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1. INTRODUCTION

Smee the publication of our ecological work concerning the food
vhotees and food availability for primates in Sri Lanka (Hladik and
IThdik, 1972), we have obtained new results concerning the composition
ol the foods used by these primates, which allow a diflerent type of
mterpretation of the relationship between feeding behaviour, and
wein] and individual behaviour. The details about methods and inter-
pretation of the analysis of the {ood samples will be published in a
separite paper (Hladik et al., in press), but we must refer to these recent
rennlts as a basis of objective comparison between the food choices of
lwo sympatric species ol Presbytis: the purple-faced langur, P. senex
(1ipr. 1) and the gray langur, P. entellus (Fig. 2).

'T'he ecological data concerning these two species have been com-
plemented with information from other primatologists. Ripley (1967,
19/0) developed the theorctical aspects of territorial behaviour and
social loraging strategy of the gray langur in the field station of
"olonnaruwa (Sr1 Lanka) : we utilized her data on ranging patterns to
citimate the food available for the different groups of langurs. Rudran
(170, 1973) and G. Manley studied the ecology and reproductive
e haviowr of the purple-faced langur, in the same field station, in the
o decrduous forest of Polonnaruwa; we have used their information
tor el calenlate the amount of food available for each group of purple-
Laeed Baingnue (Hladik and Hladik, 1972). Most of this research was part
ol the Smithsoman Biological Program in Ceylon, Primate Survey,
mitated by Drs ] 1 Eisenberg and S. Ripley.»

2. METHODS OF MEASURING FOOD CHOICES

2.1. Direct Observation v. Stomach Content

L nnpght appeme suepeising that the most simple method of quantifica-
tion ol feeding hehavioor, divect visual vecording, has not been utilized
Ly many mvestigators, except the anthor (Hladik and Hladik, 1969,
L72 Plladik and Charvles-Dominique, 1971, 1974 Fladik, 1973, 1975)

* tanttheongan Ditindion Porcigo Chinrency Pyogeain, goant no, SECR 7000 ol SR g
s, ALY B/
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Vi 20 Preshwis entellus feeding on the young Icaves of a Palu tree, Manilkara hexandra, at
Podomman i,

el Lorly recently Iwamoto (1975). The obscrvation of one monkey
e the whole day, and the continuous recording of the number of
Dt and leaves caten, are practicable only when the conditions of
vimbihty are exceptional and when the monkeys tolerate the presence
of an observer very close to the group. For this reason, the field stations
chosen Jor such studies were carefully selected,

Records ol the daily leeding activity of one monkey are necessarily
macente 1o some degree: even in the best field conditions, the animal
chosen may he partly hidden moa tree Tor short periods, In such cases,
woe exirapoblited Trom the feeding rates observed in the preceding or
following mamuates, Inoa few other cases, when the identilieation ol one
nchividunal monkey amaong o proup was very dilficolt, we had 1o shill
to another mdividual i the gsame group (one observiaions only con-
cerned the aduolts), These oceasional shifts were not important in this
sy, since the leeding boots were closely synchronized within each
EARRINRE

Whar th ||'|'||il|;3 vales wore too Tast to allow note I.|]til|[.‘., wee e a
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small tape recorder to describe the feeding bouts observed. The counts
of leaves and fruits eaten were made afterwards. At any change of
activity, a reference to the time was noted ( +0-5 min). Thus it is
possible to refer to our notes to calculate the time spent feeding (see
Section 2.2). In order to keep continuous day-records, the author was
‘partly assisted by Annette Hladik and two students of the University of
Sri Lanka: F. P. Amerasinghe and B. W. B. Van Cuylenberg.

The food samples were collected the day after (or a few days after)
the period of feeding observation. One-hundred fruits or leaves were
immediately weighed to obtain the average fresh weight estimates of
the different samples eatcn. The most difficult and probably the least
accuratc estimates concern the small leaf shoots and [lushes and the
small Hower bunches that the leaf monkeys pick directly by mouth.
Alter the period of ficld observation and collection of the food specimens,
we reproduced 100 “‘picks” or “mouthfuls” and weighed the quantity
obtained. From thesc data, the cstimates of the fresh weight eaten may
have a bias of 20 to 309, coucerning the leaf shoots but the accuracy is
better than +59, for all the materials recorded as units, such as fruits
and large leaves which form the main part of the total amount ingested.

Estimates of diet based on observation werc checked against weighed
contents of the first part of the stomach of some leaf monkcys which
were shot [permit no. WL/P 91 (1) of the Department of Wild Life
of Sri Lanka]. The relative proportions of leaves and fruits eaten were
in good agreement with our direct recording, though we were unable to
identify the different food species.

Some more reliable tests were made by the author on howler monkeys
and capuchins of Barro Colorado Island (BCI) and in mainland
Panama (Hladik and Hladik, 1969). One of the capuchins, accidentally
imtroduced several months before, was shot [rom the group under direct
obscrvation. In its stomach content, the different food items could be
clearly identified and the rclative proportions of their fresh weight
corresponded ( +£109,) to our quantitative estimatcs [rom direct
observation,

The differences between the diets of different primate specics are
renerally large enough to rely on the method of direct observation, in
spite ol its lack of accuracy. It seems that there is no alternative method
ol meastring feeding hehaviour which allows interspecific comparison.

