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SUMMARY

This study on food selection and ranging in the hoolock gibbon (Hylobates hoolock
Harlan 1834) was carried out between December 1996 and April 1997 in Borajan Reserve
Forest, a disturbed and fragmented patch of remnant tropical evergreen forest in Upper
Assam, India.

The ho‘olock gibbon is a primarily frugivorous species, confined to closed-canopy
evergreen forests of North-east India, Bangladesh and Burma. This ape is highly
endangered in its entire range. Threats to the continued existence of the hodlock are from
large-scale destruction of its habitat and hunting.

Two troops of gibbons were followed intensively for four months and behavioural
y continuous focal animal observations. Data were also collected ad

data were collected b
a third troop. Data on the structural components of the vegetation and on the

libitum on
- availability of food resources in the intensive study area were collected systematically.

The results of the study show that food availability influenced the diet, movement
patterns, home-range sizes and behaviour of hoolock gibbons. Gibbons were selective in
their diet using only forty-three plant species out of the more than two-hundred species
present. Figs constituted important keystone resources for the gibbons. In months of low
fruit availability, the gibbons had a predominantly folivorous diet. Home ranges were small

(10.4 ha and 5.4 ha) and habitat degradation represents the greatest threat to the gibbons

in Borajan R.F.

vi




CHAPTER |

1.0. INTRODUCTION

The hoolock or white-browed gibbon (Hylobates hoolock Harlan 1834) is the only lesser
ape found on the Indian sub-continent. It is an arboreal and primarily frugivorous species of the

closed-canopy forests of North-East India, Bangladesh and Myanmar. Its geographical range
extends from south of the Brahmaputra river in the west to the Salween river in the east. Its
. present distribution in Assam and Bangladesh is confined to undisturbed natural evergreen and
wetter semi-deciduous forest (Groves 196?, Gittins & Tilson 1984, Choudhury 1987 and Alfred
& Sati 1990a).

The hoolock gibbon is highly endangered throughout its range chiefly due to destruction
and fragmentation of its habitat and to a lesser extent due to poaching. Though given protected
status internationally under the IUCN Red data book and nationally under Schedule | of the
Wwildlife (Protection) Act, 1972 (Anon. 1992) populations have very rapidly dropped to relict
status in most parts of the species range (Brockelman & Chivers 1984).

Only an estimated 4500 km? of forest area remains in Assam which approximates the
description of “natural gibbon habitat’. The combined factors of progressively decreasing
forest cover, isolation from neighbouring populations and human disturbance have made a
redefinition of “natural gibbon habitat” imperative in order to include depleted isolates to which
gibbon populations are restricted. This amounts to an estimated area of 2500-3500 km®

(Choudhury 1989). Borajan Reserve Forest in Assam where this study was conducted is one

such isolate.
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1.1. LITERATURE REVIEW

1.1.1. Gibbon Ecology
There are nine recognised species of gibbons (family - Hylobatidae) or lesser apes -

Hylobates agilis, H. Klossii, H. lar, H. moloch, H. muelleri H. pileatus, H.syndactylus, H.
concolor and H. hoolock (Marshall & Marshall 1976, Chivers 1977). Their distribution is
confined to tropical evergreen and the less seasonal parts of semi-evergreen rain forests in
South and South-East Asia.
Aspects of the behavioural ecology of majority of the nine species have been studied in
the field (Ellefson 1968, Tilson 1979, Chivers & Raemakers 1980, Gittins & Raemakers 1980,
Chivers 1,984, Whitten 1984, Kappeler 1984, Srikosomatra '1984, Brockelman 1984,
MacKinnon & MacKinnon 1984, Haimoff 1984 and Islam & Feeroz 1992).
| The lesser apes are distinguished from other primate groups by a unique set of
behavioural gnd functional characters such as monogamy, territoriality, complex songs,
frugivory, a short unimodal activity period and a distinctive mode of suspensory locomotion
called brachiation. The information base that exists for this group is fairly extensive relative to
other groups of mammals (Preuschoft et al, 1984) and there seems to be remarkable
consistency in the ecology and behaviour at both the intra and interspecies levels (Leighton
1987). One exception seems to be the food habits of the largest gibbon H.syndactylus

(siamang) in that it is more folivorous than frugivorous (Whitten 1984) unlike all the other

species. Sexual dimorphism in coat colour of three species - H.hoolock, H.concolor and

' H.pileatus and in the vocal repertoires of all except H.hoolock comprise the other notable

interspecies. differences.

