4 2 2 0 1104 

*cf. T h e o r e t i c a l l y p r e d i c t e d v a l u e s for a 2 0 0 k g a n i m a l / d a y = (15 5 6 0 B M R ) (200) 

(B) 100 k g a n i m a l (i) T h r e e t y p i c a l m a i n food i t e m s e a t e n i n s e c o n d a r y forest a r e a s 

Basella ( leaves) 6-0 0-6 5-4 8 3 4 6 180 

Urera ( leaves) 6-0 0-9 5-1 9 9 7 2 108 

Urera ( b a r k ) 6-0 1-8 4-2 9 0 0 0 108 

T o t a l s 18-0 3-3 14-7 27 3 1 8 3 9 6 

(ii) B a m b o o s h o o t s — e a t e n a l m o s t < exclusively w h e n in s ea son 

B a m b o o (shoots) 18-0 1-8 16-2 2 6 352 6 6 2 

*cf. T h e o r e t i c a l l y p r e d i c t e d v a l u e s for a 100 k g a n i m a l / d a y = (9252 B M R ) (100) 

Compare 

" G u y " — 2 2 0 k g a d u l t m a l e go r i l l a i n L o n d o n Z o o 
r e c e i v e s / d a y ( N . B . gross v a lue s ) 2 8 0 6 0 222 

A 2 0 0 k g p i g r e c e i v e s / d a y ( N . B . gross v a lue s ) 30 2 0 6 117 

guide to the protein requirements of man. It can be seen from Table IV 
that the figures for net available protein for both 100 and 200 kg 
animals are between three and six times greater than this theoretical 
value. 

It must be stressed here that the gorillas could do even better than 
these simplified estimates by eating more leaves of Basella alba or other 
similarly highly digestible items with high gross nutritive values. 
Examples of alternative food items like this would be the leaves of Piper 
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capense a n d Achyrospermum omicranthum, bo th of which are listed as 
"p re fe r red" food i tems, i.e. found only in some areas bu t usually ea ten 
whenever found. I n addi t ion all gorillas were seen to choose main ly the 
u p p e r leaves a n d growing tips of almost all food i tems. T h u s they would 
get h igher values t h a n indica ted from the p lan t samples which were 
analysed since I was frequently forced to collect older leaves from some 
plants in order to have sufficient for analysis. 

All animals have addi t ional energy requ i rements to those for B M R 
i.e. g rowth = 2 -3 χ B M R (Abrams, 1968) e.g. m o v e m e n t a n d lac ta t ion 
[ though lac ta t ing females m a y well increase their food in take (Abrams , 
1968)]. I t would a p p e a r from the analyses t ha t the herbivorous diets of 
the K a h u z i gorillas provide ample energy a n d prote in to meet these 
requi rements . I n par t icu lar , the a n n u a l new shoots of b a m b o o have 
high prote in levels. Since these are ea ten in vast amoun t s du r ing 
Sep t ember /Oc tobe r it is possible t ha t the gorillas bui ld u p reserve 
energy a n d fat levels from this i tem. I n t u rn this m a y influence the 
periodici ty of b i r ths—but unfor tunate ly no evidence is avai lable to 
confirm or deny this possibility. 

O n e further aspect of the nut r i t iona l habi ts of free-living gorillas is 
t ha t they appa ren t ly rarely dr ink free-standing water . I t can be seen 
from the d a t a presented in T a b l e I V tha t an adu l t silverback male gets 
be tween 24 a n d 27 litres of wa te r per d a y from 30 kg of food a n d an 
adu l t female gets 15 to 16 litres from 18 kg of food. Analysis of the d u n g 
showed tha t it conta ined approximate ly 8 0 % wate r (possibly 9 0 % 
w h e n they were feeding on young b a m b o o shoots). Therefore, if we 
assume for an adu l t male t ha t approx imate ly 4 litres are lost per day in 
the dung , a further 4 litres in ur ine losses a n d 2 litres in evapora t ion 
losses, he still has some 14-17 litres of wa te r avai lable for metabol i sm. 
I n these circumstances it is ha rd ly surprising tha t they only rarely dr ink 
free-standing water . 

3. FEEDING A N D R A N G I N G BEHAVIOUR 

3.1. Home Range Size and Day Journey Length 
D u r i n g the seven-month per iod (Apr i l -Oc tobe r inclusive) the m a i n 
s tudy g roup were found to visit 256 quad ra t s wi th in the s tudy area . A 
further 32 quad ra t s , which h a d not been visited bu t were su r rounded by 
o ther quad ra t s which had , were inc luded in the final h o m e range total 
of 288 quad ra t s—or 22-6 k m 2 . However , in the hilly te r ra in of this 
region a correct ion factor of χ 1-5 was appl ied (Goodall , 1974, p . 191), 
giving a final value of 34 k m 2 . This is smaller t h a n the 40 -50 k m 2 
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suggested by Casimir a n d B u t e n a n d t ( 1 9 7 3 ) a for a ne ighbour ing g r o u p 
in the M t K a h u z i region, b u t considerably larger t h a n the h o m e r ange 
estimates for gorillas in o ther regions, such as those given by Schaller 
( 1 9 6 3 ) , bG o o d a l l (1971), J o n e s a n d Saba te r Pi (1971) a n d Fossey (1974). 

D u r i n g the seven-month s tudy per iod the trails left by foraging a n d 
w a n d e r i n g animals took every conceivable form, consisting of s t ra ight 
lines, zig-zags, curves a n d even ellipses a n d circles. I n consequence the 
straight- l ine internest distances were often considerably less t h a n the 
ac tua l d a y j o u r n e y of the g roup . E a c h day ' s t rai l was different. 
Occasional ly the g roup followed old e lephan t t racks, a n d even m o r e 
recent poacher ' s pa ths , t h r o u g h the forest. Some pa ths were used 
repeatedly—especial ly w h e n the g r o u p moved from one a rea to ano ther . 
However , the g roup sometimes suddenly changed direct ion, b r a n c h e d 
off a good trai l , a n d m a d e their o w n w a y t h r o u g h the forest. E a c h d a y 
j o u r n e y was paced , or paced a n d es t imated, over the whole seven-month 
per iod. Whereve r possible the m a i n trai l left by the large si lverback was 
followed, a n d all distances recorded are in re la t ion to the n igh t nest of 
this an ima l . 

T h e total r ange of d a y jou rneys recorded for the m a i n s tudy g r o u p a t 
Tsh ib inda was from 200 paces to 4850 paces (mean 1511, s.d. 837) . 
Each pace can be t aken as approx ima te ly equa l to 0-7 m — t h u s giving a 
r ange of 140 m - 3 - 4 km. A l though heavy r a in t empora r i ly ha l t ed 
movements , the re was no direct corre la t ion be tween d a y j o u r n e y length 
a n d rainfall. M o n t h l y summar ies of all d a y jou rneys a re shown in 
Fig. 2 where considerable var ia t ion can be seen in the d a t a bo th wi th in 
a n d be tween mon ths . 

These d a y journeys were c o m p a r e d on a m o n t h - t o - m o n t h basis 
(t-test) see T a b l e V . I t was found t h a t : 

(a) d a y journeys were low d u r i n g Apri l , M a y a n d J u n e wi th m e a n 
values no t significantly different be tween the th ree m o n t h s ; 

(b) there was a significant increase in m e a n d a y j o u r n e y from J u n e -
J u l y ( Ρ = < 0 · 0 0 1 ) , which was further increased d u r i n g Augus t a n d 
Sep t ember ; 

a
 W h e n calculat ing the h o m e range a rea of Gasimir 's s tudy g roup I believe t h a t these au thor s 
have erroneously included d a t a (Oc t . 1971-Feb . 1972) on the movements of another g roup 
whose h o m e range lay to the n o r t h . Th i s was the g r o u p which became m y " m a i n s tudy 
g r o u p " in Apr i l 1972. By ca lcula t ing r ange size a n d usage almost ent irely from trai l signs, 
which were often unconf i rmed by visual sightings, they a re pe rpe tua t ing the mis taken belief 
t h a t the h o m e ranges of the two ne ighbour ing groups a re completely in te rchangeab le . T h i s is 
not so. However , the trails of the two groups d id cross on several occasions—hence the u n w a r y 
t racker could easily follow the " w r o n g " g r o u p unless visual identifications were m a d e . 
b
 I believe tha t Schaller m a d e his calculat ions using a n incorrect scale for the aerial p h o t o 
graphs from which he d rew his m a p s . For further details see Goodal l , 1974, p . 230. 
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FIG. 2. D a y journeys (main s tudy g roup ) . 

(c) there was a significant decrease in mean day journey length from 
September to October (P = < 0 · 0 0 1 ) . However, the October mean was 
still higher than that in June (P= < O 0 0 1 ) . 

3.2. Differential Utilization of Home Range 

The main study group visited and utilized different areas within their 
home range at differing rates and times during the study period. The 
256 quadrats which were entered within the home range received a 
total of 805 visits. The frequency and location of these visits are shown 
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TABLE V 
Comparisons of mean monthly internest distances for main study group, 

showing the distribution of "d" and its significance value if any 

A p r i l M a y J u n e J u l y A u g . S e p t . O c t . 

A p r i l 
M a y 
J u n e 
J u l y 
A u g . 
S e p t . 
O c t . 

0-78 0-76 3-62* 6-0* 5-92* 4 - 0 8 * 
1-37 5-16* 6-69* 6-46* 5-64* 

2 · 7 | 4 -47* 4 -74* 3 12 t 
1-07 1-75 0-41 

0-89 1-94 
2-59f 

Significance values indicated a r e : * P < O 0 0 1 ; f P < 0-01. 

in Fig. 3 a n d the dis t r ibut ion of visits per q u a d r a t in Fig. 4. I t was 
found t h a t : 

(a) 32 q u a d r a t s inside the boundar ies of the h o m e r ange were never 
visited d u r i n g the s tudy per iod. 

(b) 5 0 % of all visits were recorded from a total of only 57 q u a d r a t s . 
T e n q u a d r a t s accounted for 134 ent r ies—one q u a d r a t a lone be ing 
entered 15 t imes. 

T h e s tudy a rea was a mosaic of n ine of the 11 vegeta t ion types present 
in the K a h u z i a rea (see T a b l e H a ) . T h e h o m e range a rea inc luded 
68-7% of secondary vegeta t ion types a n d 3 1 - 3 % of p r i m a r y vegeta t ion 
types. Un t i l this a rea was g ran t ed Na t iona l Pa rk status (in N o v e m b e r 
1970) extensive pa tches of forest were subjected to "slash a n d b u r n " 
types of agr icul tura l usage. T h e y were la ter also used for graz ing cat t le 
(Deschryver, pers. c o m m . ) . Areas a b a n d o n e d after a few years of 
cul t ivat ion thus formed pockets of secondary regenera t ing forest of 
vary ing age, species composi t ion a n d physiognomy. These were 
par t icu lar ly extensive in the eastern section (near the present pa rk 
b o u n d a r y ) . M o r e westerly areas con ta ined p r i m a r y forest vegeta t ion 
types, some of which , especially Arundinaria alpina a n d Cyperus latifoliusy 

were very localized (see Goodal l , 1974 for vegeta t ion m a p s ) . T h e 
n u m b e r s of visits pa id to each vegeta t ion type are shown in T a b l e l i b . 

A compar ison of the resources of the q u a d r a t s which were never 
visited a n d which were frequently visited reveals tha t , of the 32 q u a d r a t s 
which were no t visited d u r i n g the s tudy pe r iod : 

17 conta ined large areas of Cyperus s w a m p or a mix tu re of s w a m p a n d 
forest vege ta t ion ; 

th ree con ta ined entirely or ma in ly p r i m a r y m o n t a n e forest vege ta t ion ; 
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N u m b e r o f v i s i t s per quadrat 

FIG. 4 . H o m e range ut i l izat ion. 

FIG. 3 . N u m b e r s of visits to quad ra t s in h o m e range du r ing seven consecutive m o n t h s . 
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five conta ined very large areas of y o u n g Hagenia trees a n d open , 
scrub-like vege ta t ion ; 

seven conta ined secondary vegeta t ion types. 
T h e first 17 q u a d r a t s a n d the following three of the above list a re 

s i tuated ei ther in the cent re or nea r the borders of the very large Cyperus 
s w a m p in the nor th-eas te rn section of the h o m e range . T h e five q u a d r a t s 
conta in ing the young Hagenia trees were very poor feeding areas a n d 
were exceptional ly d e h y d r a t e d du r ing the d ry season. T h e final seven 
q u a d r a t s all conta ined secondary vegeta t ion wi th an a b u n d a n c e of 
avai lable food, bu t all were in the south-eastern section of the h o m e 
range , across the t a r m a c road from the m a i n p a r t of the r ange a n d in an 
a rea frequently visited by ano the r gorilla g roup . D u r i n g the per iod of 
investigation the m a i n s tudy g roup did no t spend m u c h t ime in this 
section of their h o m e range—desp i te the fact t ha t a b u n d a n t secondary 
g rowth was avai lable du r ing the ra iny seasons. 

T e n q u a d r a t s received ten or m o r e entries. Six were in an a rea of 
b a m b o o forest /swamp a n d swamp/forest mix ture , two were in an a rea 
conta in ing s w a m p a n d several large Myrianthus t ree "c ross roads" of 
m a n y previous trails of the m a i n s tudy g roup , while the r ema in ing two 
conta ined main ly luxur ian t secondary forest g rowth a n d also m o r e 
Myrianthus t ree "cross roads" . 

3.3. Monthly Variation of Quadrat Visits 
T h e summar ies of all m o n t h l y q u a d r a t visits a re con ta ined in T a b l e V I . 
A chi -squared test showed t h a t the d a t a were no t homogeneous 

TABLE VI 
Monthly totals of visits and revisits per quadrat in their home range by the main 

study group 

N o . of visits T o t a l s / m o n t h p a i d t o e a c h c a t e g o r y 
p e r q u a d r a t A p r . M a y J u n e J u l y A u g . S e p t . O c t . T o t a l s 

1 30 5 0 5 3 5 8 61 38 21 311 
2 11 9 8 32 2 5 2 6 18 129 
3 2 2 2 15 7 5 33 
4 1 4 4 7 2 18 
5 2 2 3 2 9 
6 1 0 1 
7 1 1 2 
8 1 1 

41 61 6 4 9 8 107 8 3 5 0 5 0 4 
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[P= < O 0 0 1 ) . Examina t ion of these d a t a shows the following mon th ly 
t rends . 

(a) T h e r e was a g r adua l increase in the n u m b e r of total visits per 
m o n t h (from 52 in Apr i l ) , u p to a m a x i m u m of 183 in August . 

(b) Similarly there was a para l le l increase seen in the total n u m b e r of 
different quad ra t s visited per m o n t h (from 41 in April) u p to a m a x i m u m 
of 107 in August . 

(c) Both of these t rends were reversed du r ing Sep tember a n d 
especially O c t o b e r ; du r ing this m o n t h the total n u m b e r of different 
quad ra t s visited per m o n t h [(b) above] fell to 50. 

(d) T h e r e was a differential dis t r ibut ion of visits a n d revisits pe r 
q u a d r a t per m o n t h as follows: 

Apri l , M a y , J u n e : 9 7 % of all visits were two or less per q u a d r a t ; 
only 3 % of all visits/revisits were three or more . 

J u n e / J u l y : 8 5 % of all visits were two or less per q u a d r a t ; 
14· 1 % of all visits/revisits were three or more . 

S e p t e m b e r / O c t o b e r : 7 7 - 5 % of all visits were two or less per q u a d r a t ; 
while 22*5% of all visits/revisits were now three 
or more per q u a d r a t , u p to a m a x i m u m of eight 
visits per q u a d r a t . 

(e) the ra te of re-crossing previous trails was highest in Oc tober . 
T h u s the pa t te rns of h o m e range ut i l izat ion recorded for the m a i n 

s tudy g roup a t T s h i b i n d a - K a h u z i can be summar ized as follows. 
T h e day journeys du r ing the wet season mon ths of Apri l , M a y a n d 

early J u n e were no t extensive a n d were main ly restricted to localized 
areas of open secondary regenera t ing forests. However , wi th the adven t 
of the d ry season in mid - June , a n d the corresponding decrease in bo th 
the a b u n d a n c e a n d regenera t ion of food plants (especially vines) in the 
exposed secondary forest areas, the m a i n g roup was observed to increase 
significantly the length of the day journeys , the total n u m b e r of q u a d r a t s 
visited (and hence mon th ly h o m e range size) a n d the n u m b e r of visits 
a n d revisits to var ious quad ra t s . This behaviour was also correlated wi th 
the seasonal a ppea rance of the fruits of Myrianthus holstii which were 
eaten by the study animals in vast amoun t s du r ing this t ime. 

As the fruiting season of this species came to an end in early 
Sep tember , the new vegetat ive shoots of b a m b o o (Arundinaria alpina) 
were appea r ing above the g round in increasing n u m b e r s in the localized 
s tands of b a m b o o forest. T h e behaviour of the gorillas showed significant 
decreases in day j o u r n e y length a n d mon th ly r ange size, a n d increases in 
the revisiting of localized areas of b a m b o o a t this t ime. La rge a m o u n t s 
of the fruits of Syzygium guinense a n d the basal par t s of Cyperus latifolius 



1 5 . GORILLA GORILLA BERINGEI 471 

were ea ten nea r the end of O c t o b e r from the localized concent ra t ions of 
these species which occur red in or a t the sides of the swamps a n d nea r 
the b a m b o o forest. 

T h e nest ing habi t s of the gorillas were no t found to influence thei r 
migra t ions , for the gorillas general ly nested wherever they h a p p e n e d to 
be feeding nea r nightfall a n d used wha teve r vegeta t ion was avai lable in 
the i m m e d i a t e vicinity to construct nests—unless they were in e i ther 
Cyperus s w a m p or p u r e s tands of b a m b o o , in which case they would 
t ravel to the mixed forest interface to nest. T h u s there were no 
p e r m a n e n t or even regular ly used nest-site locations, nor were any 
par t i cu la r types of vegeta t ion used exclusively for the construct ion of 
indiv idual nests (Goodal l , 1974). 

By N o v e m b e r the open secondary forest areas h a d an a b u n d a n c e of 
new growth after the la te rains a n d almost all the traces of heavy feeding 
by the m a i n s tudy g roup earlier in the year h a d d i sappeared . Accord ing 
to Adr ien Deschryver (pers. c o m m . ) , Conserva tor of the Kahuzi -Biega 
Na t iona l Park , the m a i n s tudy g roup moved back to these areas by 
December , thus repea t ing the a n n u a l cycle which , accord ing to the most 
experienced p y g m y tracker , has been the same pa t t e rn d u r i n g the 15 
years or more he has been h u n t i n g gorillas in this a rea . 

4. D I S C U S S I O N 
4.1. Dietetic Diversity and the Selection of Food Items 
Lists of gorilla food plants suppl ied by Schaller (1963) a n d Goodal l 
(1971) indica te a food reper to i re of some 40 different species for t he 
gorillas of the V i r u n g a volcanoes region. T h e gorillas of the K a h u z i 
region a te a m u c h wider variety. T h e tota l of 104 food p lants recorded 
by Goodal l (1974) in K a h u z i is four more t h a n the combined tota l listed 
by Schaller (1963) for all six geographic regions visited by E m l e n a n d 
himself. I n view of the far grea ter diversity of forest types, a n d therefore 
of different p l an t species, which are present in the K a h u z i region in 
compar ison wi th the V i r u n g a region, these findings a re in ag reemen t 
wi th the predic t ion of Levins a n d M a c A r t h u r (1969), i.e. t ha t po lyphagy 
is more likely: 

(a) the grea ter the probabi l i ty of failure to find a known sui table 
p l a n t ; 

(b) the grea ter the p ropor t ion of u n k n o w n , sui table p l an t s ; 
(c) the lower the p ropor t ion of u n k n o w n , unsu i tab le p lants . 
Visual sightings revealed t ha t the K a h u z i gorillas selected their diet 

carefully. Some of the r a m p a n t herbs a n d vines grew in tangled masses, 
wi th their stems a n d leaves complete ly mixed together—yet , ou t of such 
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tangles, feeding animals were observed regular ly to pick ou t only the 
leaves of known food plants a n d to reject others ei ther wi th their fingers 
or lips. Such careful selectivity was no t confined to interspecific choice 
for it was also exercised wi th in the various species. I n some food plants 
leaves were ea ten , while in others only the ba rk or s tem was ea ten . I n 
ext reme cases only some leaves (usually the younger ones) or even par t s 
of these leaves, or the growing tips of the stems, were ea ten while others 
were ignored. O n m a n y occasions the c a m b i u m layer was seen to be 
scraped out from ba rk of species such as Myrianthus or Scheffiera. F r o m 
Hagenia abyssinica the small side branches were split open a n d the inner 
p i th was excised a n d eaten. 

I n a t t empt ing to examine the selectivity of food i tems by m o u n t a i n 
gorillas, I have d r a w n u p a list of factors which could possibly influence 
the food selectivity of free-living m o u n t a i n gorillas as follows. 

(1) Abundance and availability of the various p lan t species—including 
the influences of seasonality a n d interspecific compet i t ion. 

(2) Nutritive value in terms of energy, prote in , v i tamins , t race-
elements , minerals a n d water . 

(3) Taste (? due to presence of p l an t secondary compounds , Free land 
a n d j a n z e n , 1974). 

(4) Smell or odour. 
(5) Size, shape and texture. 
(6) Preparation necessary to render it r eady for ingestion. 
(7) Physical act ion in the digestive system of the feeder. 
(8) Loca l or g roup "tradition". 
(9) Individual (personal) preference. 
Each of the above factors has been discussed in detai l by Goodal l 

(1974). Whi ls t l imitat ions of space avai lable here do not pe rmi t a 
further full discussion, one factor—nutr i t ive value—seems likely to be of 
p a r a m o u n t impor t ance . Some of the m a i n food i tems in the diet of the 
m a i n s tudy g roup were of h igh nutr i t ive value , others were not . 
However , o ther highly nut r i t ious a n d easily avai lable plants were very 
rarely ea ten—or not a t all. This raises a d o u b t as to whether , in te rms of 
nutr i t ive value or " n e t energy/uni t feeding t i m e " (Schoener, 1971) the 
m a i n s tudy g roup was feeding opt imal ly . Ano the r w a y of looking a t 
this is to ask why, in such a forest hab i t a t , be selective at all ? W o u l d 
unselective feeding be more efficient ? 

Given the realistic possibility t h a t a t least some of t he wide var ie ty of 
p lants in the m o n t a n e forest are poisonous, t hen the advan tages of some 
degree of selectivity a re obvious. However , to j u d g e food plants , or 
potent ia l food plants , by a single cri terion (even one as appa ren t ly 
i m p o r t a n t as nutr i t ive value) m a y well be misleading. For example , as 
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men t ioned earlier, the ne t avai lable (metabol izable) energy from the 
food i tems is great ly r educed by h igher levels of indigestibili ty, thus the 
h igher degree of digestibili ty of most leaves makes t h e m bet ter va lue for 
energy (weight for weight) t h a n most of the ba rk t ha t was eaten. T h e 
gross avai lable energy of the ba rk of Scheßera sp. of 1880 k j /100 g (dry 
ma t t e r ) is r educed to a ne t avai lable (metabol izable) energy va lue of 
approx imate ly only 300 k j /100 g—because of indigestibil i ty a n d o ther 
losses. W h e n one considers t ha t the gorillas usually have to c l imb to 
reach this vine, a n d then expend considerable energy in r emoving the 
bark , it is not difficult to imag ine t h a t they are ac tual ly losing energy 
w h e n they feed on this a n d similar food i tems. A d d to this the very low 
init ial gross avai lable prote in (7-62 g/100 g d ry m a t t e r ) , which could be 
reduced by losses to approx imate ly 3 g/100 g (dry m a t t e r ) , one wonders 
w h y the gorillas bo ther a t a l l—wha t does Schefflera, a n d o ther food i tems 
wi th similarly low net energy a n d pro te in values, have to offer ? 

I n the seasons w h e n large a m o u n t s of ba rk were eaten, the d u n g was 
seen to consist of discrete lobes con ta in ing leaf, fruit a n d stem fragments , 
wi th m a n y lobes being jo ined together like a str ing of beads , by long 
ba rk fibres. D r T . Lawrence (pers. comm.) suggests t ha t a large in take 
of ba rk could have a " g u t full" effect i.e. not p rov id ing substant ia l 
amoun t s of nut r i t ive va lue bu t avoid ing indicat ions of h u n g e r which 
m a y come from a n otherwise e m p t y s tomach . However , w h e n gorillas 
were seen to feed on ba rk they could easily, a n d in most cases m o r e 
easily, have fed on leaves—thus ob ta in ing grea ter ne t nut r i t ive values 
per energy ou tpu t . I t would a p p e a r therefore t ha t barks of various p l an t 
species a re selected by feeding gorillas, despi te init ial low nut r i t ive va lue 
a n d subsequent indigestibili ty losses, a n d it m a y be t ha t their physical 
ac t ion in the gut , i.e. in he lp ing to move the food along, is a p r i m a r y 
reason for this selection. 

T h e relat ive roles p layed by all the above factors, a n d others as yet 
u n k n o w n , in influencing the final expression of this selectivity a re far too 
complex to a t t e m p t any sort of o rder of impor t ance . R a t h e r they should 
be viewed as influencing food selectivity in a dynamic , mult i factorial 
w a y — b o t h in the dai ly lives of ind iv idua l gorillas a n d thei r social 
groups , a n d in the longer t e r m d u r i n g the evolut ion of the genus. T h e 
final expression of the diet of pa r t i cu la r gorilla groups therefore is a 
result of this d y n a m i c in te rac t ion a n d not the result of un i to ry factors 
such as ne t energy ga in per un i t t ime, as impl ied by Fossey (1974, 
p . 580), (see R o y a m a , 1970). I n addi t ion , such feeding strategies mus t 
be viewed as p a r t of w h a t Parker (1974) calls overall " t i m e inves tment 
s t ra tegy" . T h u s these a re likely to va ry from region to region a n d even 
be tween ind iv idua l an imals . 
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T h e strictly vegetar ian diet of gorillas has recent ly been d o u b t e d on 
theoret ical g rounds (T . -W. Fiennes, 1972). Analysis of the diet of 
var ious p r ima te species in zoos (Bilby, 1968) showed tha t a 220-kg adu l t 
male gorilla received 5057 kcal (21 130 kj) a n d 177 g pro te in per day 
in winter , a n d 6713 kcal (28 060 kj) a n d 222 g of pro te in per day in 
summer . M u c h of the prote in was in an ima l form—milk, eggs a n d mea t . 
I t must be stressed t ha t these figures are for gross avai lable value , 
therefore various losses would occur du r ing digestion as out l ined above . 
I n addi t ion there was considerable wastage of food by the capt ive 
gor i l la—up to 5 0 % in summer . 

T h e K a h u z i gorillas are far more active t h a n their capt ive coun te rpa r t 
a n d will obviously requi re a higher energy in take . T h e analyses of the 
K a h u z i p lan t samples show tha t the gorillas of this region can get 
sufficient energy a n d prote in from a pure ly vegetar ian diet. Whi le it is 
possible t ha t gorillas in some areas of poor forage could supp lement their 
diet wi th an ima l prote in (especially where b a m b o o is absent) this m a y 
be an unnecessary, or even accidenta l , addi t ion to their in take . I suggest 
t ha t most gorillas ob ta in all of their nu t r i t iona l requ i rements simply by 
eat ing more a n d more vegetable ma t t e r . I n their daily lives this is 
usually consumed in two or th ree extensive feeding sessions per day . 
Since no t all g roup members are feeding on exactly the same diet it is 
possible t ha t some are feeding sub-opt imal ly . However , given the wide 
variety of possible food i tems avai lable in the K a h u z i a rea I feel t ha t this 
is unlikely since "po lymorph i c o p t i m a " are p robab ly feasible. I n 
addi t ion indiv idual differences in feeding habi ts could reduce in t ra 
specific compet i t ion for some of the avai lable resources. 

4.2. Regional Variations and the Evolution of Gorilla Diets 
I t is interest ing to speculate on the possible p a t h of the long- term 
pa t te rns of gorilla feeding habi ts . T h e boundar ies of forest areas have in 
the past been in a d y n a m i c state of m o v e m e n t u n d e r the influence of 
var ious factors. D u r i n g the Pleistocene, the m a i n factors influencing 
these movements , especially of a l t i tudina l vegeta t ion zones, have been 
cl imatic ones, M o r e a u (1966), Langda le -Brown et al. (1964). As a result 
of such movements of forest, one can now find ident ical species or closely 
re la ted endemic species of m a n y plants in widely separa ted areas , 
especially m o n t a n e area , Langda le -Brown et al. (1964). Whi l e the 
boundar ies of the various forest types have moved d u e to chang ing 
condit ions, so the forests in par t i cu la r areas have unde rgone various 
changes in floristic composi t ion or d i sappeared completely. 

An ima l popula t ions living in such areas could ei ther follow the 
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shifting forest, a n d the reby live in the same or similar condi t ions , or 
a d a p t their feeding habi ts to a chang ing flora in one a r ea—or both . O n e 
would expect an imals which were able to accomplish bo th a l ternat ives 
to have a wide present d a y dis t r ibut ion a n d to be ea t ing a wide range of 
food i tems. These are exactly the feeding pa t te rns seen a m o n g extan t 
gorilla popula t ions (Schaller, 1963; Saba te r Pi, 1972; Goodal l , 1974) 
in their present d a y disjunctive dis t r ibut ion. Fu r the r , since changes in 
floristic composi t ion in the geological past have t aken place very slowly, 
one would expect to see only g r adua l changes in the diets of gorillas 
l iving in areas far ther a n d far ther apa r t . Compar i sons of the lists of all 
known food i tems in the diets of gorillas ( taken from the l i te ra ture 
men t ioned above a n d from d a t a collected d u r i n g this study) show tha t 
this is t rue only to a cer ta in extent . T h e r e a re a p p a r e n t differences in 
feeding habi ts be tween gorilla popula t ions inhab i t ing different reg ions— 
which have been expla ined as " c u l t u r a l " differences by Schaller (1963). 
M y findings in the K a h u z i region have t ended to confirm Schaller 's 
explana t ion . 

Therefore we now have to explain how these similarities a n d 
differences could have arisen. Both similarities a n d differences m a y be 
due to the in terac t ion of cu l tura l t rad i t ion in feeding habi t s of par t i cu la r 
groups wi th changes in the floristic composi t ion at a local level. T h u s the 
feeding habi ts of each g roup have changed a n d are still changing , wi th in 
the confines set by nu t r i t iona l needs, to suit the local condi t ion of the 
forest which the g r o u p inhabi t s . 

4.3. Home Range Utilization 
Schaller (1963) states 

Except for bamboo, gorilla habitats throughout the range show no 
conspicuous seasonal differences in the abundance of forage. . . . The 
only generalisation regarding movement which can safely be made are 
that gorillas (at Kabara—Virunga volcanoes) travel continuously within 
the boundaries of their home range at irregular intervals. 

A m u c h longer s tudy on the n e a r b y M t Visoke indicates t h a t 
the presence or absence of other gorilla groups and/or individuals 
appeared to be the strongest determination of the range patterns of the 
study group, though food distribution may have played some role in 
movements between vegetation zones or parts of the range. (Fossey, 1974). 

I n the m o r e he terogenous a n d seasonal forest areas of K a h u z i qu i te 
definite pa t t e rns of h o m e r ange ut i l izat ion by the s tudy g roup were 
a p p a r e n t wi th in several mon ths . Re l iab le local sources indica te t h a t 
such pa t t e rns have been repea ted for over 20 yea r s—at least the life span 
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of m a n y g roup members . G r o u p avoidance was also observed in the 
K a h u z i s tudy area . O n one occasion the m a i n g r o u p moved directly 
from one side of its h o m e range to the o ther du r ing ten days of direct 
t ravel after a contac t wi th a lone silverback. I n add i t ion there appea red 
to be a far lower degree of h o m e range over lap in the K a h u z i a rea t h a n 
Schaller (1963) observed in the V i r u n g a volcanoes. 

T h u s while the presence or absence of o ther gorillas m a y be one 
p rox imate cause of some gorilla movements in K a h u z i , it is suggested 
tha t different pa t te rns of food dis t r ibut ion are the most i m p o r t a n t 
factors. Obviously food which is avai lable in discrete, discont inuous 
amoun t s will d e m a n d a different strategy for its op t imal exploi tat ion 
t h a n food which is widespread a n d cont inuous . T h e r e will be an op t ima l 
gain per uni t t ime spent feeding on par t icu la r food i tems which is 
directly propor t iona l to the "search t i m e " necessary to find t h e m 
(Royama , 1970a a n d Parker , pers. c o m m . ) . Such different strategies of 
movemen t a n d range uti l izat ion by the m a i n s tudy g roup are evident 
from the d a t a presented above. These also serve par t ly to explain w h y 
there appears to be so m u c h wastage of food in areas of high food 
density, e.g. b a m b o o . 

I n addi t ion, ei ther directly or indirect ly as a result of cl imatic factors, 
food dis t r ibut ion appea red to be the m a i n u l t ima te factor influencing 
gorilla movements t h roughou t the year . For these were not r a n d o m l y 
dis t r ibuted movements bu t obvious migrations as pa r t of a well established 
pa t t e rn of r ange uti l izat ion. These migrat ions , a n d the fact t ha t some 
pa ths were used repeatedly , indica ted tha t some of the g roup m e m b e r s 
were familiar wi th the spatial dis t r ibut ion of their m a i n food i tems. T h e 
visits they pa id to the b a m b o o zones, a n d their digging for young shoots 
before they appea red above the g round , indicate t ha t the gorillas also 
ant ic ipa ted some of the seasonal changes. Over ly ing the cl imatic a n d 
result ing vegetat ional factors are the more recent an th ropogen ic 
influences, main ly as a result of the creat ion of extensive areas of 
secondary regenera t ing forest. I n K a h u z i these areas provided the 
largest a m o u n t of gorilla foods du r ing m u c h of the year—especial ly 
du r ing the r a ins—and their expansion has p robab ly great ly influenced 
gorilla migrat ions in recent t imes. 

T h e a p p a r e n t non-terr i tor ia l n a t u r e of gorillas has been the subject of 
considerable academic deba te . I n one a rea a t K a b a r a in the V i r u n g a 
volcanoes, Schaller (1963) found six gorilla groups uti l izing the same 
resources. H e concluded t ha t terr i torial behav iour is absent in gorillas. 
However , terr i torial i ty m a y occur in the absence of active defence 
(Fretwell, 1972). I n K a h u z i , g roup avoidance a n d the low degree of 
h o m e range over lap suggest t ha t some form of terr i torial i ty does occur . 
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This m a y be effected main ly as a result of long-range , in t e rg roup 
vocalizations a n d chest-beat displays (hoot series a n d chest-beat , wi th or 
wi thou t g r o u n d thumps) by the adu l t ma le silverbacks of the var ious 
groups . W h a t we see in the V i r u n g a volcanoes, where there is an 
a b u n d a n c e of food all year round , is the compression of the h o m e range , 
accompan ied by extensive overlaps, such t ha t appa ren t ly all t ha t is left 
is the defence of the g roup in tegr i ty—with occasional g roup avoidance . 
T h u s the differences, bo th in absolute h o m e range size a n d pa t te rns of 
h o m e r ange ut i l izat ion, which were observed be tween the gorillas of the 
K a h u z i a n d V i r u n g a regions are , to a grea t degree, reflections of 
differences in the a b u n d a n c e a n d avai labi l i ty of local food resources in 
each region. T h e two p r i m a r y factors influencing food a b u n d a n c e a n d 
availabil i ty a p p e a r e d to be (a) c l imat ic—par t icu lar ly seasonal var ia t ions 
in rainfall, a n d (b) the creat ion of open secondary forest condit ions by 
m a n . O t h e r influences, such as the goril la popu la t ion size a n d its 
d is t r ibut ion t h roughou t the region, local pressures from hun t ing , 
ha rassment a n d hab i t a t destruct ion, " c u l t u r e " a n d " t r a d i t i o n s " wi th in 
par t i cu la r gorilla groups p robab ly influence the final expression of h o m e 
range size a n d its ut i l izat ion by the an imals of all regions. Since it is 
extremely likely t h a t all these influences vary widely, bo th be tween a n d 
wi thin the various geographic regions inhab i t ed by all subspecies of 
gorilla, it is likely t ha t the behav iour of the gorillas themselves will also 
vary u n d e r the different ecological influences. 

4.4. Conservation 
T h e biggest dange r to the cont inued existence of gorillas in the V i r u n g a 
volcanoes region is the des t ruct ion of thei r h a b i t a t by m a n . T h e 
s i tuat ion in the K a h u z i region, a n d p robab ly t h roughou t eastern Zai re , 
is more paradoxica l . T h e p a t t e r n of agr icu l tura l pract ice in these areas 
has crea ted mosaics of secondary regenera t ing forests, of differing ages, 
a m o n g vast areas of p r i m a r y forest. T h e feeding behav iour of gorillas, 
evolved du r ing extensive forest changes d u r i n g the geological past , 
together wi th their pecul iar a n a t o m y , h a v e enabled t h e m to exploit 
these areas most successfully. Unfor tuna te ly this often brings t h e m in to 
direct conflict wi th villagers w h o m a y still have crops in appa ren t ly 
a b a n d o n e d fields. T h u s gorillas a re accused of ac tual ly ra id ing the crops 
a n d are killed e.g. in some par t s of the U t u region. 

As a consequence of the increase in areas of secondary regenera t ing 
forest recent ly crea ted by m a n , it is possible t h a t the gorillas of some 
regions are unde rgo ing bo th a popu la t ion increase a n d a r ange 
expansion. Unfor tuna te ly there is too little d a t a avai lable as yet on the 
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extent of dea ths a n d captures . However , it is obvious from field research 
t ha t the future survival of the eastern gorillas (and p robab ly the western 
gorillas) does no t depend on their behavioura l a n d ecological efficiency 
bu t upon the pa t te rns of l and usage which are adop ted by the people of 
countr ies like R w a n d a , U g a n d a a n d Zaire . I n this respect it is most 
encourag ing to hear t ha t President M b u t o Sese Seko of Zai re plans to 
extend their Na t iona l Parks to cover 1 2 - 1 5 % of their count ry . Some of 
these new pa rk areas could be selected wi th regard to the dis t r ibut ion 
of gorillas. I t would be both unrealist ic a n d unwise to c la im m a n y of 
these areas as " inv io la t e" gorilla reserves. Since it is now clear t h a t 
gorillas thrive in a wide var ie ty of forest habi ta t s it is this var iety which 
should be ma in ta ined . Th i s will call for the careful management of gorillas 
a n d their habi ta t s . T h u s while controlled "neg lec t " m a y be the best 
policy in some areas, it m a y be wise in o ther areas to create secondary/ 
p r imary forest mosaics as in K a h u z i . Such m a n a g e m e n t techniques 
would not only ensure viable gorilla popula t ions a n d an expand ing 
tourist industry, they could also great ly reduce the conflicts of interest 
su r rounding the choice of l and usage by giving the local people the 
felled t imber—which they desperately need to bui ld houses a n d for use 
as cooking fuel. However , it must be m a d e clear t ha t the wholesale 
creat ion of secondary forest is not being a d v o c a t e d — m u c h more basic 
scientific g roundwork remains to be done regard ing gorilla dis t r ibut ion 
and ecology before realistic m a n a g e m e n t plans can be formulated. 

5. S U M M A R Y 

As pa r t of a compara t ive research p r o g r a m m e to investigate the 
behaviour a n d ecology of m o u n t a i n gorillas in different par ts of their 
range , a par t ia l ly hab i t ua t ed g roup of 20 animals was s tudied for seven 
mon ths in the mixed m o n t a n e forests of T s h i b i n d a - K a h u z i (Zaire) 
(Section 1.0). T h e y were found to eat a wider r ange of food i tems t h a n 
the m o u n t a i n gorillas of the V i r u n g a volcanoes region, a n d to c l imb 
expert ly a n d frequently in order to exploit the m a n y vegeta t ion 
resources avai lable in different forest s t ra ta (Sections 2 .1 , 2.2). M a n y of 
the food plants were analysed for their gross avai lable nut r i t ive values. 
Allowances were m a d e for various losses from these gross values a n d 
estimates of net avai lable or " m e t a b o l i z a b l e " values a re given. These 
estimates were used to calculate the nutr i t ive values of simplified gorilla 
" m e n u s " , from which it was concluded t ha t the s tudy animals could 
ob ta in ample energy a n d pro te in for all their r equ i rements wi thou t 
ea t ing addi t ional an ima l m a t t e r (Section 2.4). 



1 5 . GORILLA GORILLA BERINGEI 4 7 9 

Eleven vegeta t ion types were recognized in the s tudy a rea a n d t h e 
relat ive pe rcen tage cover of these was ca lcula ted from vege ta t ion m a p s 
p r e p a r e d from aerial survey pho tog raphs (scale 1 : 28 000) (Section 1.2). 
T h e s tudy a rea was divided in to q u a d r a t s equiva len t to 280 χ 280 m on 
the g round . T h e h o m e r ange of the m a i n s tudy g roup , ca lcula ted on a 
q u a d r a t basis a n d al lowing for hilly te r ra in , was es t imated to be some 
34 k m 2 a n d is far larger t h a n previous est imates for gorillas in o ther 
regions. T h e d a y journeys , q u a d r a t visits a n d r ange ut i l izat ion a re 
analysed a n d discussed. I t is conc luded t h a t differences in t empora l a n d 
seasonal d is t r ibut ion of food resources, via c l imat ic factors, a re the most 
i m p o r t a n t factors influencing gorilla movemen t s a n d are p robab ly 
responsible for regional differences in ecology of gorillas (Sections 3.0, 
4 .3) . I t is suggested tha t , owing to the expansion of secondary re 
gene ra t ing forest areas caused by m a n , gorillas could be increasing their 
n u m b e r s a n d possibly expand ing their r ange . Suggestions a re m a d e for 
the formulat ion of a " m a n a g e m e n t p l a n " for gorilla reserves in east 
Zai re , which would entai l the artificial m a i n t e n a n c e a n d possible 
increase of secondary forest mosaics inside areas of p r i m a r y forest. Th i s 
could provide o p t i m u m gorilla hab i t a t a n d supply m u c h - n e e d e d t imber 
to the local popu la t ion on a con t inu ing basis (Section 4.4). 