2.2. Time Spent Feeding

The most accurate data published on feeding behaviow coneern the
Lie spent decdimg, measired by diflerent methods (Gl ton-Brock
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1975a; Struhsaker, 1975). Unlortmitely, the thme spent feedimes cannol
be accepted as an cstimate ol the tood mtake, since feeding yate nay
differ considerably between food items. ‘Tables 4, 11 and 1L iHustrate
these variations in the {eeding rates of P. senex and P. enlellus on dillerent
food items of the Polonnaruwa forest. Our ficld notes from dillerent
days of continuous observation have been used to comparc the per-
centages of feeding time and the percentages of food intake, {rom the
method described in the preceding section.

In the example concerning P. senex (Table I), half of the feeding time
was spent on the mature leaves of two species of trees. The proportion of
leaves actually ingested is slightly higher in terms of fresh weight and
represents 75-99%, of the dry weight ingested. Conversely, the proportion
of feeding time spent on the young lcaves and shoots 1s higher than the
proportion of food ingested.

The differences between the time spent feeding on particular foods
by P. senex and food intake (fresh weight) are generally small, particu-
larly if we compare seasonal variation in the two measures (Figs 3 and
5). These two graphs show a close correlation between the two measures,
except for the details of small peaks probably due to the small size of
the sample and the relative inaccuracy of the second method. The
highest proportion of time spent fceding on young leaves and shoots
(Fig. 3) and the largest amount of intake of mature lcaves at the

PERCENTAGE OF FEEDING TIME

i
o

Fic. 3. Percentage of feeding time of Presbytis senex, on diflerent food categories and
throughout the ycar, after data of Rudran and Muckenhirn, in press. Fooc! catcgories arc
(from bottom to top): mature leaves; young leaves and shoots; flowers; immatures and
malture fruits; sceds.
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beginning of 1969 (¥ig. 5) are easy to understand (see Table I) sincc
large leaves require less time to be gathered and eaten than the small
shoots. Per contra, the fruits generally eaten by P. senex are green and
unripe small-sized objects (about 2 g, like the large leaves), thus
ingested approximately at the same rate as the lcaves.

In the examples concerning P. entellus (Tables IT and III) there is
an obvious lack of correlation between the time spent feeding on
different categories of foodstufls and the food intake, especially for
lecaves and fruits. In the data given as examples, the measures arc
accurate ( £59%,) for the food intake of large quantities and (or the
longest fceding times {each total time includes two or three feeding
bouts, so the resulting accuracy is +39, for more than 30 min). The
gray langur spent 28-19, feeding time cating the large fruits of Ficus
benghalensis that composed 77-39, of the total fresh weight ingested
(Table II). All the other {ruits eaten the same day account for 16:69,
of the fresh weight ingested and 46:89, of the feeding timc. The pro-
portion of time spent [eeding on flowers and leaf buds is ten times
higher than the food intake.

The last example (Table III} shows that thesc relative proportions
are not as different when the gray langur feeds on green unripc fruits
which are more siumilar in size and texture to leaves. When feeding on
young leaves of large size, the amount eaten is high per unit time (for
Fieus religiosa young leaves, 21-29, of the fresh weight corresponding to
10-69, of feeding time). Converscly, for small leaves such as Streblus
asper, the amount eaten is low per unit time,

For insect feeders like macaques and capuchins, time spent feeding
is almost totally meaningless: a small amount of prey necessitates a very
long foraging time and the definition of the feeding time is necessarily
arbitrary (sec discussion about chimpanzees, Hladik, this volume).

Detailed comparison of the dict or food choices of different specics of
primates cannct bc achieved by measurement of time spent [eeding on
diffcrent food items. Nevertheless, mcasures of {eeding time may be
sufficiently accuratc to compare different groups of population of the
samc species which are feeding on fairly similar items.

2.3. Size and Distribution of Observation Samples

Days of uninterrupted observation were spent alternatively on 2, senex,
P. entellus and Macaca sinica, at the Polonnaruwa field station. liach
month, onc week or more was spent in tlas study area, [rom March
1969 to February 1970.

The results concernmy feedmy belinvionr of the Polonnariwa
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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 sincc a limited number of food species were
available at any one time. For this reason, the average diet for one
scason could be obtained from a small sample of data (about 2000
minutes of observation). The agreement of the gencral 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 samplec.

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 dircct 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
ol’bamboo poles. Samples were kept in large polythene bags, to avoid
lesiccation before weighing the series of fruits or leaves as described in
section 2.1, Alcoholic and dry fixations were made from the different
wunples and stored for further analysis (see Appendix IT).