Gibbons are long-lived and attain sexual maturity between 8-10 years of age.
Demographic data is limited and it is presumed that winter birth peaks may occur in the
relatively more seasonal environments for populations further from the equatorial belt (McCann
1933, Tilson 1979, Chivers & Raemakers 1980 and Leighton 1987,).

Gibbons have home ranges that are thirty-four hectares on average, with a territory
within it which is defended by loud songs and occasional encounters with neighbours. The
mean group size is four comprising of a family unit of a mated adult pair and their offspring.

Day ranges vary between 800m to 1500m and the period of activity averages 8-10 hours. Their



diet shows a marked dependency on ripe, sugar-rich, juicy fruits (Gillins & Racmakers 1680)

with a large proportion of this being figs (Ficus spp-) (Leighton 1987).

1.1.2. The Hoolock gibbon

The Hoolock gibbon was first described by Harlan (1834) and assigned to the genus

Hylobates by Blanford (1888-1891). Most of the earlier descriptions of the hoolock are of

taxonomic interest or natural history observations (Alfred & Sati 1986). After McCann's (1933)
two month study on the behaviour of the hoolock in the Naga Hills in 1930, until the last

decade,
exploratory study by Tilson (1979) in the Hollongapar Reserve Forest in Upper Assam. The

the only other published account of the behaviour of hoolock gibbon in the wild was an

study duration was 62 days between 1971 and 1973. Since then there has been two major
ecological studies on hoolock gibbons by Islam & Feeroz (1992) in Bangladesh and Alfred &
Sati (1987,1990a,1990b and1991) in the Garo hills of Meghalaya. The findings of the studies

carried out on the hoolock in the wild are summarised below:

The geographical range of the hoolock gibbon extends from south of the Brahmaputra
river in the west to the Salween river in the east, covering Myanmar all the seven North-
Eastern states of India between latitudes 22°N and 28°N aﬁzixéanglac'iésh Groves (1 967) had
identified two sub-species of H.hoolock - H.h.hoolock and H.h.leuconedys on the‘west and east
of the Chindwin river of Myanmar respectively (Groves 1967, Choudhury 1987 and Alfred &
Sati 1990b). In Assam, the hoolock gibbon is found in almost all the districts south of the
Brahmaputra but in much depleted numbers because of its shrinking habitat. Choudhury (1987) -
estimated 6000 hoolock gibbons surviving in the relatively better forested areas in Assam.

The hoolock is the only gibbon species whose range extends beyond the tropics. It is
therefore subjected to a more marked seasonality than the other species in the relatively
constant climate of the equatorial re_gion. This factor would be expected to significantly
influence both the behaviour and the ecology of the species (Gittins & Tilson 1984). .

Hoolocks are diurnal, largely arboreal and frugivorous. Locomotion is by jumping,
"leaping, brachiation and bipedal walking. The day range varies from 0.6 to 1.6 kms. They

spend the largest proportion of their active period in feeding on fruits - mainly figs, buds,

leaves, shoots, flowers, petioles and insects (Tilson 1979, Alfred & Sati 1990a, Choudhury



1991, Islam & Feeroz 1992). The number of food lree species of hoolock gibbon identified so

far are 43 from Hollongapar Reserve Forest of Assam (Tilson 1979), 40 from Bangladesh

(Islam & Feeroz 1992) and 104 from the Garo Hills of Meghalaya (Alfred & Sati 1994).