A C K N O W L E D G E M E N T S 

This research would not have been possible wi thou t the he lp , encourage 
m e n t a n d advice of m a n y people . I would therefore like to t ake this 
oppo r tun i t y of expressing m y most sincere thanks to the following. 

T h e Gove rnmen t s a n d pa rk officials of the Republ ics of R w a n d a a n d 
Z a i r e ; the Di rec to r -Genera l a n d staff of I N C N a n d I R S A C — Z a i r e ; t he 
Science Research Counc i l ; the Wor ld Wildlife F u n d ; the F a u n a 
Preservat ion Society; Liverpool Univers i ty ; the Univers i ty of G h e n t ; 
the late D r L. S. B. Leakey ; Miss D i a n Fossey a n d her staff a t c a m p 
Moshi ( M t Visoke) ; Professor A. J . C a i n ; Professor R . A. H i n d e ; 
Drs Peter a n d I r e n e K u n k e l ; Adr i en Deschryver ; Ci toyen M u s h e n z i ; 
Ci toyen J . K a l a m o ; Pat r ice W a z i - W a z i ; all m e m b e r s of "Miss ion 
Scientifique Beige des Volcans de l 'Afrique C e n t r a l e : 1971-1972" , 
especially Mi le Chris t ine M a r i u s ; M r s I r e n e L e p p i n g t o n ; M r E. 
Djo le to-Nat tey ; M r s L. T u r t l e ; D r T . L a w r e n c e ; D r R . G. Pea r son ; 
D r G. A. Pa rke r ; D r J . Bishop; D r S. Brad ley ; D r R . W h i t e ; D r F . a n d 
M m e E. D o n d e y n e ; D r H . J . a n d F r a u Η . Schl ich te ; M r s Μ . Priestley 
a n d finally, most of all, to m y wife M a r g a r e t . 



1 6 
Chimpanzees of Gabon and 

Chimpanzees of Gombe: some 
Comparative Data on the Diet 

C. M. HLADIK 
Laboratoire d'Ecologie et Primatologie du CNRS, Musäum National 

d'Histoire Naturelle, Brunoy, France 

1. I n t r o d u c t i o n . . . . . . . . . . . 4 8 1 
2 . M e t h o d s 4 8 3 

2 . 1 . C o m p a r i s o n of s t u d y a r e a s . . . . . . . . 4 8 3 
2 .2 . F i e l d m e t h o d s 4 8 3 
2 . 3 . O b s e r v a t i o n s a m p l e . . . . . . . . . 4 8 5 

3. C o m p a r a t i v e a s p e c t s of f e e d i n g b e h a v i o u r . . . . . . 4 8 5 
3 . 1 . D a i l y v a r i a t i o n i n food i n t a k e . . . . . . . 4 8 5 
3 .2 . F e e d i n g t e c h n i q u e s a n d t r a d i t i o n s . . . . . . 4 8 7 

4 . V a r i a t i o n in f e e d i n g a n d r a n g i n g b e h a v i o u r . . . . . . 4 8 7 
4 . 1 . S e a s o n a l v a r i a t i o n . . . . . . . . . 4 8 7 
4 . 2 . A n n u a l food i n t a k e 4 9 0 
4 . 3 . R a n g i n g p a t t e r n s 491 

5 . F o o d c o m p o s i t i o n . . . . . . . . . . 4 9 4 
5 . 1 . V a r i a b i l i t y a m o n g food c a t e g o r i e s . . . . . . 4 9 4 
5 .2 . P r o t e i n i n t a k e 4 9 4 
5 . 3 . M i n e r a l i n t a k e 4 9 7 
5 .4 . S e c o n d a r y c o m p o u n d s . . . . . . . . 4 9 9 

6 . C o n c l u s i o n 5 0 0 
7. S u m m a r y . . . . . . . . . . . 5 0 0 
A c k n o w l e d g e m e n t s . . . . . . . . . . 5 0 1 

1. INTRODUCTION 

The feeding behaviour and diet of chimpanzees in Gabon {Pan troglodytes 
troglodytes), was the subject of a one-year field study in 1971-72 (Hladik, 
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FIG. 1. Inside the ra in forest a t Ipassa. 
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1973). A paral le l s tudy of feeding behav iour on the well known 
popu la t ion of Pan troglodytes schweinfurthii in the G o m b e Na t iona l Park , 
was carr ied ou t in 1972-73 ( W r a n g h a m , 1975 a n d this v o l u m e ) . 
Unfor tuna te ly , the scope of the compar i son of these two studies is l imi ted 
by the small a m o u n t of informat ion concern ing diet (quantif icat ion a n d 
composi t ion) avai lable for the la t ter popula t ion . 

2. M E T H O D S 

2.1. Comparison of Study Areas 
T h e G a b o n s tudy was carr ied ou t at the C N R S field s tat ion of Ipassa 
(500 m ) , ma in ly on a 2-km-long island in the Iv indo river. Vege ta t ion 
diversity in the s tudy a rea is very h igh a n d over 900 p l an t species have 
been de t e rmined a n d listed (Hlad ik a n d Hal le , 1973). M a n y l ianas 
(Fig. 1) p lay an i m p o r t a n t p a r t in the p roduc t ion of this forest 
(A. Hlad ik , 1974), especially in fruit p roduc t ion . T h e ch impanzee 
popu la t ion consisted of eight subadul t s in t roduced in to the island from 
the nea rby forest. T h e ch impanzees were well h a b i t u a t e d a n d the 
observer could usually s tand a m o n g the g r o u p w h e n recording. Bananas 
were provided a t an artificial feeding a rea and , except d u r i n g the m i n o r 
d ry season (when the fruits were very a b u n d a n t ) , the an imals ob ta ined 
a b o u t 3 0 % of their food from this. T h e observat ions were resumed in the 
1975 minor d ry season a n d little food was provided , the an imals feeding 
on n a t u r a l fruits, par t icu la r ly those of Irvingia gabonensis. 

I n contrast , the hab i t a t a t G o m b e is dr ier a n d more m o u n t a i n o u s 
(Goodal l , 1965; Clut ton-Brock, 1975a). I t includes open w o o d lan d a n d 
grassland a n d the vegeta t ion is less diverse (see Clut ton-Brock, 1975a; 
A p p e n d i x I I : a t G o m b e only n ine species accoun t for 5 0 % of the t ree 
popu la t ion , while in the Ipassa forest, in a smaller sample , 15 species 
accoun ted for 5 0 % of the tree popu la t i on ) . 

At G o m b e , the ch impanzees ob ta ined small a m o u n t s of b a n a n a s from 
the artificial feeding a rea (less t h a n 2 0 % of their food, accord ing to 
W r a n g h a m ) , b u t were not fed d u r i n g W r a n g h a m ' s s tudy. 

2.2. Field Methods 
Ind iv idua l an imals were observed from d a w n to dusk a n d thei r food 
in take recorded using the methodo logy described in C h a p t e r 11. As 
T a b l e I shows, the a m o u n t of t ime spent feeding on different foods was 
no t closely re la ted to their a b u n d a n c e in the diet . 

Food samples were collected in o rder to calcula te the weight of t he 
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food ingested by the ch impanzees (average fresh weigh t ) . T h e y were 
preserved by boil ing in alcohol or by d ry ing in an electric oven (see 
A p p e n d i x I I I this vo lume) . 

2.3. Observation Sample 
I n G a b o n , total observat ion t ime was 27 090 minu tes d u r i n g the 
1971-72 field s tudy. T h e dots a long the t ime-axis of Fig. 4 ind ica te t he 
days du r ing which cont inuous observat ions were m a d e . 

3. C O M P A R A T I V E A S P E C T S OF FEEDING B E H A V I O U R 

3.1. Daily Variation in Food Intake 
As in o ther areas where they have been s tudied (Goodal l , 1963, 1965; 
Reynolds a n d Reynolds , 1965; Suzuki , 1969; J o n e s a n d Saba te r Pi, 
1971) the ch impanzees at Ipassa were p r imar i ly frugivorous. D u r i n g the 
observat ion sample of 1971-72, 141 p l an t food types (plus 33 a n i m a l 
foods a n d five minera l foods) were identified a n d a further 144 
(account ing for small a m o u n t s ingested) could no t be identified. Th i s 
suggests t ha t the ch impanzees a te a h igher n u m b e r of food types t h a n in 
G o m b e , where W r a n g h a m (this volume) recorded t h a t they a te 140 
food types du r ing an observat ion sample twice as long as ours. This is 
suppor ted by compar i son of the average n u m b e r of food types ea ten 
per d a y : more t h a n 20 at Ipassa versus 14-6 a t G o m b e . I n contrast , t he 
n u m b e r s of feeding bouts per d a y were similar in the two areas. Teleki 
(pers. comm.) suggested t ha t the differences in the n u m b e r of foods 
selected be tween the two areas could be re la ted to the differences in the 
age classes observed. 

Al though this m a y be a con t r ibu to ry factor, the grea ter n u m b e r of 
edible species avai lable in G a b o n , mus t also be involved. 

Different foods t end to be ea ten a t different t imes of day (Fig. 2) a n d 
this pa t t e rn varies seasonally. D u r i n g the minor d ry season, fruits a re 
ea ten at the beginning a n d a t the end of the day , while leaves t end to be 
ea ten most d u r i n g the midd le of the day , following the m a i n per iod of 
fruit-eating. I n the ra iny season, fruits are ea ten t h r o u g h o u t the d a y 
(generally because they are found in small a m o u n t s dispersed across the 
range) a n d leaf-eating shows a m a r k e d peak in the la te afternoon. T h e 
species from which leaves a n d stems are ea ten , a re general ly a b u n d a n t 
a n d can be found easily in the different par t s of the range , a n d the 
d iu rna l r h y t h m in food choice is no t a p roduc t of the occasional find
ing of different p l an t species. W r a n g h a m (this vo lume, Fig. 8) found a 
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similar difference between the times when leaves and fruits were eaten 
at Gombe. 

3.2. Feeding Techniques and Traditions 

Some differences in feeding behaviour between the chimpanzees in 
Gabon and at Gombe are noticeable (Hladik, 1973) and the main 
points of comparison are related to tool-using. 

Feeding on ants and termites is important to maintain the protein 
balance of the diet of the chimpanzee (see Section 5.2). Several ant 
species including Macromisco'ides aculeatus, Oecophylla longinoda, Polyrhachis 
militaris, Paltothyreus tarsatus and Camponotus sp. are eaten, many of them 
after "fishing", a technique similar to that described for termite-eating 
at Gombe (Goodall, 1968), using a stem from which leaves have been 
stripped off with the mouth. At Gombe, Macrotermes bellicosus are caught 
with a grass stem (McGrew, 1974) while Macrotermes muellerii, although 
obviously edible, are not eaten by the chimpanzees in Gabon. 

In contrast, feeding on scorpions was only observed in Gabon. At 
least one species, Opisthacanthus lecomtei, was killed by a rapid hand-slap 
before being chewed with some pieces of bark. 

The bark from different trees and lianas is utilized by the chimpanzees 
in Gabon and chewed with any kind of animal food such as eggs and 
fledglings. At Gombe, some leaves are utilized for the same purpose. In 
addition, leaves that are never taken as food are also chewed to make 
"sponges" to extract the brain of prey (Teleki, 1973a) or to clean out the 
inside of hard-shelled fruits (Wrangham, this volume). The fibre wad 
although made by the chimpanzees in Gabon, was never actually made 
intentionally, as it was at Gombe. It was generally made from the stems 
of Hypselodelphis violacea, which was frequently eaten throughout the 
year (Fig. 3): the fibre, generally spat out, can be used as a sponge to 
drink water in a hole of a tree trunk. 

Nut breaking with a tool was observed neither in Gabon nor at 
Gombe. In places where Panda oleosa and Coula edulis are eaten by the 
chimpanzees after breaking the hard shell of the nut (Struhsaker and 
Hunkeler, 1971; Rahm, 1971), there are obvious traces which have never 
been observed in Gabon, in spite of the abundance of Panda and Coula. 

4. VARIATION IN FEEDING A N D R A N G I N G BEHAVIOUR 

4.1. Seasonal Variation 
Changes of the relative proportions of the fresh weight of fruits and 
leaves ingested (Fig. 4) can be related to the seasonal changes below. 
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FIG. 3 . A s u b a d u l t f e m a l e c h i m p a n z e e p e e l i n g , b e f o r e c h e w i n g , t h e s t e m o f a M a r a n t a c e a e : 
Hypselodelphis violacea. 
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FIG. 4 . Percentages of fresh weight of different food categories ingested by the ch impanzee in 
G a b o n a n d thei r var ia t ion t h r o u g h o u t the year . Y o u n g a n d m a t u r e leaves a n d stems are all 
inc luded in the same category (bo t t om of the g r a p h ) . 

(a) D u r i n g the major d ry season (approx . J u l y - S e p t . ) in G a b o n , few 
fruit species a re avai lable . Consequent ly , the leaves a n d stems of some 
c o m m o n species a re ea ten in large propor t ions (up to 4 0 % of the d ie t ) . 

(b) D u r i n g the major r a iny season t ha t follows ( O c t . - D e c ) , m a n y 
species s tart fruiting a n d the p ropor t ion of leaves inc luded in the diet 
decreases as soon as the fruits are ea ten in large amoun t s . 

(c) A m a x i m u m of fruits is avai lable du r ing the minor d ry season 
( J a n . - M a r c h ) . Ve ry few leaves a n d stems ( 1 5 % of the diet) a re ea ten in 
J a n u a r y bu t the p ropo r t i on increases rap id ly a n d the diet includes m a n y 
young leaves a n d shoots avai lable a t this t ime. 

(d) D u r i n g the m i n o r ra iny season (Apr i l - June ) , w h e n fruits are less 
a b u n d a n t , the p ropor t ion of leaves a n d shoots in the diet reaches the 
m a x i m u m of 5 0 % . 

A n i m a l foods a re ea ten in small a m o u n t s (4%) t h roughou t the year . 
T h e m a t u r e or i m m a t u r e seeds of a few species are also ea ten (more t h a n 
5%) w h e n they are avai lable . 

T h e progressive var ia t ion in the gross food categories inc luded in the 
diet of the ch impanzee in G a b o n is the result of the addi t ion of a large 
n u m b e r of food species (see Hlad ik , 1973, fig. 13). N o one species 
accounts for a large p ropor t ion of the a n n u a l diet . 

A t G o m b e , accord ing to W r a n g h a m (Fig. 7, this vo lume) , a similar 
pa t t e rn of a n n u a l var ia t ion of the diet results from the ut i l izat ion of a 
smaller n u m b e r of food species b u t one of these species, Elaeis guineensis, 
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accounts for the bulk of feeding t ime (and, according to the h igh lipid 
conten t of Elaeis fruits, this must also be the bulk of the diet in te rms of 
calories). I n the ra iny season, the leaves of two species {Pterocarpus 
tinctorius a n d Baphia capparidifolia) account for a b o u t 2 5 % of the feeding 
t ime, while in G a b o n a t the same t ime, the leaves a n d stems of four 
species {Baphia leptobotrys, Hypselodelphis violacea, Pterygota bequaertii a n d 
Newbouldia laevis) account for 3 0 % of the food in take wi th a b o u t 20 
o ther species be ing eaten in small a m o u n t . 

M a n y trees in the ra in forest present an i r regular phenological 
p a t t e r n (A. Hlad ik , 1977) a n d there a re i m p o r t a n t differences of 
p roduc t ion be tween successive years (for example , the average p r o d u c 
tion of fruits du r ing the 1972 minor d ry season was half t ha t of the 1975 
minor d ry season). T h e resul t ing differences in the diet of t he 
ch impanzees seem as i m p o r t a n t a t G o m b e as in G a b o n . For ins tance, 
the fruits of Parinari curatellifolia were an i m p o r t a n t food resource in 
1973, a t G o m b e ( 4 1 % of the feeding t ime d u r i n g the fruiting per iod) 
bu t were not avai lable in 1972. Similarly, in G a b o n , the fruits of 
Irvingia gabonensis were extremely a b u n d a n t in 1975 (more t h a n 5 0 % of 
the food ingested in the records of Februa ry ) b u t no fruiting occur red 
in 1972. Nevertheless, the genera l p a t t e r n of the diet was very similar in 
1972 a n d 1975. 

4.2. Annual Food Intake 
Figure 5 shows the average propor t ions of the different foods ea ten by 
the ch impanzees in G a b o n du r ing one year , in te rms of fresh we igh t : 
6 8 % of fruits; 2 8 % of leaves a n d s tems; 4 % of a n i m a l food (insects a n d 
small prey) plus a very small a m o u n t of ea r th ingested. 

Var ia t ions in the propor t ions of the different foods ea ten each day is 
i l lustrated by the ha t ched co lumns indica t ing the m a x i m u m a n d the 
m i n i m u m observed. Frui ts m a y form u p to 9 0 % of the daily in take a n d 
never less t h a n 4 0 % , b u t most of the daily records inc lude be tween 
55 a n d 8 0 % of fruits. T h e daily in take of an ima l food (essentially 
the ants , some termites , b i rd eggs a n d fledglings) varies be tween 2*5 
a n d 6 % . 

A compar ison wi th G o m b e is difficult in te rms of food in take . T h e 
similar seasonal var ia t ion in feeding t imes canno t be appl ied to food 
in take , as shown in Section 2.2. T h e feeding t ime on leaves is shorter a t 
G o m b e t h a n in G a b o n a n d the p ropor t ion ea ten m a y be smaller. O n 
the o ther h a n d , the ch impanzees a t G o m b e eat small-sized g a m e 
(Teleki, 1973a, 1975) a n d adu l t males spend a long t ime in te rac t ing a n d 
shar ing the mea t . T h e average consumpt ion is a r o u n d 10 g of m e a t pe r 
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FIG . 5. Rela t ive propor t ions of different food categories in t he annua l food in take of the 
ch impanzee in G a b o n . T h e three shaded areas represent leaves ( 2 8 % ) , fruits (68%) a n d 
an imal foods ( 4 % ) . 

M a x i m a a n d m i n i m a of dai ly food in take a re shown by the ha t ched columns for e a r t h (1 ) ; 
ba rk a n d stems (2) ; leaves, shoots a n d p i t h (3 ) ; flower buds a n d gums (4) ; i m m a t u r e fruits (5 ) ; 
r ipe fruits (6 ) ; seeds a n d arils (7 ) ; small a r th ropods (8 ) ; large a r th ropods (9) a n d eggs a n d 
fledglings (10). 

d a y per ch impanzee ( W r a n g h a m , pers. comm.) and , as a d ie ta ry 
prote in complemen t , is of litt le i m p o r t a n c e (less t h a n 0 - 5 % of the diet) 
c o m p a r e d wi th the o ther types of a n i m a l foods, especially ants a n d 
termites . 

4.3. Ranging Patterns 
T h e dis tance travel led each d a y by the subadu l t female ch impanzees 
observed in G a b o n was smaller t h a n in G o m b e , b u t on the small is land 
where they have been observed, the physical limits m a y have restr icted 
r ang ing pa t te rns . T h e subgroupings a n d some o ther sociological factors 
of the history of the g r o u p (see C M . Hlad ik , 1974) were pa r t ly re la ted 
to the direct ion of t ravel , b u t movemen t s were also influenced by the 
dis t r ibut ion of food. 

Forag ing was more f requent in the mid -canopy t h a n on the g round . 
T h e y h a d some preferred nest ing places in tall trees (40-50 m) b u t none 
of these sites were ever occupied on two consecutive nights . 
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5. FOOD C O M P O S I T I O N 

5.1. Variability Among Food Categories 
T h e results of the analysis of food samples collected in G a b o n (Tab le II) 
show the necessity of combin ing different food categories to ob ta in a 
ba lanced diet. Prote in conten t of fruits is general ly low: the sample 
average (6-8%) is biased by the presence of fruits wi th small seeds (seeds 
a re broken du r ing the process of homogeniza t ion preceding analysis b u t 
usually found in tac t in the an imals ' faeces). T h u s , in the pu lp of most of 
the fruits, there is no more t h a n 5 % prote in , which is insufficient to 
compensa te for the loss of n i t rogen of an adu l t ch impanzee . Seeds a n d 
arils are not r ich enough (average 10-5% protein) to complemen t the 
fruits a n d not avai lable in sufficient a m o u n t . By contrast , leaves a n d 
stems are c o m m o n a n d have a h igh prote in conten t (average of 24 -9% 
for the ten samples) . These , especially young leaves a n d shoots, m a y be 
eaten to complemen t fruit when inver tebra tes or the o ther an ima l prey 
canno t be ob ta ined in sufficient quan t i ty . A further ecological analysis 
of the relat ion of the food types wi th body mass a n d food availabil i ty is 
presented in C. M . Hlad ik (1977). 

A rap id review of the o ther components listed in T a b l e II indicates 
t ha t only a mix tu re of the different food categories can give a ba lanced 
diet. Energy is found in the lipids of seeds a n d arils a n d in the glucids of 
the fruits (a t echn ique of weak hydrolysis shows in terms of sugars w h a t 
would be avai lable as nut r ien ts ) . 

T h e propor t ion of different minerals varies be tween the different 
samples a n d only the combina t ion of m a n y p lan t species can result in a 
constant a n d ba lanced average. Phosphorus mus t be par t ly taken from 
an ima l foods while calc ium is a b u n d a n t in most leaf specimens. Some 
vegetable food, especially Hypselodelphis violacea stems a n d the petioles of 
Musanga cecropioides a re extremely poor in nu t r i en t s : their selection by 
the ch impanzee is p resumably re la ted to their exceptionally h igh 
minera l content . 

5.2. Protein Intake 
W h y are inver tebrates ea ten by ch impanzees? Leaves, which can be 
collected a n d ea ten in a relatively short t ime, yield more pro te in t h a n 
the small amoun t s of insects for which the ch impanzees foraged for 
3 0 - 5 0 % of the feeding t ime. O n e explanat ion m a y be the lower 
digestibility of p l an t prote in when the p ropor t ion of fibre is h igh in the 
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sample . I n addi t ion , insects m a y be ea ten to supply essential a m i n o 
acids, not present in sufficient amoun t s in p lants . I n G a b o n , the 
ch impanzee utilizes relatively few p lan t species in large quan t i t i e s : 
du r ing the ra iny season, most of the leaves a n d stems are taken from four 
species (see Section 4.1) a n d two of t h e m are ea ten t h roughou t the year 
{Hypselodelphis a n d Baphia leaves). I t is not iceable t ha t the a m i n o acids 
of these two p lants are par t ly c o m p l e m e n t a r y : the leaves of Baphia 
conta in little leucine a n d threonine , while the shoots a n d stems of 
Hypselodelphis have a larger p ropor t ion of these a m i n o acids in the i r 
prote in (Tab le I I I ) . Nevertheless, the average propor t ions of his t idine, 
leucine, lysine a n d th reon ine are low, d u e to an excess of val ine. T h e 
ants ea ten t h roughou t the year (Macromiscoides a n d Oecophylla) com
pensate this lack of some essential a m i n o acids. Conversely, feeding solely 
on insects would result in a lack of cystine (Hladik a n d Vi roben , 1974). 

T h e termites ea ten a t G o m b e by the ch impanzees p robab ly play the 
same role as the ants in G a b o n a n d complemen t the proteins ob ta ined 
from leaves. T h e composi t ion of the pro te in fraction of Macrotermes 
bellicosus (Table IV) is fairly similar to t ha t of the ants , wi th a pe rcen tage 
of phenyla lan ine and , to a lesser extent , of meth ion ine , closer to t he 
ideal propor t ions of egg prote in used for compar ison . 

A m o n g the termites of the above species, reproduct ives a n d soldiers 

P r o t e i n % of t o t a l p r o t e i n % of essen t ia l a m i n o ac id s 

A s p a r t i c a c i d 
T h r e o n i n e 
S e r i n e 
G l u t a m i c a c i d 
P r o l i n e 
G l y c i n e 
A l a n i n e 
V a l i n e 
I s o l e u c i n e 
L e u c i n e 
T y r o s i n e 
P h e n y l a l a n i n e 
L y s i n e 
H i s t i d i n e 
A r g i n i n e 
M e t h i o n i n e 
C y s t i n e 

7-6 
3-7 
3-4 

10-0 
4-8 
4-8 
5-9 
5-1 
3-8 
6-8 
6-3 
4-1 
5-6 
2-7 
5-1 
1-6 
0-7 

12-6 
9-5 

16-9 
15-7 
10-1 
13-9 

6-6 

9-1 

4-0 
1-6 

TABLE IV 
Results of the analysis of the protein fraction of a sample of reproductive 

Macrotermes bellicosus collected at Gombe by R. W. Wrangham 
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T A B L E V 

Comparison of protein content of different samples of Macrotermes bellicosus 
collected at Gombe by R. W. Wrangham 

Per cent of dry weight 
Glucids after 

Protein (Ν χ 6-25) Lipids hydrolysis 

Reproductives (eaten) 
Soldiers (eaten) 
Workers (not eaten) 

40-6 
58-7 
68-4 

52-8 
<35 
<25 

bu t not workers a re ea ten by the ch impanzees . Curiously, analysis of the 
samples collected in G o m b e by W r a n g h a m , indicates t h a t workers yield 
the m a x i m u m a m o u n t of p ro te in (Tab le V ) . Selection of termi tes as 
food m a y be re la ted ma in ly to the l ipid con ten t (detected by tas te) . 
Reproduc t ives yield 52*8% lipids, whi le in the workers lipids accoun t 
for less t h a n 2 5 % . T h e unsa tu r a t ed fatty acids found in a n i m a l l ipids 
m a y be as i m p o r t a n t in the diet as the a m i n o acids. 

I n G a b o n , scorpions, of which the hepa topanc rea s a n d h a e m o l y m p h 
are the m a i n edible par t s , a re often ea ten . H a e m o l y m p h is poor in fat 
bu t r ich in free a m i n o acids ( M . Goyffon, pers. comm.) while glycogen 
a n d phosphol ipids a re i m p o r t a n t componen t s of the hepa topanc reas . 
I t is likely t ha t the g roup ing of several of those componen t s a re 
responsible for the at t ract iveness of these a rachn ids . 

5.3. Mineral Intake 
G e o p h a g y is c o m m o n in ch impanzees , bo th in G a b o n a n d a t G o m b e . 
U p to twice a day , an imals a te pieces of ea r th of a b o u t 10 to 20 g. T h e 
different ea r th samples a re described in H l a d i k (1973). All of t h e m are 
m a d e of clay or o ther phyll i tous mater ia ls wi th par t icules smaller t h a n 
2 /xm a n d most of t h e m from ea r th t ha t has been m o u l d e d by insects 
(very soft a n d wi th fine s t ruc ture) . T h e cylindric construct ions 
("chimneys") bui l t by the la rvae of Muansa clypealis (Homop te ra ) were 
often ea ten by all the ch impanzees of the g roup . 

T h e minera l con ten t of these specimens of ea r th (Tab le V I ) does no t 
reveal a n y e lement in sufficient concen t ra t ion to in te rac t wi th mine ra l 
nu t r i t ion (Hladik a n d Gueguen , 1974). Th i s was also the case of the 
ea r th samples ea ten by the Presbytis species in Sri L a n k a (see Hlad ik , 
this volume) a n d by o ther p r imates , mostly leaf-eaters, for which 
analyt ical d a t a a re avai lable . T h e e lements which migh t have some 
nutr i t ive value for the ch impanzees occur at lower levels in the ea r th 

<35 
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TABLE VI 
Mineral content of different earth samples eaten by the chimpanzee, Pan troglodytes troglodytes, 

in Gabon 

Ρ Ca M R Κ Na Fe Zn Mn Cu 

Earth from cylindric construe- 94 114 100 440 104 8600 21 18 8 
tion of Muansa clypealis larvae 

Earth from mounds of 10 94 — 1 8 2 4 — 
Macrotermes muellerii 

Earth sample collected near 10 8 — 100 5 — — — — 
the above mounds 

Earth from dripping part of 490 448 70 540 95 33 000 35 54 14 
the nest of Procubitermes sp. 

T h e proport ions of the different elements a re in 10~
6
 (mil l ionth of the d ry we igh t ) . After 

H lad ik and Gueguen , 1974. 

samples t h a n in m a n y c o m m o n food plants (Tab le V I I ) . T h e low levels 
of some minerals in the diet a re compensa ted by feeding on a few species 
wi th a high minera l content , such as the stems of Hypselodelphis violacea 
a n d par t icu lar ly the petioles of Musanga cecropioides which con ta in 
13 380 χ 10~ 6 of chlorides. A similar example of ad ap t a t i o n to mine ra l 
nu t r i t ion is presented by Oa tes (1974 a n d this v o l u m e ) : a Colobus 
monkey ob ta ined most of its sodium from Hydrocoiyle ranunculoides, a 
p l an t occurr ing only in a swamp . T h e si tuat ion at G o m b e seems qu i t e 
similar. T h e composi t ion of the ea r th samples ingested by the 
ch impanzees (Tab le V I I I ) differs only in the larger a m o u n t s of ca lc ium 
a n d potassium. 

T h e most likely function of ea t ing clay a n d o ther phyll i tous mate r ia l 
is t ha t it acts as an adso rban t of cer ta in componen t s of the s tomach 
content such as tann ins (C. M . Hlad ik , 1977 a n d this vo lume) . 

TABLE VII 
Mineral content of some food samples eaten by the chimpanzee, Pan 

troglodytes troglodytes, in Gabon 

Ρ Ca Κ 

Baphia leptobotrys, young leaves 
mature leaves 

Hypselodelphis violacea, stems 
Nauclea diderrichii, fruits 
Musanga cecropioides, petioles of leaves 

1990 2660 11 790 
2510 3690 16 140 

990 2180 13 790 
1090 2680 9650 
2620 23 970 54 440 

T h e propor t ions of the different elements a re in 10
 6

 (mill ionth of the 
dry weight) . 
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TABLE VIII 
Mineral content of samples of the earth eaten by the chimpanzee, P a n t r o g l o d y t e s schwein-

fu r th i i , at Gombe {Tanzania), collected by R. W. Wrangham 

C a M g Κ N a Z n Μ η C u 

T e r m i t e m o u n d of Macrotermes bellicosus 
s a m p l e R W 1 6 0 0 6 0 0 5 4 9 0 2 1 0 2 3 137 2 4 
s a m p l e R W 2 5 8 0 4 2 0 0 4 5 8 0 130 2 0 96 19 

T h e propor t ions of the different elements are in 10
 6

 (mill ionth of the d ry weight ) . 

5.4. Secondary Compounds 
T a n n i n s , alkaloids, saponines, terpenes a n d o ther secondary c o m p o u n d s 
are found in small quant i t ies in m a n y p l an t species a n d in large a m o u n t s 
in a few species. W h e r e they are very a b u n d a n t , some par t s of the p l an t 
m a y be toxic a n d inedible . 

Ch impanzees , like m a n y o ther pr imates , a re unab l e to detoxify 
substances by a fermenta t ion preced ing absorpt ion a n d migh t be 
poisoned if the toxic substance is ingested. Thi r ty-e ight foods ea ten by 
the ch impanzees in G a b o n were tested for alkaloids wi th M a y e r a n d 
Dragendorf f reagents . Tes t ing was restricted to the foods (leaves a n d 
seeds) in which alkaloids were likely to occur. Similar tests were also 
carr ied ou t on a sample of 382 p l an t species collected at r a n d o m in the 
ra in forest of Ipassa where the ch impanzees have been observed 
(A. Hlad ik , 1977). I n bo th samples, a r o u n d 1 5 % of species gave positive 
results ind ica t ing t ha t the ch impanzees showed little selection against 
p lants con ta in ing alkaloids. T h e m a i n conclusion is t ha t the alkaloids, 
in most of the p lants in which they occur, a re not toxic or no t con
cen t ra ted enough to be toxic. By contrast , a few species wi th a h igh 
alkaloid conten t such as the fruit of Picralima nitida (Apocynaceae) a re 
no t ea ten by the ch impanzees . 

Saponines , steroids a n d terpenes were found by Bouque t (1972, 1975) 
in a few species of the Congo ra in forest, which also occur in G a b o n a n d 
are ea ten by the ch impanzees ; bu t only t ann ins occur frequently in the 
leaves a n d ba rk of m a n y species a n d a re likely to in te rac t wi th feeding 
behaviour (see discussion a b o u t leaf-monkeys, Hlad ik , this vo lume) . I n 
the b a n a n a s ea ten by the ch impanzees a t G o m b e (and also frequently 
ea ten in the old p lan ta t ions in G a b o n ) some 3,4 d ihydroxypheny la lan ine 
(Waalkes et al., 1958) m a y be concen t ra ted in the skin (700 χ 10~ 6) 
which is chewed wi th the p u l p wi thou t a n y a p p a r e n t effect. 
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6. C O N C L U S I O N 

T h e s tudy suggested t ha t food choice in the ch impanzees was affected by 
var ia t ion in the levels of specific nut r ien ts in different foods r a the r t h a n 
by var ia t ion in secondary compounds . Several points suppor ted this 
view. W h e n the ch impanzees did not a p p e a r to be maximiz ing thei r 
energy r e tu rn they compensa ted for deficiencies in the qual i ta t ive 
composi t ion of their diet by ingesting species yielding specific nu t r ien ts . 
For example , they a te the t iny leaf buds of Baphia leptobotrys, weighing 
0-05 g each a n d the ra te of ingestion w h e n feeding on these par ts was 
evident ly slow. This i tem is of grea t impor t ance for it provides cer ta in 
a m i n o acids. Similarly, w h e n the ch impanzees a te the petioles of 
Musanga cecropioides, which yield mostly fibre as a p r i m a r y componen t , 
this he lped to ba lance the minera l conten t of the diet. 

T h e feeding strategy of the ch impanzee appears to be based on food 
resources t ha t yield the m a x i m u m a m o u n t of nut r ients . Such resources 
a re generally widely dispersed a n d m a y also vary in t empora l d is t r ibut ion 
from year to year . Th is explains the exceptional size of the range of the 
ch impanzee a n d its large "supply ing a r e a " , c o m p a r e d to t ha t of 
the o ther frugivorous p r ima te species ( W r a n g h a m , this v o l u m e ; Hlad ik , 
1975). T h e feeding strategy of Presbytis senex (Hladik, this volume) is 
exactly the cont ra ry of t ha t of Pan troglodytes, wi th the ut i l izat ion of 
c o m m o n food sources associated wi th low costs in r ang ing a n d feeding 
movements a n d wi th low re tu rn in energy. 

Feeding behav iour is condi t ioned by the long t e rm response to the 
nut r ien ts (see H lad ik et al., 1971a; Casimir , 1975; Hlad ik , this v o l u m e ) ; 
b u t the ch impanzees selection of food mus t necessarily be based on the 
immed ia t e effects of the soluble substances detected by taste. Th is is the 
only w a y to increase the efficiency of foraging a n d ga ther ing in an 
a n i m a l looking for food species dispersed over a wide range . T h e r e is no 
evidence t ha t all the i m p o r t a n t nut r ients can be detected by taste b u t 
the secondary compounds can be associated wi th the long t e rm response 
a n d provoke an immed ia t e effect; this migh t be the reason w h y some 
substances (see Section 5.4) which have no obvious effect on nu t r i t ion 
are selected. 

7. S U M M A R Y 

1, 2. A field s tudy of one year (1971-72) a n d three mon ths (1975) 
was carr ied ou t on a popu la t ion of ch impanzees re in t roduced to the ra in 
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forest of Ipassa, nea r M a k o k o u , G a b o n . Q u a n t i t a t i v e d a t a on the food 
ingested were collected. Resul ts of this s tudy a re c o m p a r e d wi th d a t a 
collected by R . W . W r a n g h a m in the G o m b e Na t iona l Park , T a n z a n i a . 
T h e n u m b e r of p l an t species is grea ter in G a b o n t h a n a t G o m b e a n d the 
var ie ty of food plants ea ten is also greater . 

3. I n G a b o n , as at G o m b e , ch impanzees fed m o r e on fruits in the 
first-half of the d a y a n d more on leaves in the second-half. D u r i n g the 
ra iny season, a m a r k e d peak in leaf ea t ing occurred in the last two hours 
of activity. 

Smal l differences in the feeding techniques a n d food choice a p p e a r 
be tween the ch impanzees in G a b o n a n d a t G o m b e . " F i s h i n g " concerns 
main ly termites a t G o m b e a n d ants in G a b o n . Macrotermes a re ea ten a t 
G o m b e , not in G a b o n . Bark is uti l ized as a fibre c o m p l e m e n t wi th 
an ima l food in G a b o n , while at G o m b e , leaves p lay this role. 

4. Seasonal changes in diet were re la ted to p l an t phenology and , as a t 
G o m b e , there are i m p o r t a n t differences be tween years. R a n g i n g 
pa t te rns are par t ly re la ted to p l an t dis t r ibut ions (da ta from G a b o n not 
sufficient for compar i son) . 

T h e average a n n u a l food in take (fresh weight) was 6 8 % fruits, 2 8 % 
leaves a n d barks a n d stems, 4 % a n i m a l food. 

5. T h e composi t ion of the food specimens collected in G a b o n , show 
t h a t the feeding strategy of the ch impanzee is based on the ut i l izat ion of 
the dispersed resources yielding the m a x i m u m a m o u n t of nu t r ien ts . T h e 
low prote in conten t of fruits is compensa ted for by the h igh conten t of 
young leaves. Insects are selected for specific a m i n o acids. 

Minera ls are mostly suppl ied by different food p lants a n d geophagy is 
not an a d a p t a t i o n to dietet ic ba lanc ing . T h e ea r th ingested m a y serve to 
adsorb tann ins or o ther secondary compounds . 

Some ra re p lants showing h igh levels of toxic c o m p o u n d s are avoided 
by ch impanzees . A l though " secondary c o m p o u n d s " are found in small 
a m o u n t s in m a n y food plants , there is no evidence t ha t ch impanzees 
select p l an t species where these a re absent . 

A C K N O W L E D G E M E N T S 

T h e project re la ted to the ch impanzees in G a b o n , was ini t ia ted by 
Professor P . P . Grasse, in 1963. M a n y o ther scientists of the C N R S 
co-opera ted for its con t inua t ion , a t the Ipassa field s tat ion. A n n e t t e 
H lad ik developed the botan ica l researches a n d the tests for alkaloids 
presented in this pape r . R . W . W r a n g h a m collected the food samples 
from G o m b e , for which analyt ica l d a t a a re presented . 
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1. INTRODUCTION 

Most studies of the feeding behav iour of ch impanzees {Pan troglodytes 
Blumenbach) have been in T a n z a n i a , a long the shore a n d in land from 
Lake Tangany ika , often as p a r t of more widely based behavioura l 
observations (Goodall , 1963, 1965, 1968 in G o m b e Na t iona l P a r k ; 
A z u m a a n d Toyosh ima , 1962; I z a w a a n d I t an i , 1966; Suzuki , 1969; 
I zawa , 1970 a n d K a n o , 1971 a r o u n d the Kasaka t i Basin; Nishida , 1968, 
1974 in the M a h a l i moun ta ins ) . Genera l descriptions from the Budongo 
forest, U g a n d a were given by Reynolds a n d Reynolds (1965) a n d 
Sug iyama (1968). T h e most detai led s tudy in West Africa was of 
ch impanzees re in t roduced to the wild in G a b o n (Hladik, 1973, this 
v o l u m e ) : some d a t a were also given by Nissen (1931) a n d de 
Bournonvil le (1967) from Guinea , a n d by J o n e s a n d Saba te r Pi (1971) 
from R io M u n i . 

Despite the n u m b e r of reports little is unders tood of the role of 
ch impanzee feeding behaviour in med ia t ing the re la t ionship be tween 
the env i ronment a n d social s t ruc tu re : the difficulty of ob ta in ing 
proper ly sampled observations, the complexi ty of the env i ronment a n d 
the cont inu ing deba te over the n a t u r e of ch impanzee social s t ruc ture 
have been considerable obstacles. I n this pape r d a t a on feeding 
behaviour a re given in detai l . These are subsequent ly re la ted to 
observations of r ang ing a n d g roup ing behaviour , summar ized from 
W r a n g h a m (1975). 

2. M E T H O D S 

2.1. Study Area and Study Population 
T h e s tudy a rea was approx imate ly 20 k m 2 of G o m b e Na t iona l Park , 
T a n z a n i a , on the shore of Lake T a n g a n y i k a . I ts eastern b o u n d a r y , t he 
r u n n i n g crest of hills border ing the lake, lies a t a r o u n d 1500 m above 
m e a n sea level (a.m.s.L). F r o m there , a series of para l le l dendr i t i c 
s t reams flow 3 to 4 k m to the lake, 683 m a.m.s.L Figure 1 shows the 
s tudy a rea a n d the dis t r ibut ion of hab i ta t s in the cent ra l p a r t a n d Fig. 2 
il lustrates r iverine forest: vegeta t ion types correspond to those described 
by Clut ton-Brock (1975a) for a typical p a r t (c. 1-4 k m 2) of the park . 
T h e r e were no geographica l boundar ies except the lake shore to the 
west. 

T h e subjects were 36 i n d e p e n d e n t a n d 19 d e p e n d e n t ch impanzees , 
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km 

FIG. 1. S tudy area . T h e scale is a p p r o x i m a t e since the g r o u n d was u n e v e n : the eas tern 
b o u n d a r y of the s tudy area was abou t 1500 m a.m.s.l . , the western b o u n d a r y 683 m a.m.s.l . 

most of w h o m were fully h a b i t u a t e d to h u m a n observers. (Dependen t s 
were those w h o spent more t h a n 5 0 % of their t ime wi th their mothers , 
a n d are not inc luded in analyses except where specifically stated.) 
R e c e n t d a t a on the social s t ruc ture of the popu la t ion (Goodal l , 1973) 
d e m a n d a revision of the view (Goodal l , 1968) t h a t the only p e r m a n e n t 
social bonds a re be tween mothers a n d thei r young . O n the basis of 
r ang ing a n d association d a t a adu l t males were found by Bygott (1974, 
in press) to belong to one of two " c o m m u n i t i e s " , no r the rn a n d southern . 
Ind iv idua ls wi th in a c o m m u n i t y h a d m o r e over lapp ing ranges and 
spent more t ime together t h a n those of different communi t ies , a n d 
interact ions be tween males of different communi t i es were normal ly 
aggressive. W r a n g h a m (1975, in press) proposed t h a t the c o m m u n i t y 
concept be l imited to males unt i l t he re la t ionship of the ranges of 
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FIG. 2 . River ine forest in the lower p a r t of Mkenke valley. 