One of the most important problems was to dcal with shoots and
voung leaves in which size and composition vary rapidly during the
flushing periods. To allow an accurate calculation of the food intake,
ihe 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 leal flush specimens
were collected only when the differences were obvious (colour and
wze) and we utilized these average data for the entire period of observa-
Lty

We tested a lew lood specimens for the local variations in size and
compaosition of the mature leaves and for differences between male and
lemale specimens in diocecous trees. Varlations in composition among
dillerent trees ol o piven species were small and would not have affected

o estimates ol Tood intnke,
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3. COMPARISON OF SELECTIVITY AND DIVERSITY IN THE
LANGUR SPECIES

3.1. The Study Area

The ficld station of Polonnaruwa was chosen for its exceptional con-
venience for direct observation of the primates. The undergrowth of
this forest has been cleared by the archaeologists to bring to light the
ruins of a city of the twelfth century. In this ‘‘sacred area”, wherc most
of the observations on primates were carricd out, the canopy is intact.
The conditions of visibility are extremely good and it was possible to
follow the different species of primates because they have been habitu-
ated to the presence of buddhist pilgrims for centuries.

The vegetation is typical of the dry zone of Sri Lanka (Mueller-
Dombois, 1969): a semi-deciduous tropical forest with trees not
cxceeding 20-25 m in height. The annual rainfall is 1700 mm, but
the dry season of June/July/August is generally very marked.

The frequency of the main tree species of the Polonnaruwa Field
Station is shown in Table IV, from two plots of 10 ha (plot 2) and
5ha (plot 3) which have been compared to the undisturbed forest
nearby (Hladik and Hladik, 1972).

A large area covering 54-5 ha (2 km in length) was surveyed and
mapped, using a large-scale aerial photograph. The canopy of each
trce was measured after ground identification, to allow calculation of
the total production in leaves and fruits after sampling the average
production of each species from a square metre of canopy. Distributions
of the two Preshytis species were recorded in the same area (Figs 7 and 8),
thus making it possible to predict the availability of their food. Except
for primates, mammalian fauna is fairly scarcc at Polonnaruwa and
there are no longer large predators.

3.2. Food Selection by P. senex

At Polonnaruwa, the social units of P. senex are gencrally “onc-male
groups” (Rudran, 1970, 1973) including three to five females und some
juveniles. These groups are barely mobile in small territories ol abont
2-3 ha in which the {ood is obtained {rom the most common tree species.

The food ingested during onc year includes an average (fresh
weight)} of 609, leaves, 129%, flowers and 289 frnits, Among the
leaves, about two-thivds (e 0% of the total Tood ingested) were

“matine Jeaves™ hot the distinetion hetween voonge and “matore™
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TABLE |V

Frequency of tree species at Polonnaruwa*

Trees per hectare

Tree species plot2 plot3
Alangium salvifolium (Alangiaceac) 0 2-0
Flaeodendron glaucum (Cclastraceae) 1-7 1.0
Diospyros montana (Ebenaceae) 0-4 1-0
Bridelia retusa (Fouphorbiaceae) 0-4 0
Drypetes sepiaria {(Euphorbiaceae) 10-6 1-4
Garcinia spicata (Guttiferae) 1-9 0-2
Alseodaphne semicarpifolia (Lauraccae) 0-9 0-2
Cassia fistula (Leguminosae) 3-9 0-4
Cassia roxburghii (Leguminosae) 1-4 0-2
Strychnos potatorum (Loganiaceae) 2.8 0
Aglaia roxburghiana (Meliaceac) 0-2 14
Chloroxylon swietenia (Meliaceae) 0-2 0
Walsura piscidia (Meliaceae) 3-6 0
Ficus amplissima (Moraceae) 0-7 0-2
Ficus benghalensis (Moraceae) 0-1 0
Ficus retusa (Moraccac) 0-1 0-6
Syzygium cumini (Myrtaceae) 0-2 0-2
Adina cordifolia (Rubiaceae) 10-3 10-8
Ixora arborea (Rubiaceae) 1-1 06
Glenniea unijuga (Sapindaccace) 2.2 0-2
Lepisanthes tetraphylla (Sapindaceae) 0:9 0-2
Sapindus trifoliatus (Sapindaceae) 1-4 0-4
Schleichera nleosa (Sapindaceac) 2:0 1-0
Manilkara hexandra (Sapotaceae) 0-7 0-2
Sterculia foetida (Sterculiaceae) C-1 0
Grewia polygama (Tiliaccace) 1-8 2-8
Holoptelea integrifolia (Ulmaccac) 0-4 8-t
Premna tomentosa (Verbenaccae) -3 0
Vitex pinnata (Verbenaceac) 5.6 32

o

Variatious between plots 2 and 3 show uneven distribution,
# I'he nunning anthorities of the plant species arve those men-

tGoned in Hadik and Heudik (197:2).