The group size varies between two and six individuals consisting of a monogamously

mated pair and their offspring, although occasionally solitary individuals have been
encountered. Adults are sexually dimorphic. November to March is regarded as the. breeding
season (McCann 1933, Roonwal & Mohnot 1977, Tilson 1979, Prater 1980 and Islam & Feeroz
1992) and the inter-birth interval is nearly two years (Alfred & Sati 1987). There is also one
record of infanticide (Alfred & Sati 1991). The activity period of hoolock gibbons is restricted to
daylight hours (Gittins & Tilson 1984 and Islam & Feeroz 1992).

The home range size of hoolocks irrespective of group size varies between 15-35 ha.

The smallest home range size of 3.2 ha was recorded for a group at West Bhanugach in Sylhet

(Gittins & Tilson 1984). Hoolock gibbons defend territories by calls and patrolling.

1.1.3. Food selection

Food selection in animals, particularly in herbivores assumes a central role in the
ecology of the animal. It forms the link between plant community structure and behavioural
attributes such as foraging movements, activity pattern and social systems of the animal. It
also determines animal population densities (McKey et al. 1981). .

Food selection can be viewed in the light of the optimal foraging theory, as largely an
issue of balancing relative costs and benefits while fulfilling the nutritional requirements of the
forager (McKey et al. 1981, Oftedal 1991). Although the goal may be singular, the factors that

determine food selection or avoidance are diverse. Primate diets are defined by energy needs,

nutrient requirements, constraints of the digestive system, digestion inhibitors or toxic

-compounds in foods, spatial and temporal distribution of food resources, intra- and interspecific

competition and predation (Hladik 1978, McKey et al. 1981, Waterman 1984, Strier 1991,
Oftedal 1991,).
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1.1.3.1. Food selection as determined by availability:

The terms availability, selection and preference of a component of the habitat are used

here as given in Johnson (1980). The three are interrelated factors and need to be viewed as a

composite when studying animal usage of its environment.

As mentioned before, selections and preferences are dictated to an extent by the
associated foraging costs. However, contrary to what the optimal foraging theory states,

animals may select "sub-optimal" diets when the abundance of preferred foods are low or the
foods are spatially scarce. Sub-optimal diets may also be selected if the maximum energy
yielding foods are deficient in specific nutrients, or when foods in a habitat do not differ enough
for the animals to discriminate among them. Obviously, feeding is more than nutrition alone.
Characteristics of the environment and the behaviour of choice play a crucial role and
nutritional values alone may not explain feeding patterns very accurately (Menzel 1994).

Plant species especially in taxonomically and chemically diverse rain forest differ in their
abundance, their spatial distribution, their phenological cycles (Chapman 1988), their
accessibilities and their nutritional qualities. Over and above this, herbivores are limited by

behaviourally determined preferences which may be either rigid or variable. Selections and

preferences therefore operate at three levels - at the level of the habitat, the plant species and

within the plant micro-habitat.

Several studies have demonstrated that consumption of different foods corresponds
directly to the availability and abundance of these foods in the forest which may or may not be
related to season (Clutton-Brock 1977, Peres 1985, 1994, Chapman 1988, Strier 1991, Zhang
1994,). Apart from the availability of principal foods or preferred foods (Petrides 1975), the

aggregation of alternate foods also influences diet selection (Edwards et al. 1994).

1.1.3.2. Food selection as determined by plant chemistry :

Although primates as a group consume a complex variety of foods, patterns of
preferences have been observed for fleshy fruits and nuts - sources of readily available energy;
and/or for leaves, flowers and seeds - sources of protein, minerals and most vitamins. Other,
less nutrient-rich items rarely contribute more than a small percentage of the total diet (Harding

1981, Waterman 1984).
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This might seem an expected phenomenon, but recent sludies suggest lhat food

selection by herbivores, both ungulates (Bryant & Kuropat 1980) and primates (Goodall 1963,

Oates et al. 1980, Calvert 1985) are based not on maximising the positive nutritive value, but

on minimising the concentration of anti-feedant chemicals produced by the plants such as

digestion-inhibitors e.g. tannins and fibre; and/or toxins e.g. alkaloids, saponins, cyanogenic

glycosides (Westoby 1974 and Waterman 1984). Selection therefore appears to correlate with

both positive and negative factors.