A n artificial feeding a rea (camp) was m a i n t a i n e d in the centre of 
the no r the rn c o m m u n i t y range (Goodal l , 1968; W r a n g h a m , 1974). 
Indiv iduals ob ta ined b a n a n a s less t h a n once a week (for n ine males a n d 
11 females in the no r the rn communi ty , m e a n = 9-9 days be tween feeds, 
r ange 6*1-19-3). A ra t ion of b a n a n a s (up to 15) p re sumab ly suppl ied 
less t h a n 2 0 % of an adul t ' s dai ly food requ i rements , a n d since less t h a n 
1 0 % of the no r the rn c o m m u n i t y were fed per d a y (mean 2*2 individuals) 
the feeding a rea con t r ibu ted less t h a n 2 % of the tota l food in take . 
D u r i n g this s tudy individuals u n d e r observat ion were not given b a n a n a s 
except by mistake, which h a p p e n e d twice. 

females to male communi t i e s is clarified. However , since female ranges 
a re smaller t h a n those of males the dist inct ion is not crucial w h e n male 
c o m m u n i t y ranges are stable. I n this pape r individuals of bo th sexes are 
regarded as be ing p a r t of par t i cu la r communi t ies , whose composi t ion is 
shown in T a b l e I . 
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TABLE I 
Age/sex class composition of study communities 

N o r t h e r n 
c o m m u n i t y 

S o u t h e r n 
c o m m u n i t y 

I n d e p e n d e n t m a l e s 
p a s t p r i m e 2 2 
p r i m e 6 4 
a d o l e s c e n t 1 1 

I n d e p e n d e n t f ema le s 
p a s t p r i m e 1* + 1* 0 
p r i m e 11 + 13 4 + 6 
a d o l e s c e n t 2 2 

T o t a l 2 3 + 14 1 3 + 6 

D a t a from 1972 a n d 1973 (abr idged from W r a n g h a m , 
1975). 
Figures after plus signs show dependen ts . 
* Died dur ing s tudy per iod. 
Note tha t assignation of females to male communi t ies is a 
convenience and no t necessarily a biological reali ty. 

2.2. Observation Samples 
Observa t ions were m a d e from M a y 1972 to J a n u a r y 1973, a n d J u l y to 
Sep tember 1973. A n observat ion per iod was a cont inuous per iod of 
recording or t rying to record the behav iour of a ta rget ind iv idua l a n d 
those in his " p a r t y " (i.e. those wi th in 100 m ) . Activities of the ta rge t 
were recorded every m i n u t e on the m i n u t e , those of the p a r t y every five 
minutes , a n d calls by the ta rge t were recorded as they occurred . I n 
analysis, activities were scored every 30 minu tes to reduce dependence 
(Tables I I I , I V , V ) . 

O n l y the 14 p r ime or pas t -pr ime males were selected as targets , in 
o rder to focus a t t en t ion on behav ioura l responses to env i ronmenta l 
change . T h e feeding behav iour of females a n d y o u n g is p re sumab ly 
affected relatively more by changes in reproduct ive state, pa r en t a l 
responsibilities a n d age a n d remains to be described in detai l . 

Ind iv idua ls could no t always be found w h e n wan ted , so strictly even 
sampl ing was impossible. T a b l e I I shows the d is t r ibut ion of observat ion 
hours on different t a rge t individuals . Some of the var ia t ion was 
in tent ional , such as the m a n y hours spent on H G , E V a n d G I as p a r t of 
a r ang ing s tudy. I n selecting targets a n d decid ing w h e n to leave t h e m 
the p rob l em of bias was always present . Mos t observat ion periods began 
a t d a w n , selection of the ta rge t be ing m a d e the previous n igh t from 
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N o r t h e r n c o m m u n i t y S o u t h e r n c o m m u n i t y 
T a r g e t P e r i o d s H o u r s T a r g e t P e r i o d s H o u r s 

H u g o 18 159 G o l i a t h 5 2 5 
M i k e 10 6 4 H u g h 5 35 
H u m p h r e y 10 56 C h a r l i e 6 50 
F a b e n 9 6 8 W i l l y - W a l l y 4 2 0 
E v e r e d 2 4 195 D e 3 2 8 
F i g a n 14 92 G o d i 10 8 8 
J o m e o 14 6 4 
S a t a n 11 82 
T o t a l 110 780 T o t a l 33 2 4 6 

those individuals whose sleeping site was known. T h e decision to end an 
observat ion per iod was taken at least an hou r in advance , to prevent the 
t empta t ion to proceed mere ly to inc lude a r a re event in the sample . 
However m a n y periods h a d to end w h e n the ta rget was lost. 
Observa t ion hours were evenly dis t r ibuted across the day bu t for m a n y 
analyses only al l -day observat ions were used (i.e. cont inuous observat ion 
between morn ing- a n d n igh t -nes t ) : a t least one was collected for each 
male . 

I n some analyses, especially of r ang ing behaviour , d a t a collected by 
more t h a n 30 observers were combined wi th observations m a d e d u r i n g 
this s tudy. These d a t a were recorded on s tandard ized " g r o u p t r a v e l " 
char ts whose reliabili ty is discussed elsewhere ( W r a n g h a m , 1975). 

2.3. Food Eaten and Food Availability 
T h e diet was recorded only by direct observat ion of feeding, defined as 
hav ing food in the m o u t h or being in the process of transferring it to the 
m o u t h . Food was any th ing known to be ingested. This definition m a d e 
recording simple, bu t "feeding t i m e " consequent ly var ied in its 
biological mean ing . For ins tance ch impanzees sometimes carr ied 
a l ready chewed fruit of Parinari curatellifolia Benth . on the lower l ip 
while walk ing ; t hough recorded as feeding they were get t ing less 
nour i shment t h a n w h e n actively chewing. Inclusion of chewing as a 
separa te category would have reduced great ly the p ropor t ion of minu tes 
of good observat ion. 

A n u m b e r of o ther te rms need to be def ined: "food t y p e " : pa r t i cu la r 
p a r t (e.g. fruit, leaf, resin) of par t i cu la r species; "feeding s i t e " : position 
from which a ch impanzee could collect food wi thou t moving his feet; 

TABLE II 
Observation time as target individuals 
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"food s o u r c e " : vo lume con ta in ing feeding sites sufficiently close together 
for a ch impanzee to move from one to ano th e r wi thou t ceasing to feed; 
"feeding b o u t " : a cont inuous n u m b e r of minu tes a t the beg inning of 
which the ch impanzee was ea t ing the same food type as on the previous 
m i n u t e . 

N o strictly i n d e p e n d e n t measures of food avai labi l i ty were a t t e m p t e d : 
prac t ica l a n d theoret ical difficulties were considered prohibi t ive 
( W r a n g h a m , 1975). W i t h o u t i n d e p e n d e n t measures of some environ
m e n t a l variables , however , it is no rma l ly impossible to isolate t he 
significance of pa r t i cu la r var iables . Between seasons, for ins tance, there 
m a y be changes in food availabil i ty, hab i t a t s t ructure , p r eda t ion or 
parasi te pressure a n d cl imate , a n y of which could con t r ibu te to observed 
behavioura l changes . 

T h e solution adop ted here was to control for as m a n y env i ronmen ta l 
changes as possible by c o m p a r i n g observat ions d u r i n g the same m o n t h s 
in successive years. T h e only expected ecological change was therefore in 
the n a t u r e of food sources: in G o m b e most p lants have regular r h y t h m s 
of product iv i ty bu t c rop failures a re known to occur (Goodal l , 1968). 

T h r e e seasons, each of th ree mon ths , were selected for compar i son : 
these were J u l y to Sep tember 1972 (Dj) , N o v e m b e r 1972 to J a n u a r y 
1973 (W) , a n d J u l y to Sep tember 1973 ( D 2) . ^ a n d D 2 fell in the 
midd le of the five-month d ry season, a n d the only recorded cl imatic 
difference be tween t h e m was a single rainfall (0-2 cm) in Sep tember 
1972. T h e rains normal ly begin in Oc tobe r . I n W there were 49 c m of 
ra in , a n d visibility was considerably less t h a n in Ό1 a n d D 2 , w h e n the 
grass was low a n d most deciduous species h a d lost their leaves. 

O w i n g to the difficulty of in te rpre t ing the significance of changes in 
behav iour be tween wet a n d d ry seasons the major compar i son here is 
be tween Ό1 a n d D 2 , w h e n the only expected change is in the n a t u r e of 
food sources. However observat ions from W are inc luded as a pa r t i a l 
test of the proposed re la t ionship be tween env i ronmen ta l a n d behavioura l 
changes . Seasonal compar isons a re m a d e by m a t c h i n g al l -day obser
vat ions of the same target individuals in a Wilcoxon test wheneve r 
possible: sample sizes a re consequent ly small . 

3. FEEDING B E H A V I O U R 

3.1. Feeding Techniques 
Most of a ch impanzee ' s feeding t ime occur red in a few u n i n t e r r u p t e d 
bouts . For ten males in D 1 ? for ins tance, the m e a n n u m b e r of bouts pe r 
d a y was 37-8; 13-9 of these (37%) lasted a t least five minutes , a n d 
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accounted for 88*3% of feeding minutes . Different feeding bouts 
normal ly occurred a t different food sources, so we m a y pic ture 
ch impanzee feeding behaviour as the composi te of visits to abou t 14 
major sources du r ing a day. 

A feeding bou t was often preceded by conspicuous inspection of the 
food source. U n d e r some of the tallest trees, for instance, those of u p to 
30 m, a lone ch impanzee migh t spend u p to four minutes examin ing the 
canopy above h im from different angles or sniffing fallen fruit. If 
ano ther adul t was a l ready feeding, the newcomer would c l imb straight 
u p and jo in h i m : bu t if a baboon , Papio anubisj. P . Fischer, or sometimes 
a young ch impanzee , was feeding he would examine the food as usual . 
Occasionally when individuals inspected a source they did not feed a t 
the t ime, bu t c l imbed straight u p to feed on their r e tu rn u p to two days 
later. Inspections seemed more thorough if the t ree was tall a n d the 
c l imb ver t ical : possibly the ch imps were j u d g i n g not only the qual i ty of 
food items bu t also whe the r the quan t i t y justified the c l imb. 

H a v i n g occupied a feeding site the ch impanzee often inspected 
individual food i tems by sight, touch or smell. T h e frequency of 
inspection du r ing a bout appea red to d e p e n d on var ia t ion in i tem 
qual i ty . Every i tem of some foods such as large fruit was individual ly 
examined, and m a n y were rejected. Seed-bear ing trees on the o ther 
h a n d were tested by open ing two or three pods : after finding a " g o o d " 
tree, the ch impanzee might take almost every pod, a n d feed for u p to 
four hours wi thout a break. Leaves were normal ly stuffed into the 
m o u t h after only a casual glance. 

Food-bear ing branches were occasionally broken off a n d carr ied to a 
convenient (e.g. shaded) spot, a n d some fruits were collected together 
before being ea ten one by one. However ch impanzees normal ly a te the 
food where they found it (e.g. Fig. 3). Leaves were s t r ipped off the stem 
and immedia te ly chewed, t hough exceptions were Aspilia sp. (Section 4) 
a n d Ficus urceolaris H i e r n : the la t ter were sometimes piled together a n d 
rolled into a c rude cigar shape before being chewed. 

O n l y fruits, seeds a n d pi th needed to be p repa red before being eaten. 
Var ia t ion in the techniques used appea red largely a t t r ibu tab le to the 
par t icu lar problems imposed by the food i tem. W h e n eat ing the fruit of 
Garcinia huillensis Oliv, for instance, males placed only one in the m o u t h , 
squeezed it, took out the compressed skin a n d held it be tween the lips or 
t h u m b a n d forefinger while crushing the ex t ruded flesh wi th in the 
m o u t h . A few seconds later the skin would be r e tu rned to the m o u t h , 
squeezed a n d removed again . A capt ive infant ch impanzee from Zai re 
adop ted this t echn ique in ea t ing the second fruit given to h i m : baboons , 
on the o ther h a n d , invar iably peeled the skin wi th their fingers before 
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FIG. 3 . An adult male eating the flowers of Pterocarpus angolensis D C . The use of all his limbs 
allowed even an adult male to feed from the slender outer branches, but individuals some
times broke thin branches and carried them to a more convenient feeding site. 
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eat ing. T h e pods of Diplorhyncus condylocarpon (Muel l . Arg.) P ichon were 
placed upside d o w n be tween the incisors after be ing cracked wi th t h e 
molars , a n d then pul led open wi th one or two hands , using the t h u m b 
a n d forefinger. Techn iques such as these var ied l i t t le : b u t individuals 
differed consistently in h a n d preference, w h e n smashing or pul l ing a t 
hard-shel led fruit, a n d whe the r lips or hands were most often used for 
hold ing i tems a b o u t to be eaten. (Of 11 individuals , six were r ight-
h a n d e d , four lef t -handed a n d one ambidext rous . ) 

Special techniques have been described for ea t ing m e a t (Teleki , 
1973b) a n d insects (Goodall , 1968; M c G r e w , in press). I t is of in teres t 
t ha t one potent ia l food, the kernel of p a l m nuts Elaeis guineensis J a c q . , is 
not eaten. I n G o m b e bo th ch impanzees a n d baboons eat the outer flesh, 
b u t only baboons have sufficiently s t rong j aws to crack the nu t . Beat ty 
(1951) saw ch impanzees in Liber ia using rocks to smash open p a l m 
nuts , bu t no similar tool use has been seen in G o m b e . T h e only tool seen 
in ea t ing vegetable food was a w a d of leaves, used to sponge out t h e 
inside of Strychnos sp. fruit, a n d this occurred only once ou t of m a n y 
observations. 

3.2. Feeding Heights 
Individuals were recorded as be ing ei ther " o n the g r o u n d " or " i n a 
t r e e " : w h e n in trees their feet were wi th in 2 m of the g round on 7 % of 
observat ion points . I n all seasons most of their feeding t ime was spent in 
trees, u p to 8 8 % in W (Table I I I ) . T h e lower p ropor t ion in the d ry 
season (down to 5 7 % ) p robab ly reflects a shift in the vert ical d is t r ibut ion 
of food, due bo th to ground- level p roduc t ion (fruiting shrubs etc.) a n d 
the preference of ch impanzees for ea t ing some fruit after they h a d fallen 
(e.g. P . curatellifolia). Ano the r factor responsible for the seasonal 
difference was tha t ch impanzees disliked sitt ing on wet g r o u n d : they 

TABLE III 
Activity budgets in trees 

% o b s e r v a t i o n p o i n t s 
of d i f fe ren t ac t iv i t i e s 

r e c o r d e d i n t r ees 
D x W D 2 

Al l ac t iv i t i e s 44-0 66-8 35-5 
W h e n f e e d i n g 68-7 87-9 56-6 
W h e n r e s t i n g o r g r o o m i n g 7-5 62-9 13-5 
W h e n t r a v e l l i n g 12-1 11-9 3-6 
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spent more t ime rest ing or g rooming in trees in W t h a n in Ό1 or D 2 

( Ρ < 0 · 0 1 ) . 

3.3. Activity Budgets 
Activities are likely to be affected by changes in the env i ronment , a n d 
a re therefore re la ted here to different hab i t a t s a n d different seasons. 
Va r i a t i on of activity budgets wi th gross h a b i t a t categories is shown in 
T a b l e I V . Between n a t u r a l vegeta t ion types the only differences were 
in the type of food eaten , a n d this was clearly re la ted to avai labi l i ty. I n 
the artificial feeding area , however , less t ime was spent ea t ing or 
t ravell ing, a n d more rest ing a n d grooming . T h e similari ty of act ivi ty 
budgets in the different n a t u r a l hab i ta t s allows d a t a to be l u m p e d 
across t hem. However because of the a b n o r m a l d is t r ibut ion of activities 
in c a m p , d a t a collected there have been omi t t ed from most of the 
analyses. 

TABLE 
Habitat variation in 

IV 
activity budgets 

A c t i v i t y 
S e m i - e v e r g r e e n 

forest 
D e c i d u o u s 

forest G r a s s l a n d C a m p 

E a t f ru i t 
E a t l ea f 
E a t o t h e r food 

37-9^ 
13-5 

2-5 
j>53-9 

34-6 ] 
10-5 V56-7 
11-6J 

21-2Ί 
10-4 156-1 
24-5 J 

6-9Ί 
0-0 I 6-9 
0-OJ 

T r a v e l 13-5 13-2 15-8 6-9 

A U o g r o o m 
R e s t 
L i e ( n o t n i g h t - n e s t ) 

5-8^ 
16-6 

8-3 
J>30-7 

5-6] 
18-1 129-7 

6-Oj 

7-2Ί 
16-9 128-8 
4 - 7 j 

32 -8 ] 
44-8 V86-2 

8-6 J 

N o t o b s e r v e d 2-1 1-1 0-0 0-0 

η ( 3 0 - m i n p ts ) 3 2 6 6 1 9 2 7 8 5 8 

Figures show % of 30-min poin t records. E a t i n g could be combined wi th g rooming or 
t ravel l ing, so some percentages total more t h a n 100. 

T a b l e V shows seasonal var ia t ion in activity budgets . M o r e t ime was 
spent feeding in Όχ a n d D 2 ( 5 7 % a n d 6 0 % ) t h a n in W ( 4 6 % ) . Possibly 
this reflects differences in food qual i ty , b u t the difference was no t 
significant, a n d it should be no ted t h a t the significance of feeding t ime 
var ied be tween foods (1-3). M o r e t ime was spent t ravel l ing in D 2 t h a n 
in D x : this is discussed below (Section 4) . 
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TABLE V 
Seasonal variation in activity budgets 

A c t i v i t y Di W D 2 M a y 7 2 - S e p t . 73 

E a t f ru i t 33-8Ί 32 -9 ] 35-8Ί 33-1Ί 
E a t l e a f 12-4 ΙβΟ-2 8-4 U6-5 11-1 ^56-7 11-8 « 5 - 7 
E a t o t h e r food 14-0J 5-2J 9-8J 10-8J 

T r a v e l 8-4 14-5 20-0 13-8 

i-30-3 
A l l o g r o o m 5-5Ί 8-8Ί 4-1Ί 6-2Ί 
R e s t 17-4 129-8 22-9 139-0 16-5 124-9 17-8 ^ 
L i e (no t i n n i g h t - n e s t ) 6-9J 7-3J 4-3 J 6-3 J 
N o t o b s e r v e d 1-6 0-8 0-8 1-2 
T o t a l 100-0 100-8 102-4 101-0 
η ( 3 0 - m i n p ts ) 3 7 9 2 4 9 3 6 9 1197 
M e a n t i m e t o l e a v e 

n i g h t - n e s t 6 -50h 6-28h 6-47h 6-42h 
M e a n t i m e t o e n t e r 

n i g h t - n e s t 18-34h 18-36h 19-06h 18-43h 
M e a n t i m e b e t w e e n 

n i g h t - n e s t s ( m i n ) 7 0 4 726 739 721 

Figures show % of 30 min point records. M e a n times of leaving a n d enter ing night-nests a re 
shown from all observations (n = 75). 

D u r i n g the day there were three feeding peaks, be tween which 
grooming t ended to occur (Fig. 4) . Goodal l (1968) a n d Nish ida (1974) 
found only two feeding peaks, in the m o r n i n g a n d evening. Possibly the 
cent ra l peak in Fig. 4 is no t r ea l : d iu rna l r hy thms var ied considerably 
be tween days, as found by Hlad ik (1973). Activi ty budgets also var ied. 

FIG. 4 . Diurna l var ia t ion in activi ty. D a t a from al l-day observations (n = 5 4 ) ; act ivi ty of the 
target was scored every 30 minutes . 
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For instance, the pe rcen tage of minu tes be tween night-nests spent 
feeding var ied, for the same male in the same m o n t h , be tween 5 5 * 1 % 
a n d 78-9% (Hugo , J u n e 1972), 5 2 - 8 % a n d 7 9 4 % (Godi , Augus t 1972) 
a n d 50 -0% a n d 7 2 - 3 % (Evered, J u l y 1973). Feed ing was once recorded 
in the midd le of a moonl i t n igh t in the wet season. 

3.4. Diet Diversity 
Diet diversity is examined be tween days, m o n t h s a n d s tudy areas. T h e 
n u m b e r of food types ea ten per d a y var ied little (mean 14*6, s.d. 3-6). 
T a b l e V I shows how the dai ly diet was composed. F ru i t a n d leaves were 
the most i m p o r t a n t foods, b u t t hough the m e a n n u m b e r of species ea ten 
per d a y was similar, the n u m b e r of fruit species was more consistent 
(s.d. 1-6) t h a n the n u m b e r of leaves (s.d. 2*4). 

T h e r e was little indica t ion of w h y the n u m b e r of species ea ten per d a y 
should be so consistent. Ch impanzees appa ren t l y sought ou t var ie ty to 
some ex ten t : for ins tance they sometimes r e tu rned on successive days to 
trees in which all the seeds h a d a p p e a r e d to be r eady to eat , yet wh ich 
they h a d previously left in preference for a var ie ty of o ther foods. O n the 
o the r h a n d , the only indiv idual difference observed for diet var ie ty 
a p p e a r e d d u e to passive accep tance of the avai labi l i ty of a b roade r diet . 
Th i s occur red in D l 5 w h e n one ma le (Hugo) a te significantly m o r e p l an t 
foods per d a y (mean 17-8) t h a n others in the n o r t h e r n c o m m u n i t y 
(mean 11-5, d a t a l u m p e d for six males) ( M a n n - W h i t n e y Ρ < 0 · 0 0 1 ) . 

TABLE VI 
Number of food types eaten per day 

F o o d t y p e 
M e a n n u m b e r 

p e r d a y 

T o t a l 

5-2 
4-9 
0-5 
2-2 
0-3 
0-1 
0-6 
0-8 

14-6 

* O t h e r p l a n t p a r t s w e r e p i t h , g a l l s , flowers, 

r e s i n . 

t I n s e c t s e a t e n i n c i d e n t a l l y w i t h v e g e t a b l e 

f o o d a r e n o t i n c l u d e d . 

Plant 

Animal* 

Fruit 
Leaf 
Seed 
Other parts* 
Insects"]" 
Vertebrates 
Earth 
Water 
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Observat ion minutes ( x l O O O ) 

FIG. 5 . N u m b e r of food types per m o n t h . All food types (plant , an ima l and miscellaneous) 
are inc luded. 

A t this t ime males t ended to occupy small areas wi th in the c o m m u n i t y 
range , a n d H u g o spent more t ime t h a n others in the lower s t ream bed of 
K a k o m b e valley, where there grew a wide var iety of small edible leaves. 
I n D 2 there was no difference in dai ly diet b r e a d t h be tween H u g o a n d 
o ther n o r t h e r n ma les : all t ended to t ravel widely over the c o m m u n i t y 
range , bu t w h e n H u g o or o ther males spent half the day in lower 
K a k o m b e , they a te as m a n y leaves as H u g o h a d done regular ly in D x . 

T h e n u m b e r of food types recorded per m o n t h was re la ted to 
observat ion t ime (Fig. 5) . T h e asymptot ic form of the curve suggests 
t ha t a b o u t 60 types were ea ten in typical months , a n d the smoothness of 
the curve suggests a similar var iety in all mon ths . 

D u r i n g this s tudy 140 p lan t food types were observed, 77 of which 
were new feeding records for G o m b e ch impanzees . Sixty-one further 
p lan t foods have been recorded in G o m b e by o ther observers (Goodal l , 
1968 a n d unpub l i shed files in the G o m b e S t r eam Research Centre) 
(Table V I I ) . Die t b r e a d t h appears similar elsewhere. H l a d i k (1973) 

TABLE VII 
Total number of food types recorded in Gombe 

P l a n t s A n i m a l s M i s c e l l a n e o u s Al l 

S o u r c e F S B L P R C G T o t a l I 
T h i s s t u d y 6 0 8 13 37 13 3 4 2 140 11 
G o m b e files 2 6 6 6 1 7 2 1 3 0 61 2 
T o t a l 8 6 14 19 5 4 15 4 7 2 201 13 

1 V 
11 7 
2 8 

13 15 

9 
4 

13 

167 
75 

232 

Different par t s of the same p lan t species are scored as different food types : F : fruit; S : seed; 
Β : flowers; L : leaves; P : p i t h ; R : resin; G: c a m b i u m ; G : galls; I : insects; V : ver tebra tes . 
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observed 141 foods in a 12-month s tudy of ch impanzees re in t roduced to 
a forest in G a b o n , a n d Nish ida (1974) recorded 205 food types over a 
seven-year per iod in the M a h a l i moun ta in s , T a n z a n i a . 

3.5. Time Spent Eating Different Foods 
Even over periods as long as two m o n t h s most of the feeding t ime was 
spent on few foods. F igure 6 shows t h a t in J u l y a n d Augus t 1972 a n d 
1973, 5 0 % of feeding t ime was spent on the first two to five food types, 
a n d 5 0 % of food types accounted for 9 3 - 9 5 % of feeding t ime. T h e 
inclusion in the diet of n u m e r o u s food types a p p e a r e d d u e bo th to the 
ra re availabil i ty of some preferred foods a n d to the occasional selection 
of c o m m o n types. T h e la t ter is i l lustrated by the fact t ha t 15 of the 27 
foods recorded only once were c o m m o n l y ava i lab le : i n t e rmi t t en t 
exper imen ta t ion could be an i m p o r t a n t s t rategy in an unp red i c t ab l e 
env i ronmen t . However , the re a re no feeding records yet for m o r e t h a n 
300 p lan t species found in the s tudy area . 

Changes in feeding t ime on the major foods a p p e a r e d largely re la ted 
to availabil i ty. F igure 7 summar izes the m o n t h l y var ia t ion , which was 
c o m p a r a b l e to t ha t found in similar hab i t a t s (Suzuki, 1969; Nishida , 
1974), a n d was thus largely pred ic tab le . However , the re was one 
i m p o r t a n t difference be tween D x a n d D 2 . I n D x the fruit of Parinari 
curatellifolia were ha rd ly ea ten , whereas in D 2 they were ea ten for u p to 
4 1 % of feeding t ime . T h e difference was clearly d u e to the a lmost 
comple te absence of P. curatellifolia fruit in D 2 . Th i s species appears to 
have a fairly regular two-year cycle of fruiting in G o m b e . 

0 - f 1 1 1 1 1 Γ -

Ο 1 0 2 0 3 0 4 0 5 0 6 0 

Rank of food type 

FIG. 6 . N u m b e r of food types in relat ion to to ta l feeding t ime . D a t a a re from 14 all-day 
observations in each two-mon th per iod . 
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FIG. 7 . S e a s o n a l c h a n g e i n d i e t . T h e t e n f o o d t y p e s s h o w n w e r e a l l t h o s e e a t e n o n m o r e t h a n 
1 5 % o f o b s e r v a t i o n m i n u t e s ( b y t a r g e t i n d i v i d u a l s ) i n a n y m o n t h . 

Anima l foods formed a small pa r t of the total in take . Insects were 
ea ten incidental ly in all mon ths in figs a n d galls. W i n g e d termi tes 
{Macrotermes bellicosus a n d Pseudacanthotermes militaris) were ea ten w h e n 
found flying, a n d tools were used to "fish" for M. bellicosus soldiers a t 
m o u n d s where passages h a d been m a d e for the r ep roduc ing caste 
(Goodall , 1968; Teleki , 1974; M c G r e w , in press). 

N o fish, a m p h i b i a n s or reptiles have been seen to be ea ten , t h o u g h 

M J J A S O N D J 
ι 



17. PAN TROGLODYTES 519 

dry ing fish (Stolothrissa sp.) were frequently encounte red on the lake 
shore, a n d these were ea ten by baboons . Skinks (Mabuya sp.) a n d 
moni to r l izards (Varanus sp.) were c o m m o n , a n d y o u n g ch impanzees 
somet imes p layed wi th them, twice kill ing skinks, bu t no a t t e m p t was 
m a d e to eat t hem. Similar ly ch impanzees have h a n d l e d a fruit ba t 
(Eidolon kelvum?) ( T h o r n d a h l , pers . comm.) a n d cane r a t (Thryonomys 
sp.) w i thou t eat ing, t hough the ba t was killed a n d the same species is 
ea ten by baboons . 

O t h e r ver tebra tes which could be seized were ea ten . Birds or their 
eggs were t aken occasionally, by bo th sexes, bu t of 14 records (nine 
species) in th ree years, seven were d u e to a juveni le female (Pom) . T h e 
m a m m a l i a n prey species, in a p p r o x i m a t e o rder of f requency of cap tu re , 
were colobus monkeys Colobus badius (Ke r r ) , bushpig Potamochoerus 
porcus (L. ) , bushbuck Tragelaphus scriptus (Pallas), redta i l monkeys 
Cercopithecus ascanius (Audeber t ) , b lue monkeys Cercopithecus mitis Wolff 
a n d baboons . T h e m a i n factor influencing whe the r p reda t ions occurred 
appea red to be the vulnerabi l i ty of the prey species a t the t ime of the 
encounter , a n d adu l t males were found to eat m e a t a b o u t once every 
two weeks ( W r a n g h a m , 1975). T h e m a i n prey species, colobus monkeys , 
con t r ibu ted a b o u t 5 0 % of the total an imals killed. 

T h e only inorgan ic food ea ten regular ly was ea r th from te rmi te 
m o u n d s (not of M. bellicosus), of which a walnut-s ized piece was ea ten on 
average once a day . O t h e r miscellaneous food types inc luded ash, ro t ten 
wood a n d soil, each ea ten rare ly bu t for u p to 20 minu tes a t a t ime. 
Ind iv idua ls were seen to ea t their faeces five t imes. T h e r e were no 
obvious d ie ta ry deficiencies associated wi th the sporadic use of these 
foods. 

Ch impanzees also occasionally licked a concrete slab which h a d once 
been covered in c o m m o n salt. T h e frequency of this salt-licking var ied 
considerably be tween seasons, bu t was no t corre la ted wi th var ia t ions in 
rainfall or t e m p e r a t u r e . However , a corre la t ion was a p p a r e n t wi th 
changes in the weights of adu l t males . By lur ing individuals u p a rope 
h u n g on a spr ing ba lance weights were measured sufficiently often to 
r ank 12 th ree -mon th periods accord ing to ma le weights : for eight males 
the m e a n m i n i m u m weight was 36-2 kg, a n d the m e a n m a x i m u m was 
42*6 kg. Periods in which males weighed the most were those in which 
least salt-licking occurred ( S p e a r m a n Ρ < 0 · 0 1 ) . We igh t losses a n d 
increased salt r equ i remen t s m a y bo th be caused by a var ie ty of 
metabol ic stresses, inc lud ing low glucose levels (Forbes, 1962: l abora to ry 
ra ts ) . T h e observed re la t ionship suggests t ha t seasonal var ia t ion in food 
avai labi l i ty could have been responsible for changes in the frequency of 
l icking salt. 
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3.6. Variation with Location 
Differences be tween communi t ies in t ime spent ea t ing par t i cu la r foods 
were clearly re la ted to availabil i ty. Sou thern males, for ins tance, d id no t 
ea t P. curatellifolia fruit any more frequently in D 2 t h a n in Ό1: there were 
no fruiting s tands of this species in the southern c o m m u n i t y r ange . 
Uapaca nitida Muel l . Arg. , on the o ther h a n d , was c o m m o n in the 
southern bu t not in the no r the rn c o m m u n i t y range , a n d ea t ing t ime 
varied similarly. Local var ia t ions in food availabil i ty were p robab ly also 
responsible for indiv idual var ia t ions in diet of females a n d sometimes 
of males wi thin communi t i e s : an example was given above (Section 
3.4). 

I t is general ly also likely t ha t recorded differences in diet be tween 
popula t ions in different s tudy areas a re explicable in terms of food 
availabil i ty. However , there is some evidence of " c u l t u r a l " differences 
in food selection in relat ion to tool use a n d an ima l foods (e.g. Section 3 . 1 ; 
Goodal l , 1973; Hlad ik , 1973; Nishida, 1973). Th is subject needs further 
investigation of the availabil i ty of food types : for ins tance, the fact t h a t 
termites are not ea ten in some areas m a y be because the pa r t i cu la r 
species which are susceptible to being "f ished" a re no t present . Again , 
var ia t ion in the frequency of p reda t ion on monkeys m a y be due more to 
regional differences in ease of cap tu re t h a n to " c u l t u r e " ( W r a n g h a m , 
1975). For p lan t foods there is also some evidence of geographica l 
var ia t ion in food selection: in Nishida 's list (1974) of food types from the 
M a h a l i moun ta ins , T a n z a n i a , 35 types a p p e a r which are known to 
occur in G o m b e bu t have not been seen in the diet . 

4. D I U R N A L R H Y T H M S IN FOOD CHOICE 

Frui t t ended to be ea ten earlier in the day t h a n leaves: in 14 days the 
m e d i a n t ime of fruit-eating was 11.33 c o m p a r e d to 14.22h for leaf-eating 
( Ρ < 0 · 0 1 ) (Fig. 8) . This was possibly re la ted to digestive r h y t h m s : if 
leaves take longer to digest t h a n fruit, n ight could be the best t ime to eat 
t hem. However two o ther factors m a y be responsible for d i u r n a l 
var ia t ion in ea t ing par t icu la r foods. 

D iu rna l var ia t ion in i tem qual i ty migh t explain the t endency of 
ch impanzees to ea t Aspilia pluriseta Schweinf. a n d A. rudis Oliv, a n d 
Hie rn . only in the early morn ing . T h e midpoin ts of all bouts (on 20 
days) were before 8.00h, t hough the p lants were commonly encounte red 
th roughou t the day . These were the only leaves which broke the genera l 
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5η 

Median t ime of e a t i n g 

FIG. 8 . M e d i a n t ime of ea t ing fruit a n d leaves. DataYrom 1 4 a l l -day observat ions. 

fruit-leaf r u l e : a bou t of ea t ing A. pluriseta was responsible for the early 
leaf-eating shown in Fig. 8. 

Aspilia leaves were ea ten only w h e n young . Typica l ly the distal half of 
a leaf was c l ipped off a n d t aken in to the m o u t h on the t o n g u e : ins tead 
of chewing the ch impanzee wou ld leave his lower j a w slack whi le 
a p p a r e n t l y r u b b i n g the leaf against his u p p e r pa la te . O n l y one leaf, 
be tween 2 a n d 10 c m long, was ea ten a t a t ime , a n d m u c h more slowly 
t h a n those of o ther species: in one bou t the m e a n t ime to eat each leaf 
was 24-9 sec (n = 40) , c o m p a r e d wi th , for ins tance, 1-5 sec for Mellera 
lobulata S. M o o r e leaves, which are twice the size. Ind iv idua l leaves were 
carefully inspec ted : a ch impanzee would sometimes close his lips over a 
leaf u p to six t imes before t ea r ing it off. A further feature w h e n ea t ing 
Aspilia leaves was t ha t ch imps sometimes wr inkled their faces above the 
nose w h e n swallowing. 

These curious behav iour pa t t e rns suggest t h a t y o u n g Aspilia leaves 
con ta ined a special c o m p o n e n t which was responsible for their selection 
as food. Rob inson (1974) gave th ree examples of p lan ts in which 
alkaloid levels fluctuate marked ly d u r i n g the day . Alkaloids are known 
to affect food selection (Free land a n d J a n z e n , 1974), a n d it seems 
possible t ha t d iu rna l var ia t ion in these or o ther c o m p o u n d s were 
responsible for Aspilia leaves be ing a d a w n delicacy. I could dist inguish 
no changes in taste, however , be tween different t imes of day . 

T h e second case of d iu rna l var ia t ion was in the frequency of ea t ing 
p a l m n u t s : he re there was no suggestion of d iu rna l var ia t ion in food 
qual i ty . P a l m nuts were ea ten t h r o u g h o u t the d a y in W a n d D 2 [ 5 4 % of 
feeding bouts in a l l -day observat ions were before 12.30h, w = 16 ( W ) , 
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42 ( D 2 ) ] . I n D x however the fruit were ea ten significantly more often in 
the morn ing , 8 1 % of bouts occurr ing before 12.30h (χ 2, Ρ < 0 · 0 2 ) . T h e 
tendency to eat p a l m nuts in the m o r n i n g in Ό1 m a y have been re la ted 
to o ther differences be tween Dx a n d D 2 . 

(a) Ins tances of overt compet i t ion a t p a l m trees be tween ch impanzees 
a n d baboons were more frequent in Ό1 (mean 0-30 per t a rge t -pa lm-
nut -hour ) t h a n D 2 (mean O00/ t -p -n -h ) . Adu l t male baboons supp lan ted 
female a n d juveni le ch impanzees (n = 3) bu t lost to adu l t ma le 
ch impanzees (w=14) , t hough the process was sometimes p r o t r a c t e d : 
one baboon was p u n c h e d on the j a w a n d in the belly before he c l imbed 
away. 

(b) T h e m e a n length of all bouts of ea t ing p a l m nuts was longer in 
D x (25-4 min , η = 87) t h a n in D 2 (17-4 min , η = 54) ( M a n n - W h i t n e y 
Ρ < 0 · 0 1 ) . Th is suggests t ha t more p a l m nuts were avai lable in Ό1 or 
t ha t they were relatively more i m p o r t a n t in the diet then . T h e la t ter 
seems more likely since compet i t ion wi th baboons was grea ter in D x . 

T h e d a t a suggest t ha t compet i t ion for p a l m nuts m a y have been 
greater in Ό1 t h a n D 2 . Since most of the animals ea t ing pa lm nuts were 
d iurna l , the t ime w h e n fruit were most likely to be on the t ree was the 
beginning of the d a y : compet i tors should therefore arr ive early a t p a l m 
trees. T h u s the t endency to eat p a l m nuts in the m o r n i n g in Ό1 m a y 
have been caused by increased feeding compet i t ion . T h e a r g u m e n t is 
speculative bu t suggests t ha t the factors affecting d iu rna l var ia t ion in 
food selection m a y be complex. T h o r i n g t o n (1967) found t ha t squirrel 
monkeys {Saimiri spp.) a te more fruit in the morn ing a n d insects in the 
afternoon, a n d Chivers (this volume) showed tha t s i amang (Symphalangus 
syndactylus Gloger j , like ch impanzees , eat fruit more in the m o r n i n g a n d 
leaves in the afternoon. N o explanat ions of these tendencies have yet 
been proposed. 

Teleki (1973b) found tha t ch impanzees t ended to eat m a m m a l s in the 
morn ing . Th is now appears to have been an artificial consequence of 
observations being m a d e nea r c a m p , where baboons spent most t ime 
with chimpanzees in the m o r n i n g ( W r a n g h a m , 1974). Preda t ions 
occurred t h roughou t the day from 1970 to 1973. 

5. FEEDING BEHAVIOUR A N D PARTY SIZE 

Individuals feeding together spaced themselves evenly, general ly 
ma in ta in ing a dis tance of more t h a n one a rm ' s reach away from each 
other . However , the s t ructure of the food source affected spacing. P a l m 
trees were the only ones wi th a single dense c l u m p of fruit, a n d a t this 



FIG. 9. Reassurance as a result of compet i t ion for feeding sites. H u g o (adul t male) sits in the 
c ru tch of a Sterculia quinqueloba a t the only feeding site. Gilka (adolescent female) squats 
benea th h im g run t ing softly, a n d H u g o reaches d o w n to touch her ex tended h a n d . Gilka then 
c l imbed past h i m to share the feeding site. Sha r ing of feeding sites (sitt ing wi th in a rm ' s reach) 
was ra re a t most foods. H u g o and Gilka h a d been travell ing together for two days , a n d H u g o 
m a y have become more to lerant t h a n usual . 

s 
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species ch impanzees commonly sat wi th in a rm ' s reach . T h e qual i ty of 
ind iv idual relat ionships was also i m p o r t a n t in affecting to lerance of 
proximi ty du r ing feeding. 

A consequence of respect for personal space was t h a t a t sources wi th 
unevenly dis t r ibuted food i tems some individuals could feed for longer 
t h a n others. Such differences, of u p to 90 minutes of feeding t ime, were 
a t t r ibu ted to compet i t ion for feeding sites in four types of observat ion. 
T h e r e w e r e : 

(i) where one indiv idual supp lan ted ano the r (seen 17 t imes ) ; 
(ii) where one indiv idual sat wi thou t feeding a n d moved in to 

ano ther ' s feeding site as soon as the la t ter left (seven t imes ) ; 
(iii) where one indiv idual " p r o t e c t e d " his food site, e.g. by pul l ing a 

food-branch away from ano the r w h o was reach ing for it (14 t imes ) ; 
(iv) where one indiv idual occupied a preferred site, preference be ing 

inferred from other observat ions (11 t imes) . 
These instances occurred a b o u t once every 20 observat ion hours . 
Females a n d young did no t " w i n " any interact ions against males 
(;z = 30). Between adu l t males the " w i n n e r " was more h igh- rank ing in 
6 9 % (χ 2 n.s.) a n d older in 9 0 % (χ 2, Ρ < 0 · 0 0 1 , η = 19) of events . 
F igure 9 shows ch impanzees in te rac t ing in a t ree of Sterculia quinqueloba 
Garck . (K. S c h u m ) , in which compet i t ive in teract ions of type iii were 
seen five t imes. Feed ing compet i t ion occurred frequently a t m a m m a l 
preda t ions a n d is discussed elsewhere (Teleki, 1973b; W r a n g h a m , 
1975). 

I t was obvious tha t social in teract ions unre la ted to feeding interfered 
wi th feeding t ime a n d therefore t ha t increasing pa r ty size migh t be a 
d i sadvantage to an indiv idual w a n t i n g to eat wi thou t be ing dis t racted. 
T h e occurrence of overt compet i t ion for feeding sites further suggests 
t ha t the mere occupat ion of feeding sites by others was a potent ia l 
interference. T h e following observations suppor t this suggestion. 

First, pa r ty size appea red to vary wi th food type. Th is was difficult to 
test because the large n u m b e r of foods m e a n t t ha t sample size on any 
pa i r was small . M y observations suggested t ha t par t ies in which the 
target was ea t ing p a l m nuts were smaller t h a n those in which he was 
eat ing Harungana madagascariensis Poir. fruit. T h e d a t a from o the r 
observers confirmed this (χ 2, Ρ < 0 · 0 1 ) (Tab le V I I I ) . Th i s re la t ionship 
appea red d u e to the n u m b e r of feeding sites: sources of H. madagascariensis 
occupied a greater vo lume t h a n E. guineensis. Similarly par t ies were 
larger in the artificial feeding a rea w h e n more b a n a n a s were avai lable 
( W r a n g h a m , 1974). 