335

feaves is notl alwiays obvious. Any leal ol maxinm size was ineludied
(% b . D e [ .
as mahiee ) exeept when ils texture was very solt. Siee o sunilar
criterion was nsed o qualily the food of the other Tangur species, o
compairison i nevertheless meaningul,

Most ol the Tood mpested by P senex (morve than 907 was Laken
o 12 apecies of trees hsted i "Table V(o fact, Fros imclades seven

sprecies bhut all of them are not present i cach proup’s tevvitory), Th

e the hst acconnts oy the myam part ol the lood;

llh"lf
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TABLE V

Plant species eaten by Presbytis scnex at Polonnarion

Percentage ol total
food intake
Species caten accounted for

Adina cordifolia (Rubiaccae) 40

Schleichera oleosa (Sapindaccae)
Drypeles sepiaria (Euphorbiaccae) 70

Alangium salvifolium (Alangiaccac)

Elaeodendron glaucum (Cclastraccae)

Grewia polygama (Tiliaceae)

Syzygium cumini (Myrtaceac)

Holoptelea integrifolia (Ulmaceae)

Garcinia spicata (Guttiferae)

Walsura piscidia (Meliaceae)

Ficus spp. (Moraceae)

Sapindus lrifoliatus (Sapindaceae) =90

cordifolia, from which leaves, flowers and fruits arc eaten, accounted
for 419, of the animals’ dict and, together with Schleichera oleosa, for
589, of the total. The top three food species accounted for around 70%,.

This low dietetic diversity is similar to that observed by Oates (1974
and this volumc) for Colobus guereza. Three food plants accounted for
699, of Oates’ feeding observations. The main food species, Celtis
durandii, which accounted for 46:89, of observations, can be compared
to the Adina trees which gave the bulk of the food of P. senex. Shoots
and young leaves account for 589, of feeding time in Colobus guereza
though the proportion of intake is probably smaller. The strategy of
this type of leaf monkey is to obtain the main part of its food from a
very small number of common tree species, even if a large amount of
mature leaves has to be ingested.

The proportions of shoots and young leaves could be more important
in the diet of Preshytis senex monticola, the subspecies which inhabits the
montane rain forest of Sri Lanka. After a small sample of obscrvation
(25 hours of contact; see Hladik and Hladik, 1972), we obtained an
estimate of 759, young leaves, 169, coriaceous leaves and 109, flowers
and fruits.

3.3. Food Selection by P. entellus

The gray langurs at Polonnaruwa are grouped in multimale units
(Ripley, 1967, 1970) that comprise 20 to 30 animals. They occupy
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nonmd Irequently, collecting o wider variety ol loodstulls [rom tree
species wliel e more widely dispersed.,

The averape yewrly dict ol gray langur includes 489, leaves, 79,
Howers and A45%, Truits. Less than halfl of the leaves (219, of the food
mtahe) are “mature leaves”. The diet is more diverse than that of the
prvple-ficed langur. The types of fruits eaten by P. enfellus are generally
ntiure and [leshy while those eaten by P. senex tend to be fibrous and
desiceated,

Many [ood trec species are eaten by both langurs at Polonnaruwa
though they do not account for the same proportion in the diet of the
two spceies. Larger numbers of foods are utilized by P. entellus: 23 tree
species make up 909, of its total food intake (Table VI). Ten species

TABLE VI

Plant species eaten by Presbytis entellus al Polonnaruwa

Percentage of total
food intake
Spccics caten accounted for

Walsura piscidia (Meliaceae) l
Drypetes sepiaria (Euphorbiaceace)
Schleichera oleosa (Sapindaceae) 30 '

Adina cordifolia (Rubiaceae)
Ficus benghalensis (Moraceae) 50

Strychnos potatorum (Loganiaceae)
Mimosa pudica (Leguminosac)
Cassta fistula (Leguminosae)
Cassta roxburghii (Leguminosae)
Streblus asper (Moraceac) 70

Elaeodendron glaucum (Celastraceac)
Sapindus trifoliatus (Sapindaceac)
Holoptelea integrifolia (Ulmaceae)
Ficus religiosa (Moraceae)

Ficus amplissima (Moraccac)

Ficus retusa (Moraceae)

Grewia polygama (Tiliaceae)

Sterculia foetida (Sterculiaceae)
Tamarindus indica (Leguminosae)
Vitex pinnata (Verbenaceae)
Lepisanthes tetraphylla (Sapindaceac)
Glenniea unijuga (Sapindaceae)
Bridelia retusu (Euphorbiaceae) >90
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account for 70Y%, {versus three species only acconntime lor the Lo
proportion in the dict of P. senex) and there is no predominan food
species. The young leaves of Adina cordifolia are occasionally caten b
they form only a small part of the total lood intake.

A comparison of the “dietograms’ of the two species (Fig. 1) sliows
a diflerence 1n the relative proportions of leaves and [ruits as well as
differences in particular types of food. Both specics cat small amounts
of earth, like many other [olivorous primates {Oates, 1974; Pollock,

| "'|, P senex
ojn-flnrruiuu:uuo """.“E —_— 5OZ
P entellus
I‘ e
T evitbeesesesnereninanyy — - 50/

1 2 34 56 78

Fic. 4. Comparison of the “dictograms” of Presbylis senex and P. entellus. Variation of daily
food intake is shown in columns as follows: (1) carth, (2) maturc leaves and bark, (3) young
leaves, (4) flowers, (5) immature fruits, (6) mature fruits, (7) secds, (8) inscets. The grey
rectangles show the average proportion for the whole year.