1.1.3.3. Specific nutrients :

The nutritional requirements of free-living primates is not very well known and accurate
measurements in the field are difficult to achieve (Waterman 1984 and Oftedal 1991).
Digestibility trials are not feasible (Menzel 1994) and feeding time, the easiest method to
employ in the field is a less informative measure of actual intake than weight, although records
of feeding rates of different food items may offset this drawback to a degree (Chivers &
Raemakers 1986, Clutton-Brock 1977).

The major nutrients in foods however, as well as their distribution within the plant parts
would be expected to provide a correlation to food selection in primates. These factors are
discussed below in brief:

Carbohydrates represent the most abundant nutrient source although the major part of
it - the structural carbohydrates are not directly available to primates. It is the residual non-
struptural portion composed largely of starch and simple sugars that form the source of readily
available energy. Simple sugars occur widely in plants, but rarely attain high concentrations
except in the phloem and in the flesh of some types of fruits (Waterman 1984). In fruits
therefore, it may be an important factor in food choice (Raemakers 1978).

- Lipids constitute a second source of high-energy nutrients from plants. Its levels in

most plant parts is low (Waterman 1984) and although lipid content varies widely between

- species, it averages the same in fruit and young leaves (Raemakers 1984). Exceptions are

found in fruits of families such as Myristicaceae and Meliaceae where the aril - a fleshy

structure external to the seed average high levels of lipids.
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Proteins supply essential and non-essential amino acids. In rain forest plants, protein

levels are highest in flowers and immature leaves, and lowest in petioles and fruit flesh

(Vellayan 1981). As far as its importanc
ed results. Significant correlations between food selection and protein concentrations have

e in primate diets is concerned, studies héve given
mix
in some studies (McKey et al. 1981, Milton 1979 and Glander 1981, Calvert
1985) but not in others (Oates et al. 1980, Calvert 1985).

Minerals requirements are often cited as possible explanations for the use of items
that are neither protein nor energy rich (Waterman 1984). However, distributions of major
als in rain forest vegetation (Golley et al. 1980), African “miombo” woodland (Ernst 1975)

miner.
pasture weeds (Carlisle et al. 1980) have been compared, and it was concluded

and broadleaf
that in general, concentrations of all nutrients except sodium are sufficient to ensure intake
from a narrow diet (Waterman 1984). Foliage and bark usually have the highest concentrations
of minerals. Calcium occurs in low concentration in fruit flesh (Hladik 1977, Vellayan 1981). It
follows therefore that frugivores may have to look to other sources for calcium.

Water supply in the.diet is thought to be a determining factor in food selection by
primates (Nagy & Milton 1979). Diets low in water content such as gums and seeds can cause
water-stress (Wrangham 1981). However, water content in immature leaves and fruit flesh is
generally above 80% of the wet weight and in most other food classes above 50% thus
ensuring enough for frugivorous or folivorous primates (Waterman 1984).

Fibre as Acid Detergent Fibre (ADF) in foliage has been found to be negatively
correlated to food selection in monogastric and ruminant herbivores in studies on the black
colobus (Choo et al., 1981), Nilgiri langur (Oates et al. 1980) and the howler monkey (Milton
1979). Information on the role of fibre in frugivore food selection is sparse, but the same trend
may be expected.

Tannins are plant secondary compounds that may influence food choice but do not
completely deter selection of an item. (Waterman 1984). However, in monogastric primates,
the negative correlation was found to be much stronger (Wrangham & Waterman 1981). The
level of tannin below a certain critical value that might be specific to a certain group would

possibly have no significant role in food selection. Tannins are present in leaves and are

reported to be high in unripe fruits, and levels decline as the fruit ripens (Waterman 1984).