Second, in par t ies of the same size, there was evidence t h a t t he 
n u m b e r of individuals feeding var ied wi th the n u m b e r of feeding sites. 



17. PAN TROGLODYTES 525 

TABLE VIII 
Party size at different foods 

F o o d of t a r g e t 

H. madagascariensis E. guineensis 

D a t a from files of G o m b e S t r eam Research Cen t r e . 
Cells show n u m b e r of bouts for different p a r t y sizes 
(recorded at the mid-poin t of the bou t ) . 

This was tested by c o m p a r i n g par t ies of six or m o r e individuals a t 
different food sources. G. huillensis trees h a d m a n y feeding sites a n d 
t ended to fruit a b u n d a n t l y or no t a t all. I n N o v e m b e r 1972 the m e d i a n 
percen tage of p a r t y m e m b e r s feeding w h e n the ta rge t a te G. huillensis 
fruit was 74-7%, against 3 3 - 3 % for o ther foods (med ian test, w = 23 , 
Ρ < 0 · 0 5 ) . 

T h i r d , the probabi l i ty of feeding decreased wi th increasing p a r t y size. 
Bygott (1974) found t h a t individuals spent m o r e t ime feeding w h e n 
alone t h a n w h e n they h a d compan ions . T o explore this re la t ionship the 
effect of pa r ty size was tested by c o m p a r i n g the pe rcen tage of individuals 
feeding in par t ies u p to size ζ wi th those of size i + 1 a n d larger (i = 1 to 16). 
I n 22 out of 35 possible compar isons the pe rcen tage of individuals 
feeding in smaller par t ies was significantly h igher t h a n in larger par t ies 
(χ 25 Ρ < 0 · 0 5 - 0 · 0 0 1 ) . T h e results a re shown in Fig. 10, wh ich also shows 
t ha t in Ό1 the ra te of decl ine of feeding probabi l i ty wi th p a r t y size was 
grea ter t h a n in W or D 2 . T o a n ind iv idua l w a n t i n g to feed, therefore, 
it was relat ively more i m p o r t a n t to be in a small p a r t y in Ό±. 

Problems in descr ibing the n a t u r e of the food source impose difficulties 
in analysing the re la t ionship be tween feeding compet i t ion a n d p a r t y 
size: a feeding site is no t an absolute uni t . Nevertheless the d a t a ind ica te 
t h a t feeding t ime var ied wi th the avai labi l i ty of feeding sites a n d hence 
wi th p a r t y size. Therefore , even t h o u g h diverse social re la t ionships mus t 
influence p a r t y format ion, we m a y expect the t endency to leave or j o i n 
part ies to be a consequence of feeding success. Th i s possibility is n o w 
examined . 

Part ies sometimes divided a t food sources wi th l imited feeding sites. 
T h e clearest k ind of example was w h e n one m e m b e r of a p a r t y found a 
single b u n c h of fruit a n d his compan ions left h i m to eat it a lone . 
However it was difficult to test the i m p o r t a n c e of food avai labi l i ty in 
affecting the b r eak -up of par t ies . 

Party size 1-2 
3 - 8 

3 
6 

15 
3 
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FIG . 10. Pa r ty size and probabi l i ty of feeding. T h e n u m b e r of individuals present , and the 
n u m b e r feeding, were scored on 30-min points in al l-day observat ions. Sample sizes as in 
T a b l e V . 

T h e tendency to aggregate could be examined more easily. T o find 
out if individuals t ended to t ravel together after feeding records of 
arr ival a n d d e p a r t u r e at the artificial feeding a rea were analysed. T h e 
results are shown in T a b l e I X . Previously separa te individuals were 
more likely to form a pa r ty if they fed together (χ2, Ρ < 0-05). 

Aggregat ion also occurred as a consequence of long-dis tance food-
calls. Food-calls are defined as pant -hoots (Goodall , 1968) given wi th in 
two minutes of s tar t ing to ea t : t hough var iable in qual i ty ex t reme forms 
could be classified as " food-pant -hoots" , which were given only on 
arr ival a t a food source (Plooij, in p rep . ) . Between food types the 
probabi l i ty of food-calls increased wi th m e a n length of feeding bou t 
(Spea rman n = 20, P < 0 - 0 5 ) ; a n d for par t i cu la r food types m e a n 
bou t lengths were longer following a food-call (Sign test, Ρ < 0 · 0 5 ) . 
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TABLE IX 
Effect offeeding together on tendency to travel together 

B o t h i n d i v i d u a l s 
g i v e n b a n a n a s 

N e i t h e r i n d i v i d u a l 
g i v e n b a n a n a s 

I n d i v i d u a l s l e a v e 
t o g e t h e r 13 2 9 

I n d i v i d u a l s l e a v e 
s e p a r a t e l y 2 2 5 

O n l y individuals ar r iv ing separately (from different direct ions a n d 
in different 15-min periods) were scored: subjects were sampled 
a t r a n d o m a n d the behaviour of companions recorded . D a t a a re 
from c a m p a t t endance files for J a n u a r y to Sep tember 1971. T h e 
figures show the n u m b e r of t imes each combina t ion occurred in the 
sample . 

T h u s a ch impanzee a p p e a r e d more likely to call if he saw t h a t food was 
a b u n d a n t a t the source. T h e consequence of his food-call is shown in 
Fig. 11. T h o u g h only adu l t males gave calls, bo th sexes t ended to 
respond by jo in ing the caller (and feeding wi th h i m ) . These results 
confirm the suggestion t ha t individuals t ended to aggrega te a t good 
food sources a n d as a consequence of feeding together . T h e i r significance 
is examined in Section 8. 

6. S E A S O N A L VARIATION 

6.1. Food Availability and Feeding Behaviour 
In t e rp re t a t i on of the significance of seasonal changes in feeding 
behav iour is d e p e n d e n t on some es t imate of the extent of changes in the 

4 0 

20 Η 

No food-
calls 

I 
>1 food-

call 

• I Jul.-Sep. 1972 

I I Jul.-Sep. 1973 

Ρ <0 0l 

FIG. 11. Aggregat ion probabi l i ty in relat ion to food-calling. O n l y food-calls given by the 
ta rge t were scored. Wi th in seasons feeding bouts were m a t c h e d for food type a n d as closely as 
possible for bou t l eng th , a n d all bouts begun w i t h a food-call in Ό1 were used. T h e figure 
shows tha t individuals were more likely to arr ive a t a ta rge t w h o h a d s tar ted his feeding b o u t 
wi th a food-call t h a n a t one w h o h a d no t (χ

2
, Ρ < 0 · 0 1 ) . For each sample η = 2 6 food-bouts , 

ma tched wi thin seasons for length a n d food type . 
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envi ronment . As a rgued earlier (Section 2.3), the most meaningful 
compar ison is likely to come from the successive d ry seasons, Ό1 a n d D 2 . 
Some d a t a from the wet season, W , are also given, bu t change in a 
n u m b e r of env i ronmen ta l var iables be tween wet a n d d ry seasons makes 
their in te rpre ta t ion haza rdous . 

T h e only i n d e p e n d e n t indica t ion of a change in food avai labi l i ty 
be tween dry seasons was t ha t the major food (P. curatellifolia fruit) in D 2 

failed almost completely in D l 5 while there were no c o m p a r a b l e failures 
in D 2 . A n u m b e r of d e p e n d e n t measures also ind ica te t h a t m o r e food 
was avai lable in D 2 . First, w h e n 12 th ree -mon th periods were r anked 
according to the weights of adu l t males, D 2 was six ranks (and W three 
ranks) h igher t h a n T h e most obvious exp lana t ion of the h igher 
weights in D 2 is t ha t the males a te m o r e : no te t ha t their energy costs 
were appa ren t ly higher , t ravel l ing twice as far pe r d a y in D 2 as in D x . 
Second, changes in feeding behav iour ind ica ted t ha t compet i t ion was 
grea ter in D x t h a n in D 2 (or W ) . These changes were (a) in behav iour 
w h e n eat ing p a l m nuts (Section 4) , a n d (b) in the ra te of decrease of 
feeding probabi l i ty wi th p a r t y size (Fig. 10). T h i r d , it is possibly 
re levant t h a t in D 2 fewer food species m a d e u p the bulk of feeding t ime 
t h a n in D x (Fig. 6 ) : this result accords wi th models of feeding s trategy 
(e.g. Schoener , 1971) which predic t t ha t diet b r e a d t h should increase as 
overall food availabil i ty decreases. T h e avai lable evidence, therefore, 
suggests t ha t in Dx ch impanzees found it h a r d e r to eat well t h a n in D 2 , 
t he fruiting failure of P . curatellifolia be ing an i m p o r t a n t cause. 

6.2. Party Size 
I t was earlier found (Section 5) t ha t part ies became larger as a 
consequence of h igh food availabil i ty a t a source. Th i s suggests t h a t 
part ies could become larger as a consequence of increased food 
availabil i ty be tween seasons. Seasonal changes in the frequency of food-
call ing a n d in overall pa r ty size are accordingly examined . 

T h e m e d i a n frequency of food-calling per feeding bou t was 0-00 in D l 5 

0-08 in W a n d 0*13 in D 2 . Frequencies were c o m p a r e d in re la t ion to t h e 
total n u m b e r of calls in order to discount calls occurr ing a t the beg inn ing 
of a bou t by c h a n c e : fewer food-calls were given in D1 t h a n in W 
( Ρ < 0 · 0 5 ) or D 2 ( Ρ < 0 · 0 5 ) , a n d the difference be tween W a n d D 2 was 
no t significant. However , a l though food-calls were less f requent in Ό1 

t h a n D 2 , t he t endency to j o in t he caller was t he same in bo th seasons 
(Fig. 11). 

Pa r ty sizes were analysed using d a t a from all observers. Targe t s were 
m a t c h e d be tween seasons, a n d pa r ty size recorded a t 12.30h provided 



17. PAN TROGLODYTES 529 

that the target had left the artificial feeding area at least two hours 
previously. All available individuals were used (/z>17). In D x parties 
were found to be significantly smaller than in D 2 or W (Ρ<0·01), while 
the difference between D 2 and W was not significant. It is difficult to 
give meaningful averages of party size, because of the sampling 
problems, aggravated by considerable individual variations in socia
bility. For instance Halperin (in press) found that mothers spent 
between 50 and 80% of their time alone (apart from dependent young), 
and adult males between 2 and 54%. As an indication of the seasonal 
differences for adult males, however, party sizes scored on 30-minute 
points during all-day observations gave medians of 1-4 independents in 
Ol9 1*9 in W and 2*4 in D 2 . The change in sociability between Ό1 and D 2 

is exemplified in Fig. 12, showing how five males increased the amount of 
time they spent with each other and with females between Ό1 and D 2 . 

Thus the postulated increase in food availability from Ό1 to D 2 was 
accompanied by increases in the frequency of food-calling and party 
size, as expected from the results in Section 5. 

J U L - S E R JUL. - S E P 
1972 1973 

FIG . 1 2 . S e a s o n a l c h a n g e i n a s s o c i a t i o n p a t t e r n s . D a t a f o r five n o r t h e r n m a l e s d u r i n g a l l - d a y 

o b s e r v a t i o n s . R e c o r d s o f a s s o c i a t i o n ( t w o i n d i v i d u a l s w i t h i n 1 0 0 m ) w e r e s c o r e d o n 3 0 - m i n 

p o i n t s , a n d e a c h i n d i v i d u a l c o n t r i b u t e d 2 0 % o f t o t a l o b s e r v a t i o n t i m e a s t a r g e t 

( 2 0 % χ 5 = 1 0 0 % ) . T o p : d y a d i c a s s o c i a t i o n p a t t e r n s a m o n g t h e five m a l e s s a m p l e d . P e r c e n t 

t i m e t o g e t h e r i n c r e a s e d f o r a l l p a i r s b e t w e e n Ό1 a n d D 2 ( E V - F B i n c r e a s e d f r o m 1 0 - 8 t o 

1 5 - 6 % ) . B o t t o m : t i m e s p e n t b y e a c h m a l e w i t h a l l f e m a l e s . T o t a l h a l f - h o u r s w i t h e a c h f e m a l e 

p r e s e n t w e r e s c o r e d a n d s u m m e d a c r o s s f e m a l e s . A l l m a l e s s p e n t m o r e t i m e w i t h f e m a l e s i n 

D 2 t h a n D x ( J J i n c r e a s e d f r o m 1 5 t o 1 8 " f e m a l e - h a l f - h o u r s " p e r d a y ) . 

η = 1 0 d a y s ( D ^ , 2 0 d a y s ( D 2) . 
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7. R A N G I N G BEHAVIOUR 

7.1. Individual Ranging Patterns 
All the target males in this s tudy were seen regular ly be tween 1968 a n d 
1973, a n d were thus largely resident in the s tudy area . Wi th in it, 
however , their r ang ing pa t te rns were p ro tean . Fig. 13 shows an example 
of the t ravel p a t h of a male over four days. T h e shape of a day ' s p a t h 
var ied from straight to convoluted or even circular , w h e n the target 
slept in the same nest on consecutive nights, bu t individuals of bo th 
sexes t ended to avoid crossing their own p a t h more t h a n once, do ing so 
twice or more on 1 5 % of days. Analysis of ranges over four days a n d one 
year showed t ha t individuals t ended to occupy "core a r ea s " wi th in the 
c o m m u n i t y range , "core a r e a " referring merely to frequency of use of 
the area . Both core areas a n d full year ranges of anoestrous females were 
smaller t h a n those of males, for which the m a x i m u m observed year 
r ange was 12*5 k m 2 . T h e locat ion of indiv idual core areas was s table 
over a t least one year , bu t there was evidence tha t the size of male core 
areas var ied seasonally. Females in oestrous h a d var iab le r ang ing 

FOUR-DAY RANGE PRIME MALE ( Evered) 

FIG . 1 3 . F o u r - d a y t r a v e l p a t h o f a d u l t m a l e . T h e e x a m p l e i s f o r E v e r e d , 1 0 - 1 3 J u l y 1 9 7 3 . 
" P " ( P . curatellifolia) a n d " e " (E. guineensis) m a r k f o o d s o u r c e s a c c o u n t i n g f o r a b o u t 6 0 % o f 
f e e d i n g t i m e . I n t e r a c t i o n s i n v o l v i n g m e m b e r s o f o t h e r c o m m u n i t i e s o c c u r r e d a t p o i n t s A 
a n d Β : t h e s e w e r e o n t h e b o u n d a r i e s o f t h e f o u r - d a y r a n g e , w h i c h a p p r o x i m a t e l y c o v e r e d t h e 
c o m m u n i t y r a n g e . N o o t h e r i n d i v i d u a l w a s w i t h E v e r e d f o r t h e c o m p l e t e f o u r d a y s . 

10 km 
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F I G . 14. A g roup of ch impanzees moving be tween feeding sites. 
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pat te rns which inc luded travel l ing more widely t h a n usual in t h e 
c o m m u n i t y range , consort ing wi th a male on the edge of the c o m m u n i t y 
range , or t ravel l ing in a different c o m m u n i t y r ange ( W r a n g h a m , 1975; 
T u t i n , in p rep . ) . 

7.2. Food Searching 
Observat ions of lone males demons t r a t ed clearly their i n t ima te know
ledge of the env i ronment . T h e y were excellent botanists , d i scr imina t ing 
finely be tween subtle visual cues of species type or p l an t cond i t ion ; a n d 
the frequency a n d direct ion of visual inspect ion a p p e a r e d to va ry 
accord ing to the food types the hab i t a t could be expected to conta in . 
T h e r e was evidence also of a capaci ty for a n d cont inua l use of a deta i led 
spat ia l memory . Ch impanzees were capab le of r e tu rn ing to known food 
sources precisely a n d by economical routes, appa ren t ly from any 
direct ion. Th is was an i m p o r t a n t skill. T a b l e X shows t ha t w h e n a m a l e 
crossed his own p a t h he was more likely to do so a t a food source if he 
r e tu rned wi th in three days t h a n after a m o n t h (χ2, Ρ < 0 · 0 0 1 ) . Botanical 
a n d spatial memories seemed to be used together in cases where 
individuals t ravelled directly to hab i t a t types in which the exact 
locat ion of resources could no t be known, b u t whe re some " r i p e " 
sources were likely to occur. Examples inc luded gullies where pa tches of 
M. lobulata could be expected to be in fresh leaf; dec iduous forest 
d o m i n a t e d by Combretum molle G. Don , wi th some trees exuding edible 
res in; a n d grassland conta in ing sporadic p lants of Aspilia spp. , h u n t e d 
only a t d a w n . N o exper imenta l analysis of spatial m e m o r y skills was 
a t t e m p t e d , bu t Menze l (1973) showed t ha t capt ive ch impanzees could 

TABLE X 
Activities where a male crossed his own path 

% of occas ions 
w h e n c ross ing p a t h 
af te r e l a p s e d t i m e 

M o r e t h a n 
A c t i v i t y 4 h r - 3 d a y s 30 d a y s 

F e e d 57 14 
Si t i n c a m p 2 4 2 4 
T r a v e l a l o n g r i d g e 5 5 
R e t u r n t o nes t si te 5 0 
N o a p p a r e n t r e a s o n 

for r e t u r n 9 57 

η = 4 2 path-crossings for each t ime per iod. 
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r e m e m b e r accura te ly the locations of objects h id d en in a 122 m χ 30 m 
enclosure. 

Convinc ing examples of individuals locat ing major food sources 
wi thou t some pr ior knowledge of t h e m were difficult to ob ta in . 
Doubtless they sometimes occu r r ed : bu t far more often the ch impanzees 
would have seen, as I d id , t h a t pa r t i cu la r trees were slowly coming in to 
fruit, for example , a n d r e tu rned to t h e m accordingly. M y subjective 
impression was t ha t a ch impanzee not iced a n d r e m e m b e r e d enough 
a b o u t the env i ronmen t on his dai ly travels for his best feeding strategy 
to be re l iance on the knowledge so ga ined . 

T h e p rob lem wi th this idea is the difficulty of test ing it. However its 
va lue lies in raising d o u b t a b o u t assumpt ions under ly ing previous 
discussions of the food searching me thods of frugivorous p r ima tes . 
Reynolds a n d Reynolds (1965) a n d Eisenberg et al. (1972) considered 
t h a t repea ted dispersion a n d r ecombina t ion of part ies was a necessary 
a d a p t a t i o n for increasing the searching power of a social g roup . These 
views are discussed in Section 8. 

7.3. Seasonal Changes 
Males spent more t ime t ravel l ing per d a y in D 2 t h a n in D x ( Ρ < 0 · 0 1 ) or 
W ( Ρ < 0 · 0 5 ) (Tab le V ) . T h e sample was based mostly on n o r t h e r n 
males , for w h o m the m e d i a n length of d a y r ange increased from 3-8 k m 
(Dj) to 6-4 k m ( D 2) . T a b l e X I gives further d a t a on distances t ravel led, 
a n d indicates t ha t the day ranges of southern males were similar in 
different seasons. A possible exp lana t ion is t ha t the a b u n d a n t fruiting of 
P. curatellifolia in D 2 was vir tual ly confined to the n o r t h e r n c o m m u n i t y 
range . Few d a t a a re avai lable for anoestrous females, bu t cer ta inly they 
travel led less widely t h a n males in D 2 . Sparse d a t a on four-day ranges 
also ind ica ted an increase in size for n o r t h e r n males from Ό1 to D 2 . T h e 
m e d i a n n u m b e r of squares (0-5 χ 0*5 km) occupied was 15-0 in Ό1 

(η = 4) a n d 19-0 in D 2 (n = 7). 

TABLE XI 
Seasonal variation in day ranges 

D i s t a n c e ni nr 
W 

D i s t a n c e ni nr D i s t a n c e ni nr 

N o r t h e r n m a l e s 3-8 k m 8 2 8 4-2 k m 8 21 6-4 k m 6 2 6 
S o u t h e r n m a l e s 3-8 k m 4 11 4-8 k m 1 1 3-3 k m 3 6 
N o r t h e r n f ema le s 3-0 k m 5 17 2-0 k m 4 7 3-9 k m 2 17 

ni = n o . of individuals sampled , nr = n o . of observations. 

Οχ D 2 
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T h u s in D 2 no r the rn males appa ren t ly travelled farther per day, a n d 
individuals used the c o m m u n i t y range more evenly, t h a n in D x . T h i s 
result is suppor ted by analysis of the directions used by no r the rn 
individuals w h e n enter ing the artificial feeding area , which was sited 
nea r the middle of the commun i ty range . T h e s t rength of the t endency 
to use a par t i cu la r direct ion var ied be tween the sexes: females were 
more highly " d i r e c t e d " t h a n males ( M a n n - W h i t n e y P < O 0 5 ) . However 
this was not t rue in D l 5 w h e n the similarity be tween the sexes a p p e a r e d 
d u e to males being more highly " d i r e c t e d " t h a n in o ther seasons, r a the r 
t h a n females less so. Th is indicates t ha t indiv idual males were m o r e 
confined to par t i cu la r par ts of the c o m m u n i t y r ange in D x t h a n D 2 . 
W r a n g h a m (1975) found tha t the wider t ravel in D 2 was associated wi th 
an increase in the frequency of interact ions wi th individuals of o ther 
communi t i e s : such interact ions occurred on 3 5 % of days in D 1 ? 3 7 % of 
days in W a n d 6 7 % of days in D 2 (see Fig. 13). 

I n s u m m a r y there were no striking seasonal changes in the rang ing 
behaviour of females or southern males . I n D 2 , however , when food 
availabil i ty appea red higher t h a n in o ther seasons, no r the rn males 
t ravelled far ther per day , shared the c o m m u n i t y r ange more fully wi th 
each other , a n d in terac ted more frequently wi th ne ighbour ing 
communi t ies . 

8. D ISCUSSION 

Both wi th in a n d be tween seasons smaller part ies appea red to be a 
consequence of increased feeding compet i t ion . Previous studies have 
also indica ted tha t pa r ty size var ied seasonally, possibly in relat ion to 
food availabil i ty (Azuma a n d Toyosh ima , 1962; Reynolds a n d 
Reynolds , 1965; Sugiyama, 1973; Nishida, 1974). If ch impanzees prefer 
to feed in small par t ies sometimes, the p rob lem arises as to w h y they 
should be more sociable at o ther t imes. T h e r e a re two possibilities. First , 
u n d e r cer ta in condit ions ch impanzees migh t feed m o r e efficiently by 
being in large part ies . Second, w h e n food is a b u n d a n t the d i sadvan tage 
of increased feeding compet i t ion in large par t ies migh t be ou tweighed 
by advantages unre la ted to feeding. 

Grea te r feeding success as a function of g roup ing has been a t t r i bu t ed 
to a var iety of mechanisms in different species. Soli tary birds, for 
instance, spend more t ime being vigilant a n d therefore less feeding t h a n 
those in part ies ( M u r t o n , 1971; Lazarus , 1972): b u t this does no t app ly 
to chimpanzees . Nor does co-operat ion in h u n t i n g a p p e a r a d e q u a t e to 
explain sociabili ty: (a) it is infrequent , (b) there is no evidence t h a t 
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larger part ies cause grea ter h u n t i n g success, (c) after the kill compet i t ion 
for m e a t is severe a n d (d) the ou tcome is unre la ted to par t ic ipa t ion in 
the h u n t ( W r a n g h a m , 1975). T h e facts a re no t avai lable to test for 
cer ta in the suggestion t ha t the i m p o r t a n t consequences of aggregat ion 
are to regula te the t ime of r e tu rn to food sources so as best to c rop the 
new growth (Cody, 1974a) ; or t ha t an ind iv idua l lowers his risk of 
finding too little food by jo in ing others (Thompson , et al., 1974). 
Howeve r if larger par t ies general ly increased feeding success they would 
be expected to occur in D l 3 w h e n food avai labi l i ty a p p e a r e d lowest : t he 
reverse occurred. T h e observed re la t ionship be tween p a r t y size a n d food 
availabil i ty could only be expla ined by pos tu la t ing for ins tance t h a t 
only in W a n d D 2 was " r e t u r n t ime r egu la t i on" impor t an t . Conceivably 
this is t rue . However there is no suppor t ing evidence a n d a s impler 
hypothesis emerges from considering the significance of food-calls. 

Reynolds a n d Reynolds (1965) a n d Eisenberg et al. (1972) considered 
t ha t the function of food-calling was to spread informat ion a b o u t the 
locat ion of food sources. Food-cal l ing is the reby seen as altruist ic, since 
call ing involves t ime a n d energy expend i tu re as well as incur r ing the 
costs of feeding compet i t ion from those w h o respond by shar ing the 
source. Benefit to the caller could come from reciproci ty (Trivers, 1971) 
or from advantages conferred on kin (Hami l ton , 1964). Ne i the r seems 
i m p o r t a n t since individuals a p p e a r e d to know their env i ronmen t so 
well. F u r t h e r m o r e food-calling was least f requent in D l 5 w h e n food 
availabil i ty appea red lowest: this was p re sumab ly the t ime w h e n 
benefits from " l e a r n i n g " the locat ion of new food sources would be 
greatest . But if food-calling does no t have the function of he lp ing others 
find food, how is it to be expla ined ? 

First consider the listener. T h e food-call tells h i m (or her) t ha t a ma le 
has jus t arr ived a t a n e a r b y food source which is now being deple ted . 
If he (or she) a l ready knew of its existence, as I believe would normal ly 
be t rue , the i m p o r t a n t informat ion is t ha t it is be ing used : to capi tal ize 
on his (or her) knowledge, the listener mus t go to the source before 
others have finished the food. Occasional ly there m a y be the add i t iona l 
benefit of l ea rn ing a b o u t a new food source, bu t there is no need to 
invoke this as an exp lana t ion of the t endency to aggregate . 

N o w consider the caller. H e (but no t she) arrives a t a food source 
which he judges to conta in sufficient food for himself to feed well, even 
in the presence of others . H e knows t ha t the consequence of his call ing is 
t h a t others m a y jo in h i m ; b u t we have seen t ha t their response m a y be 
functional in r educ ing the effects of an a n n o u n c e d compet i to r r a the r 
t h a n in benefit ing from the caller 's " a l t r u i s m " . I t thus appears t ha t the 
benefit of cal l ing lies not in informing others bu t r a t h e r in the a d v a n t a g e 
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he confers on himself (or his kin) in creat ing or en larg ing a social g r o u p . 
If such a n advan t age exists, ne i ther food-calling nor the format ion of 
large part ies need be regarded as hav ing the function of improv ing 
feeding success. 

For a species in which co-operat ion be tween the sexes appears largely 
unnecessary except for ma t ing , we expect the sexes to respond differently 
to an increase in food availabil i ty, wi th ext ra resources be ing used by 
females for increasing the ra te of the reproduc t ive cycle, a n d by males 
for increasing the n u m b e r of potent ia l mates . Th is suggests t ha t the 
larger part ies a n d m o r e extensive t ravel of males in D 2 r epresen ted 
increased reproduct ive effort. T w o possible benefits of such behav iour 
are proposed. First, t he en la rgement of a social g roup m a y increase the 
oppor tuni t ies for a ma le to display characterist ics which improve his 
chances of be ing selected for ma t ing . Possibly the very fact t ha t a male 
is p r epa red to wi ths tand the costs of increased feeding compet i t ion m a y 
be a sexually selective charac te r . Most females at a n y m o m e n t are likely 
to be anoestrous b u t reproduct ive compet i t ion m a y be expected to 
cont inue be tween males , since any female will be oestrous in the future 
a n d will p re sumab ly choose a male on the basis of her full knowledge 
of h im. 

Second, from recent observat ions of aggressive relat ions be tween 
males of different communi t ies (Bygott, 1974; W r a n g h a m , 1975) it is 
clear tha t an i m p o r t a n t factor de t e rmin ing the ou tcome of the inter
act ion is the relat ive size of par t ies . If it is normal ly t rue t ha t the larger 
p a r t y wins the encounte r then the c o m m u n i t y which can most 
frequently form large part ies will achieve terr i tor ial gain a t the expense 
of its ne ighbours . W r a n g h a m (1975) a rgued t h a t the functional 
consequence of terr i tor ial expansion was the acquisi t ion of females, 
since there is some evidence t h a t they do no t always follow a re t rea t ing 
male communi ty . If so, we m a y view the format ion of large part ies as 
improving the reproduct ive success of a ma le c o m m u n i t y th rough its 
increased probabi l i ty of winn ing terr i tor ial encounters , a n d hence 
females. F u r t h e r m o r e the evolut ion of communi t i es m a y be expla ined 
as due to successful compet i t ion for females by groups of males, g roup 
terr i torial i ty be ing possible w h e n locomotion costs a re low. 

Th i s hypothesis was given in greater detai l by W r a n g h a m (1975). As 
it s tands, it m a y underes t ima te the functional i m p o r t a n c e of t h e 
complex social relat ionships of ch impanzees (but note t ha t compet i t ion 
be tween a n d wi th in ma le communi t ies mus t lead to a complex system of 
relat ionships be tween males) . Whi le giving a unifying framework for the 
present observations, it needs to be tested by further da t a , especially on 
sexual behaviour (Tut in , in prep.) a n d i n t e r communi ty relat ions. 
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9. S U M M A R Y 

1,2. Mos t of the d a t a come from al l-day observat ions of 14 adu l t 
males w h o were m e m b e r s of two ne ighbour ing communi t ies . T h r e e 
seasons a re c o m p a r e d : Ό1 a n d D 2 were d ry seasons from 1972 a n d 1973, 
a n d W the in te rvening wet season. 

3. Var ia t ions in feeding techniques were a function of the type of 
food. Feeding occurred mostly in trees a n d occupied from 4 6 - 6 0 % of 
the active d a y in n a t u r a l hab i t a t s . Ch impanzees a te a n average of 15 
food types per d a y a n d 60 per m o n t h : b u t over a two-mon th per iod 
5 0 % of food types accounted for 9 5 % of feeding t ime. T h e t ime spent 
ea t ing the major foods was re la ted to their availabil i ty. 

4. D iu rna l r h y t h m s in food choice inc luded the tendencies to eat fruit 
earl ier t h a n leaves, to eat Aspilia leaves at d a w n a n d to eat p a l m nuts in 
the m o r n i n g in D x bu t no t in D 2 . T h e factors responsible m a y inc lude 
d iu rna l changes in i t em qual i ty a n d in the intensi ty of compet i t ion for 
food. 

5. Feeding t ime a n d pa r ty size were re la ted to the n a t u r e of the food 
source, appa ren t ly as a consequence of compet i t ion for feeding sites, 
a l though instances of over t compet i t ion a t p l an t foods were seen only 
once every 20 hours . T h e probabi l i ty of a n ind iv idua l feeding decl ined 
overall wi th increasing p a r t y size. Males ar r iv ing a t large food sources 
gave long-dis tance £ Cfood-calls", which t ended to a t t r ac t individuals of 
bo th sexes. 

6. Between successive d ry seasons, Ό1 a n d D 2 , food avai labi l i ty 
a p p e a r e d to increase in the n o r t h e r n c o m m u n i t y r ange as a consequence 
of the successful fruiting of Parinari curatellifolia. I n D 2 feeding compet i t ion 
was less severe, food-calling was m o r e frequent a n d par t ies were larger 
t h a n in D x . 

7. Ind iv idua ls t ravel led by i r regular routes wi th in year ranges of 
a b o u t 12-5 k m 2 . W i t h i n c o m m u n i t y ranges individuals occupied 
different "core a r e a s " which were larger for males t h a n for anoestrous 
females. I n D 2 n o r t h e r n males t ravel led far ther a n d in te rac ted m o r e 
frequently wi th ne ighbour ing communi t i es t h a n in D x . 

8. T h e r e is no evidence t h a t the f requent dispersal a n d r ecombina t ion 
of ch impanzee par t ies is a mechan i sm for increasing food-searching 
efficiency. A n a l te rna t ive exp lana t ion of var iab le p a r t y size is given, 
in which large par t ies , which a p p e a r possible only w h e n food is 
a b u n d a n t , a re viewed as the consequence of reproduc t ive compet i t ion 
by males. 
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1. INTRODUCTION 

I t is evident t h a t we are , a t present , only beg inn ing to apprec ia te the 
extent to which feeding behav iour varies bo th be tween p r i m a t e species, 
a n d wi th in t h e m . T w o t rends a re evident from recent studies of feeding 
behaviour . T h e r e is an increasing awareness of the complexi ty of factors 
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affecting food choice: it is now clear t ha t calorific va lue is only one of 
m a n y factors affecting food selection a n d t ha t several kinds of qual i ta t ive 
differences be tween foods are impor t an t . Second, the kinds of var ia t ion 
which we can expect to find bo th be tween species a n d wi th in t h e m are 
becoming bet ter known. I t has, for example , only recent ly been realized 
t h a t dietetic diversity varies marked ly be tween m a n y sympat r ic p r ima te 
species (Hladik a n d Hladik , 1972; Clut ton-Brock, 1974a; S t ruhsaker 
a n d Oates , 1975); tha t , in some species, food choice differs systematically 
between the sexes (e.g. Pollock, Ch . 2 ; Waser , Ch . 7 ) ; a n d tha t d i u r n a l 
var ia t ion in food choice m a y be widespread (e.g. Chivers, Ch . 12; 
W r a n g h a m , Ch . 17). Apprec ia t ion of the extent of intraspecific var ia t ion 
is i m p o r t a n t bo th because of the m a n y insights it can provide in to 
evolut ionary a n d ecological influences on feeding behaviour a n d 
because it affects the ways in which d a t a samples mus t be d is t r ibuted to 
provide realistic estimates for the popula t ion . 

T h e first section of this chap te r examines some of the factors affecting 
food choice while the la t ter pa r t reviews different aspects of intraspecific 
var ia t ion . 

2. FOOD CHOICE 

Several general izat ions emerge from compar ison of the diets of different 
p r ima te species. 

All p r ima te species s tudied so far are highly selective in their choice of 
foods, often consistently selecting specific par t s of par t i cu la r species. 
Both red colobus a n d howl ing monkeys , for example , will carefully eat 
the basal por t ion of the leaves of some tree species a n d the apex of the 
leaves of o ther species (Clut ton-Brock, 1975a; St ruhsaker , 1975; 
K . Mi l ton , pers . c o m m . ) . 

I n general , shoots, flowers a n d fruit a re more commonly eaten t h a n 
m a t u r e leaves. Differences at this level are easily explicable in te rms of 
the higher prote in contents a n d the lower cellulose levels found in these 
par t s (Hladik, Chs 11, 16; Goodal l , Ch . 15). T h e extent to which 
par t icu la r par ts of leaves are selected (see above) is p robab ly re la ted to 
var ia t ion in prote in or sugar concentra t ions wi th in the leaf. Differences 
between food species in the extent to which the various par t s are ea ten 
are also, p robably , re la ted to qual i ta t ive differences. I n some cases these 
too m a y be the p roduc t of simple differences in energetic value or 
digestibil i ty: p r imates which feed extensively on m a t u r e leaves, such as 
Colobus guereza, t end to select the leaves of deciduous , colonizing tree 
species (see Oates , Ch . 10), which often conta in lower levels of cellulose 
a n d are more easily digested t h a n those of evergreen species. 
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T h r e e o ther types of qual i ta t ive differences are likely to affect the 
extent to which different species are selected. 

(i) T h e leaves and , to a lesser extent , t he fruit of different species va ry 
in the specific nu t r ien ts they conta in . I n o rder to achieve a ba lanced 
diet , it m a y be necessary for bo th folivores a n d frugivores to select 
pa r t i cu la r food species for their chemical con ten t (Westoby, 1974). For 
example , Oa tes (Ch. 10) found t h a t a t two- to four-week intervals , 
Colobus guereza g roups descended from the trees a n d t ravel led to pools of 
open wa te r in s w a m p y valley bo t toms , feeding there on wa te r p lants . 
Subsequen t analysis revealed t ha t the leaves of these species con ta ined 
h igh levels of sod ium which m a y have been relatively scarce in the rest 
of the an imals ' diet . I t m a y even prove to be the case t h a t the extent to 
which p l an t species are selected depends on the pa r t i cu la r a m i n o 
acids which they c o n t a i n : ch impanzees in G a b o n selected bo th p l an t 
a n d insect species whose a m i n o acids were c o m p l e m e n t a r y (Hladik , 
Ch . 16). T h e r e is little d o u b t t ha t caged m a m m a l s a re able to adjust 
their food choice (see H i n d e , 1970; Emlen , 1973), in some cases 
immedia te ly selecting foods which c o m p l e m e n t deficiencies (Richter 
et al., 1938; Barnet t , 1963), in others , increasing the var iabi l i ty of food 
choice unt i l a food is found which satisfies the deficiency (Rodgers a n d 
Rozin , 1966). I t would be surpris ing if wild popula t ions were no t 
equal ly adep t a t avoiding dietet ic imba l ance . 

(ii) T h e seeds a n d leaves of m a n y t ropical t ree species conta in a 
var ie ty of secondary compounds , inc lud ing tann ins , alkaloids a n d 
terpenes (Bate-Smith, 1972). N o t only m a y an imals avoid the par t s of 
those t ree species which conta in especially h igh levels of toxins, bu t they 
m a y select a var ied diet wi th in days , thus acqu i r ing doses of different 
toxins which are small enough to be neut ra l ized (Free land a n d J a n z e n , 
1974). However , the re is litt le firm evidence of the i m p o r t a n c e of toxin 
avo idance in de te rmin ing food choice in p r imates . Whi le a wide var ie ty 
of secondary c o m p o u n d s are present in most leaves, thei r levels a re 
frequently low (A. Hlad ik , 1976) a n d small a m o u n t s can usually be 
ea ten wi thou t danger . Moreover , some species ( including ch impanzees , 
which possess a simple digestive system a n d canno t de-toxify foods by 
fermenta t ion preced ing absorpt ion) show little selection against p l an t 
species in which alkaloids occur t hough they m a y avoid those car ry ing 
h igh concent ra t ions (Hladik , Ch . 16). 

(iii) Animals m a y select pa r t i cu la r foods to facilitate digestion. A 
var ie ty of p r i m a t e species eat small a m o u n t s of ea r th (Ripley, 1970; 
H l a d i k a n d Hlad ik , 1972; Goodal l , 1968; Oa tes , 1974; Hlad ik , 1973; 
Clut ton-Brock, 1975a; Pollock, 1975b). T h o u g h this m a y sometimes 
serve to correct mine ra l deficiencies, t he mine ra l concent ra t ions avail-



542 Τ. Η. C L U T T O N - B R O C K 

able in the soil frequently do not exceed those present in m a n y c o m m o n 
foods (Hladik, Ch . 16; Pollock, 1975b) a n d an a l ternat ive explana t ion is 
t h a t phylli tous soil m a y aid digestion by absorbing secondary compounds 
(Hladik, Chs 11, 16). Similarly, Goodal l (Ch. 15) suggests t ha t gorillas 
m a y eat a par t icu la r vine (Sckefflera spp. ) , despite its low energet ic value , 
because its woody fibres facilitate digestive act ion. A n d it is even 
possible (Oates , Ch . 10) t ha t some of the pr imates which digest by 
fermenta t ion m a y selectively eat foods conta in ing a p ropor t ion of 
t ann ins to he lp reduce the chance of " b l o a t " . 

Ei ther dietetic ba lanc ing or toxin absorpt ion will p robab ly he lp to 
explain why some foods, whose availabil i ty shows little a p p a r e n t 
seasonal var ia t ion, are only selected a t cer ta in t imes of year (see 
Clut ton-Brock, 1975a; Struhsaker , 1975); why others are ea ten regular ly 
bu t always in small amoun t s (e.g. Oa tes , Ch . 10; W r a n g h a m , Ch . 17); 
a n d why m a n y pr imates select a diverse diet wi th in days, qu i t t ing food 
sources when food is still a b u n d a n t a n d moving on to feed on different 
foods (see Clut ton-Brock, 1975a; Hlad ik , Chs 11, 17; Smi th , Ch . 4 ; 
W r a n g h a m , Ch . 17; R o d m a n , Ch . 13). 

3. E C O L O G I C A L S E G R E G A T I O N A N D SPECIES D IFFERENCES 
IN FOOD CHOICE 

I n m a n y cases, sympatr ic pr imates over lap extensively in the species 
composi t ion of their diets (e.g. Sussman, 1974; S t ruhsaker a n d Oa tes , 
1975; H u n t Cur t in , 1976). Whi le such differences m a y become more 
obvious w h e n food availabil i ty is low (e.g. Newton , 1967), ecological 
segregation between sympat r ic p r imates p robab ly depends pr imar i ly on 
o ther differences. 

Wi th in sympatr ic p r ima te faunas, differences in feeding level a re 
c o m m o n (Gar t l an a n d Struhsaker , 1972; Eisenberg et al., 1972; Hlad ik , 
1975; D u n b a r a n d D u n b a r , 1974a; H u n t Cur t in , 1976) a n d species t end 
to concent ra te their t ime in par t i cu la r levels of the canopy. For example , 
Waser (Ch. 7) found tha t mangabeys in Kiba le forest t ended to r e m a i n 
lower in tall trees a n d h igher in low ones. 

T h e p ropor t ion of the diet m a d e u p of different par t s (leaf, shoot, 
flower, fruit, gum) also varies widely be tween species a n d is associated 
wi th var ia t ion in the chemical const i tuents of the diet (Hladik , Chs 11, 
16; Hlad ik et al., 1971a). M a n y folivorous species show adap ta t ions to 
their diet e i ther in the s t ructure of the s tomach (e.g. Colobus a n d 
Presbytis spp.) or in the length of the caecum (e.g. Lepilemur, Alouatta: 
Hladik , 1967). O t h e r differences in diet are associated wi th more subt le 
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physiological differences: those be tween Presbytis entellus a n d P. senex 
(see below) are no t corre la ted wi th a n y major var ia t ion in intest inal 
morphology, b u t wi th deta i led differences in the form of the intest inal 
mucosa (Hlad ik et al., 1971a). In ter re la t ionships be tween digestive 
physiology a n d diet const i tute an i m p o r t a n t research a rea bu t one 
which , as yet, has been little explored. 