1975b; Hladik, 1973) without any need for mineral intake {see Section
6.3, and Hladik and Gueguen, 1974). P. enfellus may eat large amounts
of fruits (up to 80-909,) while P. senex never eats more than 509%, and
generally sclects coriaceous fruits. P. enfellus never utilizes more than
509, mature leaves, while P. senex can cat up to 809, mature leaves
over pcriods of several days, Both langur species do not select insccts
intentionally though P. entellus may ingest rather more animal matter
than P. senex when feeding on Ficus fruits.

The red colobus, Colobus badius, observed in the Gombe National
Park by Clutton-Brock (1974a, 1975a) may be ecologically similar to
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the vy L thare v ot speces i the diet and oime

dpecees acconnbed Tor 700 ol Clutton Broek™ Teeding records, A very
conbar dietory diversity was Tomud by Strahsaker (1975). In both
stndhies, o Lorpe aomonnt ol shoots and young leaves was eaten by the
vedd colobus. Furthermore, the groups of red colobus are multimale
sociil nnits utilizing medium-sized territories, just like the groups of

vray Lineurs, 'T'he species may differ in the selection of higher feeding
levels by the red colobus (Clutton-Brock, 1973) and eventually more
humid habitats, though Colobus badius temmincki can survive in very dry
conditions (Gatinot, 1973).

4. SEASONAL VARIATIONS IN FOOD CHOICES

''he daily records of food intake of P. senex and P. entellus did not show
any marked differenccs in food choices between consecutive days. The
dict of P. entellus, with around ten to 12 food species being eaten each
day, varied slightly morc from day-to-day than that of P. senex. The
sample is not sufficient to study these short-term variations but we can
assume that the dict of cach species is very stable over successive
periods of two to three days.

Availability of particular food specics changes throughout the year
(Hladik and Hladik, 1972) as does progressively the diet of both
Preshytis species (Fig. 5). On these graphs, data concerning the food
intake of both specics have been grouped together [or each period of
two months and one period of three months, to make samples of about
2000 minutes corrcsponding to each season.

During the winter monsoon (February—March) P. senex feeds on a
very high proportion of leaves (959%,) including a high amount of
young leaves and shoots. P. entellus at this time also eats many shoots,
especially those of Walsura piscidia and Drypetes sepiaria, and a smaller
amount of mature leaves. In the dry season that follows (May-June),
the amount of leaves caten by both langurs decreases because [ruits are
available, mainly those of Drypetes sepiaria and different Ficus; but
P. senex utilizes less fruits than P. entellus, and mainly unripe fruits such
as Flacodendron glaucum. During the major dry season (July—September)
a large amount of flowers, mainly those of Adina cordifolia, is eaten by
P. senex, while P. entellus still utilizes many fruits such as Schleichera
oleasa and Walsura piscidia. Many shoots and young lcaves arc available
during the next monsoon (October-November), on which P. entellus
takes the major part of its food, while P. senex cats a lesser amount mixed
with Adina maturc leaves. In December to January, the rain being
uninterrupted, leaves increase in proportion in the diet of P. entellus as
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I'16. 5. Percentage of the fresh weight ingested of different food categories, throughout the
year, by the two langur species of Polonnaruwa. Food categories are (from bottom to top):
maturce leaves; young leaves and shoots; flowers; immature fruils; mature fruits; seeds (small
amounts of bark and stems have been included in the “mature lcaves” category).

shoots become less available; but leaves are also utilized in larger
amount at this time by P. senex.

In spite of the important variations of the availability in shoots,
young leaves, fruits, etc. each of the Presbytis species maintains its own
tendency, shown by a typical choice. Marked seasonal variations follow
the seasonal cycle in both diets; but the dictetic differences remain
approximately constant: at any time ol year, P. senex eats more lcaves
and P. entellus more shoots and fruits.



VU P EsaYy i AN AN PRELDBY TS ENTELLEL 41l

e THE SUPPLYING AREA AND ITS RELATION TO FEEDING
BEHAVIOUR

h.1. Ranging Behaviour : Definition of the Supplying Area

"T'he mventory ol the [ood resources available for each group of langurs
ol Polonnaruwa necessitates a clear definition of what is actually avail-
able for the different groups in the overlapping parts of their home
ranges (Ing. 6). For examplc, 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, B
and G 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 homogcneous 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

Fic. 6. Diagram showing the home ranges of groups A, B and C (solid lin¢) and the supplying
arca of group A (dashed linc).
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Presbytis sencx, at Polonnaruwa.
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Cpers comimn, ) and Rndran (1970 and pers, commy) (see g, 7). In
cach ol the supplyime aveas, the wotal prodoction of Toad (e of Tood
apecies actually selected by Poosenex) was calenlated (see IHladik and
FHadik, 1972) amd the main results are presented in Table VIIL Taking
mio seconnt the number ol monkeys in cach of the groups, we obtained
the average production of food per monkey and per year in the different
oronps. A purple-faced langur ingests about 400 kg (fresh weight) per
vear (1006 ¢ of food were found in the first part of the stomach of a
specimen ol 7600 g shot in the evening, but very important variations
hetween days were observed), Thus the potential food supply is more
than ten times what is actually caten, and the variations between
dillerent groups are small.