A
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Crude protein/(Acld Detergent Fibre + Tannin): Since scleclion is delermined by
both the positive and the negative and there is a general positive correlation between the levels

of a number of nutrients, a ratio of nutrients to anti-feedants/digestion inhibitors/toxins may be a

better predictor for selection (McKey et al. 1981, Waterman 1984).
Gross energy: Animals require energy for their normal functions such as basal
metabolism, activity, thermoregulation, growth, reproduction and lactation and the amount of

energy obtained from foods would be an important determinant of selection. Gross energies of

plant tissues are often very uniform (Robbins 1983).

1.1.3.4. Nutrition in gibbons:

Gibbons are monogastric with a relatively simple gastro-intestinal tract. They are
extremely selective feeders compared to other primates. They select not only for species and
food type, but also for large source size within their food species Different species of gibbons
show a similar preference for fleshy, sugary fruit and figs (Chivers 1984). However the smaller A
gibbons seldom eat ripe fruit. They eat most vegetative parts of plants - leaves both young and
mature, leaf stems, soft-stemmed climbers, buds and flowers. A small proportion of the diet is
made up of animal matter which is presumed to provide a greater range of amino acids than
plant matter (Chivers & Raemakers 1986, Alfred & Sati 1994). .

Smaller primates like gibbons select fruit over leaves probably because they require
more energy-rich food (Raemakers 1984). Within the gibbon species, it has been observed that
young leaves are a major component of the diet of the larger species (10-12 kg) like the
siamang, but are not eaten by the smaller Kloss gibbon (5 kg) (Chivers 1984). The hoolock
gibbon weighs about . 6-8 kg (Leighton 1987). Gittins & Tilson (1984) had hypothesised that
the lower availability of food at the latitudes inhabited by the hoolock may cause it to have a
more folivorous diet like the siamang. Alfred & Sati (1994) have reported that the hoolock

gibbon is frugivorous although leaves do form a part of their diet.

Gibbons generally have a poor detoxification ability in relation to a low-fibre diet, and

- this has been suggested as a reason for this group being restricted to more diverse and less

seasonal forests where toxic effects can be reduced by frequent change of foods (Vellayan
1981).
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In a marginal habitat such as Borajan R.F wilh lower florislic diversity than in the

undisturbed areas, factors that determine hoolock food preferences both in terms of supply and

quality might be expected to show more identifiable patterns.

1.1.4. Home range
The concept of a home range is that of an area traversed by an individual in its normal

activities (Burt 1943) exclusive of large scale or erratic wanderings away from the area of
occupation (Jewell 1966). A territory is defined as a defended area within the home range
(Noble 1939). Gibbons are strictly territorial (Leighton 1987) and show the characteristic
manifestations of territoriality - defence, challenge, vocalisation, song and other signalling
activities as defined by Carpenter (1958). In gibbons, overt aggression has seldom been

recorded and territoriality is maintained by social boundaries and vocalisations (Whitten 1984,

_ Kappeler 1984, Gittins 1984).

Both home ranges and territories are functions of the composition and distribution of.
vegetation types (Struhsaker 1967). The home range may have one or more foci of activity
which is used more frequently and regularly than other parts (Carpenter 1940) and among
forest living animals, fruit-bearing trees usually form focal points in the range (Jewell 1966).
Within the home range, animal movements vary according to the changes in the spatial
availability of food resources (Peres 1985, Zhang 1994). For frugivores like the gibbon, food
resources would mean fruiting plants or those at any other edible phenophase.

Range-use in primates is suggested to be highly situation-dependent and a single
fruiting tree can strongly influence the range-use pattern of a primate species. Since primates
live in unpredictable environments where fruiting is asynchronous or at large time intervals, it is
imperaiive that they sample their entire home ranges regularly by sallies into currently unused
patches (Chapman 1988). This may also serve a patrolling function in territorial primates like
the hoolock gibbon. As has been found for other arboreal mammals such as marmosets
(Scanlon et al. 1989), a home range for gibbons would need to consist at the very least of a
minimum number of favoured feeding trees and sleeping trees. Like for most other animals,
the use of regular routes and pathways in the home range has also been reported for hoolock

gibbons (Prater 1980).



1,2. OBJECTIVES

This study had the following objectives:

1. To study the structure of the vegetation and plant species richness in the areas used by

gibbons.