T h e abil i ty to feed on par t i cu la r g rowth stages also differs be tween 
species: frugivores t end to select r ipe fruit while folivores m a y feed bo th 
on r ipe a n d un r ipe fruit. Interspecific compar isons a re compl ica ted by 
the fact t ha t differences of this kind m a y only be a p p a r e n t a t cer ta in 
t imes of year . For example , t hough black a n d whi te colobus spend a 
smaller average p ropor t ion of thei r feeding t ime ea t ing m a t u r e leaves 
t h a n red colobus, in some mon ths their diet consists largely of m a t u r e 
foliage (Clut ton-Brock, 1974a; S t ruhsaker a n d Oa tes , 1975; Oa tes , 
Ch . 10). Th is m a y pe rmi t t h e m to colonize env i ronments where the 
p roduc t ion of shoots, flowers a n d fruit is highly seasonal (Clut ton-Brock, 
1974b). 

Dietet ic diversity also differs be tween species (see Sussman, Ch . 1; 
Clut ton-Brock, 1974b; S t ruhsaker a n d Oa tes , 1975; H l a d i k a n d Hlad ik , 
1972). Folivores, par t icu lar ly those which feed extensively on m a t u r e 
leaves, t end to select a less diverse diet t h a n frugivores (see p . 564). 

Finally, a m o n g pr imates which feed extensively on inver tebra tes , 
differences occur in the kinds of prey selected. I n K ib a l e forest, redtai ls 
(Cercopithecus ascanius) t end to feed on m o r e mobi le inver teb ra te species 
t h a n blue monkeys (Cercopithecus mitis) whi le mangabeys (Cercocebus 
albigena) feed extensively on insects located u n d e r ba rk or in dead wood 
(St ruhsaker , 1975 a n d pers. c o m m . ) . 

4. INTERPOPULAT ION D IFFERENCES IN FOOD CHOICE 

W h e r e the avai labi l i ty of different food species is similar, bo th individuals 
be longing to the same g roup a n d m e m b e r s of different groups t end to 
select similar diets (see Chap te r s 1, 2, 8, 11 a n d 12). Some differences 
emerge which canno t be expla ined as the p roduc t of var ia t ion in 
avai labi l i ty . For example , R i c h a r d (Ch. 3) found t h a t the sou thern 
popula t ions of Propithecus verreauxi fed extensively on the fruit of 
Rothmannia decaryi whereas the n o r t h e r n popu la t ion a te only the flowers 
of this species. I n t e rpopu la t i on differences of this k ind have also been 
recorded for mangabeys (Waser, Ch . 7) a n d ch impanzees (Hladik , 
C h . 16) while studies of several species have demons t r a t ed differences 
be tween ne ighbour ing t roops ( Japanese m a c a q u e s : K a w a m u r a , 1959; 
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A z u m a , 1973; red colobus : St ruhsaker , 1975). However , where n a t u r a l 
food sources are concerned, such differences are usual ly slight a n d the 
evidence suppor ts the view tha t food choice a m o n g pr imates is usual ly 
closely const ra ined by qual i ta t ive a n d quan t i t a t ive differences be tween 
foods (see above) . 

T h e species composi t ion of the diets of most p r imates differs widely 
be tween popula t ions as a p roduc t of var ia t ion in the avai labi l i ty of 
par t i cu la r foods (see Chap te r s 1, 2, 11, 12, 16 a n d 17). T h e r e is no 
evidence tha t any p r i m a t e species shows a h igh degree of food species 
specificity, as is the case in m a n y inver tebra tes as well as in some 
ver tebra tes (Free land a n d J a n z e n , 1974) t hough some pr imates (e.g. 
Lepilemur, Lemur mongoz) usually feed on few p lan t species (Hlad ik a n d 
Char les -Dominique , 1974; Tat te rsa l l a n d Sussman, 1975). 

5. A G E A N D SEX DIFFERENCES IN FEEDING B E H A V I O U R 

I t is evident t ha t in m a n y p r ima te species, feeding behav iour varies 
be tween age a n d sex categories. Moreover , similar differences exist in 
different species. 

5.1. Feeding Levels and Feeding Sites 
I n bo th a rborea l a n d terrestr ial species, younger , l ighter individuals 
spend more t ime feeding in the t e rmina l twigs t h a n adul ts e.g. Indri indri 
(Pollock, Ch . 2 ) ; Papio hamadryas ( K u m m e r , 1971); Cercocebus albigena 
(Waser, Ch . 7 ) ; Colobus badius (Clut ton-Brock, 1973). I n Symphalangus, 

juveni les spend more t ime feeding from suspended positions while Gorilla. 
adul ts spend less t ime feeding in trees t h a n juveni les (Chivers, Ch . 12 ; 
Fossey a n d H a r c o u r t , Ch . 14). Similar sex differences occur in several 
species where the ma le is apprec iab ly heavier t h a n the female e.g. 
Colobus badius (Clut ton-Brock, 1973); Papio hamadryas ( K u m m e r , 1971). 
O t h e r sex differences in feeding sites are p robab ly the p roduc t of 
d isp lacement of one sex by the o the r : in Indri (where the female is 
d o m i n a n t to the male) the ma le spends more t ime feeding in the 
t e rmina l twigs t h a n the female (Pollock, Ch . 2) . 

I n at least th ree species {Indri, Colobus badius a n d Pongo), males spend 
more t ime feeding at lower levels in the canopy t h a n females or 
i m m a t u r e animals , t hough in others (e.g. Cercocebus albigena) this is no t 
the case (Pollock, Ch . 2 ; Clut ton-Brock, 1973; Gat ino t , 1975; Waser , 
Ch . 7 ; R o d m a n , Ch . 13). I n Indri, this occurs because the ma le is. 
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displaced from preferred feeding areas by the female (see above) b u t 
this is an unlikely exp lana t ion of the difference in the o ther two species. 
I n these, increased ma le body size m a y reduce the risk of p r e d a t i o n a n d 
males m a y feed more safely a t lower levels t h a n females. 

5.2. Activity Budgets 
As in m a n y ungula tes (e.g. Spinage , 1968; Clough a n d Hassam, 1970; 
O w e n - S m i t h , pers. c o m m . ) , adu l t males common ly spend propor t iona l ly 
less t ime feeding a n d more rest ing or inact ive t h a n females or y o u n g 
an imals e.g. Indri (Pollock, Ch . 2 ) ; Alouatta villosa (Smith , Ch . 4 ) ; 
•Cercopithecus aethiops ( K a v a n a g h , pers . c o m m . ) ; Cercocebus albigena 
(Waser, Ch . 7 ) ; Theropithecus gelada ( D u n b a r , Ch . 9 ) ; Colobus badius 
(Clut ton-Brock, 1974c); Symphalangus (Chivers, 1974, Ch . 12). I n 
contrast , in Pongo, adu l t males spend more t ime feeding t h a n females 
( though the n u m b e r of feeding bouts per d a y is similar) ( R o d m a n , 
C h . 13) a n d in Gorilla, s i lverbacked males (but not b lackbacked) spend 
more t ime feeding t h a n females or imma tu re s . Males migh t be expected 
to feed for less t ime per un i t body weight t h a n females because (a) they 
do not incur the costs of p r egnancy a n d lac ta t ion. Th i s is suppor ted by 
differences in feeding t ime between females wi th d e p e n d e n t offspring 
and those wi thou t (e.g. Smi th , Ch . 4 ) ; (b) in most species males a re 
d o m i n a n t to females a n d m a i n t a i n pr ior i ty of access to the areas of 
m a x i m a l food avai labi l i ty ; (c) they t end to feed faster t h a n females 
e.g. Indri (Pollock, Ch . 2 ) ; Colobus badius (Clut ton-Brock, 1972); Gorilla 
(Fossey a n d H a r c o u r t , Ch . 14), t hough the reverse is t rue in Symphalangus 
(Chivers, 1974, Ch . 12). 

T h e most likely explana t ion of the reversal of this t r end in Pongo a n d 
Gorilla is t ha t the ex t reme sexual d imorph i sm in body weight found in 
these two species (Clut ton-Brock a n d Harvey , in press) requires the 
male to feed for longer periods t h a n the female despi te he r increased 
energetic expend i tu re on p regnancy a n d lac ta t ion. 

5.3. Food Choice 
Sex differences in diet composi t ion occur in several species. I n Indri 
(Pollock, 1975b, Ch . 2) a n d in Colobus badius (Clut ton-Brock, u n 
publ ished da ta ) males m a y eat more fruit a n d less foliage t h a n females; 
a n d in Cercocebus albigena, Wase r (Ch. 7) found t h a t males spent 
p ropor t iona te ly ( though no t absolutely) m o r e t ime feeding on fruit a n d 
less t ime foraging for insects t h a n females a n d i m m a t u r e an imals , whi le 
immatu re s spent more t ime feeding on flowers a n d the stems of leaves. 
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Conversely, male o rang-u tans m a y eat less fruit a n d more bark t h a n 
females, par t icu lar ly when food is scarce ( R o d m a n , Ch . 13). 

Sex differences in the p ropor t ion of t ime spent on par t icu la r p l an t 
species also exist. I n Cercocebus albigena in Kiba le forest, Waser (Ch. 7) 
found tha t males spent more t ime eat ing the fruits of Diospyros absyssinica 
t h a n females or immatu res . I n Gorilla, s i lverbacked males fed more on 
thistles t h a n o ther individuals , while immatu re s spent more t ime on 
Vernonia a n d Pleopeltis t h a n adul ts (Fossey a n d H a r c o u r t , Ch . 14). 
Finally, male ch impanzees kill more ver tebra tes t h a n females 
( W r a n g h a m , 1975) a n d eat different amoun t s of par t i cu la r inve r t eb ra t e 
species (McGrew, in press). 

M a n y of these differences, like those in feeding level a n d height , a re 
p robab ly the p roduc t of sex differences in body size or s t rength . 
Increased foraging for insects in Cercocebus albigena males m a y be 
connected wi th superior dent i t ion since m a n y inver tebra tes a re 
collected by pul l ing or bi t ing sections of bark from tree t runks (Waser, 
Ch . 7) a n d the same factors m a y also help to explain why the fruits of 
Diospyros abyssinica were ea ten to a greater extent by males . Similarly, 
male chimps m a y kill more ver tebra te prey ( W r a n g h a m , 1975) because 
they are bet ter equ ipped to do so. I n contrast , the t rend towards 
increased fruit in take in males is more likely to be re la ted to sex 
differences in nut r i t iona l requi rements . Females a n d young animals 
m a y need higher levels of prote in in their diet t h a n fully grown males 
a n d m a y consequent ly feed more on foliage a n d insects (see Hlad ik , 
Ch . 16, pers. c o m m . ) : there is extensive evidence from other ver tebra te 
groups tha t young animals t end to take a h igher p ropor t ion of an ima l 
ma t t e r t h a n adul ts (Clark a n d Gibbons , 1969; Collias a n d Collias, 
1963; Schoener a n d G o r m a n , 1968; Schoener , 1968; W a r d , 1965; 
Newton , 1967; R o y a m a , 1970a). T h e fact t ha t ma le Indri take more 
fruit t h a n females despite being subord ina te to them, suggests tha t this 
t r end is not a p roduc t of increased access to preferred resources in 
males. 

T h r e e evolut ionary explanat ions of sex differences in feeding 
behaviour exist. 

(a) I n polygamous species, sex differences in the intensi ty of 
compet i t ion for mates m a y have selected for sexual d imorph i sm in body 
size a n d muscu la tu re (Trivers, 1972; Clut ton-Brock a n d Harvey , 1976), 
a n d these differences m a y p roduce coincidental var ia t ions in feeding 
behaviour . I n this case, differences in feeding behav iour should be 
most evident in strongly d imorph ic species a n d least in m o n o m o r p h i c 
ones. 

(b) T h e costs of p regnancy a n d lac ta t ion m a y have led to selection 
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for sex differences in diet . I n pa r t i cu la r (see above) this m a y he lp to 
expla in w h y females m a y requi re more prote in in their diet t h a n males. 

(c) Selection m a y favour individuals w h o avoid compe t ing for 
l imi t ing resources wi th their mates or offspring (Selander , 1966, 1972). 
O n e migh t expect this to be most advan tageous w h e r e : 

(i) the an imals a re terr i tor ial a n d feed ou twards from a fixed base, 
such as a nest or sleeping ho le : here , d ivergence in food selection 
would have a considerable effect bo th on the dis tance covered in 
search of food a n d on terr i tory size (see Smi th , 1968); 

(ii) feeding ra te is l imited by search t ime (see Schoener , 1971) 
r a the r t h a n by hand l ing t i m e ; for this reason, one migh t expect 
max ima l divergence to occur in food specialists r a the r t h a n 
general is ts ; 

(iii) the adu l t sex ra t io is close to par i ty (since, as the relat ive 
n u m b e r of adu l t males in the t roop declines, the a d v a n t a g e of feeding 
divergence to females a n d y o u n g will decrease) a n d where males 
ma in t a in exclusive m a t i n g access to g r o u p females a n d are thus 
closely re la ted to a considerable n u m b e r of i m m a t u r e an imals in the 
t roop. 
As yet, there is no need to invoke the th i rd explana t ion to accoun t for 

sex differences in feeding behav iour in pr imates , t hough observat ions of 
o r ang -u t ans ( R o d m a n , Ch . 13) are puzzl ing. Males m a y feed more on 
"less prefer red" foods t h a n females, emigra t ing w h e n food availabil i ty 
is low ( R o d m a n , Ch . 13). A l though one explana t ion is t ha t males avoid 
compet i t ion wi th females a n d offspring, it seems more likely t ha t they 
a re opt imiz ing food choice in some w a y which is no t immedia te ly 
obvious. 

6. D I U R N A L VARIATION IN FEEDING B E H A V I O U R 
6.1. Feeding Levels 
At least two studies have demons t r a t ed the existence of d iu rna l 
var ia t ion in the feeding levels used. S i a m a n g tend to use the u p p e r levels 
of the canopy most in the m o r n i n g a n d late afternoon, spending 
relatively more t ime in the midd le canopy in the midd le p a r t of the d a y 
(Chivers, 1974). Th is pa t t e rn was re la ted to their choice of emergen t 
t ree species to sleep in. I n red colobus a t G o m b e in O c t o b e r (dry season), 
an imals spent more t ime feeding a t lower levels d u r i n g the midd le p a r t 
of the day (10.00-15.OOh) t h a n du r ing the m o r n i n g or evening 
(Clut ton-Brock, 1973). I n the wet season, the p ropor t ion of t ime spent 
in the u p p e r levels of the canopy t ended to increase wi th t ime of day . 
T h e most likely explana t ion of this var ia t ion was t ha t in Oc tobe r , w h e n 
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t empera tu res of over 32° C occurred regular ly du r ing the m i d d a y hours , 
t he an imals selectively fed a n d rested in the shade (which was m o r e 
a b u n d a n t in the lower levels of the forest) du r ing the m i d d a y per iod , 
whereas this response was absent in the cooler wet season. 

6.2. Activity Patterns 
T h e earliest p r ima te field studies (e.g. Carpen te r , 1934, 1935) no ted t h e 
presence of consistent d iu rna l var ia t ion in activity a n d subsequent 
research bo th on wild popula t ions a n d on enclosed or caged an ima l s 
( K a v a n a u , 1971; Bernstein, 1970a, b , 1972, 1975) confirms tha t r egu la r 
pa t te rns often exist. 

I n m a n y pr imates , feeding activity peaks in the first half of t h e 
m o r n i n g a n d the second half of the afternoon e.g. Lemur fulvus, L. catta 
(Sussman, Ch . 1) ; Propithecus verreauxi (Richard , Ch . 3 ) ; Alouatta villosa 
(Carpente r , 1934; R icha rd , 1970; Chivers, 1969; Smi th , Ch . 4 ) ; 
Callicebus torquatus (Kinzey, Ch . 5 ) ; Ateles geoffroyi (Carpen te r , 1935; 
R i c h a r d , 1970); Cercopithecus aethiops ( K a v a n a g h , pers. c o m m . ) ; 
Cercocebus albigena (Chalmers , 1968a) ; Macaca mulatta (L indburg , 
Ch . 8 ) ; Macaca radiata (Nolte, 1955); Erythrocebus patas (Hall , 1965) ; 
Papio hamadryas ( K u m m e r , 1968); Colobus badius (Clut ton-Brock, 1974b; 
Struhsaker , 1975); Colobus guereza (Oates , Ch . 10) ; Presbytis entellus 
(Yoshiba, 1967, 1968); P. geei (Mukher jee a n d Saha , 1974); P. cristatus 
(Bernstein, 1968); P. melalophos, P. obscura ( H u n t Cur t in , 1976) ; 
Hylobates lar (Carpen te r , 1940); Pongo pygmaeus ( R o d m a n , Ch . 13) ; 
Gorilla gorilla beringei (Fossey a n d H a r c o u r t , Ch . 14) a n d Pan troglodytes 
(Goodall , 1968; W r a n g h a m , Ch . 17). 

I n several of these studies, feeding also increased in the midd le of the 
d a y : Alouatta villosa (Chivers, 1969); Callicebus torquatus (Kinzey, Ch . 5 ) ; 
Cercocebus albigena (Chalmers , 1968a) ; Papio anubis ( D u n b a r a n d D u n b a r , 
1974a) ; Colobus badius (Clut ton-Brock, 1974b; Struhsaker , 1975); Pan 
troglodytes ( W r a n g h a m , 1975, Ch . 17). M i d d a y feeding may , in fact, be 
m o r e c o m m o n t h a n was originally supposed (see Cha lmers , 1968a), a n d 
its presence m a y often have been masked by combin ing d a t a : the 
occurrence of regular feeding bouts du r ing the m i d d a y per iod will not 
necessarily p roduce a peak w h e n d a t a from different days a re l u m p e d if 
t he t iming of bouts is i r regular . For example , in red colobus in t he 
G o m b e Na t iona l Pa rk a t least one bou t of feeding activity usually 
occurred du r ing the midd le -day per iod in bo th wet a n d d ry seasons 
(Clutton-Brock, 1974b). However , in the wet season, the t iming of the 
bou t was i r regular and , w h e n d a t a from different days were l umped , no 
feeding peak was evident . 
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Some species appa ren t l y show activity var ia t ion which contrasts wi th 
the usual pa t t e rn . I n Indri [as in one of the Propithecus popu la t ions 
observed by R i c h a r d (Ch. 3)] feeding act ivi ty peaks a t m i d d a y , 
decl ining after 14.00h (Pollock, Ch . 2) . I n Theropithecus gelada a n d 
Cercopithecus aethiops, feeding activity increases from 10.00-1 l.OOh a n d 
peaks a r o u n d 15.00h ( D u n b a r a n d D u n b a r , 1974a), whi le in s i amang 
feeding peaks 8.00 to 10.00h, remains h igh t h rough the midd le d a y 
a n d declines after 15.00h (Chivers, 1974, C h . 12). I n Hylobates lar 
(Raemakers , pers. comm.) feeding reaches a h igh level by 7.00h, 
r emains approx imate ly cons tant t h r o u g h o u t the d a y b u t ceases some 
three hours before sunset. Final ly , some studies (e.g. Papio cynocephalus: 
A l t m a n n a n d A l t m a n n , 1970; P. ursinus: Ha l l , 1962) have found little 
regular var ia t ion in d iu rna l activity. 

As yet, we do not know to w h a t extent activity pa t t e rns a re species-
specific. Both differences be tween sympat r i c species (see Sussman, 
Ch . 1; D u n b a r a n d D u n b a r , 1974a; Chivers, 1974; M a c k i n n o n , 
unpub l i shed da ta ) a n d the persistence of d iu rna l pa t t e rns in capt ive 
an imals (e.g. K a v a n a u , 1971; Bernstein, 1972, 1975) suggest t h a t some 
consistent species differences will be found. However , p a t t e r n i n g 
evident ly varies widely wi th in species a n d m a y differ cons iderably bo th 
be tween seasons (see Sussman, Ch . 1; R i c h a r d , Ch . 3 ; Chivers, 1974; 
Clut ton-Brock, 1974b) a n d be tween popula t ions . For example , gray-
cheeked mangabeys in K iba l e forest showed little consistent d iu rna l 
var ia t ion in feeding activity (Waser, Ch . 7) whereas in eastern U g a n d a , 
the same species showed m o r n i n g a n d evening peaks in feeding activity, 
wi th a lesser peak a t m i d d a y (Chalmers , 1968b). Similarly, red colobus 
in K iba l e forest appa ren t ly do not show such well-defined peaks in 
feeding activity as those in the G o m b e Na t iona l Pa rk (Clut ton-Brock, 
1974b; St ruhsaker , 1975). 

T h e functional significance of d iu rna l var ia t ion in activity pa t t e rns is 
no t obvious a n d several factors a re p re sumab ly involved. M o r n i n g a n d 
evening feeding peaks a n d m i d d a y rest ing periods m a y represent a n 
a d a p t a t i o n to t e m p e r a t u r e var ia t ion (e.g. Chivers , 1969, 1974). Th is 
suggestion is suppor ted by some pa t t e rns of intraspecific va r i a t i on : in 
several species, m i d d a y rest ing peaks a re more regular in the hot te r 
seasons of the year (Propithecus verreauxi: R i c h a r d , Ch . 3 ; Macaca mulatta: 
L i n d b u r g , Ch . 8 ; Papio hamadryas: K u m m e r , 1968) while , wi th in 
seasons, they m a y be more m a r k e d on sunny days t h a n on c loudy ones 
(Chivers, 1969, 1974). However , there is often little re la t ionship be tween 
d i u r n a l t e m p e r a t u r e changes a n d feeding activity, bo th because feeding 
peaks occur in the midd le d a y (see above) a n d because m i d d a y rest ing 
periods frequently occur before the hottest t ime of day . I n add i t ion , this 
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a r g u m e n t fails to explain the occurrence of peaks of activity in several 
noc tu rna l species in the first a n d last par t s of the n igh t e.g. Galago 
demidovii, G. crassicaudatus, G. senegalensis, Microcebus murinus, Lemur mongoz 
a n d Perodicticus potto (Vincent , 1969; Char les -Domin ique , 1971 ; 
Tat te rsa l l a n d Sussman, 1975; Doyle, 1974). 

Whi le a d a p t a t i o n to t e m p e r a t u r e regula t ion has p robab ly p layed 
some pa r t in the evolut ion of d iu rna l var ia t ion in feeding behav iour , 
o ther factors a re p resumably involved. I n par t icu lar , early a n d la te 
peaks in feeding activity m a y serve to maximize the a m o u n t of food t h a t 
can be digested per d a y a n d differences in the du ra t i on a n d p a t t e r n i n g 
of feeding peaks wi th in the day m a y be re la ted to var ia t ion in s tomach 
size a n d intest inal morphology (Clut ton-Brock, 1974b). As yet, the d a t a 
are i n a d e q u a t e to demons t ra t e relat ionships of this k ind. 

6.3. Food Choice 
I n several species, there is evidence tha t food choice varies wi th t ime of 
day . I n at least some of these, differences m a y be p roduced by d iu rna l 
var ia t ion in the locat ion of the animals . For example , in the d ry season, 
geladas eat propor t iona te ly more grass leaves (compared wi th rhizomes) 
in the morn ing a n d evening t h a n du r ing the m i d d a y per iod because t he 
former are a b u n d a n t in the bush count ry abu t t i ng their sleeping cliffs 
( D u n b a r , C h . 9 ) . I n o ther cases, d iu rna l var ia t ion in food choice occurs 
which is less easy to explain. I n Callicebus torquatus there is a t endency for 
fruit to be ea ten at the beginning a n d end of the day , insects du r ing the 
midd le -day per iod a n d leaves t h roughou t the day (Kinzey et al., in 
press; Kinzey, Ch . 5) while squirrel monkeys [Saimiri sciureus) feed m o r e 
on fruit in the m o r n i n g a n d on insects in the afternoon (Thor ing ton , 
1967). I n Colobus guereza, fruits a n d leaf buds t end to be ea ten more in 
the second half of the d a y t h a n in the first half, while floral par t s a re 
ea ten more in the midd le day per iod (Oates , Ch . 10). I n s i amang 
(Chivers, Ch . 12) the propor t ion of feeding t ime spent on fruit declines 
from a r o u n d 7 0 % at d a w n to 2 0 % by mid-af ternoon ( though it shows a 
tendency to increase immedia te ly before the g roup settles for the night) 
while the p ropor t ion of t ime spent on young leaves increases from 
a r o u n d 3 0 % at d a w n to 7 0 % in the afternoon. Consumpt ion of leaves, 
stems, flowers a n d insects appa ren t ly varies little t h r o u g h o u t the day . 
Similar pa t te rns of behaviour occur in Hylobates lar: the p ropor t ion of 
feeding t ime spent on figs is h igh in the m o r n i n g a n d evening while 
feeding t ime spent on o ther fruit shows similar, t hough less p ronounced , 
changes. T h e p ropor t ion of t ime spent on flowers is also high in the 
evening while t ime spent on foliage increases t h rough the day, unt i l the 
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la te afternoon (Raemakers , pers. c o m m . ) . O r a n g - u t a n s ( R o d m a n , 
Ch . 13) t end to eat fruit ear ly a n d la te while, in ch impanzees a t G o m b e , 
bouts of fruit-eating occur red earl ier t h a n bouts of leaf-eating 
( W r a n g h a m , 1975, Ch . 17). Some noc tu rna l species, too, show con
sistent var ia t ion in food selection: Galago demidovii eats more fruit ear ly 
in the n igh t a n d more insects la ter on (Char les -Dominique , 1971). 
N o t all studies repor t consistent var ia t ion in food choice : for example , 
no consistent var ia t ion was found in ei ther Cercocebus albigena (Waser , 
Ch . 7) or Galago elegantulus (Char les -Dominique , 1971). 

As yet, we canno t tell e i ther h o w genera l or how stable this k ind of 
dietetic var ia t ion is. Nevertheless, the re appears to be a c o m m o n 
tendency for fruit to be ea ten relatively more t h a n foliage early in the 
activity per iod. This m a y occur because fruit is more swiftly digested 
a n d early fruit-eating helps to restore a n y energy deficit t ha t has 
accumula t ed d u r i n g the per iod of inact ivi ty (Chivers, 1974; W r a n g h a m , 
Ch . 17). O n the same a rgumen t , it m a y be advan tageous to feed on 
foliage immedia te ly before ret i r ing, so t ha t the digestive system is act ive 
for as long as possible. However , this hypothesis fails to explain why, in a 
few species, peaks of fruit-eating occur immedia te ly before the inact ive 
period (see above) . T h e t endency for insects to be ea ten la ter t h a n fruit 
(as in Callicebus torquatus, Siamiri sciureus a n d Galago demidovii) m a y occur 
because ingestion ra te is usually low for p r imates feeding on insects 
(Hladik, Chs 11, 16) a n d it is advan tageous for t h e m to ob ta in the bu lk 
of fruit necessary for the day before switching to insects. 

T h e extent to which par t i cu la r foods a re ea ten can also vary wi th 
t ime of day . I n Colobus guereza, Markhamia platycalyx is used relat ively 
little in the first p a r t of the d a y while Celtis africana, Spathodea nilotica a n d 
Olea welwitschii a re used compara t ive ly heavily (Oates , Ch . 10). 
Ch impanzees in the G o m b e Na t iona l Pa rk regular ly a te the leaves of 
Aspilia rudis a n d A. pluriseta du r ing the early m o r n i n g : W r a n g h a m 
(Ch. 17) suggests t ha t this m a y be re la ted to d iu rna l var ia t ion to 
alkaloid levels (see Rob inson , 1974). A n a l te rna t ive exp lana t ion migh t 
be t ha t these leaves con ta ined componen t s which facilitated t he 
digestion of fruit in some way. 

7. S E A S O N A L VARIATION IN FEEDING A N D R A N G I N G 
B E H A V I O U R 

Even in equa tor ia l forests, the phenology of m a n y trees is well syn
chronized wi th in , if no t be tween , species (Richards , 1966; St ruhsaker , 
1975) a n d the diets of all p r imates s tudied so far va ry extensively 
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between months , often showing little or no d ie ta ry over lap be tween 
contras ted seasons. Few studies have described feeding behav iour over 
several years a n d there is consequent ly little firm evidence of seasonal 
cycles in feeding behaviour . Moreover , in some cases, there is little 
similarity be tween the same mon ths of different years (Struhsaker , 
1975). However , m a n y studies have demons t ra t ed relat ionships be tween 
i n t e rmon th differences in feeding a n d rang ing behav iour a n d similar 
var ia t ion in c l imate or food dis t r ibut ion. T h e effects of c l imat ic 
var ia t ion clearly differ be tween species: thus in R i c h a r d ' s s tudy (Ch. 3) 
of Propithecus, food qual i ty a n d quan t i t y were lower in the d r y season 
t h a n in the wet, whereas for red colobus in the G o m b e N a t i o n a l Pa rk 
a n d for s iamang, qual i ty if no t density of food supplies increased in 
the dry season (Clut ton-Brock, 1975b; Chivers, 1974, Ch . 12). Since 
food availabil i ty is likely to have a s t ronger effect on feeding behav iour 
t h a n cl imatic var ia t ion per se, the rest of this discussion concentra tes on 
comparisons be tween periods of low a n d high food availabil i ty. 

W h e n food availabil i ty declines, non-migra to ry animals migh t be 
expected ei ther to increase searching t ime (thus accept ing increased 
energetic costs of food-finding) or to reduce selectivity, min imiz ing 
energet ic expendi tu re a t the expense of food qual i ty (see Schoener , 
1971; Emlen , 1973). Several p r ima te species a p p e a r to a d o p t the la t ter 
strategy. I n Propithecus verreauxi, the m a r k e d d ry season was associated 
wi th a decline in overall food avai labi l i ty ; a decrease in the p ropor t ion 
of feeding t ime spent on fruit a n d flowers a n d an increase in t ime spent 
on m a t u r e foliage; a decrease in the p ropor t ion of day t ime spent 
feeding, in day r ange length a n d ra te of m o v e m e n t a r o u n d the h o m e 
r a n g e ; a n d a t endency to spend more t ime in fewer q u a d r a t s (Richard , 
Ch . 3) . T h e southern popu la t ion studied (which inhab i t relatively dry, 
ar id forest where overall food availabil i ty m a y have been low) differed 
from the no r the rn in the same ways tha t , wi th in popula t ions , the d ry 
season differed from the wet. I n red colobus in the G o m b e Na t iona l 
Pa rk (Clut ton-Brock, 1974b, 1975a,b) the wet season was associated 
wi th a reduct ion in the avai labi l i ty of young foliage a n d an increase in 
the p ropor t ion of feeding t ime spent on m a t u r e leaves, a slight decrease 
in the p ropor t ion of t ime spent feeding (which, a l ternat ively, m a y be 
a t t r ibu tab le to changes in observat ion condi t ions : Clut ton-Brock, 
1974b) a n d a decrease in d a y r ange length a n d ra te of m o v e m e n t a b o u t 
the h o m e range . Similarly, in Alouatta villosa (Chivers, 1969; Smi th , 
C h . 4) a n d Symphalangus syndactylus (Chivers, 1974, Ch . 12) reduced 
t ime spent feeding on fruits a n d flowers du r ing the wet ter par t s of the 
year , is associated wi th reduct ion in the a m o u n t of t ime spent feeding 
a n d moving as well as (in the la t ter case) wi th reduced d a y r ange length 
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a n d more concen t ra ted use of pa r t i cu la r par t s of the h o m e range . I n 
Hylobates lor (Raemaker s , pers. comm.) d a y r ange length is positively 
corre la ted wi th the avai labi l i ty of y o u n g leaves, flowers a n d fruit, wi th 
the combined p ropor t ion of flower a n d fruit ea ten , a n d negat ively wi th 
the p ropor t ion of m a t u r e foliage ea ten . I n Cercocebus galeritus on the 
T a n a river ( H o m e w o o d , pers. comm.) the p ropor t ion of t ime spent 
foraging (bu t no t t h a t spent ac tual ly feeding) increased a t t imes of 
r educed food avai labi l i ty a n d was associated wi th a reduced propor t ion 
of feeding t ime spent on fruit, as well as wi th increased dietetic diversity. 

I n all these four studies the association be tween reduc t ion in activity 
a n d m o v e m e n t a n d reduced food avai labi l i ty or qual i ty is t enuous bo th 
because availabil i ty could no t be measured a n d because compar isons 
be tween seasons confound changes in food availabil i ty wi th o ther 
seasonal differences. W r a n g h a m ' s s tudy of ch impanzees in the G o m b e 
Na t iona l Pa rk ( W r a n g h a m , 1975, Ch . 17) offers the possibility of 
c o m p a r i n g similar seasons be tween years , r educ ing the n u m b e r of 
associated var iables . Several lines of evidence suggest t h a t food was less 
a b u n d a n t in the 1972 d ry season t h a n in 1973: the fruit c rop of a n 
i m p o r t a n t food species failed; body weight of males was lower a n d there 
was some evidence of increased frequency of compet i t ive in teract ions a t 
food sources. Compar i sons be tween the two d ry seasons t end to suppor t 
the associations be tween lower food avai labi l i ty a n d reduced feeding 
activity out l ined above . I n the 1972 d ry season, the an imals fed more on 
foliage a n d less on fruit, spent (slightly) less t ime feeding a n d t ravel l ing 
a n d more g rooming a n d rest ing while food-calling frequency, g roup size 
a n d d a y r ange length decl ined. However , the s i tuat ion is compl ica ted 
by differences be tween the d ry a n d wet seasons which do not paral le l 
those be tween the two d ry seasons ( W r a n g h a m , Ch . 17). 

A l though some p r i m a t e species (see above) show similar pa t te rns of 
change in feeding a n d r ang ing behaviour , it is clear t ha t no general iza
tions concern ing seasonal var ia t ion can yet be m a d e . I n o ther species, 
most t ime is spent feeding or t ravel l ing a t t imes w h e n food availabil i ty is 
p robab ly lowest e.g. Papio cynocephalus (A l tmann a n d A l t m a n n , 1970); 
Papio hamadryas ( K u m m e r , 1968); Theropithecus gelada ( D u n b a r , Ch . 9 ) . 
Surprisingly, bay r ange length is no t re la ted to the p ropor t ion of 
day t ime spent feeding. I n some no clear pa t t e rns of seasonal var ia t ion 
are evident e.g. Indri (Pollock, Ch . 2 ) ; Cercocebus albigena (Waser, Ch . 7 ) ; 
Colobus guereza (Oates , Ch . 10). Moreover , react ions to changes in food 
avai labi l i ty m a y differ be tween popula t ions of the same species. I n two 
of the female o rang-u tans observed by R o d m a n (Ch. 13) feeding t ime 
increased w h e n the p ropor t ion of fruit in the diet fell whereas in the 
popu la t ion s tudied by M a c K i n n o n (1974) feeding t ime decreased a n d 
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t ravel increased in mon ths w h e n the animals fed less on fruit ( R o d m a n , 
Ch . 13). Such anomal ies m a y possibly be the p roduc t of differences in 
the dispersion of food sources. 3. 

Finally, r ang ing behaviour a n d g roup movements m a y not be closely 
re la ted to food dispersion in some species: Struhsaker ' s detai led s tudy of 
red colobus (Struhsaker , 1974, 1975) concludes t ha t i n t e rg roup inter
act ions m a y be more i m p o r t a n t t h a n food dispersion in de te rmin ing 
movemen t pa t te rns a n d the dis t r ibut ion of t ime across the h o m e range . 
Since this s tudy questions the basic assumpt ion t ha t food dis t r ibut ion is 
likely to have an i m p o r t a n t effect on m o v e m e n t pa t te rns , its results 
deserve close a t ten t ion . I n the single t roop studied in detai l , i n t e r m o n t h 
var ia t ion in d a y range length a n d rang ing diversity ( " q u a d r a t 
ut i l izat ion diversi ty") were positively re la ted to rainfall bu t ne i ther was 
significantly correlated wi th changes in dietetic diversity ("food species 
diversi ty") while the la t ter was not significantly re la ted to the dispersion 
of the food supply (" the average index of dispersion of the top four food 
species in each m o n t h " ) , the relat ive a b u n d a n c e of the food species used 
( = the combined indices of cover for the top four food species in each 
mon th ) or the percentage of young growth (flowers, buds a n d y o u n g 
leaves) avai lable or in the diet . T h e s i tuat ion thus contrasts wi th studies 
of red colobus at G o m b e , a more strongly seasonal env i ronmen t 
(Clutton-Brock, 1975a,b), where d a y range length, a n d ra te of move
m e n t abou t the h o m e range increased a t the end of the p ronounced d ry 
season when bo th the a m o u n t of young growth ea ten a n d avai lable a n d 
dietet ic diversity were relatively h igh [ though, as St ruhsaker (1975) 
notes, i n t e rmonth ly differences in these variables were not significantly 
in tercorre la ted, pe rhaps because smaller, i n t e r m o n t h differences du r ing 
the rest of the year were not re la ted to each o the r ] . 

At Kiba le (but no t a t Gombe) r ang ing diversity was significantly 
re la ted to the frequency of in te rg roup proximi ty a n d encounters , a n d 
St ruhsaker (1974) concludes t ha t this has a more i m p o r t a n t effect on 
rang ing behaviour t h a n food dis tr ibut ion. Whi le this m a y be the case, 
a n equally plausible in te rpre ta t ion would be t ha t grea ter r ang ing 
diversity p roduced an increase in the probabi l i ty of in te rg roup 
encounters (Clutton-Brock, 1975b). Moreover , St ruhsaker ' s conclusion 

a Among ungulates (Owen-Smith, unpublished data) similar interspecies variation exists and 
may be related to dietetic differences. Grazing species (e.g. Loxodonta africana, Ceratotherium 
simum, Damaliscus d. phillipsi and Cervus canadensis) tend to show a reduction in the proportion 
of time spent feeding when overall food availability is low, while browsing species (e.g. 
Aepyceros melampus, Antidorcas marsupialis and Tragelaphus strepsiceros) tend to show an increase. 
This difference may occur because food shortage forces grazers to feed on abundant low 
quality food found in large clumps (e.g. grass stems) while browsers maintain dietetic quality 
but are forced to increase the amount of time spent finding food items. 
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that ranging behaviour and food distribution show little relationship to 
each other requires careful examination since both his results and his 
conclusions reveal several anomalies. Thus evidence that dietetic 
similarity (across months) is not significantly correlated with similarity 
in the extent to which different parts of the range are used leads him to 
conclude (1975, p. 155) that, "it is clear from this analysis that the 
manner in which the monkeys distribute their time in space is not 
strongly correlated with what they eat" while contrary evidence that 
utilization of different parts of the range was related to spatial variation 
in the abundance of different food species produces the contrasting 
statement (1975, p. 161) that "clearly, the abundance and distribution 
of food affects the manner in which red colobus distribute their time in 
space". Although it is possible to reconcile the situation by suggesting 
that spatial variation in ranging behaviour but not seasonal change is 
related to variation in food distribution, this seems an unlikely position. 
Close inspection of the Kibale data shows that relationships between 
monthly increases of ranging diversity and measures of dietetic diversity 
and availability of common food species (Struhsaker, 1975, figs 33, 34) 
are largely spoiled by a small proportion of aberrant points, a result 
which might be expected on the grounds that estimates of ranging 
diversity were based only on five consecutive days of observation (see 
Clutton-Brock, 1975b). Moreover, ranging diversity was significantly 
related to the mean rank (per month) of dietetic diversity and abun
dance of the top four food species (Clutton-Brock, 1975b). In other 
words, ranging behaviour was most diverse in months when the animals 
distributed their feeding time relatively evenly over common food 
species, a situation not dissimilar to the patterns of change evident in 
several other species (see above). 

The most obvious conclusion to be drawn from comparative studies of 
seasonal variation in feeding and ranging behaviour is that the topic is 
an extremely complex one. Perhaps the most useful approach may be to 
examine changes in the behaviour of animals with relatively simple 
diets (such as Theropithecus or Lepilemur) before extending research to 
rain forest species. 

8. S U M M A R Y 

1,2. The factors affecting food choice in primates are complex. They 
include: energetic value; protein availability and, perhaps, availability 
of specific amino acids; toxin content and physical characteristics 
affecting digestive processes. 

τ 
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3. Sympat r i c p r imates often over lap extensively in thei r use of 
par t i cu la r food species. Ecological segregation is achieved pr imar i ly by 
differences in the heights a n d hab i ta t s used a n d in the par t s a n d growth 
stages eaten. 

4. T h o u g h different popula t ions of the same p r i m a t e species 
frequently utilize different p l an t species, their preference for par t i cu la r 
species p robab ly varies by very little. 

5. I n several species, males spend less t ime feeding t h a n females a n d 
relatively more feeding on fruit. Both differences m a y be the p roduc t of 
nu t r i t iona l costs resul t ing from p regnancy a n d lactat ion. 

6. Ut i l izat ion of different levels in the canopy, feeding activity a n d 
food choice vary wi th t ime of day . Several species spend relatively m o r e 
t ime eat ing fruit in the first half of the day a n d foliage in the second. 

7. I n most species, seasonal var ia t ion in feeding behav iour is closely 
associated wi th var ia t ion in r ang ing behaviour . Some species appa ren t ly 
reac t to decreased food availabil i ty by reduc ing day r ange length a n d 
the p ropor t ion of t ime spent feeding, others by increasing them. 
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1. I N T R O D U C T I O N 

Whi le it is clear t h a t m a n y aspects of feeding a n d r ang ing behav iour 
vary widely wi th in species (see C h a p t e r 18), the recent deve lopmen t of 
compara t ive studies (e.g. H l a d i k a n d Hlad ik , 1969, 1972; G a r t l a n a n d 
Struhsaker , 1972; Char le s -Domin ique , 1971 ; Clut ton-Brock, 1974a; 
Sussman, 1974; H u n t Cur t in , 1976) shows t h a t consistent differences in 
feeding ecology exist be tween species. T h e same studies suggest t h a t 
behav ioura l a n d ecological var iables m a y be similarly associated in 
phylogenet ical ly diverse t axa (see Eisenberg et αι., 1972; Hlad ik , 1975). 
For example , differences in food selection, activity pa t t e rns , r ang ing 

a
 Present address : King's College Research Centre, Cambridge, England. 
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behaviour a n d social organiza t ion be tween Lemur fulvus a n d L. catta 
(Sussman, 1974, Ch . 1) are similar to those be tween Presbytis senex a n d 
P. entellus (Hladik a n d Hladik , 1972), be tween P. obscurus a n d P. 
melalophos ( H u n t Cur t in , 1976) a n d be tween Colobus guereza a n d C. badius 
(Clut ton-Brock, 1974a; Struhsaker , 1975). T o provide convincing 
evidence of associations of this kind, systematic invest igation is necessary 
(see Lack, 1968), a n d comparisons of selected pairs of species are an 
i n a d e q u a t e basis for general izat ion. 