TABLE VIl

Total food in kg (fresh weight) available per year for one monkey in the
different groups of Presbytis sencx at Polonnaruwa

Adina cordifolia  Schleichera oleosa ~ Other trecs

Groups leaves flowers shoots  fruits leaves
A 1300 60 240 65 1100
B 3500 160 380 105 2200
C 2100 100 420 115 2200
D 4700 215 350 100 2000
K 3500 160 510 160 2000
o 1000 50 200 55 2800
G 6500 300 300 85 5800
H 600 30 130 35 1000

After Hladik and Hladik, 1972,

Eating one-tenth of the food production might be the maximum
permissible for a folivore utilizing an important amount of young
leaves without endangering the food plant population (C. M. Hladik,
1977). In the supplying area of group I, which is reduced by the
pressure of the dominant neighbouring group (Fig. 7), the food avail-
able per individual is cflectively less than 2000 kg per year. In this
particular arca, some Alangium salvifolium trees were dying because their
young leaves were too frequently plucked by the purple-faced langurs.
‘This case can probably be considered as a density limit, since group H
will necessarily disappear when too many trees are destroycd

In each of the supplying areas of groups A to G, there are more than
500 m? of total canopy of Adina cordifolia, the main food source. The
rclative abundancc and even distribution of the trees utilized by
Presbytis senex appears clearly on Fig. 7 and Table IV. It allows cach
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group to obtain an equivalent shave i a small supplying avea, 'The i
tribution of the food resources cannot be estimated by a single vecording,
of the number of trees in different plots. Dittus (1974} discussed the
different mathematical interpretations of distribution in plots and
concludes that a visual estimate is a necessary starting point, T'he
average distance between two trees of a given specics, and its vari-
ability, might be a useful measure of species distribution ; but to measure
production it is also necessary to take differences of canopy sizc into
account.

5.3. Distribution of Food Resources for P. entellus

Using data supplied by Ripley (1970 and pers. comm.) and N, Mucken-
hirn (pers. comm.), we measured the supplying areas of the different
groups of gray langurs. Our measures of production and calculation of
the average quantity of food available for each group allowed us to
make comparisons between groups (Hladik and Hladik, 1972—see
Table VIII).

The different tree species utilized by the gray langur (Fig. 8) are
less evenly distributed than those used by the purple-faced langur. The
average distance between the trees of a given food species of the gray
langur is greater and varies widely: for example, the mean distance
between Ficus trees is more than 100 m. Large home ranges allow access
to these species with scattered distribution. In many cases, the supplying
arca of the different troops contains similar amounts of important food
species: for example, an average of one female Drypetes sepiaria (pro-
ducing fruits) and one-and-a-half male Drypetes sepiaria (producing only
leaf shoots) is available for each monkey of different troops. Other types
of food-producing trees differ in abundance between groups (Table
VIII) but other tree species compensate for what is missing. An
average of 500 kg of fruits per individual per year is available from the

TABLE VIII

Annual mean production* available for one individual in the different groups of Presbytis
entellus, for some of the commonest food species at Polonnaruwa

Walsura piscidia  Drypeltes sepiaria  Ficus spp.  Schleichera oleosa

shoots shoots  fruits fruits fruits
North group 40 180 235 62-5 30
Central group 20 135 20 262 115
South group (few) >50 >10 197 40

* In kg fresh weight,



¢ 5
H ¢ iy L\ T
[ A ¢ L n fa vl b Wi

e e R - f ot ey
i : i 4 I i o 3 T || K P A S
[ (I ITH | ( Wity ot lllu b { ik ,(\\(:\ A '&9:\)
L
-

({, !'-itt?‘ﬁ“'.‘ ]
D A

-

Lo Htabarana

Ficus .

{F amplissima, F henghalensis,

F. mollis, F. racemosa, F. religiosa,

=T
nc
am |
= Fretusa & F parasitical
= N \
N 5 Walsura @
<t (""S ! \
=
< (( E Elacodendron D
[« nd [}
s | |
<t .
> / \ Drypetes sepiaria;:
[+ 3

<
q’i
~

male =

female @&
undetermined .4
Cassia fistula f

C. raxburghii r

to‘Polonnaruwa

Fic. 8, Distribution of some important food trees in the home ranges of the groups of
Presbytis entellus, at Polonnaruwa.



346 oM HADIE

ten first species of the list (Fable V1) and about Ll of these hoaaee e
actually eaten.

Both langur spccies show approximately similar population densities
(about two animals per hectare), with biomasses of 10 to 15 kg per ha in
maximum density locations. The success of each of the langur species
is due to a different strategy of adaptation in the same cnvironment, the
large groups of gray langurs dealing with a larger sct of scattered [ood

species.

6. COMPOSITION OF THE FOOD SUPPLY

6.1. Composition of the Food Samples

The food samples collected at Polonnaruwa were analysed to allow
comparisons of the diets of the primates of Sri Lanka and other primatc
species (Hladik ef al., 1971a; Charles-Dominique and Hladik, 1971;
Hladik, 1973, 19753). The results have been compiled out of a set of 1800
analyses (Hladik ef a/., in press) including several samples of each species
of Polonnaruwa collected in different seasons and different places.