2. Food selection

2.1.To determine the number of food tree species and their densities in the study area.
2.2.To determine availability and use of food tree species.
2.3.To determine the relationship between selection and quality of food in terms of
nutrients viz. dry matter, carbohydrate, protein, fat content, minerals and total
calorific value and digestion-inhibitors viz. fibre and tannins.
3. To draw up activity budgets of the two study groups and compare the same.

4. To study the movement patterns and determine the home ranges of the study groups.

10



CHAPTER I

2.0. STUDY AREA

2.1. INTRODUCTION
Borajan Reserve Forest (RF) is a small patch of lowland tropical rain forest.in Upper

Assam. It was notified as an RF in 1916 and had been left undisturbed during the war years
(1939-43) when most of the forests south of the Br-ahmaputra came in for heavy exploitation
(Srinivasan). Even 50 years ago this pocket was connected with contiguous forest. Now however,
it stands completely isolated in a matrix of tea-gardens and cultivation.

Over the years, a certain amount of degradation of the habitat in the RF has been caused
by illegal felling, lopping and fuelwood-collection by the local villagers, refugee settlers from the

fringes of the RF and labourers from the bordering tea estates. Within the last decade, the

sudden and large-scale illegal felling by the timber mafia has reduced the forest to a severely
degraded patch with a very high level of disturbance by humans and livestock. Probably less than
one-fourth of the area has any canopy cover at all, with most of the remaining continuous canopy
areas under the daily onslaught of felling.

Incidentally, this small patch of forest is reported to contain the highest biomass of
primates anywhere on the Indian sub-continent (Choudhury 1995), although thié is probably an

artefact of isolation and crowding.

2.2. LOCATION, AREA AND PHYSICAL FEATURES

Borajan RF (27°25'N - 95°22'E) is located in Tinsukia District of Assam (Survey of India
toposheet ref. no. 83M/7N). It covers an area of 4.93 km? and lies at an average elevation of 122
m asl. Located on undulating old alluvium on the south bank of the Brahmaputra river, it has a

seasonal channel called the Gainala flowing across its southern part. The terrain is flat and most

of the reserve area is criss-crossed by several shallow seasonal nullahs. These are generally

about 1 to 2m deep and flow around disconnected earthen mounds of variable area on which the

trees grow.

11
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2.4. VEGETATION

The original forest type 1B/C1 - Assam Valley Tropical Wet Evergreen Forest (Champion

& Seth 1968) also called the Upper Assam Dipterocarpus-Mesua forest, has been largely

old mixed plantation with several deciduous species, although Dipterocarpus retusus

still predominates.

Substantial tree cover in the Borajan RF remains only in two relatively large patches - in @

roughly 400m broad strip along the 1.3 km long northem gravel road and in another strip running

north to south:west along the eastern side of the reserve. The rest of the area falls in either of two

categories -
Degraded - with low tree density, discontinuous canopy and tangled undergrowth.

o Severely degraded - with a completely open canopy and the undergrowth overrun by weeds

like Mikania sp. and Azeratum sp..

The structure of the vegetation in the areas of tree cover can be broadly divided into the
following classes:

e An upper storey of Dipterocarpus retusus (Hollong), Ailanthes integrifolia (Borpat), Artocarpus

chama (Samkothal), Anthocephalus chinensis (Kodom), Bombax ceiba (Himolu), Michelia

spp, Terminalia myriocarpa (Holok), Terminalia chebula (Hilikha) and Syzigium spp.(Jamuk).

‘o~ A middle storey of Mesua ferrea (Nahor), Dillenia indica (Ou-tenga), Lagerstroemia parviflora

(Ajar),v Amoora wallichii (Amari), Dysoxylum binacteriferum (Bandordima), Garcinia cowa
(Cau-thekera), Talauma hodgsonii (Barampthuri/Thou-thou), Myristica sp., Canarium Spp-
(Dhuna) and Sapium baccatum (Seleng).

e A lower storey of bamboos, canes and palms the common species of which are
Dendrocalamus hamiltonii (Kako), Pseudostacyum polymorphum (Bojal), Calamus erectus
(Jeng), Calamus spp. (Bet) and Livistonia jenkinsiana (Tokou).

e The undergrowth is composed of species such as Laportea sp. (Surat pat), Glechenia
linearis, Alpinia sp., and Azeratum sp.. Mikania grows widespread through most of the area,
especially in the degraded portions where it forms 0.5 to 2-3 m high blankets over the ground

along with other weeds.