Such an a p p r o a c h faces m a n y problems, (a) Methodologica l 
differences be tween studies are often large enough to p reven t close 
compar ison a n d m a y in t roduce sufficient error to obscure i m p o r t a n t 
relat ionships, (b) I t is frequently difficult to construct realistic species 
averages in the m a n y cases where intraspecific var ia t ion (see C h a p t e r 18) 
is marked , (c) Field research has no t been evenly spread across 
t axonomic groups a n d results m a y be strongly biased by over-
representa t ion of par t i cu la r genera or families, (d) Compar isons are 
effectively restricted to gross behavioura l a n d ecological traits, (e) If 
relat ionships be tween variables differ radical ly be tween taxonomic 
groups , correlat ions which apply to par t i cu la r t axa bu t not across the 
o rder as a whole m a y be obscured. 

T h o u g h these problems weaken this m e t h o d of invest igat ing re la t ion
ships be tween behaviour a n d ecology, they do not inval ida te it. Both 
differences in methodology be tween studies a n d m a r k e d intraspecific 
var ia t ion m a y in t roduce error bu t there is usually no reason to suppose 
tha t they could be responsible for creat ing a re la t ionship be tween two 
variables where none existed. For example , the c o m m o n t endency for 
observers to select s tudy sites in areas of high popula t ion densi ty m a y 
lead to underes t imates of average h o m e range size. Whi le this migh t 
affect the elevation of the plot of h o m e range size on g roup weight 
(Fig. 5) , there is no reason to suppose t ha t it would increase the value of 
the regression coefficients. Secondly, where samples are strongly biased 
by over-representat ion of par t icu la r taxa, it is possible to move the level 
of analysis to the genus (Clut ton-Brock a n d Harvey , in press) or even 
the family (Lack, 1968). And , a l though comparisons are restricted to 
gross variables, there is evidence t ha t the distr ibutions of m a n y 
behavioura l a n d morphologica l traits are re la ted to major ecological 
differences, such as the kind of hab i t a t occupied or the type of diet (see 
M c N a b , 1963; Schoener , 1968; Lack, 1968; Mi l ton a n d M a y , 1976; 
Clut ton-Brock a n d Harvey , in press). Lastly, t hough some relat ionships 
be tween variables m a y differ be tween phylogenet ic groups, most of 
those invest igated in this chap te r should app ly to the majori ty of 
m a m m a l s belonging to the same t rophic level. 
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Nevertheless, t he results of interspecific compar isons mus t be in ter
p re ted wi th grea t care . I t is seldom safe to assume t h a t a significant 
corre la t ion or regression indicates a direct causal re la t ionship since 
m a n y ecological a n d behav ioura l t rai ts a re i n t e rdependen t . Second, 
compar isons be tween ind iv idua l studies mus t be r ega rded as unre l iab le 
because methodologica l differences or unreal is t ic averages p roduced by 
intraspecific var ia t ion (see above) can affect the values of pa r t i cu la r 
est imates. Finally, one canno t accept the a p p a r e n t absence of any 
relat ionship be tween two var iables as evidence t h a t they do no t affect 
each o ther since relat ionships m a y easily be obscured ei ther by t he 
heterogenei ty of the d a t a or by the effects of associated var iables . 

2. M E T H O D S 

I n this analysis, we have tr ied to inc lude all p r i m a t e species for which 
quan t i t a t ive est imates of activity pa t t e rns or food selection were 
avai lable . Th is inc luded a tota l of 56 species (see Tab les I a n d I I ) each 
of which was classified as p r imar i ly noc tu rna l or p r imar i ly d iu rna l a n d 
as p r imar i ly a rborea l or p r imar i ly terrestr ial . 

For each species we calcula ted the average figure (see below) for the 
following var iables . 

1. Body we igh t : average of adu l t male a n d adu l t female weight . 
2. Feeding g roup size: the n u m b e r of individuals usually found feeding 

together . 
3. Popula t ion g roup size: the n u m b e r of an imals which regular ly 

associate together a n d share a c o m m o n h o m e range . (This is the 
same as the feeding g roup in most genera , b u t no t in Ateles, Pan a n d 
Theropithecus.) 

4. Socionomic sex r a t i o : the n u m b e r of adu l t females per adu l t ma le in 
b reed ing groups . 

5. Feed ing g r o u p we igh t : the tota l weight (kg) of the typical feeding 
g roup , ca lcula ted on the assumpt ion t h a t 5 0 % of the g r o u p is m a d e 
u p of juveni les a n d adolescents wi th an average body weight of 
one-half average adu l t body weight (1). Calcula t ions of g r o u p 
weight al lowed for biased sex rat ios a n d sex differences in body 
weight . 

6. Popula t ion g r o u p we igh t : the to ta l weight (kg) of the popu la t ion 
g roup , ca lcula ted in the same w a y as feeding g r o u p weight . 

7. H o m e r ange size: the tota l a rea (ha) used by a popu la t ion g roup . 
W h e r e two figures for h o m e r ange size were quo ted , one inc lud ing 
a n d one excluding small l acunae wi th in the per imete r of the h o m e 
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r ange (e.g. Struhsaker , 1975), we have t aken the larger figure on t he 
grounds t ha t the majori ty of studies have inc luded such l acunae . 
T h o u g h , for several analyses, it would have been preferable t o 
correct this figure by the propor t ion of the h o m e range over lapped 
by those of o ther t roops (e.g. Hlad ik , 1975, this vo lume) , the d a t a 
were i n a d e q u a t e to allow this. 

8. D a y range l eng th : the dai ly p a t h length of the feeding g roup (m) . 
9. Popula t ion dens i ty : the n u m b e r of individuals per k m 2 . 

10. Biomass: weight per un i t a rea (kg/km 2) calcula ted by d iv id ing 
popula t ion g roup weight (5) by popula t ion g roup size (2) a n d 
mul t ip ly ing by popula t ion density (11). 

11. Percentage of day- t ime spen t : 
(a) rest ing or inact ive ( including scra tching a n d g r o o m i n g ) ; 
(b) feeding or foraging; 
(c) moving or travell ing. 

I n a p ropor t ion of the studies, percentages of "ac t ive t i m e " spent in 
different activities h a d to be changed to percentages of day- t ime . 
12. Percentage of feeding t ime, food in take or s tomach c o n t e n t s a 

devoted t o : 
(a) all foliage, inc luding leaf petioles; 
(b) fruit, seeds or g u m s ; 
(c) flowers or f lower-buds; 
(d) an ima l ma t t e r . 

13. T h e propor t ion of feeding t ime, food in take or s tomach contents 
devoted t o : 
(a) the top t w o ; 
(b) the top five; 
(c) the top ten food species; 
r anked t h roughou t the s tudy as a whole . 

All sources from which the d a t a were collected are shown in T a b l e I , 
the estimates in T a b l e I I . 

O u r rules for const ruct ing species averages were as follows. 
(i) Est imates of feeding behav iour d r a w n from the chapters of this 

vo lume were used wherever possible. W h e r e the same studies p rov ided 
estimates of g roup ing a n d r ang ing behav iour these, too, were inc luded . 
W h e r e this was no t the case, the re levant d a t a were ei ther ex t rac ted 

a
 S i n c e e s t i m a t e s o f f e e d i n g t i m e s p e n t o n d i f f e r e n t f o o d s m a y b e p o o r l y r e l a t e d t o t h e a m o u n t 
i n g e s t e d ( H l a d i k , C h s 1 1 , 1 6 ) a n d ( p r e s u m a b l y ) t o s t o m a c h c o n t e n t s , i n c l u s i o n o f b o t h 
m e a s u r e s i n t h e a n a l y s i s m a y h a v e i n t r o d u c e d c o n s i d e r a b l e e r r o r . H o w e v e r , w e b e l i e v e t h a t 
d i e t e t i c d i f f e r e n c e s b e t w e e n s p e c i e s a r e s u f f i c i e n t t o s w a m p e r r o r o f t h i s k i n d . R e s t r i c t i o n o f 
t h e s a m p l e t o s p e c i e s f o r w h i c h e s t i m a t e s o f f e e d i n g t i m e w e r e a v a i l a b l e w o u l d h a v e g r e a t l y 
r e d u c e d o u r s a m p l e s i z e . 
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from o ther recent studies, or average figures from a previous analysis of 
feeding a n d r ang ing behav iour (Clut ton-Brock a n d Harvey , in press) 
were used (see T a b l e I I ) . 

(ii) M e a n s were used to es t imate body we igh t ; for averag ing est imates 
of r ang ing a n d feeding behav iour across m o n t h s ; a n d for averag ing the 
results of different field studies in the few cases where est imates were 
based on several studies (e.g. Cercocebus galeritus, Colobus badius, Presbytis 
melalophos, Presbytis obscurus, Hylobates lar, Pongo pygmaeus). 

(iii) W h e r e a s tudy provided d a t a on several t roops, m e a n figures 
were calcula ted for each t roop a n d the median of these was inc luded in 
the analysis. Th i s was done to avoid species estimates be ing severely 
biased by figures from ext reme groups . 

W h e r e species a re referred to in the text, references a re quo t ed only 
where they do not a p p e a r in T a b l e I I . Est imates for congener ic species 
were no t averaged, as in a previous s tudy (Clut ton-Brock a n d Harvey , 
in press) on the g rounds t ha t relatively few genera were represented by 
more t h a n two species. 

W h e n considering relat ionships be tween behav iour a n d ecology, it is 
usually necessary to regard some var iables as i n d e p e n d e n t a n d others as 
dependen t . W i t h i n contemporary p r i m a t e popula t ions , m o r e stable 
variables wi th a s t rong genetic c o m p o n e n t (such as body size or digestive 
ana tomy) a re likely to const ra in m o r e flexible ones, such as h o m e r a n g e 
size or the p ropor t ion of day- t ime spent feeding. T h r o u g h o u t t he 
analysis, we have assumed t ha t the former usually represent causes a n d 
the la t ter effects. T h e ra t iona le under ly ing this position is discussed in 
grea ter detai l a t the end of the chap te r . 

For statistical testing, the d a t a were normal ized a n d relat ionships 
l inearized using logar i thmic t ransformat ions where necessary. Since 
m a n y of the var iables considered in the analysis are in ter re la ted , we 
have relied extensively on the t echn ique of par t i a l regression (Bailey, 
1964). I n this analysis, one d e p e n d e n t var iab le is regressed on two (or 
more) i n d e p e n d e n t var iables . T h e t echn ique tests whe the r each 
i n d e p e n d e n t var iab le is significantly re la ted to the d e p e n d e n t var iab le 
w h e n the effects of the o ther i n d e p e n d e n t var iab le has been r emoved 
a n d the significance of association is tested using " t " tests. T h e n u m b e r 
of i n d e p e n d e n t var iables t ha t can be inc luded in a n y one analysis is 
l imited by the necessity for est imates of all to be avai lable for each 
species inc luded in the sample . I n pract ice , as the n u m b e r of var iables 
increases, sample size falls a n d the analysis becomes less rel iable. Resul ts 
requi re careful in te rp re ta t ion since the add i t ion or delet ion of pa r t i cu la r 
i n d e p e n d e n t var iables can change the re la t ionship of others to the 
d e p e n d e n t var iab le (Bailey, 1964). 



562 Τ. Η. C L U T T O N - B R O C K a n d P A U L Η. H A R V E Y 

I t is wor th emphas iz ing t ha t the degree of scatter shown in Figs 1-8 
would be considerably reduced were it possible to plot the re la t ionship 
in three dimensions, thus tak ing in to account the p ropor t ion of va r iance 
accounted for by the second i n d e p e n d e n t var iable . These figures should 
be in te rpre ted in conjunct ion wi th T a b l e I I I which shows the 
s tandard ized par t ia l regression coefficients (allowing a direct compar i son 
be tween the impor t ance of each i n d e p e n d e n t var iable in affecting t he 
dependen t variable) a n d the (total) percentage of var iance accoun ted 
for by each mul t ip le regression analysis. 

3. R E S U L T S 

3.1. Time Spent Feeding on Different Foods 
Pr ima te species can be divided in to three gross dietet ic g roups : 
insectivores, folivores a n d frugivores (Clut ton-Brock a n d Harvey , in 
press). Wi th in each g roup , there is a wide var ia t ion in d ie t : thus the 
frugivore category includes some species which feed extensively on 
inver tebra tes or small ver tebra tes (e.g. Saimiri scuireus, Macaca fascicularis, 
Papio spp.) as well as species which eat little an ima l m a t t e r (e.g. Lemur 
catta, Ateles belzebuth, Pongo pygmaeus). Folivores inc lude species whose 
diet, across the year , is largely m a d e u p of shoots, flowers a n d fruit (e.g. 
Colobus badius, Presbytis entellus) a n d more "specia l ized" species which 
feed extensively on m a t u r e leaves in cer ta in seasons (e.g. Lemur fulvus, 
Colobus guereza, Presbytis senex). T h e order also includes a n u m b e r of 
species whose diets canno t be easily classified u n d e r this system: Lemur 
mongoz, which feeds mostly on flowers a n d nec t a r ; Galago (Euoticus) 
elegantulus, a specialized gum-ea te r , a n d Theropithecus gelada, which 
depends pr imar i ly on grass seeds, blades a n d rhizomes. 

Wi th in phylogenet ic groups , larger species t end to feed more on 
foliage. Both the largest prosimians (Indri, Propithecus) a n d the largest 
ceboids (Alouatta spp.) are folivorous ( though this does no t app ly to 
Lepilemur or Lemur fulvus), the s i amang feeds more on foliage t h a n the 
g ibbon a n d the gorilla more t h a n the o r ang a n d ch impanzee . T h e same 
relat ionship occurs across t axonomic groups b u t is compl ica ted by the 
t endency for terrestr ial species to show large body size (Clut ton-Brock 
a n d Harvey , in press). However (see Fig. 1), the percen tage of feeding 
t ime (or diet) spent on foliage is positively re la ted to body weight 
(r s = 0-48; Ρ < 0 · 0 0 1 ; d.f. = 4 5 ) . Most small species t end to feed on 
energy-rich diets a n d several feed extensively on insects. Insectivores 
occur only in the Prosimii and , wi th the exception of Daubentonia, a re all 
of small body size. 
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3.2. Dietetic Diversity 
T h o u g h it is often impossible to calculate diversity indices (see 
A p p e n d i x I I ) from figures given by different studies, major differences 
in dietet ic diversity will be reflected in the p ropor t ion of the diet or 
feeding t ime spent on the same n u m b e r of food species. T h e percen tage 
of feeding t ime spent on the two top- rank ing food species varies in the 
sample from 9 % {Presbytis melalophos) to 9 3 % {Lepilemur mustelinus), t he 
percentage on the top five from < 3 0 % {Presbytis melalophos, Hylobates lar, 
Pongo pygmaeus) to > 9 5 % {Lepilemur mustelinus, Presbytis senex). However , 
interspecific comparisons are complex since tree species diversity varies 
between cont inents . I n par t icu lar , diversity is considerably h igher in 
Malays ian s tudy areas (Chivers, 1974; M a c K i n n o n , 1974, a n d pers. 
comm. ) , t h a n in African ones (Clutton-Brock, 1975a,b; St ruhsaker , 
1975; Waser , Ch . 7; R i cha rd , Ch . 3) a n d this is reflected in general ly 
lower propor t ions of feeding t ime or diet spent on the top two food 
species in Malays ian pr imates . 

Nevertheless, some t rends in dietetic diversity can be seen. Since 
species wi th large h o m e a n d day ranges would be likely to have access to 
a greater n u m b e r of food species, they migh t be expected to show high 
dietetic diversity. This is appa ren t ly the case, a n d the percen tage of 
feeding t ime or diet spent on the top two food species is negat ively 
re la ted to h o m e range size {b= - 6 - 5 7 4 ; Ρ ι , 2ι = 10*56; P < 0 - 0 0 1 ) , d a y 
range length {b= - 1 8 - 1 1 4 ; F 1 1 7 = 6-56; P < 0 - 0 2 5 ) as well as to body 
weight {b= - 1 0 - 5 8 ; P \ , 2 1= 4 - 4 7 ; P < 0 - 0 5 ) (see Fig. 2) . W h e n the 
re la t ionship be tween this measure a n d (a) h o m e range size a n d (b) body 
weight is considered simultaneously, it is a p p a r e n t t ha t there is a close 
re la t ionship wi th the former bu t no t wi th the la t ter {bj = - 8 - 3 1 3 ; 
tx= - 4 - 0 3 5 ; Ρ < 0 · 0 0 1 ; έ 2 = 4 ·234; = 1-000, n.s.) . Th is indicates tha t 
the simple re la t ionship be tween dietetic diversity a n d body weight is 
p robab ly the p roduc t of the re la t ionship be tween the la t ter a n d h o m e 
r ange size (see T a b l e I I I ) . However , it is clear t ha t differences in h o m e 
r ange size only accoun t for a small p ropor t ion of the total va r iance 
diversity, pe rhaps as a result of in te rcont inen ta l var ia t ion (see above) . 

O n the grounds t ha t fruit a n d flowers usually represent a smaller 
p ropor t ion of p l an t biomass t h a n foliage, one migh t also predic t t ha t the 
p ropor t ion of feeding t ime spent on the top two food species would be 
negatively re la ted to the p ropor t ion of fruit in their diet . However , there 
is no evident re la t ionship in the d a t a be tween these two measures 
( 6 = 0 - 1 6 5 ; F l j 21 = 0-618;n .s . ) . 

T h o u g h the sample of species is too small for statistical t r ea tmen t , 
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FIG. 2. P ropor t ion of feeding t ime spent on the top two r anked food species p lo t ted against 
the m e a n of adu l t male a n d female body weights . Figures following each species n a m e show 
the propor t ion of foliage ea ten (J^ = noc tu rna l , a rbo rea l ; • = d iu rna l , a rbo rea l ; φ = d iu rna l , 
terrestr ial) . 

consistent differences in dietet ic diversity m a y exist be tween folivores 
which feed extensively on m a t u r e leaves a t cer ta in t imes of year a n d 
those which feed largely on shoots a n d y o u n g leaves. For example , bo th 
Colobus guereza a n d Presbytis senex feed on less var ied diets t h a n C. badius 
a n d P. entellus. O n e possible exp lana t ion is t h a t the abil i ty to neutra l ize 
the toxins which m a t u r e leaves often con ta in (Freeland a n d J a n z e n , 
1974) encourages d ie ta ry specialization. 

3.3. Activity Budgets 
Species also show m a r k e d var ia t ion in the a m o u n t of t ime spent in 
different activities. T h e p ropor t ion of day- t ime spent feeding varies in 
the sample from 1 1 % (Ateles geoffroyi) to 5 4 % (Symphalangus syndactylus), 
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the p ropor t ion spent moving from 5 % (Ateles geoffroyi) to 2 8 % (Papio 
anubis), a n d the p ropor t ion spent rest ing from 1 4 % (Cercocebus galeritus) 
to 8 0 % (Alouatta villosa). 

Since ingestion ra te is likely to be l imited by some aspect of body size 
(e.g. mola r surface a rea or the cross-sectional dimensions of the 
oesophagus) while nu t r i t iona l r equ i rements will increase in re la t ion to 
body vo lume (Kleiber , 1961), larger species should spend more t ime 
feeding t h a n smaller ones. Feeding or foraging t ime should also be 
negatively re la ted to the p ropor t ion of foliage ea ten since fruit, flowers 
a n d an ima l ma t t e r are general ly less a b u n d a n t t h a n foliage a n d m o r e 
t ime should be spent in man ipu la t ion . 

W h e n the p ropor t ion of day- t ime spent feeding is par t ia l ly regressed 
on body weight a n d the p ropor t ion of foliage in the diet (Fig. 3) , it 
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FIG. 3. Propor t ion of day- t ime spent feeding a n d foraging plot ted against the m e a n of adu l t 
ma le a n d female body weight . Figures following each species n a m e show the p ropor t ion of 
foliage eaten (A = noc tu rna l , a rborea l ; • = d iurna l , a rborea l ; φ = d iurna l , terrestr ial) . (For 
noc turna l species the % night- t ime feeding is used.) 
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proves to be positively re la ted to the former = 4 - 4 6 7 ; t = 2-226; 
P < 0 - 0 5 ; d . f . = 2 3 ) a n d negat ively to the la t ter (b2 = - 1-44; t = 1-748; 
P < 0 - 1 ; d.f. = 2 3 ) . As migh t be expected, the p ropor t ion of day- t ime 
spent moving is also negat ively re la ted to the p ropor t ion of foliage ea ten 
(Fig. 4 : b = - 0 - 1 6 3 ; F = 9-00; P < 0 - 0 1 ) . T h e first re la t ionship is some
w h a t closer t h a n the second, whi le a large p ropor t ion of the va r iance is 
still left unexp la ined in bo th cases. 

T h e negat ive association be tween the p ropor t ion of day- t ime spent 
feeding a n d the a m o u n t of foliage ea ten also occurs wi th in t axonomic 
groups . T h u s Lemur fulvus, Colobus guereza, Presbytis obscurus a n d Gorilla 
gorilla spend less t ime feeding t h a n (respectively) Lemur catta, Colobus 
badius, Presbytis melalophos a n d Pan troglodytes. A l though in con t raven t ion 
of this t rend , Symphalangus syndactylus spends m o r e t ime feeding t h a n 
Hylobates lar. T h e la t ter spends considerably more t ime mov ing a n d this 
a p p a r e n t exception m a y be the p roduc t of differences in definition of 
activity be tween the two studies. 
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FIG. 4 . Propor t ion of day- t ime spent moving p lo t ted against p ropor t ion of foliage ea ten 
= noc turna l , a rbo rea l ; • = d iu rna l , a rbo rea l ; # = d iu rna l , terrestr ial) . 
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3.4. Day Range Length 
D a y range length varies in the sample from < 1 0 0 m [Callicebus moloch) 
to > 10 k m {Papio hamadryas). T h o u g h factors o ther t h a n energet ic ones 
m a y affect the dis tance t ha t groups move per d a y (Clut ton-Brock, 
1975b), food avai labi l i ty is likely to be an i m p o r t a n t de t e rminan t . If so, 
day r ange length should be positively re la ted to g roup weight (assuming 
t h a t g roup dispersion does not compensa te for increased g roup or body 
size) a n d negatively to the p ropor t ion of foliage in the diet. 

W h e n d a y r ange length is par t ia l ly regressed on feeding g roup weight 
(Fig. 5) a n d the p ropor t ion of foliage in the diet, it is positively re la ted to 
the former ( ^ = 3-741; / = 4 ·97 ; P < 0 - 0 0 1 ; d.f. = 3 1 ) a n d negat ively 
to the la t ter (b2= - 0 - 0 2 1 ; ί = 3 ·62; P < 0 - 0 0 1 ; d . f . = 3 1 ) . T h e first 
re la t ionship is closer t h a n the second a n d the two factors account for 
approx imate ly half the total var iance in day r ange length . 

T h e negat ive association be tween d a y r ange length a n d the p ropor t ion 
of foliage ea ten is suppor ted by compar ison wi th o ther t axonomic 
groups. Lemur fulvus, Callicebus moloch, Colobus guereza, Presbytis senex, 
Presbytis obscurus, Symphalangus syndactylus a n d Gorilla gorilla do not move 
so far each day as (respectively) Lemur catta, Callicebus torquatus, Colobus 
badius, Presbytis entellus, Presbytis melalopkos, Hylobates lar a n d Pan 
troglodytes. 

3.5. Home Range Size 
H o m e range size varies in the sample from < 0 - 2 h a (Lepilemur mustelinus) 
to > 5 0 k m 2 (Erythrocebus patas). Previous studies of p r imates (Mil ton 
a n d M a y , 1976; Clut ton-Brock a n d Harvey , in press) as well as of o ther 
ver tebra tes ( M c N a b , 1963; Schoener , 1968) have a l ready demons t ra t ed 
t ha t h o m e range or feeding terr i tory size is re la ted bo th to indiv idual or 
g roup weight a n d to diet type. W h e n h o m e range size in this sample is 
par t ia l ly regressed on g roup weight a n d the p ropor t ion of foliage in the 
diet (Fig. 6) it proves to be positively re la ted to the former ( ^ = 0 - 8 2 ; 
/ = 11-06; Ρ<0-001; d.f. = 36), a n d negatively to the la t ter (b2 = - 0-026; 
£ = 4-05; P < 0 - 0 0 1 ; d.f. = 3 6 ) . T h e first re lat ionship is considerably 
closer t h a n the second: bo th factors together account for approx imate ly 
7 5 % of the tota l va r iance in h o m e range size (Tab le I I I ) . T h e 
relat ionships p resumab ly occur because larger groups requi re m o r e 
food a n d because the availabil i ty of fruit a n d flowers is general ly lower 
t h a n tha t of foliage. As in the case of d a y r ange length , the t r end is 
suppor ted by comparisons wi th in t axonomic groups (see references 
above) . 
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Several ecological factors o ther t h a n food avai labi l i ty also affect h o m e 
r ange size: terrestr ial species t end to have larger ranges t h a n a rborea l 
ones as migh t be expected on the g rounds t h a t they are restricted to 
m o v e m e n t in two dimensions ( though this m a y also be a p roduc t of 
relatively low food densi ty in s a v a n n a h envi ronments) and , as in birds 
(Schoener, 1968) a n d ungula tes ( J a r m a n , 1974), species d e p e n d i n g on 
c lumped , unpred ic t ab le food sources t end to have larger ranges t h a n 
species whose food supplies a re m o r e evenly d is t r ibuted (Clut ton-Brock, 
1974a; Clut ton-Brock a n d Harvey , in press). 

3.6. Population Density and Biomass 
T h o u g h popu la t ion densi ty varies widely wi th in species, it also differs 
consistently be tween them. I n the sample used in this analysis, densi ty 
var ied from < 1 a n i m a l per k m 2 (Erythrocebus patas) to > 1 0 0 0 (Lemur 

fulvus). Since m u c h of this var ia t ion is likely to be a p roduc t of 
differences in food avai labi l i ty (Lack, 1954), popu la t ion densities should 
be negatively re la ted to body weight a n d positively to the p ropor t ion of 
foliage ea ten . W h e n density is par t ia l ly regressed on these var iables 
(Fig. 7), this proves to be the case (bx = - 0 - 5 4 8 ; / = 4 · 0 1 ; Ρ<0-001; 
d.f. = 4 0 ; b2 = 0-032; * = 4 ·06 ; Ρ<0-001; d.f. = 4 0 ) . T h e association wi th 
diet is suppor ted by compar isons wi th in some t axonomic g roups : Lemur 

fulvus, Callicebus moloch a n d Presbytis senex show higher popu la t ion 
densities t h a n Lemur catta, Callicebus torquatus a n d Presbytis entellus. 
However , in o ther cases the s i tuat ion is reversed: Colobus badius, 
Presbytis melalophos a n d Hylobates lar show higher popu la t ion densities 
t h a n Colobus guereza, Presbytis obscurus a n d Symphalangus syndactylus. T h e 
explana t ion of these reversals is no t obvious. 

Species biomass (Fig. 8) is positively re la ted to body weight in the 
sample as a whole (bx = 0-409; t = 3-038; Ρ < 0 - 0 1 ; d.f. = 4 0 ) , as well as to 
the p ropor t ion of foliage in the diet ( έ 2 = 0 ·033 ; ί = 4 ·149; Ρ < 0 · 0 0 1 ; 
d.f. = 4 0 ) . T h e two factors accoun t for s imilar p ropor t ions of the 
var iance in biomass and , jo in t ly , accoun t for approx ima te ly half the 
tota l va r iance (Tab le H I ) . Both the largest a n d the smallest species t end 
to show unexpec ted ly low biomass whi le the re is extensive scat ter a m o n g 
species of i n t e rmed ia t e body size. 

4. D I S C U S S I O N 

T h e analysis shows tha t , in most cases whe re relat ionships be tween 
different aspects of feeding a n d r ang ing behav iour can be predic ted on 
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energetic grounds , they can be shown to occur despite the heterogenei ty 
of the da ta . Al though the form of some relat ionships m a y be affected by 
sampl ing methodology (see p . 558), it is difficult to envisage bias which 
could p roduce relat ionships of this kind a n d more reasonable to suppose 
t h a t they represent adap t ive responses to ecological differences. 

At tempts to construct realistic hypotheses concerning the biological 
significance of these relat ionships face major difficulties. T h e end 
products of n a t u r a l selection are clusters of functionally in ter re la ted 
trai ts . Al though, wi th in these, some variables are likely to constra in the 
values which others can take , identifying the former is often a difficult 
p rob lem. For example , is h igh dietet ic diversity a p roduc t of large h o m e 
range size? Is it the cause of large h o m e range s ize? 9 . O r is it associated 
wi th the la t ter because frugivorous species t end bo th to feed on a large 
n u m b e r of species a n d to have large h o m e ranges? These three 
al ternat ives need to be dist inguished since it is little use merely to a rgue 
t ha t h o m e range size a n d dietetic diversity are i n t e r adap ted . 

T h e p rob lem is one of dist inguishing carts from horses: to escape 
tautology, we must separa te evolut ionary effects from evolut ionary 
causes. This dist inction can seldom be based on t empora l sequences 
since most in ter re la ted trai ts m a y evolve s imultaneously and , even 
where this is not the case, evidence concerning the order of evolution is 
usually lacking. I n general we have assumed tha t , wi th in con tempora ry 
popula t ions , less plastic trai ts , especially those wi th a h igh genetic 
componen t , constrain more var iable ones. For example , we have 
assumed (see p . 566) t ha t con tempora ry differences in the p ropor t ion of 
day- t ime spent feeding are the p roduc t of differences in body size r a the r 
t h a n tha t differences in body size are the p roduc t of differences in 
feeding t ime. 

However , if we wish to ask questions a b o u t u l t imate causes of 
behavioura l a n d ecological differences, it is necessary to extend 
a rgumen t s in to a t imespan where we canno t assume tha t morphological 
or physiological var iables are stable since they, themselves, p resumably 
represent ecological adap ta t ions (Lack, 1968; Wilson, 1975). He re , the 
p rob lem of tautology becomes a c u t e : it is as reasonable to suppose, for 
example , t ha t the dis t r ibut ion of body size is the p roduc t of differences 
in day range length as it is to a rgue t ha t the dis t r ibut ion of d a y r a n g e 
length is the p roduc t of var ia t ion in body size. 

A t this level, evolut ionary a rgumen t s become highly speculat ive. T h e 
only way to break the circle of tautology is to assume tha t some aspects 

a
 I n this section, we are using " c a u s a l " a n d " c a u s a t i o n " in their general meanings a n d no t in 
the specialized, behavioura l sense. 
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of behaviour or ecology are par t icu lar ly likely to const ra in the evolut ion 
of others . T h e most plausible assumpt ion is t h a t the feeding n iche 
occupied by the species (and the morphologica l , physiological a n d 
behav ioura l adap ta t ions which affect food exploi ta t ion directly) is likely 
to constra in evolut ionary changes in o ther var iables . Th i s is the case 
bo th because the niche is cons t ra ined by factors external to the species 
gene pool ( including interspecific compet i t ion a n d geographica l 
features: see Wilson, 1975; Lack, 1971) a n d because a n y change in 
feeding niche inevi tably requires adjus tments in a wide var ie ty of o ther 
variables . I t is wor th no t ing t ha t this assumpt ion under l ies m a n y 
a rgumen t s concern ing the evolut ion of social systems (e.g. Crook, 1970; 
Lack, 1968; J a r m a n , 1974) a l though it is rare ly m a d e explicit. 

T h e p rob l em of identifying causes a n d effects is especially i m p o r t a n t 
in unde r s t and ing the dis t r ibut ion of body size. I t is c o m m o n l y a rgued 
tha t the t endency for small h o m e o t h e r m s to select nut r i t ional ly-r ich 
diets is an a da p t a t i on to the h igher metabol ic costs associated wi th small 
size (Hladik , 1975 a n d pers. c o m m . ) . However , this fails to expla in the 
functional significance of small size itself a n d it m a y be more useful to 
r ega rd body size as a d a p t e d to diet type t h a n vice versa. 

T h e advan tages of small size have recent ly been reviewed by 
Bouriere (1975). His list includes the following. 

(a) Relat ively easy concea lment from preda to rs h u n t i n g by sight, 
associated wi th energet ic advan tages of p r eda to r escape t h rough 
concea lmen t versus escape. 

(b) Easy a n d economic access to small food sources (see also J a r m a n , 
1974). 

(c) Polyestrous reproduc t ion , large li t ter size, short gestat ion a n d 
g rowth periods. 

(d) Shor t genera t ion length , h igh popu la t ion tu rnover a n d the 
possibility of r ap id changes in gene frequency. 

O f these four groups of advantages , the la t ter two should p robab ly be 
d i s rega rded : there is no obvious reason w h y large size should necessarily 
prec lude polyestrous reproduc t ion or large l i t ter size ( though it will 
inevi tably affect gestat ion length a n d absolute g rowth r a t e ) . A n d the 
a r g u m e n t t h a t the selective advan tages of small size inc lude reduc t ion in 
genera t ion length a n d increases in popu la t ion tu rnover a n d the po ten t ia l 
r a t e of genet ic change rely on g r o u p selection (see M a y n a r d Smi th , 
1976). T h r e e addi t iona l advan tages should be men t ioned . Smal l size 
reduces the absolute a m o u n t of nu t r ien ts which a n ind iv idua l will need 
to collect a n d m a y thus be advan tageous in " s c r a m b l e " compet i tors 
(Wilson, 1975) where it does no t r educe a n individual ' s abil i ty to 
contest access to food supplies. Secondly, it permi ts reduc t ion of t he 
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propor t ion of t ime requi red for feeding (see Fig. 3) which m a y be a n 
i m p o r t a n t advan tage in those species whose food in take is l imited by 
feeding t ime. Finally, it permi ts an a n i m a l to utilize food supplies 
dis t r ibuted in small c lumps . 

As Bouriere points out , small size has several d i sadvantages , inc lud
ing increased metabol ic ra te a n d energetic expend i tu re (Kleiber , 1961) 
requi r ing relatively h igher nu t r i en t in take , a n d h igh costs of locomot ion 
per uni t body weight (Schmidt-Nielsen, 1972a,b) . I n addi t ion , it m a y 
reduce the range of potent ia l food i tems (see Newton , 1967; S t ruhsaker , 
1975), l imit mobil i ty a n d increase the n u m b e r of poten t ia l p reda to r s . 

I n contrast , the advan tages of large body size i nc lude : 
(a) lower nu t r i en t in take relative to body weight (Kleiber , 1961) 

permi t t ing larger species wi th a given digestive ra te to feed on 
nutr i t ional ly poorer foods t han smaller species (Janis , in press) ; 

(b) reduced costs of locomotion (Schmidt-Nielsen, 1972a,b) a n d the 
abili ty to t ravel further per un i t t ime (thus al lowing larger species to 
exploit more spatially heterogeneous food suppl ies) ; 

(c) reduced liability to p reda t ion . 
These considerat ions help to provide some explana t ion of var ia t ion in 

body size a m o n g pr imates . I n the Prosimians, where small size occurs 
bo th in pr imar i ly insectivorous species (e.g. Galago demidovii) a n d in 
folivorous species (e.g. Lepilemur mustelinus), it m a y represent an a d a p t a 
t ion to the vegeta t ional substrate occupied r a the r t h a n to diet qua l i t y : 
it is possibly significant tha t no large Prosimians occur in m a i n l a n d 
Africa or Asia where the canopy niches are largely occupied by 
an thropoids . Increased susceptibility to p reda t ion a n d reduced potent ia l 
for flight result ing from small size m a y select, in smaller species, for 
behaviour a id ing concea lment from preda tors , inc luding noc tu rna l 
habi ts a n d h id ing ( ra ther t h a n escape) when a l a rmed (e.g. Char les-
Domin ique , 1971). T h e tendency a m o n g Prosimians a n d an thropoids 
for the largest species to be folivorous m a y be related to their abili ty to 
feed on poorer qual i ty diets t h a n small o n e s : a the same t rend occurs 
a m o n g the r u m i n a t i n g ungula tes ( J a r m a n , 1974; J an i s , in press) where 
large species t end to have h igher propor t ions of fibre in their diets t h a n 
smaller ones. Lastly, the tendency for terrestrial species to be larger t h a n 
a rborea l ones (Clut ton-Brock a n d Harvey , in press) p robab ly occurs 
bo th because terrestr ial i ty removes constraints on body weight imposed 
by a rborea l mobil i ty a n d because terrestrial species occur in hab i t a t s 

a
 T h e r e is no obvious explanat ion why body size shows no increase in a n u m b e r of specialized 
folivores (e.g. Lemur fulvus, Presbytis senex, Colobus guereza) over related species living in similar 
envi ronments (e.g. Lemur catta, Presbytis entellus, Colobus badius). 
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where widely dispersed food supplies a n d h igh liabili ty to p reda t ion 
select for increased body size. 

Dietet ic differences a re also re la ted to var ia t ion in digestive physiology 
(Hladik , 1967). As a m o n g ungula tes , fe rmenta t ion of cellulose by 
folivorous p r imates has been achieved ei ther t h r o u g h the evolut ion of 
fore-stomach fermenta t ion c h a m b e r s (as in the Co lob inae : K u h n , 1964; 
Hlad ik , 1967; Bauchop a n d M a r t u c c i , 1968; Hol l ihn , 1969; K a y et al., 
1976) or by the deve lopmen t of large caeca a n d colons (as in Lepilemur, 
Avahi a n d Alouatta: H lad ik , 1967). I n ungula tes these two me thods of 
fermenta t ion m a y represent adap ta t ions to different diets (see Bell, 
1969; J a r m a n , 1974; J a n i s , in press) r a the r t h a n a l te rna t ive solutions to 
the same p rob lem. Fore-s tomach fe rmenta t ion a m o n g ungula tes is 
appa ren t l y more efficient t h a n caecal f e rmen ta t ion : horses digest 
cellulose wi th a r o u n d 7 0 % of the efficiency of r u m i n a n t s (Phill ipson a n d 
McAnal ly , 1942; Hein le in et al, 1966; V a n d e r n o o t et al., 1967), a n d 
consequent ly requ i re grea ter nu t r i en t in take per un i t body weight (see 
Hein le in et al., 1966). T h e r u m i n a n t system has the d i sadvan tage t ha t its 
r a t e of t h r o u g h - p u t is relatively slow: the digestia of cows pass t h r o u g h 
their body in 70-90 hours (Balch a n d C a m p l i n g , 1965) whereas in 
horses they pass in only 48 hours (Alexander , 1946; Hein le in et al., 1966; 
V a n d e r n o o t et al., 1967). T h e increased r a t e of digestion possible in 
caecal fermenters m a y explain why caecal fe rmenta t ion occurs in species 
which feed extensively on fibrous diets (e.g. z e b r a : Bell, 1969, 1971) 
and , consequent ly , requi re fast t h r o u g h - p u t rates to achieve a d e q u a t e 
nu t r i t iona l in take . I n contras t , the advan tages of r u m e n fermenta t ion 
m a y be relatively high digestive efficiency a n d the abil i ty to neut ra l ize 
toxins by microbia l act ion immedia te ly after ingestion (Janis , in press; 
M c K e y , pers. c o m m . ) . However , it is no t yet clear whe the r the 
constra ints on digestive ra te ope ra t ing in t rue r u m i n a n t s app ly to 
p r i m a t e r u m i n a n t s whose s tomach a n a t o m y is less specialized. 

O u r analysis showed t ha t in p r imates m a n y aspects of feeding ecology, 
inc lud ing dietetic diversity, the p ropor t ion of day- t ime spent feeding, 
d a y r ange length , h o m e range size a n d popu la t ion biomass are re la ted 
to body weight . Several of these relat ionships are most easily expla ined 
as inc identa l effects of body size. T h e association wi th dietet ic diversity 
m a y be the p roduc t of increased h o m e r ange size in larger species since 
the lat ter would al low access to a grea ter n u m b e r of p l an t species (see 
p . 564). La rge r p r imates p robab ly spend more t ime feeding t h a n 
smaller ones because their to ta l nu t r i en t r equ i r emen t s a re greater while 
feeding ra te m a y be relatively slower (see p . 566). T h e associations wi th 
d a y r ange length a n d h o m e r ange size p r o b a b l y arise ei ther because 
large body size requires large r ange size to provide a d e q u a t e food 



578 Τ. Η. C L U T T O N - B R O C K a n d P A U L Η. H A R V E Y 

resources or because sparse a n d unpred ic tab le food supplies r equ i re 
individuals to move over considerable distances a n d this selects bo th for 
large body a n d large r ange size (see above) . Lastly, the low biomass 
shown by small p r imates m a y occur because m u c h of their diet consists 
of a n i m a l ma t t e r or the reproduct ive par t s of p lants whose a b u n d a n c e is 
relatively low. Th i s is suppor ted by the fact t h a t the one small folivore 
(Lepilemur) shows a biomass comparab l e to m u c h larger species (see 
Fig. 8) . T h e var iabi l i ty of biomass shown by species in the midd le size 
r ange m a y be a p roduc t of a n u m b e r of different factors inc lud ing the 
n u m b e r of interspecific compet i tors (see Cody, 1974b) a n d species 
differences in overall food avai labi l i ty a n d in the density of pa r t i cu la r 
foods. I t is no t obvious w h y the largest species t end to show low biomass 
a n d this could be the result of h u m a n interference. 

T h e p ropor t ion of foliage in the diet p roved to be (negatively) re la ted 
to the p ropor t ion of t ime spent feeding a n d moving, d a y r ange length 
a n d h o m e range size a n d positively to popu la t ion densi ty a n d biomass. 
As we have a rgued , all six t rends would be expected on the g rounds 
tha t , c o m p a r e d to the reproduct ive par t s of p lants , foliage represents a 
dense a n d relatively predic tab le food supply. C o n t r a r y to expecta t ion, 
the p ropor t ion of foliage ea ten was no t re la ted to dietetic diversity. 
T h o u g h this could be a p roduc t ei ther of cont inenta l differences in p l an t 
species diversity (see p . 564) or of ou r r u d i m e n t a r y measure of dietet ic 
diversity, it seems likely t ha t our init ial predic t ion was incorrect a n d 
t h a t species living p r e d o m i n a n t l y on fruit do no t necessarily show 
greater diversity of food choice t h a n folivores. 