For many [rugivorous specics of primates the leaves, especially young
leaves and shoots, arc necessary to increase the protein content of the
diet (C. M. Hladik, 1977) and plant species with the highcst protein
contents (such as Leguminosae) are usually selected. By contrast,
protein content is less likely to determine food choices in Presbytis species
whose staple food (leaves) is protein rich. In fact, some samples have a
very low protcin content though they are selected preferentially by
P. senex. Food samples selected by P. entellus are generally richer in
primary compounds, especially in soluble glucids.

6.2. Comparison of the Intake of Protein, Lipids and Glucids

The average composition of the foods ingested was calculated for
different periods of the year, using the composition of the different food
samples and their proportion in the diet during diflerent seasons {see
Section 4).

There is marked seasonal variation in dietary composition (Fig. 9)
and the two Preshytis species show different characteristics. The dietary
pattern of P. senex shows less scasonal variation than that of P. entellus.
The protein intake of P. senex 1s low and approximately constant at
11-59, of the dry weight. P. enfellus, in contrast, shows thc highest
average of protein intake for the whole year, but has a rate as low as
109, rcaching 169, during the rainy season when leaf buds and leaf
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I'tc. 9. Seasonal variation in the content of the diet of Preshytis senex (solid line) and Presbytis
entellus (dashed line).

flushing are eaten in large quantity. The same applies to the rates of
lipid intake: these vary litle and lie around 49 for P. senex, while in
P. entellus they vary from 3 to 119 of the dry weight of the total diet
and are generally considerably higher. The amounts of soluble glucids
(the results of the analysis, after a short hydrolysis, show approximately
the amount of glucids actually assimilable; see Hladik ¢¢ /., in press) arc
morc similar for the two species and follow seasonal variation in the
flowers and {ruits available.

As a result, P. entellus obtains much more energy {rom its environ-
ment but has to spend more energy than P. senex in finding scattercd
food resources over a wider range. The less mobile system of P. senex
minimizes cnergy expenditure but allows a relatively low nutritional
gain with little variation throughout the year.

6.3. Mineral Intake and Geophagy of the Leaf Monkeys

Seasonal variation in the intake of some minerals was also found
(Fig. 10) but, at any time, rates of intake are generally higher than the
minimum rcquirements for both langur species.



348 Go M, HEADIK

F M A M J N A S O N L -
1969 1070

[

INGESTED
L

[ 58
&
L]
) --- B
; — i Calclum "1 **** -
od L 1L i L.
LN
&
0 05 | !
Phosphorus
, | ! » N
o L___ 1 ) ! . \\
0% — s
g -J ” ~\
- L \‘
< .a-""— T, Y
[ o3l ‘ | o "““ e
E ) /—- . ."'-.-‘-
g ——-——-—"’d { S I -
S oz —— - . = e |
2 |

TF1c. 10. Seasonal variation of mineral content in the diet of Preshytis senex (solid linc) and
Presbytis entellus (dashed line).

Many leaf-eating primates eat small amounts of earth (Ripley, 1970;
Hladik and Hladik, 1972; Hladik, 1973, Oates, 1974; Pollock, 1975b}.
This behaviour (geophagy) has no apparent connection with the mineral
nutrition, as might have been expected (Hladik and Gueguen, 1974). If
we compare the results of the analysis of a piece of termite mound
collected by S. Ripley at Polonnaruwa to the composition of different
food samples eaten at the same time by the gray langur (Tablc IX)},
the amounts of minerals in the earth sample are very small, with the
exception of iron which is not necessary at such a high rate (the iron
of lcaves and fruits covers all physiological requircments). Sodium and
zinc, the only elements that might bc low in the diet, are present in the
earth sample but in smaller quantities than in many common foods.
Several samples of earth eaten by African primates have also been found
to contain low mineral levels when compared with leaves.

One possibility is that the small quantities of clay which are eaten by
folivorous primates may act as an adsorbant of the tannins and com-
pensate for their inhibitory effect on protein absorption as demon-
strated by Feeny (1969). Alternativcly, they may have a similar
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physiochcmical effect on the other sccondary compownds whch e
[requently found in small quantitics in leaves.

6.4. Intake of Secondary Compounds by the Langurs

Secondary compounds or allelochemics {Whittaker and Feeny, 1971),
such as alkaloids, tannins, saponins, glucosides etc. are generally con-
sidercd as toxic or repellent for insects and vertebratc plant-caters.
They may represent antipredator devices produced by the plants.
Strong evidence of the advantage to the plant of such toxic compounds
in seeds has been prescnted by Janzen (1970). The occurrence of the
allelochemics in large quantity in leaves is not so common (A. Hladik,
1977). A variety of secondary compounds is present in the leaves of
many species but their concentration is generally low.