14
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piporsp., Thunbergia grandillora Dalborgia volubilis, 1illacora cordiolia, Scholllon vonulosa
L /p o !

and Aeschynanthus are sOme of the common climbers and the common orchids are Vanda

teres, Coelogyne cristaia and Bulbophyllum spp. Asplenium nidus, Polypodium argutum and

Pleopeltis are the common epiphytic ferns. A few tree figs and several climber figs suchas F.

pomifera, F. benjamina and F. nervosa occur scattered in the area.
, F.

2 5. INTENSIVE STUDY AREA
Choudhury (1995) had estimated a population of at least 30 gibbons in 7 family groups in

this RF. The RF was surveyed in December 1996 for gibbon presence. Three groups of gibbons
were found occupying adjacent territories in the forested strip on both sides of the northern gravel
road. An area of 21.5 ha comprising the areas used by the first and second gibbon troops (18.8
ha) as well some peripheral area around this was gridded (grid size - 50 x 50 m) (Fig. 3). An
additional area of approximately 5 ha that was used by the third troop was not gridded.

The intensive study area was bordered by cultivation on the west, degraded reserve area
in the north, the Mahakali Tea Estate in the east and degraded area and the forest village in the
south.

The power line formed the southern boundary of the third group. Each group used only
one or two specific arboreal routes in order to cross the road. This road was 6.5 m wide on an
average. The vegetation here was dominated by Dipterocarpus retusus and Mesua ferrea with a

relatively sparse undergrowth.

2.6. FAUNA

Fourteen species of mammals were reported from Borajan RF (Choudhury 1995) and
three more were added to the list during this study. Apart from the hoolock gibbon, the
mammalian species seen during the study were the pig-tailed macaque (Macaca nemestrina),
Assamese macaque (Macaca assamensis), capped langur (Semnopithecus pileatus), barking
deer (Muntiacus muntjac), particoloured flying squirrel (Hylopetes alboniger) and Pallas's squirrel
(Callbsciurus erythraeus). Leopard cat (Felis bengalensis), Large Indian civet (Viverra zibetha)

and Small Indian mongoose (Herpestes auropunctatus) were the new records for the RF. Four

15
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-privately owned elephants were released in the reserve in February. This apparently is a regular

feature every year during the rainy season (Montu Munda pers. comm.).

Eighty two s
RF. This includes the Indian Pied hornbill (Anthracoceros malabaricus), kaleej pheasant (Lophura

pecies of birds (Choudhury 1995, this study) have been recorded from the

Jeucomelana), lesser adjutant stork (Leptoptilos javanicus), four species of woodpeckers

(Micropterus, Dinopium and Picus species), large racket-tailed drongo (Dicrurus paradiseus) and
black-crested baza (Aviceda leuphotes).

At least eight species of reptiles e.g. monitor lizard (Varanus sp.), hard-shell turtle
(Bataguridae), skinks, glass snake (Ophisaurus gracilis) and four species of snakes including a

python species and twenty species of butterflies have been recorded from the reserve so far.

_ 2.7. MANAGEMENT AND CURRENT CONSERVATION STATUS

Borajan was notified as a Reserve Forest under the Lakhimpur Forest Division on 29th
August 1916 (Das, A.C undated). It was generally categorised under ‘Government Wasteland’
prior to reservation. The reserve has 8 compartments (nos. 6-13) of the Makum Felling Series
(Srinivasan undated). Plantations of mostly Dipterocarpbs retusus and Terminalia myriocarpa
were carried out between 1943-1966 and more recently in 1995-1996, but the total area planted
is less than 20% of the RF. Regeneration of Dipterocarpus and Mesua were carried out between
1946 and 1968 (Assam Forest dept. records). The entire reserve was brought under the Hollong-
Mekai regeneration working circle between 1974-75 to 1985-86. For administrative convenience,
it was subsequently taken under the Digboi forest division (Das, B.N undated).