Finally, it is clear tha t , even w h e n methodologica l differences 
be tween studies are t aken in to account , there are m a n y anomal ies . W h y 
do orangs show such large body size? W h y is the p ropor t ion of t ime 
spent feeding by Callicebus torquatus so h igh a n d by Gorilla gorilla so low ? 
W h a t factors account for the wide r ange in biomass shown by species of 
similar body size a n d d ie t? T h e answers to such questions requi re 
detai led invest igation a n d are outside the scope of the a p p r o a c h t ha t we 
have adop ted in this review. W h e n answers are provided, they will 
almost cer tainly requi re revision of m a n y of the explanat ions suggested 
here . However , if this analysis serves to identify such problems, it will 
have fulfilled its purpose . 

5. S U M M A R Y 
1,2. D a t a on feeding a n d r ang ing behav iour for 56 p r i m a t e species 

were extracted from the l i te ra ture . Rela t ionships be tween var iables 
were invest igated using par t ia l regression. 
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3. P r i m a t e species fall in to th ree dietet ic g r o u p s : insectivores, 
folivores a n d frugivores. A m o n g d iu rna l , a rborea l species, t he p ropor t ion 
of foliage in the diet is positively re la ted to body weight . 

Interspecific differences in dietet ic diversity a re positively re la ted to 
body weight , d a y r ange length a n d h o m e range a rea b u t show no overal l 
association wi th the p ropor t ion of foliage in the diet . 

T h e p ropor t ion of day- t ime spent feeding is positively re la ted to body 
weight a n d negat ively to the p ropor t ion of foliage in the diet . 

D a y range length a n d h o m e r ange size a re positively re la ted to body 
weight a n d negat ively to the p ropor t ion of foliage in the diet . Est imates 
of biomass were positively re la ted to bo th var iables . 

4. T h e functional significance of these t rends is discussed. 
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TABLE I 
References usedfor calculation of species averages 

Lemur catta ( r i n g t a i l e d l e m u r ) 
J o l l y (1966) 
S u s s m a n a n d R i c h a r d (1974) 
S u s s m a n ( C h . 1) 
J o l l y (pe r s . c o m m . ) 

Lemurfulvus ( ruf fed l e m u r ) 
S u s s m a n a n d R i c h a r d (1974) 
S u s s m a n (1975) 
S u s s m a n ( C h . 1) 

Lemur mongoz ( m o n g o o s e l e m u r ) 
T a t t e r s a l l a n d S u s s m a n (1975) 
R i c h a r d a n d S u s s m a n (1975) 

Lepilemur mustelinus ( s p o r t i v e l e m u r ) 
C h a r l e s - D o m i n i q u e a n d H l a d i k (1971) 
H l a d i k a n d C h a r l e s - D o m i n i q u e (1974) 

Microcebus murinus ( m o u s e l e m u r ) 
C h a r l e s - D o m i n i q u e a n d M a r t i n (1972) 
C h a r l e s - D o m i n i q u e a n d H l a d i k (1974) 
R i c h a r d a n d S u s s m a n (1975) 

Indri indri ( i nd r i ) 
P o l l o c k (pe r s . c o m m . ) 
P o l l o c k ( C h . 2) 

Propithecus verreauxi ( w h i t e s i faka) 
J o l l y ( 1 9 6 6 , p e r s . c o m m . ) 
S u s s m a n a n d R i c h a r d (1974) 
R i c h a r d ( C h . 3) 

Loris tardigradus ( s l e n d e r loris) 
P e t t e r a n d H l a d i k (1970) 
H l a d i k a n d H l a d i k (1972) 
J o l l y (1972) 

Arctocebus calabarensis ( g o l d e n p o t t o ) 
J e w e l l a n d O a t e s (1969) 
C h a r l e s - D o m i n i q u e (1974a ) 
J o l l y (1972) 

Perodictus potto ( p o t t o ) 
C h a r l e s - D o m i n i q u e ( 1 9 7 4 a , b ) 

Galago alleni (A l l en ' s b u s h b a b y ) 
C h a r l e s - D o m i n i q u e (1974a ) 



TABLE I (continued) 

Galago demidovii ( d w a r f b u s h b a b y ) 
C h a r l e s - D o m i n i q u e a n d M a r t i n (1972) 
C h a r l e s - D o m i n i q u e (1974a ) 

Galago (Euoticus) elegantulus 
( n e e d l e c l a w e d b u s h b a b y ) 

J e w e l l a n d O a t e s (1969) 
C h a r l e s - D o m i n i q u e a n d M a r t i n (1972) 
C h a r l e s - D o m i n i q u e (1974a ) 

Saguinus geoffroyi (Geof f roy ' s t a m a r i n ) 
H l a d i k a n d H l a d i k (1969) 

Cebus capucinus ( w h i t e - t h r o a t e d c a p u c i n ) 
S c h u l t z (1956) 
O p p e n h e i m e r ( 1 9 6 9 a , b ) 
J o l l y (1972) 
E i s e n b e r g a n d T h o r i n g t o n (1973) 
H l a d i k a n d H l a d i k (1969) 

Saimiri oerstedi 
( r e d b a c k e d s q u i r r e l m o n k e y ) 

S c h u l t z (1956) 
B a l d w i n a n d B a l d w i n (1972) 

Alouatta caraya ( b l a c k h o w l e r ) 
P o p e (1966) 
N e v i l l e (1972) 
J o l l y (1972) 

Alouatta seniculus ( r e d h o w l e r ) 
F o o d e n (1964) 
N e v i l l e (1972) 

Alouatta villosa(palliata) 
( m a n t l e d h o w l e r ) 

C h i v e r s (1969) 
E i s e n b e r g a n d T h o r i n g t o n (1973) 
J o l l y (1972) 
S m i t h ( C h . 4) 

Aotus trivirgatus ( n i g h t m o n k e y ) 
M o y n i h a n (1964) 
J o l l y (1972) 
H l a d i k a n d H l a d i k (1969) 

Callicebus moloch ( d u s k y t i t i ) 
M a s o n (1968) 
K i n z e y (pe r s . c o m m . ) 

Callicebus torquatus ( w i d o w m o n k e y ) 
K i n z e y , R o s e n b e r g e r , H e i s l e r , P r o w s e 

a n d T r i l l i n g ( in p r e s s ) . 
K i n z e y ( C h . 5) ( p e r s . c o m m . ) 

Ateles belzebuth 
( C o l o m b i a n s p i d e r m o n k e y ) 

K l e i n a n d K l e i n ( 1 9 7 5 , C h . 6) 
Ateles geoffroyi 

( b l a c k h e a d e d s p i d e r m o n k e y ) 

E i s e n b e r g a n d K u h n (1966) 
J o l l y (1972) 
R i c h a r d (1970) 
H l a d i k a n d H l a d i k (1969) 

Cercopithecus aethiops ( v e r v e t m o n k e y ) 
H a l l a n d G a r t l a n (1965) 
H i l l (1966) 
S t r u h s a k e r ( 1 9 6 7 a , b ) 
J o l l y (1972) 
K a v a n a g h ( p e r s . c o m m . ) 

Cercopithecus cephus ( m o u s t a c h e d m o n k e y ) 
S t r u h s a k e r (1969) 
G a u t i e r (1971) 
G a u t i e r a n d G a u t i e r - H i o n ( p e r s . 

c o m m . ) 
Cercopithecus mitis ( b l u e m o n k e y ) 

H i l l (1966) 
A l d r i c h - B l a k e ( 1 9 7 0 a ) 
K i n g d o n ( 1 9 7 1 ) 
D e V o s a n d O m a r (1971) 
S t r u h s a k e r (1975) 
S c h l i c h t e (1970) 

Cercopithecus neglectus ( d e B r a z z a m o n k e y ) 
G a u t i e r (1971) 
J o l l y (1972) 
G a u t i e r a n d G a u t i e r - H i o n ( p e r s . 

c o m m . ) 
Cercopithecus nictitans ( s p o t n o s e d m o n k e y ) 

S t r u h s a k e r (1969) 
G a u t i e r a n d G a u t i e r - H i o n ( p e r s . 

c o m m . ) 
Cercopithecus pogonias ( c r o w n e d m o n k e y ) 

S t r u h s a k e r (1969) 
G a u t i e r (1971) 
G a u t i e r a n d G a u t i e r - H i o n (pe r s . 

c o m m . ) 
Miopithecus talapoin ( t a l a p o i n m o n k e y ) 

G a u t i e r - H i o n ( 1 9 7 0 , 1 9 7 1 , p e r s . 
c o m m . ) 

R o w e l l (1973) 
Erythrocebus patas ( p a t a s m o n k e y ) 

H a l l (1966) 
J o l l y (1972) 

Cercocebus albigena 
( g r a y - c h e e k e d m a n g a b e y ) 

C h a l m e r s ( 1 9 6 8 a , b ) 
W a s e r a n d F l o o d y (1974) 
S t r u h s a k e r (1975) 
W a s e r ( C h . 7) 
G a u t i e r - H i o n (pe r s . c o m m . ) 



TABLE I (continued) 

Cercocebus galeritus ( ag i le m a n g a b e y ) 
Q u i r i s ( 1 9 6 8 ) 
H o m e w o o d ( p e r s . c o m m . ) 

Macaca fascicularis ( c r a b - e a t i n g m a c a q u e ) 
R o d m a n (1973) 
A l d r i c h - B l a k e (pe r s . c o m m . ) 

Macaca mulatta ( rhesus m a c a q u e ) 
S o u t h w i c k , B e g g a n d S i d d i q i (1965) 
N e v i l l e (1958) 
L i n d b e r g ( 1 9 7 1 , C h . 8) 

Macaca nemestrina ( p i g t a i l e d m a c a q u e ) 
B e r n s t e i n (1967) 
R o d m a n ( 1 9 7 3 a , b ) 
J o l l y (pe r s . c o m m . ) 
M a c K i n n o n ( p e r s . c o m m . ) 

Macaca sinica ( T o q u e m a c a q u e ) 
E i s e n b e r g et al. (1972) 
H l a d i k a n d H l a d i k (1972) 
D i t t u s ( 1 9 7 5 ) 

Papio anubis (o l ive b a b o o n ) 
D e V o r e a n d H a l l (1965) 
R o w e l l ( 1 9 6 6 , 1968) 
A l t m a n n a n d A l t m a n n (1970) 
N a g e l (1973) 
O l i v e r (pe r s . c o m m . ) 

Papio cynocephalus (ye l low b a b o o n ) 
A l t m a n n a n d A l t m a n n (1970) 
J o l l y (1970) 
M a p l e s (1972) 

Papio hamadryas ( h a m a d r y a s b a b o o n ) 
K u m m e r (1968) 
A l t m a n n a n d A l t m a n n (1970) 

Papio ursinus ( c h a c m a b a b o o n ) 
H a l l (1962) 
A l t m a n n a n d A l t m a n n (1970) 
S to l z a n d K e i t h (1973) 

Theropithecus gelada ( g e l a d a b a b o o n ) 
C r o o k (1966) 
D u n b a r a n d D u n b a r (1975) 
D u n b a r ( C h . 9) 

Colobus badius ( r e d c o l o b u s ) 
C l u t t o n - B r o c k ( 1 9 7 4 b , 1975) 
S t r u h s a k e r (1975) 
G a t i n o t (1975) 

Colobus geuereza 
( b l a c k a n d w h i t e co lobus ) 

K u h n (1964) 
M a r l e r (1969) 
C l u t t o n - B r o c k (1972) 

D u n b a r a n d D u n b a r (1974) 
O a t e s ( C h . 10) 

Colobus satanas ( b l a c k c o l o b u s ) 
S a b a t e r P i (1973) 
M c K e y ( in p r e p . ) 

Presbytis entellus ( H a n u m a n l a n g u r ) 
S u g i y a m a (1966) 
Y o s h i b a (1966 , 1968) 
H l a d i k a n d H l a d i k (1972) 

Presbytisjohnii ( M i l g i r i l a n g u r ) 
P o i r i e r ( 1 9 6 8 , 1969) 
H o r w i c h ( 1 9 7 2 ) 
J o l l y (1972) 
T a n a k a ( 1 9 6 5 ) 
O a t e s ( p e r s . c o m m . ) 

Presbytis melaolphos ( b a n d e d l a n g u r ) 
H u n t C u r t i n (1976) 
M a c K i n n o n (pe r s . c o m m . ) 

Presbytis obscurus ( d u s k y l a n g u r ) 
H u n t C u r t i n (1976) 
M a c K i n n o n ( p e r s . c o m m . ) 

Presbytis senex ( p u r p l e - f a c e d l a n g u r ) 
E i s e n b e r g , M u c k e n h i r n a n d R u d r a n 

(1972) 
H l a d i k a n d H l a d i k (1972) 
H l a d i k ( C h . 11) 

Hylobates lar ( w h i t e h a n d e d g i b b o n ) 
T e n a z a a n d H a m i l t o n (1971) 
C h i v e r s ( 1 9 7 2 , 1974 , p e r s . c o m m . ) 
E l l e f s o n ( 1 9 7 4 ) 
R a e m a k e r s ( p e r s . c o m m . ) 
M a c K i n n o n ( p e r s . c o m m . ) 

Symphalangus syndactylus ( s i a m a n g ) 
C h i v e r s ( 1 9 7 2 , 1974 , C h . 12) 
C h i v e r s , R a e m a k e r s a n d A l d r i c h - B l a k e 

(1975) 
Pongo pygmaeus ( o r a n g - u t a n ) 

R o d m a n ( 1 9 7 3 , C h . 13) 
M a c K i n n o n ( 1 9 7 4 , p e r s . c o m m . ) 

Pan troglodytes ( c h i m p a n z e e ) 
G o o d a l l (1968) 
W r a n g h a m ( 1 9 7 5 , C h . 17) 
S t r h u s a k e r (1975) 
H l a d i k ( C h . 16) 

Gorilla gorilla beringei 
( m o u n t a i n g o r i l l a ) 

S c h a l l e r (1965) 
Fossey (1974) a n d H a r c o u r t 
G o o d a l l ( C h . 15) 

N a p i e r a n d N a p i e r (1967) was also used in most cases to provide es t imates of b o d y weight 
(see Clu t ton-Brock a n d H a r v e y , in press) . 
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TABLE III 
Standardized partial regression coefficients and proportions of variance accounted for in analysis of 

six different variables {see text) 

I n d e p e n d e n t v a r i a b l e s 
D e p e n d e n t v a r i a b l e 1 2 % v a r 

% F e e d i n g t i m e o n 
t o p 2 food species b o d y w t h o m e r a n g e size 0-18 - 0 - 7 4 35-5 

% T i m e s p e n t feeding- b o d y w t % fol iage e a t e n 0-42 - 0 - 3 3 22-2 
D a y r a n g e l e n g t h f e e d i n g g r p w t % fol iage e a t e n 0-65 - 0 - 4 8 47-2 
H o m e r a n g e size p o p . g r p w t % fol iage e a t e n 0-92 - 0 - 3 3 75-6 
P o p u l a t i o n d e n s i t y b o d y w t % fol iage e a t e n - 0 - 5 3 0-53 29-6 
B i o m a s s b o d y w t % fol iage e a t e n 0-71 0-75 49-1 

T h e first measures a n d b2') allow direct compar ison of the impor t ance of each independen t 
var iable in influencing the dependen t var iable . T h e th i rd (% of variance) allows compar i son 
of the total p ropor t ion of var iance accounted for in the par t ia l regressions. 

2')

2')
2')



Appendix I 

Methodology and Measurement 
Τ. H. CLUTTON-BROCK 

School of Biological Sciences, University of Sussex, Brighton, 
England

8, 

Since an extensive review of sampl ing methodology (Al tmann , 1974) is 
a l ready avai lable , it is unnecessary to discuss the topic a t length here . 
However , recent studies raise several de ta i led points concern ing 
measures used in field work. 

1. Activity Budgets 
T w o m a i n me thods of assessing the p ropor t ion of t ime spent by an imals 
in different activities have been used. Ei ther , a n ind iv idua l is selected 
a n d its activities a re recorded cont inuously or a t very short t ime 
intervals for an ex tended per iod, or the activities of all visible an imals 
a re censused a t longer t ime intervals . T h e first m e t h o d we shall refer to 
as "focal a n i m a l obse rva t ion" a n d the second as "census ing" or 
" s c a n n i n g " . 

Scann ing has the obvious d i sadvan tage t h a t results m a y be biased by 
(a) differences in visibility be tween individuals engaged in different 
kinds of activity a n d (b) differential represen ta t ion of the var ious age/sex 
classes (or even of different individuals) in scans. O n e effect of bias of the 
first k ind can be to increase the tota l n u m b e r of an imals visible w h e n the 
g roup is p r e d o m i n a n t l y engaged in pa r t i cu la r activities. Th i s can be 
removed by expressing the n u m b e r of an imals engaged in each activity 
category in each scan as propor t ions of the tota l n u m b e r of an imals 

a
 Present address : King's College Research Centre, Cambridge, England. 
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recorded in each scan a n d calcula t ing overall est imates by averag ing 
these percentages (Clut ton-Brock, 1974b). However , est imates m a y still 
be affected by differential visibility be tween activities which will, for 
example , influence the probabi l i ty t ha t any an imals are recorded in a 
par t i cu la r activity. 

So long as the observer a n d not the an ima l controls the beg inn ing a n d 
end ing of observat ion bouts , a n d selection of subjects is r andomized , 
focal an ima l observat ion is not susceptible to the same bias as scanning . 
I t also has t h a t dist inct a d v a n t a g e t h a t it provides accura te d a t a 
concern ing the du ra t ion a n d sequencing of activities (see Chivers, 1974). 
Its p r imary d isadvantages a re t ha t (i) a relatively small a m o u n t of 
i ndependen t d a t a can be collected per un i t t ime, wi th the effect t h a t 
samples collected by this m e t h o d will be more nar rowly based t h a n 
those collected by scanning, a n d (ii) it requires an imals to be relatively 
well hab i tua t ed to the presence of observers. I n pract ice , estimates of 
t ime budgets based on the two me thods t end to be similar (Clut ton-
Brock, 1974b; Chivers, 1974). T h e choice of methodology will p robab ly 
cont inue to depend bo th on observat ion condit ions a n d on constraints 
imposed by the objectives of the project. 

T h e way in which records a re t aken also varies be tween studies. Mos t 
observers have recorded the activities of each a n i m a l " in s t an taneous ly" 
(i.e. at a par t i cu la r poin t in t i m e ) : for ins tance, Sussman (Ch. 1) 
scanned his l emur t roops every five minutes , record ing w h a t each 
an ima l was do ing as he first saw it. I n contrast , others have recorded the 
first activity lasting for more than five seconds which was performed after a 
set t ime interval (e.g. Chap te r s 8, 11 this v o l u m e ; St ruhsaker , 1975). 
Th is me thod of record ing (which we shall refer to as " d u r a t i o n " 
recording) has the advan tage t ha t it does not requi re the observer to 
identify an an imal ' s activity a t a glance, a n d m a y thus lead to more 
accura te measuremen t . However , it also has the effect of selecting 
against activities occurr ing in very short bouts . For example , w h e r e 
feeding is regular ly in t e r rup ted by short pauses, these a re less likely to be 
represented t h a n where ins tan taneous records a re taken . S t ruhsaker 
(1975, p . 177) claims this as a major advan t age of the me thod , a rgu ing 
t h a t classification of short bouts of inact ivi ty which occur d u r i n g feeding 
periods with longer bouts of rest ing leads to serious misrepresenta t ion of 
t ime b u d g e t s . a This a r g u m e n t is based on the assumpt ion t h a t 
inact ivi ty-during-feeding is, in some way, different from longer periods 
of inactivity. I n the absence of some justif ication of this (such as 

a
 I n pract ice, a 5-sec " d u r a t i o n " cri terion will select against short bouts of > 5 sec d u r a t i o n as 
well as totally excluding bouts of < 5 sec. 
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demonstration of a discontinuity in the frequency distribution of 
inactivity bout lengths) the method lacks obvious rationale, but the 
difference may be more important in theory than in practice, since it 
now seems likely that the two methods generally give similar results (see 
Oates, Ch. 10; Marsh, pers. comm.). One way of combining the 
advantages of instantaneous and duration sampling would be to record 
the behaviour of individuals a fixed number of seconds after they were 
first seen (e.g. Kavanagh, in prep.). 

2. Diet Composit ion 
Measurement of diet composition in wild primate populations has 
usually been approached in one of five ways. 

(i) Analysis of stomach contents (Charles-Dominique, 1974a,b; 
Gautier-Hion, in prep.). 

(ii) Analysis of dung samples (e.g. Goodall, 1974, this volume). 
(iii) Visual measurement of amounts of different foods eaten (Hladik 

and Hladik, 1969, 1972). 
(iv) Measurement of the proportion of feeding time spent on 

different foods (e.g. Richard, 1970; Chivers, 1974; Clutton-Brock, 
1975a). 

(v) Measurement of the frequency with which different foods are 
chosen (see Struhsaker, 1975; Oates, Ch. 10). 

All five methods are liable to systematic errors and, as yet, there is no 
reliable way of estimating them. Measures of food intake based either on 
stomach contents or dung may be biased by differential absorption of 
food items. In addition, the first method is usually impracticable since 
most field studies rely on small numbers of habituated animals. Visual 
estimates of food intake may provide the best information (see Hladik, 
Chs 11, 16). However, even where visibility is good, it is usually difficult 
to measure ingestion rates for some foods (for foliage, in particular) and 
no check has yet been made on the accuracy of this method in the field. 
Measurement of time spent feeding on different items has the advantage 
that it is easily repeatable and that differences in recording methodology 
apparently have little effect on overall estimates (e.g. Clutton-Brock, 
1975a; Struhsaker, 1975). However, it will not provide a reliable 
estimate of the amounts of different foods ingested where feeding rate 
varies widely between foods: for example, Hladik (see p. 329) estimated 
that Presbytis entellus at Polonnaruwa spent only 28-1% of their time 
feeding on the large fruits of Ficus benghalensis but that these constituted 
77-3% of the total fresh weight of food ingested. [In contrast, estimates 
for both P. entellus and P. senex of time spent eating small, unripe fruits, 

u 
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flowers a n d foliage corresponded more closely to est imates of a m o u n t s 
ingested, t hough m o d e r a t e discrepancies occurred in several cases (see 
C h a p t e r 10)]. As Hlad ik points out , measures of t ime spent feeding on 
par t icu la r foods are likely to give par t icu lar ly poor est imates of a m o u n t 
ingested in species which feed extensively on insects, where a large 
propor t ion of t ime is devoted to collecting a n d eat ing a small p ropor t ion 
of the diet. 

M e a s u r e m e n t of the frequency wi th which different foods a re chosen 
is usually less satisfactory t h a n measu remen t of feeding t ime since it is 
likely to p roduce a bias towards (i) foods t ha t are regular ly ea ten b u t 
only in small amoun t s (see p . 542), (ii) species on which several edible 
par t s are avai lable a t the same t ime, a n d (iii) species which are over-
dispersed a n d do not grow in c lumps. Nevertheless, this m e t h o d can 
apparen t ly give similar results to measures of feeding t ime. For example , 
Struhsaker ' s (1975) estimates of the t ime spent in different foods by red 
colobus (based on a mix tu re of t ime sampl ing a n d frequency records) 
were very similar to those ob ta ined in a ne ighbour ing t roop by 
Clut ton-Brock (1972) using 15-min censuses. 

Perhaps the most obvious conclusion to be d r a w n from considerat ion 
of the methodology of dietet ic measu remen t is t ha t invest igation of the 
relat ive accuracy of different methods is bad ly needed . I n par t icu lar , 
it is i m p o r t a n t t ha t a t t empts to quantify ingestion by observat ion should 
be checked against analysis of s tomach contents or, preferably, against 
samples ob ta ined from oesophageal-fistulated animals , in o rder to 
va l ida te their c la im to provide a more accura te measure of ingestion 
t h a n estimates of feeding t ime. Un t i l this is done , the accuracy of bo th 
measures is in quest ion a n d only gross differences in feeding behav iour 
can be considered as rel iable. 

3. Dietetic Diversity 
T h e use of measures of dietet ic diversity and , in par t icu lar , of S h a n n o n ' s 
formula (Pielou, 1966) has recent ly increased (see Chap te r s 8, 11 this 
v o l u m e ; Struhsaker , 1975). Diversity indices a n d thei r appl icat ions a re 
discussed in A p p e n d i x I I . 

4. Food Availability 
T h e density of food species has been measured in several ways inc lud ing : 
(a) counts of trees over lapping t ransect pa ths (Clut ton-Brock, 1975a) ; 
(b) counts of trees growing wi th in measured strips (Chivers, 1974; 
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Waser , Ch . 7; S t ruhsaker , 1975); (c) a rea samples d is t r ibuted semi
r a n d o m l y across the s tudy site (e.g. R i c h a r d , Ch . 3) . 

T h e two la t ter me thods represent a n i m p r o v e m e n t over the first 
which, if it is not to bias towards species wi th large canopies , requires 
t ree n u m b e r s to be corrected by est imates of thei r spread (e.g. 
Clut ton-Brock, 1972). 

T r e e densi ty measures p r e sumab ly prov ide reasonably accura te 
estimates of spat ial var ia t ion in the avai labi l i ty of pa r t i cu la r foods a n d 
differences in canopy size can be t aken in to account (e.g. St ruhsaker , 
1975). N o satisfactory m e t h o d of measu r ing ei ther t empora l changes in 
food availabil i ty or compara t ive avai labi l i ty be tween food species has 
yet been achieved. T h o u g h it is relat ively easy to es t imate the p ropor t ion 
of trees of a given species car ry ing different par t s (e.g. Chivers, Ch . 12, 
1974; St ruhsaker , 1975), some par t s r ema in on the trees for ex tended 
periods bu t va ry widely in density, a n d such estimates provide only 
c rude measures of changes in availabil i ty. 

Finally, it is (and m a y always be) vir tual ly impossible to measure 
var ia t ion in overall food availabil i ty. A n a d d e d compl ica t ion in this 
case is t ha t even measu remen t of the avai labi l i ty of foods selected by the 
an imals m a y provide a poor es t imate of overall avai labi l i ty if, w h e n food 
is short , the an imals feed less selectively (see Emlen , 1973). T h e most 
useful a p p r o a c h here m a y be to identify t imes (or areas) of par t icu la r ly 
low avai labi l i ty by examina t ion of d e p e n d e n t variables , such as body 
weight ( W r a n g h a m , 1975). 

5. Selectivity 
T h e extent to wh ich an imals select a pa r t i cu la r food can be measured by 
divid ing the a m o u n t t aken by the avai labi l i ty of the food in the 
env i ronmen t (Clut ton-Brock, 1972). I n several studies (Clut ton-Brock, 
1975a; Struhsaker , 1975; Oa tes , Ch . 10; Waser , Ch . 7) selection rat ios 
for pa r t i cu la r food species have been calcula ted by dividing the 
p ropor t ion of t ime spent feeding on the species by measures of t he 
relat ive frequency of the species (or, in some cases, t he relat ive 
a b u n d a n c e of the cover they prov ide) . These a re useful in identifying 
the cases where an imals show s t rong selection for r a r e t ree species, b u t 
clearly provide no m o r e t h a n a p p r o x i m a t e measu re of selectivity, bo th 
because t ree densi ty (or cover a b u n d a n c e ) provides a poor es t imate 
of food avai labi l i ty a n d because feeding t ime m a y be poor ly re la ted 
to ingestion (see above) . I t is also i m p o r t a n t to r e m e m b e r t ha t 
even accura te measures of selection m a y give no indica t ion of the 
an ima l s ' preferences, t h o u g h a recent s tudy of mangabeys on the 
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Tana river (Homewood, pers. comm.) shows that the selection ratio 
of different foods is related to their maximum metabolizable energy 
content. a 

a
 Selection should be dist inguished from "pre fe rence" . A food is "se lec ted" if it is chosen more 
often t h a n would be pred ic ted from its a b u n d a n c e on the hypothesis t h a t the an ima l is 
choosing a t r a n d o m . Some foods m a y be selected because they a re easily accessible 
(Landenberger , 1968), because they can be profi tably exploited ( R o y a m a , 1970b) or because 
they are available over a long per iod of t ime (Paine a n d V a d a s , 1969). O t h e r s m a y be 
selected because the an ima l prefers t h e m to o the r foods (i.e. it would choose t h e m if they were 
presented simultaneously, in the same a m o u n t a n d u n d e r the same condi t ions) . 
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The Measurement of Dietetic 
Diversity 

PAUL Η. HARVEY 
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England 

1. Introduction 
The amounts of different dietetic components can be assessed from 
feeding observations or gut and faecal analyses. It is the purpose of this 
Appendix to consider the presentation and interpretation of such data. 
I shall be particularly concerned with the analysis of abundance-rank 
diagrams (in which the components are ranked in decreasing order of 
abundance) and the associated concepts of dietetic diversity and 
evenness. 

2. The Data 
Ideal data would consist of the amounts (in terms of biomass, energy 
content or some other relevant measure) of different species (or other 
components of the diet) consumed per unit time by one or more 
individuals. In practice such data is difficult to obtain and the relative 
numbers of different feeding observations on various food species will be 
employed as a reasonable measure. For the purpose of interpretation, all 
observations assigned to specific food species are assumed equal, while 
all food species are assumed to be equally different (Peet, 1974). We 
thus have a sample of feeding observations on η species and can 
calculate pi (i = 1, 2, ..., w), the proportion of feeding observations made 
on the ith species. 
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3. Displaying the Data 
O n e way of displaying the various species' a b u n d a n c e s in a sample is to 
plot the pfi on the j - a x i s of a g r a p h wi th their ranks in order of 
decreasing value on the x-axis. Alternat ively, the plot can be cumula t ive 
on thejy-axis, p lo t t ing the p ropor t ion of the tota l observat ions inc luded 
u p to the r ank given on the #-axis (e.g. Clut ton-Brock, 1972). Var i an t s 
inc lude plot t ing ei ther or bo th axes on a logar i thmic scale. Finally, the 
dis t r ibut ion can be presented as a h is togram of the n u m b e r of species 
whose propor t iona l abundances lie in specific ranges . 

As M a y (in press) has emphasized, all such d iag rams are inter
changeab le a n d equivalent ways of expressing the species a b u n d a n c e 
dis t r ibut ion. 

4. Dietetic Diversity 
T h e problems associated wi th assessing dietet ic diversity from such d a t a 
a re similar to those of measur ing c o m m u n i t y diversity. M a n y diversity 
indices exist a n d different au thors have t r ied to use those most 
app rop r i a t e to thei r own studies. Hil l (1973) demons t r a t ed t ha t the 
three most commonly used diversity indices a re re la ted to an a r i thmet ic 
m e a n , a geometr ic m e a n a n d a h a r m o n i c m e a n of p ropor t iona l species' 
abundances . If we define 

K=(pia+p2a+:-+Pna)lKl-a) 

t hen the n u m b e r of species in the sample is jV0, the S h a n n o n - W e i n e r 
function (used by Struhsaker , 1974 a n d Oates , Ch . 10) can be shown to 
be equa l to while Simpson's (1949) diversity index is the 
reciprocal of jV2. T h e equa t ion gives more weight to the c o m m o n 
species as the va lue of a increases. Clearly, set t ing a = 1 weights the 
species accord ing to their relat ive a b u n d a n c e s a n d should be used in 
prac t ice unless there a re explicit reasons w h y a should take some o ther 
va lue . 

5. Dietetic Evenness 
W h e n a does no t equa l zero, Na provides a combined measure of dietet ic 
richness a n d evenness. T h a t is, the diversity measure depends on bo th 
the n u m b e r of species in the sample a n d their relat ive propor t ions . 
Given tha t N0 provides a conservative es t imate of the n u m b e r of species 
in the diet, it is desirable to distinguish be tween the two componen t s of 
diversity by a t t emp t ing to quantify species evenness. 
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I t is evident t h a t a n y evenness index should be max imized w h e n all 
the species a re equal ly represented in the diet . Hi l l (1973) has also 
suggested t h a t if t he n u m b e r of species is doub led so t h a t each of the 
or iginal species is m a t c h e d by a n add i t iona l species of equa l a b u n d a n c e 
then the species evenness measure should r e m a i n constant . Pielou's 
J' =\n(N^)l\n(N0) (Pielou, 1969), t he most common ly used evenness 
measure , does no t have this la t ter p rope r ty as it records an increased 
va lue w h e n the n u m b e r of species is doub led in the way out l ined above . 
Hill 's ratios (Ea>b=JVa/Nb where a>b) a re the only ones yet descr ibed 
which r e m a i n cons tant (Hill, 1973). I n the final analysis, because the 
response behav iour of evenness indices is so little unders tood, examina 
t ion of the under ly ing a b u n d a n c e - r a n k curves is always advisable (Peet, 
1974). 

If the a b u n d a n c e - r a n k curves ind ica te a specific under ly ing distri
bu t ion , which migh t he lp in d a t a in te rp re ta t ion (May , in press), t hen 
expected values of JVa or Eab can be ca lcula ted to c o m p a r e wi th the 
observed (May , 1974). 

6. Example 
Clut ton-Brock (1975a) s tudied a t roop of red colobus in G o m b e 
Na t iona l Park , T a n z a n i a be tween Augus t 1969 a n d J u n e 1970. T h e 

0 051 1 
FIG. 1. Species abundance curves for feeding observations on red colobus during four months 
(see text). 
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t roop was followed du r ing the hours of dayl ight and , a t qua r t e r -hour ly 
intervals , records were m a d e of the food species of all an imals seen 
feeding du r ing a five-minute per iod. E a c h an ima l was recorded only 
once du r ing t ha t t ime. Clearly, the observer 's posit ion relat ive to the 
different animals in the t roop a n d their visibility in different species of 
trees could have a d d e d bias to the da t a . However , Clut ton-Brock (1972) 
demons t ra ted t ha t such bias was small . T h e feeding records of four 
mon ths a re used below (September 1969, O c t o b e r 1969, N o v e m b e r 
1969 a n d J u n e 1970). 

A b u n d a n c e r a n k curves for the four mon ths a re given in Fig. 1. T h e 
jy-axis is scaled logar i thmical ly which has t ended to reduce clustering of 
the points a n d to l inearize the curves, thus facili tating compar i son 
between them. Diversity a n d evenness indices for the d a t a are given in 
T a b l e I . T w o comparisons which can be m a d e from the T a b l e i l lustrate 

TABLE I 
Species diversity and evenness indices forfeeding observations 

on red colobus during four months {see text) 

Ai Κ £i,o J 

September 1969 10-50 24 0-49 0-74 
November 1969 18-69 40 0-47 0-79 
October 1969 10-07 31 0-55 0-83 
June 1970 9-72 33 0-27 0-23 

an i m p o r t a n t poin t . First, diversity measured by Nx is h igher in 
N o v e m b e r 1969 t h a n Sep tember 1969. Species evenness is similar in the 
two months a n d the differences in diversity result from the different 
n u m b e r of species in the diet . Second, O c t o b e r 1969 has a h igher va lue 
of N-L t h a n J u n e 1970. H e r e the n u m b e r of species in the diet is similar, 
bu t a more even dis t r ibut ion of feeding observations across species is 
a p p a r e n t for Oc tobe r 1969 t h a n J u n e 1970. These comparisons i l lustrate 
the impor t ance of examin ing bo th componen t s of diversity in any 
specific s tudy. I t should be emphasized, however , t h a t a l though diete t ic 
diversity a n d evenness indices m a y act as a useful in te rpre ta t ion guide , 
they should no t be used as an a l ternat ive to the examina t ion of species 
a b u n d a n c e curves. 
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Field Methods for Processing 
Food Samples 

C. M. HLADIK 
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d'Histoire Naturelle, Brunoy, France 

1. Methods for Collecting Samples 

Food samples and botanical specimens are generally collected simul
taneously, the latter being necessary to identify different food samples. 
Methods for processing botanical specimens are generally well known. 
By contrast, food samples must be obtained in fairly large quantities 
(about 200 g, wet weight) to allow further analysis with standard 
techniques, and difficulties have been found in the collection and 
processing of such large samples. A few technical solutions adopted in 
our studies, especially on leaf monkeys and chimpanzees (Hladik, this 
volume), might be useful for future research about primate feeding 
behaviour. 

Specimens located on trees were collected with the help of accessories, 
to avoid the risks and difficulties of climbing. 

Extension poles 
A tree pruner mounted at the top of a long pole was sufficient to collect 
all the specimens in the semi-deciduous forest of Sri Lanka where trees 
do not exceed 25 m in height. The pole was made of a series of five 
bamboos that can reach 15 m: this height is sufficient to collect 
specimens from the lower branches of most trees, but two persons were 
required to handle the pole which had a basic piece of 12-cm diameter. 
The bamboo pieces were held together with a wooden tenon and the 
end of the hollow parts reinforced with iron wire and araldite. 
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Tree climbing dress 
I n the ra in forest, t he lower b ranches of m a n y t ree species c a n n o t be 
reached directly wi th a t ree p rune r . A special dress for c l imbing trees 
was designed a n d m a d e of s t rong canvas wi th pieces of lea ther 
reinforcing the inside par t s of knees a n d pro tec t ing the chest against the 
rough ba rk of the t ree t runk . Direc t c l imbing of l ianas a n d trees is 
facilitated by such dress a n d collection of samples wi th the t ree p r u n e r 
can be done from a high posi t ion; bu t not wi thou t risk. 

Tree climbing platform 
T h e most useful accessory for collecting in the ra in forest is the t ree 
c l imbing s tand sold by "Fores t ry Suppliers , I n c . " (Jackson, Miss., 
U S A ) . W e used it in G a b o n wi th the tree c l imbing dress (Fig. 1) to 
protect the chest. Th is platform is m a d e of light p lywood a n d allowed us 
to c l imb smooth vert ical t runks u p to 30 m wi thou t special t ra in ing . 
F r o m this pos i t ion , a it was possible to collect food samples u p to 40 m, 
wi th the he lp of the tree p r u n e r m o u n t e d on its b a m b o o pole. Trees 
exceeding 40 cm in d iamete r canno t be held by the gr ipp ing ba r of this 
s tand bu t it is general ly possible to collect samples from a nea rby 
vert ical tree t runk . Exceptional ly, a 10-m collapsible a l u m i n i u m ladder 
was used to start c l imbing wi th the platform from the poin t where 
the d iamete r of the t runk is small enough to m o u n t the c l imbing 
tree s tand. 

2. Processing Food Samples 
Drying 
After collecting, the samples were carr ied in large polyvinyl bags to 
avoid desiccation before weighing. Samples of a b o u t 200 g were p u t in 
pape r bags (about 50 g d ry weight is enough to car ry ou t the most 
i m p o r t a n t analysis wi th dupl icates or t r ipl icates : most of the specimens 
have 70 to 8 0 % wate r con ten t ) . P a p e r bags were m a d e of non-glossy 
pape r to allow mois ture to escape (a cone of pape r can be m a d e wi th 
old newspapers) . 

Pape r bags wi th food samples inside were dr ied in an electric oven 
w h e n this was avai lable . I n the field, we used the hea t of a kerosene 
l a m p to m a k e an " o v e n " wi th a big t in box pene t r a t ed by two tubes to 
allow air circulat ion (Fig. 2A) . A cylinder of canvas ma in t a ined the 
a
 A safety rope proper ly tied a r o u n d the t runk a n d a r o u n d the chest of the collector must be 
util ized. 
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F I G . 1. T h e t ree-cl imbing pla t form descending from 2 0 m he ight on a smooth t ree t runk , in 
G a b o n . No te the c l imbing marks of the g r ipp ing bar , a long the t runk . 

h e a t a r o u n d the t in box a n d forced it to pass t h r o u g h the bo tan ica l 
samples p laced above the t in box. Ins ide the t in box, the samples mus t 
no t be pressed together a n d the t e m p e r a t u r e should be m a i n t a i n e d a t 
a b o u t 60 to 80° C. I t is i m p o r t a n t no t to exceed this t e m p e r a t u r e to 
avoid decomposi t ion of the samples. Dryness is comple ted w h e n a 
sample ma in ta ins a cons tant weight . Leaves can be dr ied in less t h a n 
o n e d a y bu t some fruit samples m a y need several days for to ta l d ry ing . 
I n the field s tat ion of G a b o n , an electric dryer uti l izing ten electric 
bulbs of 100 W each (Fig. 2B) was employed to d ry large-sized food 
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FIG. 2. Models of dryers for food samples a n d botanica l specimens. A . T o be used in the field. 
B. T o be used at the field s ta t ion . 
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samples. Paper bags with the dried samples can be kept in plastic bags 
carefully tightened or sealed. 

Processing in alcohol 
Fixation of the samples in boiling ethyl alcohol is one of the best 
methods of stopping all enzymatic reactions and preserving all 
components. In field conditions, samples of small size (about 20 g fresh 
weight) can be processed by this method. Thus, it complements the 
preceding method, and is necessary to allow detailed investigation on 
soluble sugars, amino acids and lipids (see Section 3). 

Ethyl alcohol (96°) was heated to boiling in an Erlenmeyer flask and 
the food sample dropped into it after slicing in small pieces (less than 
2 mm thickness). A condenser was adapted to a rubber cork on top of 
the flask. It was cooled with fresh water kept in a canvas water-carrier 
to prevent the alcohol from evaporating during processing. We utilized 
an alcohol lamp or a butane gas stove to heat the flask, with a shield to 
protect it as shown on Fig. 3. 

The volume of alcohol in the flask must be about five times more than 
the volume of the food sample. It has to boil with the sample for 
15 minutes. When the alcohol is no longer hot, the food sample with all 
the alcohol must be carefully taken out of the flask and can be stored in 
a plastic jar. 

Freezing 
Only deep freezing (below - 30° C) adequately preserves food speci
mens. Several field stations in the tropics are now equipped with 
large freezers in which food samples can be kept but there are problems 
in long-distance transportation of such samples and the analytical 
operations must be started as soon as the samples are defrosted. 