Tests for alkaloids were made on a series of dried herbarium samples
of the plants eaten by the langurs at Polonnaruwa (Hladik ef al., in
press). Only thrce species (out of a set of 41 species) have strongly
positive rcaction with Mayer’s and Dragendorff’s reagents and these
positive results may eventually be due to a partial decomposition of thc
protein during hydrolysis. Further investigation was carricd out on
Strychnos potatorum (Fig. 11) whose unripe fruits are caten by the gray

w PRI L TTETIITH PO P e T . -
IWMWWT BT R

Frc. 11. Strychnos potatorum {ruits (caten by Presbyis entellus) and lcaves (the only part selected
by the macaques). Rule in em.



VLo PRESRY LIS SENEX AND PRELSBY IS ENTELEL Ll

Lo o L opiantilies aned awhone Teaves e frequently eaten by
Macwca senrea, We ot o Bope comonnt ol alkaloid (neither sirychnin
nor- broemy i the hruit ot no alkadoid i the leaves (the positive
teactions ol the sercening tests were due w the protein for which the

nereagues cals the leaves),
It is nol surprising that some toxic compounds can be eaten by the
langurs since, In contrast to frugivorous species such as macaques, the
hacterial flora of their stomach will dccompose such products before
intestinal absorption (Kuhn, 1964 ; Moir, 1968). As a protective device
ngainst primate leaf-predator, the secondary substances of plants

would not be very efficient.

Another type of chemical protection may be more efficient: the small
amounts of nutrients in Adina cordifolia and some other common tree
species (Hladik et al., 1976) would encourage leaf eaters to select the
[oliage of specics with higher nutrient levels. To feed on thesec low-level
nutrients necessitates the highest physiological and ecological specializa-
tion of an animal adapted to a low level of energy input and output
(such as P. senex).

7. DISCUSSION: PHYSIOLOGY AND FEEDING BEHAVIOUR

Physiological and behavioural adaptations of mammals have evolved
to meet the requirements of different ecological niches. The rcsult is a
tendency to maintain a particular kind of dict but to vary this in
accordance with seasonal cycles ol food availability (see Section 4).

'The behavioural regulation of the milieu interne is the prime cause of
feeding behaviour (Garcia ¢f al., 1974) but it involves two distinct
processes: firstly, a long-term effect via conditioning opcrating through
the beniefical effects of food ingestion and absorption and, secondly,
through taste stimulation. Each of these two proccsses may have a
different importance for diffcrent species, as shown for the primates of
Ccntral America (Hladik et al., 1971a): the long-term cffect plays the
major rolc for species which are partly folivorous such as Alouatta
palliata, while immediate taste stimulation is more dcveloped in
frugivorous species such as Ateles geoffroyi and Cebus capucinus that
must be strongly motivated to gather dispersed foods of high nutrient
content.

Among the two Preshytis species of Polonnaruwa, the long-term effect
of the same type of food may bc very similar, since the digestive
systems of both species are quite similar (with only small variations of
the cell populations along the mucosa of the small gut; Amerasinghc



3b2 . M. MEALIR

et al., 1971). Thus the diflerences in {ood chowe nay he explamed by o
difference of intensity of the immediate taste response,

Similar differences in the feeding strategics ol Golobus guercza (see
Section 3.2) and Colobus badius (sce Section 3.3) suggest that the
evolution of social structurc as described by Oates (1974 and present
volume), Struhsaker (1975) and Clutton-Brock (1973, 1974a, 1975a)
1s associated with the evolution of the intensity of the response to taste
stimulation. The difference in feeding behaviour between siamang and
gibbon (Chivers, 1973 and this volume) and between gorilla (Casimir,
1975) and chimpanzee (Hladik, 1973 and this volume) also needs to
be examined, in terms of sensory physiology, according to the
composition of the food selected in natural conditions.

8. SUMMARY

1. Direct observation of the feeding behaviour of two sympatric
species of leal monkeys (Preshytis senex and P. entellus) was carried out in
the semi-deciduous forest of Polonnaruwa, Sri Lanka.

2. The food ingested by thesc two specics was estimated from the
weights of samples collected in the field. There are important differences
between the proportions of the different categories of food ingested and
the proportions of time spent feeding on the same types of {ood.

3. All tree species were surveyed and mapped in an area of 545 ha
covering the home ranges of different groups of langurs which were
observed. The food produced by each of these trees during one year
was also calculated.

Presbytis senex obtained 709, of its food from three tree species only.
The food ingested included (by wet weight) 609, lcaves, 129, flowers,
289 fruits.

Presbytis entellus obtained 709, of its food from ten tree species. The
food ingested included (by wet weight) 489 leaves, 79, flowers,
459 fruits.

4. Seasonal variations in the food choices were marked in both langur
species but similar differences between them were present throughout
the year. '

5. Comparison of the supplying areas of the different groups showed
that food resources were distributed similarly between them, with a
different model of habitat utilization concerning each species.

6. The composition of the foods ingested varied between the two
species. The food of P. senex was lower in nutrient contents than that of
P. entellus but varied less throughout the year.
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Cieaphaey Drespuently obseryved comong Lieors o other Toliverons
privtes does not appe to bhesisociated with the seleetion of deficient
minerals,

Secondary compounds play @ small role in the leeding ecology of
Bingor species. Food choiee is mainly determined by the distribution of
primary compounds with taste stimuli playing a different role in relation
(o dillercut [eeding strategies.
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