3. Different Types of Analysis Consistent with the Different 
Methods of Field Processing 
Dried food samples can be used for the standard operations of analysis 
such as those described and referred to in Hladik et al., 1971a. There was 
no significant difference in the titrations of minerals, nitrogen, lipids, 
cellulose and total glucids, between food samples boiled and preserved 
in alcohol and dried food samples of the same origin. By contrast, 
important differences between the two parts of the food sample (one 
processed by drying, the other one processed in alcohol) appeared when 
comparing the proportions of the different soluble sugars (Hladik et al., 
in press). This was particularly obvious for samples requiring a long 
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FIG. 3. S tudents of the Univers i ty of Sri L a n k a processing food samples in boi l ing alcohol, 
a t the Po lonna ruwa Field S ta t ion . W a t e r for cooling the condenser is in a canvas water -carr ier 
hang ing above the appa ra tu s . 

t ime to d ry such as large flowers a n d leaves. I n these dr ied samples , 
sucrose was missing, p robab ly because r ap id fermentat ions occur red a t 
the beg inning of the d ry ing process; glucose, fructose a n d o ther glucids 
of small molecular size were found in larger amoun t s . 

Food specimens boiled a n d preserved in ethyl alcohol can be used for 
analysis a n d t i t ra t ion of soluble glucids a n d for research on the a m i n o 
acids after lyophylizat ion a n d g r ind ing (Hladik a n d Vi roben , 1974). 
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Research on fatty acids can also be car r ied ou t on food samples 
processed in alcohol or in 1 0 % formal in (Hlad ik et al, 1971b). W e have 
no compara t ive result wi th o the r me thods for these last two analyses : 
a l though oxida t ion migh t no t affect most of the l ipidic componen t s , t he 
only rel iable process for de ta i led analysis wou ld be deep freezing a n d 
lyophyl izat ion. 

Tests for different secondary c o m p o u n d s (for ins tance, alkaloids) can 
be m a d e on dr ied specimens b u t the results m a y differ slightly from 
those ob ta ined on fresh specimens (see discussion in A. H l a d i k , 
1977). Nevertheless, fract ioning a n d further c h r o m a t o g r a p h i c analysis 
necessitates dr ied food specimens. 
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4 8 5 - 4 8 7 , 5 2 0 - 5 2 2 , 5 3 7 , 5 5 0 - 5 5 2 

i n t e r p o p u l a t i o n d i f fe rences i n , 2 2 - 2 6 , 
4 9 - 5 0 , 8 1 - 8 2 , 2 3 4 - 2 3 5 , 5 4 3 - 5 4 4 

n u t r i e n t c o m p o s i t i o n of, 1 0 9 - 1 1 1 , 
3 4 6 - 3 4 7 , 4 5 9 - 4 6 4 , 4 9 4 - 4 9 7 

p a r t s of p l a n t s e a t e n , 2 6 - 2 8 , 3 4 , 5 0 - 5 1 , 
8 3 - 8 6 , 1 0 6 - 1 1 1 , 1 3 0 - 1 3 5 , 150, 158 , 
1 6 1 - 1 6 3 , 1 6 5 - 1 6 6 , 1 9 3 - 1 9 7 , 2 2 1 , 
2 6 0 - 2 6 2 , 2 7 2 , 2 9 2 - 2 9 4 , 2 9 6 - 2 9 7 , 
3 0 9 - 3 1 1 , 3 1 8 , 3 3 3 , 3 3 8 - 3 4 0 , 3 6 8 -
3 6 9 , 3 7 4 - 3 7 6 , 3 9 8 , 4 0 0 , 4 1 2 , 4 2 6 -
4 2 7 , 4 4 5 , 4 9 1 - 4 9 6 , 516 , 5 3 7 , 5 4 0 -
542 

s e a s o n a l v a r i a t i o n in , 8 2 - 8 6 , 1 1 2 - 1 1 4 , 
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162, 1 8 0 - 1 8 1 , 2 1 2 , 2 2 1 , 2 3 5 - 2 3 6 , 
2 6 1 - 2 6 2 , 2 9 9 - 3 0 3 , 3 1 8 , 3 3 3 , 3 3 9 -
3 4 0 , 3 5 2 , 3 7 4 - 3 7 6 , 3 9 9 , 4 0 3 - 4 0 4 , 
4 1 2 , 4 2 9 - 4 3 1 , 4 4 6 , 4 8 7 - 4 9 1 , 5 0 1 , 
5 1 8 , 5 2 7 - 5 2 8 , 552 

spec ies c o m p o s i t i o n of, 2 0 - 2 6 , 3 3 , 4 9 -
5 1 , 6 8 , 8 1 - 8 3 , 1 0 6 - 1 1 1 , 1 3 0 - 1 3 5 , 
150, 158, 1 6 0 - 1 6 1 , 1 6 3 - 1 6 5 , 1 7 8 -
1 8 1 , 1 9 4 - 1 9 7 , 2 3 2 - 2 3 4 , 2 4 8 , 2 6 0 -
2 6 2 , 2 9 2 - 2 9 8 , 3 0 9 - 3 1 1 , 3 3 4 - 3 3 8 , 
3 5 2 , 3 7 4 - 3 7 6 , 4 0 0 - 4 0 1 , 4 2 5 - 4 2 9 , 
4 4 5 , 4 5 6 - 4 5 7 , 4 5 9 - 4 6 4 , 4 8 3 - 4 8 5 , 
4 9 1 - 4 9 4 , 5 1 5 - 5 1 7 , 5 3 7 

spec ies d i f fe rences i n , 5 4 2 - 5 4 3 , 5 6 2 -
5 6 3 

D i e t e t i c d ive r s i t y , 3 4 , 5 2 - 5 5 , 8 6 - 8 8 , 194, 
2 6 2 - 2 6 4 , 2 9 4 - 2 9 5 , 3 6 9 - 3 7 0 , 3 7 3 , 
4 0 0 - 4 0 1 , 4 5 6 - 4 5 7 , 4 7 1 - 4 7 4 , 5 4 3 , 
5 6 4 - 5 6 5 , 5 7 7 , 5 9 1 - 5 9 4 

D i g e s t i v e p h y s i o l o g y , 3 5 1 - 3 5 2 , 5 7 7 
D i u r n a l v a r i a t i o n 

d i e t , 1 1 1 - 1 1 2 , 1 4 0 - 1 4 1 , 150, 1 6 1 , 
2 1 1 - 2 1 2 , 2 6 4 - 2 6 5 , 2 9 8 - 2 9 9 , 3 7 0 -
3 7 4 , 3 8 1 , 4 0 1 - 4 0 3 , 4 1 2 , 4 8 5 - 4 8 7 , 
5 2 0 - 5 2 2 , 5 3 7 , 5 5 0 - 5 5 2 

f e e d i n g h e i g h t s , 5 4 7 - 5 4 8 
D r i n k i n g , 2 8 , 198, 2 4 0 - 2 4 1 , 3 6 5 , 3 6 7 , 

4 5 8 

F 
F e e d i n g b e h a v i o u r 

a g e d i f fe rences i n , 5 5 , 144, 160, 179, 
2 0 5 - 2 0 8 , 2 2 1 , 3 7 9 , 3 8 1 , 4 0 5 - 4 0 8 , 
4 3 1 - 4 3 4 , 4 4 6 , 5 4 4 - 5 4 7 

g r o u p d i f fe rences i n , 4 5 , 4 7 - 4 9 , 7 9 - 8 0 , 
2 0 5 , 4 2 6 , 4 4 2 

i n t e r p o p u l a t i o n d i f fe rences i n , 1 5 - 2 0 , 
8 3 - 8 6 , 9 3 - 9 6 , 2 6 6 - 2 6 7 , 2 7 3 , 3 0 7 -
3 1 1 , 4 4 2 , 4 7 4 - 4 7 5 

s a m p l i n g m e t h o d s , 1 2 - 1 3 , 4 2 - 4 3 , 7 6 -
7 7 , 128, 1 5 7 - 1 5 8 , 184, 186, 1 8 8 - 1 8 9 , 
2 2 5 - 2 2 6 , 2 5 2 - 2 5 6 , 2 8 3 - 2 8 5 , 3 1 9 -
3 2 1 , 3 2 6 - 3 2 7 , 3 5 9 - 3 6 1 , 3 8 4 - 3 8 6 , 
4 2 0 , 4 2 2 , 4 5 4 - 4 5 6 , 4 8 3 , 5 0 7 - 5 0 8 , 
5 8 7 - 5 9 0 

sex d i f fe rences i n , 4 5 , 114, 126, 144, 
146, 1 5 0 - 1 5 1 , 2 0 5 - 2 0 8 , 2 2 1 , 2 4 7 -
2 4 8 , 2 6 6 , 2 7 3 , 3 7 9 , 3 8 1 , 3 9 6 , 4 0 5 -
4 0 8 , 4 1 0 - 4 1 2 , 4 3 1 - 4 3 3 , 4 4 6 , 5 4 4 -
5 4 7 

a n d soc ia l b e h a v i o u r , 2 9 - 3 0 , 6 2 - 6 6 , 
9 3 - 9 6 , 1 2 1 - 1 2 5 , 1 7 6 - 1 7 8 , 2 1 6 -
2 1 9 , 2 4 3 - 2 4 7 , 3 8 0 , 4 0 9 - 4 1 1 , 4 4 0 -
441 

spec ies d i f fe rences i n , 5 6 2 - 5 6 9 
F e e d i n g g r o u p w e i g h t , 5 5 9 , 5 6 8 - 5 6 9 
F e e d i n g h e i g h t s , 1 5 - 1 7 , 3 3 , 4 4 - 4 7 , 7 9 , 

1 0 5 - 1 0 6 , 137, 159, 164, 178, 1 9 2 -
194, 2 2 1 , 2 3 6 - 2 3 7 , 2 4 8 , 2 5 8 - 2 5 9 , 
2 7 2 , 2 8 9 , 3 0 8 , 3 1 8 , 3 6 5 - 3 6 6 , 3 8 1 , 
3 9 5 - 3 9 6 , 4 1 1 , 5 1 2 - 5 1 3 

d i u r n a l v a r i a t i o n i n , 5 4 7 - 5 4 8 
F e e d i n g o r d e r , 6 5 - 6 6 
F e e d i n g p r o x i m i t y , 6 2 - 6 3 
F e e d i n g r a t e , 5 5 , 136 
F e e d i n g si tes , 15, 3 3 , 4 4 - 4 7 , 6 7 , 79 , 

1 0 5 - 1 0 6 , 159, 164, 1 9 2 - 1 9 4 , 3 6 5 -
3 6 6 , 3 8 1 , 3 9 5 - 3 9 6 , 5 4 4 - 5 4 5 

F e e d i n g s y n c h r o n y , 6 3 - 6 5 , 139, 146, 2 1 1 , 
2 8 8 

F e e d i n g t e c h n i q u e s , 13 , 15, 32 , 4 3 - 4 4 , 
7 8 - 7 9 , 1 3 9 - 1 4 0 , 160, 1 9 4 - 2 0 0 , 2 3 1 , 
2 3 2 , 2 5 7 - 2 5 8 , 2 7 2 , 2 8 7 - 2 8 8 , 3 6 1 -
3 6 5 , 3 8 1 , 3 9 1 , 3 9 3 - 3 9 5 , 4 1 1 , 4 2 3 -
4 2 4 , 4 5 7 - 4 5 8 , 4 8 7 , 5 0 1 , 5 0 9 - 5 1 2 , 
5 3 7 

F e e d i n g , t i m e s p e n t , 1 6 - 2 0 , 3 3 , 4 7 , 106, 
110, 130, 132, 137, 150, 1 7 0 - 1 7 3 , 
179, 1 9 1 , 2 3 0 - 2 3 1 , 2 5 9 - 2 6 0 , 2 8 9 -
2 9 2 , 3 0 8 , 3 1 8 , 3 2 7 - 3 3 3 , 3 6 6 - 3 6 9 , 
3 9 6 - 3 9 9 , 4 1 1 , 4 2 4 - 4 2 5 , 4 8 3 - 4 8 5 , 
5 1 3 - 5 1 5 , 5 1 7 , 5 6 6 

F o l i v o r e s a n d b o d y w e i g h t , 5 6 2 - 5 6 3 
F o o d c h o i c e 

i n v e r t e b r a t e , 1 3 0 - 1 3 1 , 140, 142, 1 9 7 -
2 0 0 , 3 6 8 , 4 8 7 , 4 9 3 , 4 9 6 - 4 9 7 , 5 1 8 

p l a n t s , 2 0 - 2 8 , 3 3 - 3 4 , 4 9 - 5 1 , 6 8 , 8 1 -
8 6 , 1 0 6 - 1 1 1 , 1 3 0 - 1 3 5 , 150, 158 , 
1 6 0 - 1 6 6 , 1 7 8 - 1 8 1 , 1 9 3 - 1 9 7 , 2 0 0 -
2 0 4 , 2 0 8 - 2 1 1 , 2 2 1 , 2 3 2 - 2 3 4 , 2 4 8 , 
2 6 0 - 2 6 2 , 2 7 2 , 2 9 2 - 2 9 8 , 3 0 9 - 3 1 1 , 
3 1 8 , 3 3 3 - 3 4 0 , 3 5 2 , 3 6 8 - 3 6 9 , 3 7 4 -
3 7 6 , 3 9 8 , 4 0 0 - 4 0 1 , 4 2 5 - 4 2 9 , 4 4 5 , 
4 5 6 - 4 5 7 , 4 5 9 - 4 6 4 , 4 8 3 - 4 8 5 , 4 9 1 -
4 9 6 , 5 1 5 - 5 1 7 , 5 3 7 , 5 4 0 - 5 4 2 , 5 6 2 -
5 6 3 

v e r t e b r a t e , 2 0 0 , 4 9 0 , 5 1 9 , 522 
F r u g i v o r e s a n d b o d y w e i g h t , 562 
F r u i t m a t u r i t y , 159, 165, 196 
F r u i t s ize , 1 5 9 - 1 6 0 , 1 7 8 - 1 7 9 
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G 2 6 8 - 2 7 3 , 3 0 3 - 3 0 7 , 3 1 6 , 3 4 1 , 3 4 4 -
3 4 5 , 3 7 6 - 3 7 7 , 4 0 8 , 4 1 2 , 4 3 4 - 4 3 8 , 
4 4 6 , 4 6 4 - 4 6 9 , 4 7 5 - 4 7 7 , 5 5 9 - 5 6 0 , 
5 6 8 , 5 7 0 

u t i l i z a t i o n of, 5 8 - 5 9 , 9 0 - 9 3 , 1 4 4 - 1 4 6 , 
2 1 3 - 2 1 6 , 2 3 8 - 2 4 0 , 2 6 8 - 2 7 2 , 3 0 3 -
306 , 3 7 6 - 3 7 8 , 4 3 7 - 4 4 0 , 4 6 6 - 4 7 1 , 
4 7 5 

H o w l i n g m o n k e y (see Alouatta villosa j 
palliata) 

I 
Indri indri 

a c t i v i t y p a t t e r n s , 4 8 - 4 9 , 6 8 
d i e t , g r o u p d i f fe rences i n , 4 9 - 5 0 
d i e t , species c o m p o s i t i o n of, 4 9 - 5 1 , 6 8 
d i e t e t i c d ive r s i t y , 5 2 - 5 5 
f e e d i n g , a g e d i f fe rences i n , 55 
f e e d i n g , g r o u p d i f fe rences i n , 4 5 , 4 7 - 4 9 
f e e d i n g h e i g h t s , 4 4 - 4 7 
f e e d i n g o r d e r , 6 5 - 6 6 
f e e d i n g p r o x i m i t y , 6 2 - 6 3 
f e e d i n g r a t e , 55 
f eed ing , sex d i f fe rences i n , 4 5 , 5 5 - 5 6 , 6 8 
f e e d i n g si tes, 4 4 - 4 7 , 6 7 
f e e d i n g s y n c h r o n y , 6 3 - 6 5 
f e e d i n g t e c h n i q u e s , 4 3 - 4 4 
f e e d i n g , t i m e s p e n t , 4 7 - 4 8 
g r o u p c o m p o s i t i o n , 41 
h a b i t a t , 3 9 - 4 0 
h o m e r a n g e , 5 8 - 5 9 
l o c a l m o v e m e n t s , 6 0 
p a r t s of p l a n t s e a t e n , 5 0 - 5 1 
p o p u l a t i o n d e n s i t y , 41 
r a n g i n g b e h a v i o u r , 5 6 - 5 9 

I n s e c t i v o r e s a n d b o d y w e i g h t , 562 

L 
L a n g u r 

g r a y (see Presbytis entellus) 
p u r p l e - f a c e d (see Presbytis senex) 

Lemur catta 
a c t i v i t y p a t t e r n s , 1 6 - 2 1 , 33 
d a y r a n g e , 17, 33 
d i e t , species c o m p o s i t i o n of, 2 0 - 2 6 , 3 3 
d r i n k i n g , 2 8 
f e e d i n g h e i g h t s , 1 5 - 1 7 , 3 3 
f e e d i n g si tes, 15 
f e e d i n g t e c h n i q u e s , 13, 32 
f e e d i n g , t i m e s p e n t , 1 6 - 2 0 , 33 

G e l a d a b a b o o n (see Theropothecus gelada) 
G e n e r a l i s t s , i n f e e d i n g s t r a t e g y (see a lso 

D i e t ) , 3 4 
G e o p h a g y , 2 3 4 , 3 4 7 - 3 5 0 , 4 9 7 - 4 9 9 , 5 1 9 , 

5 4 1 - 5 4 2 
Gorilla gorilla beringei 

a c t i v i t y p a t t e r n s , 4 2 4 - 4 2 5 
c o n s e r v a t i o n of, 4 7 7 - 4 7 8 
d a y r a n g e , 4 3 6 , 4 4 0 , 4 4 6 , 4 6 4 - 4 6 6 , 4 7 0 
d i e t , n u t r i e n t c o m p o s i t i o n of, 4 5 9 - 4 6 4 
d i e t , species c o m p o s i t i o n of, 4 2 5 - 4 2 9 , 

4 4 5 , 4 5 6 - 4 5 7 , 4 5 9 - 4 6 4 
d i e t e t i c d ive r s i t y , 4 5 6 - 4 5 7 , 4 7 1 - 4 7 4 
d r i n k i n g , 4 5 8 
f eed ing , a g e d i f fe rences i n , 4 3 1 - 4 3 4 , 

4 4 6 
f eed ing , g r o u p d i f fe rences i n , 4 2 6 , 4 4 2 
f eed ing , i n t e r p o p u l a t i o n d i f fe rences i n , 

4 4 2 , 4 7 4 - 4 7 5 
f eed ing , sex d i f fe rences in , 4 3 1 - 4 3 3 , 

4 4 6 
f eed ing t e c h n i q u e s , 4 2 3 - 4 2 4 , 4 5 7 - 4 5 8 
f eed ing , t i m e s p e n t , 4 2 4 - 4 2 5 
g r o u p c o m p o s i t i o n , 4 2 1 , 441 
g r o u p size, 4 2 1 , 4 3 5 , 4 4 1 - 4 4 2 
h a b i t a t , 4 1 7 - 4 2 0 , 4 5 1 - 4 5 3 
h o m e r a n g e , 4 3 4 - 4 3 8 , 4 4 6 , 4 6 4 - 4 6 9 , 

4 7 5 - 4 7 7 
p a r t s of p l a n t s e a t e n , 4 2 6 - 4 2 7 , 4 4 5 
r a n g i n g b e h a v i o u r , 4 3 4 - 4 4 0 , 4 4 6 , 

4 6 4 - 4 7 1 
s e a s o n a l v a r i a t i o n in d i e t , 4 2 9 - 4 3 1 , 4 4 6 
soc ia l b e h a v i o u r , 4 4 0 - 4 4 1 

G o r i l l a , m o u n t a i n (see Gorilla gorilla 
beringei) 

G r o u p c o m p o s i t i o n , 8 , 9 , 4 1 , 7 5 , 1 1 6 - 1 2 0 , 
1 5 5 - 1 5 6 , 1 7 4 - 1 7 8 , 2 1 6 - 2 1 9 , 2 4 3 -
2 4 7 , 2 4 9 , 2 8 1 , 3 0 6 , 4 2 1 , 4 4 1 , 5 0 7 

G r o u p d i f fe rences i n f e e d i n g b e h a v i o u r , 
4 5 , 4 7 - 4 9 , 7 9 - 8 0 , 2 0 5 , 4 2 6 , 442 

G r o u p size, 1 7 3 - 1 7 9 , 2 1 6 - 2 1 9 , 2 4 3 - 2 4 4 , 
2 6 8 - 2 6 9 , 2 7 3 , 2 8 1 - 2 8 2 , 4 2 1 , 4 3 5 , 
4 4 1 - 4 4 2 , 5 2 8 - 5 2 9 , 5 5 9 

a d a p t i v e s ign i f i cance of, 3 5 - 3 6 , 2 1 6 
G u e r e z a (see Colobus guereza) 

Η 
H o m e r a n g e , 4 , 6 , 15, 17, 2 9 - 3 0 , 3 3 , 8 9 , 

1 2 1 , 1 4 4 - 1 4 5 , 2 1 3 - 2 1 6 , 2 1 9 , 2 3 7 , 
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g r o u p c o m p o s i t i o n , 9 
h a b i t a t , 4 - 1 1 
h o m e r a n g e , 4 , 6 , 17, 2 9 - 3 0 , 33 
i n t e r p o p u l a t i o n d i f fe rences i n d i e t , 

2 2 - 2 6 
p a r t s o f p l a n t s e a t e n , 2 6 - 2 8 , 3 4 
p o p u l a t i o n d e n s i t y , 2 9 
p r e d a t o r s , 31 
sex r a t i o , 9 
soc ia l b e h a v i o u r a n d o r g a n i z a t i o n , 3 0 , 

35 
Lemurfulvus 

a c t i v i t y p a t t e r n s , 1 6 - 2 1 , 33 
d a y r a n g e , 15 
d i e t , spec ies c o m p o s i t i o n of, 2 0 - 2 5 , 33 
d r i n k i n g , 2 8 
f e e d i n g h e i g h t s , 1 5 - 1 7 , 33 
f e e d i n g s i tes , 15 , 33 
f e e d i n g t e c h n i q u e s , 15, 32 
f e e d i n g , t i m e s p e n t , 1 6 - 2 0 , 33 
g r o u p c o m p o s i t i o n , 8 
h a b i t a t , 4 - 1 0 
h o m e r a n g e , 4 , 6 , 15 
i n t e r p o p u l a t i o n d i f fe rences in d i e t , 

2 2 - 2 6 
p a r t s of p l a n t s e a t e n , 2 6 - 2 8 , 3 4 
p o p u l a t i o n d e n s i t y , 2 9 
p r e d a t o r s , 31 
sex r a t i o , 8 
soc ia l b e h a v i o u r a n d o r g a n i z a t i o n , 2 9 , 

35 

Μ 
Macaca mulatta 

d a y r a n g e , 2 3 7 - 2 3 9 , 2 4 8 
d i e t , s e a s o n a l v a r i a t i o n i n , 2 3 5 - 2 3 6 
d i e t , spec ies c o m p o s i t i o n of, 2 3 2 - 2 3 4 , 

2 4 8 
d r i n k i n g , 2 4 0 - 2 4 1 
f e e d i n g h e i g h t s , 2 3 6 - 2 3 7 , 2 4 8 
f e e d i n g , sex d i f fe rences i n , 2 4 7 - 2 4 8 
f e e d i n g t e c h n i q u e s , 2 3 1 - 2 3 2 
f e e d i n g , t i m e s p e n t , 2 3 0 - 2 3 1 
g r o u p c o m p o s i t i o n , 2 4 3 - 2 4 7 , 2 4 9 
g r o u p s ize , 2 4 3 - 2 4 4 
h a b i t a t , 2 2 6 - 2 3 0 
h o m e r a n g e , 2 3 7 
i n t e r g r o u p c o m p e t i t i o n , 2 4 2 - 2 4 3 
i n t e r p o p u l a t i o n d i f fe rences i n d i e t , 

2 3 4 - 2 3 5 

p r e d a t o r s , 2 4 1 - 2 4 2 
r a n g i n g b e h a v i o u r , 2 3 7 - 2 4 0 
soc ia l b e h a v i o u r , 2 4 3 - 2 4 7 

M a n g a b e y (see Cercocebus albigena) 

Ν 
N u t r i e n t s 

c o m p o s i t i o n of d i e t , 1 0 9 - 1 1 1 , 165 , 
3 4 6 - 3 4 7 , 4 5 9 - 4 6 4 , 4 9 4 - 4 9 7 

p a r t s of p l a n t s e a t e n , 1 0 7 - 1 1 1 , 3 4 6 -
3 4 7 , 5 4 0 - 5 4 1 

Ο 
O r a n g - u t a n (see Pongo pygmaeus) 

Ρ 

Pan troglodytes schweinfurthii 
a c t i v i t y p a t t e r n s , 5 1 3 - 5 1 5 
d i e t , spec ies c o m p o s i t i o n of, 5 1 5 - 5 1 7 , 

5 3 7 
d i u r n a l v a r i a t i o n i n food c h o i c e , 4 8 5 , 

5 2 0 - 5 2 2 , 5 3 7 
f e e d i n g h e i g h t s , 5 1 2 - 5 1 3 
f e e d i n g t e c h n i q u e s , 4 8 7 , 5 0 1 , 5 0 9 - 5 1 2 , 

5 3 7 
f e e d i n g , t i m e s p e n t , 5 1 3 - 5 1 5 , 5 1 7 
g e o p h a g y , 4 9 7 - 4 9 9 
g r o u p c o m p o s i t i o n , 5 0 7 
g r o u p s ize, 5 2 8 - 5 2 9 
h a b i t a t , 4 8 3 , 5 0 4 - 5 0 6 
i n v e r t e b r a t e food spec ies , 5 1 8 
p a r t s of p l a n t s e a t e n , 5 1 6 , 537 
r a n g i n g b e h a v i o u r , 4 9 1 , 5 3 0 - 5 3 4 
s e a s o n a l v a r i a t i o n i n food c h o i c e , 

4 8 7 - 4 9 1 , 5 0 1 , 5 1 8 , 5 2 7 - 5 2 8 
v a r i a t i o n i n f e e d i n g w i t h g r o u p s ize, 

5 2 2 - 5 2 7 
v e r t e b r a t e food spec ies , 5 1 9 

Pan troglodytes troglodytes 
d i e t , spec ies c o m p o s i t i o n of, 4 8 3 - 4 8 5 , 

4 9 1 - 4 9 4 
d i u r n a l v a r i a t i o n i n food c h o i c e , 4 8 5 -

4 8 7 
f e e d i n g t e c h n i q u e s , 4 8 7 , 501 
f e e d i n g , t i m e s p e n t , 4 8 3 - 4 8 5 
g e o p h a g y , 4 9 7 - 4 9 8 
h a b i t a t , 4 8 3 
n u t r i e n t i n t a k e , 4 9 4 - 4 9 7 
p a r t s of p l a n t s e a t e n , 4 9 1 - 4 9 6 
r a n g i n g b e h a v i o u r , 4 9 1 
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Pan troglodytes troglodytes—contd 
s e a s o n a l v a r i a t i o n in food c h o i c e , 

4 8 7 - 4 9 1 , 5 0 1 
s e c o n d a r y c o m p o u n d s i n d i e t , 4 9 9 

P a r a s i t e s , 100, 1 1 4 - 1 1 6 , 126 
Pongo pygmaeus 

a c t i v i t y p a t t e r n , 3 9 6 - 3 9 8 , 4 0 9 - 4 1 0 
d a y r a n g e , 4 0 8 , 4 1 2 - 4 1 3 
d ie t , species c o m p o s i t i o n of, 4 0 0 - 4 0 1 
d i e t e t i c d ive r s i ty , 4 0 0 - 4 1 0 
d i u r n a l v a r i a t i o n in food c h o i c e , 4 0 1 -

4 0 3 , 4 1 2 
feed ing , a g e d i f ferences i n , 4 0 5 - 4 0 8 
f e e d i n g h e i g h t s , 3 9 5 - 3 9 6 , 411 
f eed ing , sex d i f fe rences i n , 396 , 4 0 5 -

4 0 8 , 4 1 0 - 4 1 2 
f e e d i n g si tes, 3 9 5 - 3 9 6 
f eed ing t e c h n i q u e s , 3 9 1 , 3 9 3 - 3 9 5 , 411 
f eed ing , t i m e s p e n t , 3 9 6 - 3 9 9 , 411 
h a b i t a t , 3 8 7 - 3 9 0 , 4 0 8 - 4 0 9 
h o m e r a n g e , 4 0 8 , 4 1 2 
p a r t s of p l a n t s e a t e n , 3 9 8 , 4 0 0 , 412 
s e a s o n a l v a r i a t i o n in food c h o i c e , 3 9 9 , 

4 0 3 - 4 0 4 , 4 1 2 
soc ia l b e h a v i o u r , 4 0 9 , 4 1 3 

P o p u l a t i o n d e n s i t y , 2 9 , 4 1 , 1 1 6 - 1 2 0 , 2 6 3 , 
316 , 3 4 6 , 5 7 1 - 5 7 2 

P o p u l a t i o n d i f fe rences 
f e e d i n g b e h a v i o u r , 1 5 - 2 0 , 8 3 - 8 6 , 9 3 -

9 6 , 2 6 6 - 2 6 7 , 2 7 3 , 3 0 7 - 3 1 1 , 4 4 2 , 
4 7 4 - 4 7 5 

d i e t , 2 2 - 2 6 , 4 9 - 5 0 , 8 1 - 8 2 , 2 3 4 - 2 3 5 , 5 4 4 
P o p u l a t i o n g r o u p w e i g h t , 5 5 9 , 5 7 0 
P r e d a t o r s , 3 1 , 2 4 1 - 2 4 2 , 3 1 1 , 3 1 8 
Presbytis senex 

d ie t , n u t r i e n t c o m p o s i t i o n of, 3 4 6 - 3 4 7 
d i e t , species c o m p o s i t i o n of, 3 3 4 - 3 3 6 , 

352 
f eed ing , t i m e s p e n t , 3 2 7 - 3 3 3 
g e o p h a g y , 3 4 7 - 3 5 0 
h a b i t a t , 3 3 4 - 3 3 5 
h o m e r a n g e , 341 
i n t a k e of p l a n t s e c o n d a r y c o m p o u n d s , 

3 5 0 - 3 5 1 
p a r t s of p l a n t s e a t e n , 3 3 3 , 3 3 8 - 3 4 0 
r a n g i n g b e h a v i o u r , 341 
s ea sona l v a r i a t i o n in food c h o i c e , 3 3 3 , 

3 3 9 - 3 4 0 , 352 
Presbytis entellus 

d ie t , n u t r i e n t c o m p o s i t i o n of, 3 4 6 - 3 4 7 

d i e t , species c o m p o s i t i o n of, 3 3 7 - 3 3 8 , 
352 

f eed ing , t i m e s p e n t , 3 2 7 - 3 3 2 
g e o p h a g y , 3 4 7 - 3 5 0 
h a b i t a t , 3 3 4 - 3 3 5 
h o m e r a n g e , 3 4 4 - 3 4 5 
i n t a k e of p l a n t s e c o n d a r y c o m p o u n d s , 

3 5 0 - 3 5 1 
p a r t s of p l a n t s e a t e n , 3 3 7 - 3 4 0 
s e a s o n a l v a r i a t i o n in food c h o i c e , 

3 3 9 - 3 4 0 , 352 
Propithecus verreauxi 

a c t i v i t y p a t t e r n s , 7 9 - 8 0 
d i e t , g r o u p d i f ferences i n , 8 1 - 8 2 
d i e t , s e a s o n a l v a r i a t i o n i n , 8 2 - 8 6 
d i e t , species c o m p o s i t i o n of, 8 1 - 8 3 
d i e t e t i c d ive r s i t y , 8 6 - 8 8 
f e e d i n g , g r o u p d i f ferences in , 7 9 - 8 0 
f e e d i n g h e i g h t s , 79 
f eed ing , i n t e r p o p u l a t i o n v a r i a t i o n i n , 

8 3 - 8 6 , 9 3 - 9 6 
f e e d i n g si tes, 79 
f eed ing t e c h n i q u e s , 7 8 - 7 9 
g r o u p c o m p o s i t i o n , 75 
h a b i t a t , 7 2 - 7 6 
h o m e r a n g e , u t i l i z a t i o n of, 9 0 - 9 3 
i n t e r g r o u p e n c o u n t e r s , 9 0 , 9 3 
p a r t s of p l a n t s e a t e n , 8 3 - 8 6 
r a n g i n g b e h a v i o u r , 8 8 - 9 0 

R 
R a n g i n g b e h a v i o u r , 5 6 - 5 9 , 8 8 - 9 0 , 1 4 4 -

146, 1 5 1 , 2 1 2 - 2 1 6 , 2 3 7 - 2 4 0 , 2 6 8 -
2 7 3 , 3 0 3 - 3 0 6 , 3 1 6 - 3 1 8 , 3 4 1 , 3 7 6 -
3 7 9 , 4 3 4 - 4 4 0 , 4 4 6 , 4 6 4 - 4 7 1 , 4 9 1 , 
5 3 0 - 5 3 4 , 5 5 2 - 5 5 6 

s a m p l i n g m e t h o d s , 77 , 184, 186, 2 2 6 , 
2 8 3 , 4 2 2 - 4 2 3 , 4 5 4 , 5 0 8 

species d i f ferences i n , 5 6 7 - 5 6 9 
R h e s u s m o n k e y (see Macaca mulatto) 

S 
S a m p l i n g m e t h o d s 

a c t i v i t y p a t t e r n s , 1 1 - 1 2 , 4 2 - 4 3 , 9 9 -
100, 1 2 7 - 1 2 8 , 1 6 7 - 1 7 0 , 2 2 5 , 2 5 2 -
2 5 5 , 2 8 3 - 2 8 4 , 3 1 9 , 3 5 9 - 3 6 0 , 3 8 4 -
386 , 4 2 0 , 4 2 2 , 5 0 7 - 5 0 8 , 5 8 5 - 5 8 7 

c h e m i c a l ana lys i s of v e g e t a t i o n , 5 9 9 -
601 

f e e d i n g b e h a v i o u r , 1 2 - 1 3 , 4 2 - 4 3 , 7 6 -
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77 , 128, 1 5 7 - 1 5 8 , 184, 186, 1 8 8 - 1 8 9 , 
2 2 5 - 2 2 6 , 2 5 2 - 2 5 5 , 2 8 3 - 2 8 5 , 3 1 9 -
3 2 1 , 3 2 4 , 3 2 6 - 3 2 7 , 3 5 9 - 3 6 1 , 3 8 4 -
3 8 6 , 4 2 0 , 4 2 2 , 4 5 4 - 4 5 6 , 4 8 3 , 5 0 7 -
5 0 9 , 5 8 7 - 5 9 0 

r a n g i n g b e h a v i o u r , 77 , 184, 186, 2 2 6 , 
2 8 3 , 4 2 2 - 4 2 3 , 4 5 4 , 5 0 8 

v e g e t a t i o n c o l l e c t i o n , 5 9 5 - 5 9 6 
v e g e t a t i o n p r o c e s s i n g , 5 9 6 - 5 9 9 
v e g e t a t i o n s t r u c t u r e a n d c o m p o s i t i o n , 

7 7 - 7 8 , 190, 2 2 9 - 2 3 0 , 2 5 5 , 2 8 6 - 2 8 7 , 
3 3 4 , 3 5 9 , 3 8 6 - 3 8 7 , 4 5 5 - 4 5 6 , 5 8 8 - 5 8 6 

soc ia l o r g a n i z a t i o n , 1 7 3 - 1 7 4 
S e c o n d a r y c o m p o u n d s i n p l a n t s , 3 1 2 , 3 1 4 , 

3 5 0 - 3 5 1 , 4 9 9 , 541 
Sex d i f fe rences in f e e d i n g b e h a v i o u r , 4 5 , 

114, 126, 144, 146, 1 5 0 - 1 5 1 , 2 0 5 -
2 0 8 , 2 2 1 , 2 4 7 - 2 4 8 , 2 6 6 , 2 7 3 , 3 7 9 , 
3 8 1 , 3 9 6 , 4 0 5 - 4 0 8 , 4 1 0 - 4 1 2 , 4 3 1 -
4 3 3 , 4 4 6 , 5 4 4 - 5 4 7 

Sex r a t i o , 8, 9 , 7 5 , 1 1 9 - 1 2 0 , 5 0 7 , 5 5 9 
S e x u a l d i m o r p h i s m , 124, 2 0 5 , 2 6 6 , 5 4 6 -

5 4 7 
S e x u a l s e l ec t ion , 124, 5 4 6 - 5 4 7 
S h a n n o n - W e i n e r f u n c t i o n , (see a l so 

D i e t e t i c d i v e r s i t y ) , 2 9 4 , 592 
S i a m a n g (see Symphalangus syndactylus) 
S o c i a l b e h a v i o u r , 2 9 - 3 0 , 3 5 , 6 2 - 6 6 , 9 3 -

9 6 , 1 2 1 - 1 2 5 , 1 7 6 - 1 7 8 , 2 1 6 - 2 1 9 , 
2 4 3 - 2 4 7 , 3 8 0 , 4 0 9 - 4 1 1 , 4 4 0 - 4 4 1 

Soc i a l o r g a n i z a t i o n , 8, 9 , 3 5 - 3 6 , 4 1 , 7 5 , 
9 3 - 9 6 , 1 1 6 - 1 2 5 , 1 5 5 - 1 5 6 , 1 7 4 - 1 7 8 , 
2 1 6 - 2 1 9 , 2 4 3 - 2 4 7 , 2 4 9 , 2 8 1 - 2 8 2 , 
3 0 6 , 3 1 5 - 3 1 6 , 4 1 0 - 4 1 1 , 4 2 1 , 4 4 1 -
4 4 2 , 4 4 4 - 4 4 5 , 5 2 8 - 5 2 9 , 5 3 4 - 5 3 6 , 5 5 9 

a d a p t i v e s ign i f i cance of, 3 5 - 3 6 , 9 3 - 9 6 , 
1 2 1 - 1 2 5 , 2 1 6 - 2 1 9 , 2 4 4 , 3 1 5 - 3 1 6 , 
4 1 0 - 4 1 1 , 4 4 4 - 4 4 5 , 5 3 4 - 5 3 6 

Spec ia l i s t s , i n f e e d i n g s t r a t e g y (see a l so 
D i e t ) , 3 4 

Spec i e s d i f fe rences 
i n f e e d i n g b e h a v i o u r , 5 6 2 - 5 6 9 
in r a n g i n g b e h a v i o u r , 5 6 7 - 5 6 9 

S p i d e r m o n k e y (see Ateles geoffroyi) 
S y m p a t r y , 4 , 3 1 - 3 6 , 2 1 9 - 2 2 0 , 542 
Symphalangus syndactylus 

a c t i v i t y p a t t e r n s , 3 6 6 - 3 6 8 
d a y r a n g e , 3 6 9 , 3 7 8 
d i e t , spec ies c o m p o s i t i o n of, 3 7 4 - 3 7 6 
d i e t e t i c d ive r s i t y , 3 6 9 - 3 7 0 , 3 7 3 

d i u r n a l v a r i a t i o n in food c h o i c e , 3 7 0 -
3 7 4 , 381 

d r i n k i n g , 3 6 5 , 3 6 7 
f e e d i n g , a g e d i f fe rences i n , 3 7 9 , 381 
f e e d i n g h e i g h t s , 3 6 5 - 3 6 6 , 381 
f e e d i n g , sex d i f fe rences i n , 3 7 9 , 381 
f e e d i n g si tes, 3 6 5 - 3 6 6 , 381 
f e e d i n g t e c h n i q u e s , 3 6 1 - 3 6 5 , 381 
f e e d i n g , t i m e s p e n t , 3 6 6 - 3 6 9 
h a b i t a t , 3 5 7 - 3 5 9 
h o m e r a n g e , 3 7 6 - 3 7 7 
p a r t s of p l a n t s e a t e n , 3 6 8 - 3 6 9 , 3 7 4 - 3 7 6 
r a n g i n g b e h a v i o u r , 3 7 6 - 3 7 9 
s e a s o n a l v a r i a t i o n in food c h o i c e , 

3 7 4 - 3 7 6 
soc ia l o r g a n i z a t i o n , 380 

Τ 
T e r r i t o r y (see H o m e r a n g e ) 
Theropithecus gelada 

a c t i v i t y p a t t e r n s , 2 5 9 - 2 6 0 
d a y r a n g e , 2 6 7 
d i e t , spec ies c o m p o s i t i o n cf, 2 6 0 - 2 6 2 
d i e t e t i c d ive r s i t y , 2 6 2 - 2 6 4 
d i u r n a l v a r i a t i o n i n food c h o i c e , 2 6 4 -

2 6 5 
f e e d i n g h e i g h t s , 2 5 8 - 2 5 9 , 272 
f eed ing , i n t e r p o p u l a t i o n v a r i a t i o n in 

2 6 6 - 2 6 7 , 2 7 3 
f e e d i n g , sex d i f fe rences i n , 2 6 6 , 2 7 3 
f e e d i n g t e c h n i q u e s , 2 5 7 - 2 5 8 , 2 7 2 
f e e d i n g , t i m e s p e n t , 2 5 9 - 2 6 0 
g r o u p s ize, 2 6 8 - 2 6 9 , 2 7 3 
h a b i t a t , 2 5 5 - 2 5 7 
h o m e r a n g e , 2 6 8 - 2 7 3 
p a r t s o f p l a n t s e a t e n , 2 6 0 - 2 6 2 , 2 7 2 
p o p u l a t i o n d e n s i t y , 2 6 3 
r a n g i n g b e h a v i o u r , 2 6 8 - 2 7 3 
s e a s o n a l v a r i a t i o n i n food c h o i c e , 

2 6 1 - 2 6 2 
T i m e b u d g e t s (see a l so A c t i v i t y p a t t e r n s ) 

16, 1 8 - 2 0 , 4 7 , 5 5 , 1 0 2 - 1 0 5 , 172 , 
5 1 2 - 5 1 3 , 5 4 5 

T i t i , y e l l o w - h a n d e d (see Gallicebus torqua
tus) 

T o o l - u s i n g , 4 8 7 

T o x i n s , 2 1 0 , 3 1 2 - 3 1 5 , 3 5 0 - 3 5 1 , 4 9 9 , 541 

V 
V o c a l i z a t i o n s , 3 0 , 125 , 2 3 1 , 4 7 7 , 5 2 6 -

5 2 8 , 5 3 5 - 5 3 6 