The forest department does not conduct logging operations. A proposal submitted by the
Rhino Foundation for Nature in North-East India to declare Borajan as a wildlife sanctuary is

currently under consideration by the Assam Forest Department. There is also a plan to transfer

the RF to the Dibrugarh Division.
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Chapter lll

3.0. METHODS

3.1. GENERAL METHODS
This study was carried out between December 1996 and April 1997. The intensive study

| area (18.8 ha) was divided into 50 m X 50 m grids. The starting point was a known location (entry

point of the RF) obtained from the Survey of India (1:50000) toposheet. Half metre wide belts
marking the grid lines were cleared of vegetation to enable movement between grids. All grid
lines ran in north-south and east-west directions.

There were forty one (10.25 ha) and thirty-four and a half grids (8.6 ha) in the areas used by
Troop 1 and Troop 2 respectively. These are referred to as Area 1 and Area 2. The grids were

used as the reference units for tracing gibbon movement routes, establishing their locations,

. demarcating their used areas and for the quantification and mapping of the vegetation within the

study area.

3.2. QUANTIFICATION OF VEGETATION
A study of vegetation within the intensive study area was carried out to obtain information

on the structure of the forest, number of tree species, their abundance, spatial distribution and
phenological states. All quantification of vegetation was done towards the end of the study period.
The area sampled was just over 50% of the total grid area.
e Plots of 10m radius were laid in each quarter of the grid around the centre of the grid quarter.
In each of the plots, the following were recorded -

1. All tree species with GBH (girth at breast height) >20cm.

2.GBH

3. Estimates of tree height.

4. Canopy cover at four locations in the quarter using a spherical densiometer. All values for
the grid were averaged to obtain a single canopy cover value per grid.
5. Canopy continuity as an attribute of the vegetation important for the movement of gibbons

(Alfred & Sati 1986) was assessed by scoring the tree nearest the grid quarter center on a
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1995). | did r;ot attempt to habituate the third troop. Only ad libitum (Altmann 1974) data on

locations of this troop over the study period was collected and plotted on a map to obtain an idea

" of their home range and to look for overlap, if any, with the second troop's home range.

Information on time and duration of songs of this troop were also recorded whenever they sang.

3.6.3. Group composition

Troop 1 consisted of four individuals - an adult male, an adult female, a juvenile and an

infant. The infant was not included in the observations. This infant died on 1 March, 1997. Troop 2
conslsted of two individuals - an adult male and an adult female. Troop 3 had four individuals -

adultvmale, adult female and two young ¢f different ages. The female of this troop was not seen

after the third week of January 1997.

3.6.4. Sampling regime
Continuous focal animal sampling of individuals (Altmann 1974) was done from dawn-to-

dusk for six (Troop 1) and four days (Troop 2) each month i.e. two days per individual per month.
The total days of observation for Troop 1 in four months - January to April 1997 and on Troop 2
for three months - February to April 1997 were 24 and 12 respectively.

Simultaneously, group scans (Altmann 1974) were also done on the minute, every five

minutes. This data however has not been analysed.

3.6.5. Categories of data
On each day of observation the following details were recorded:

1.Date
2.Time
3.Daily weather

i) Temperature (Max. Min. thermometer)

ii)  Rainfall

iii)  Other notes on the weather - sunny, cloudy, foggy, windy etc.
4.Individual

5.Grid number- v
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1. Dry matler values of completely dry samples alter 24 hours of oven-diying at 100°C. All othier

values were calculated on this dry matter.

2. Calorific value was determined by bomb calorimetry in a Sanyo Gallencamp Bomb calorimeter

i (Anon. 1994).

} 3. Nutrients

f a) Crude protein was calculated from total nitrogen estimated by the modified Kjeldahl method
(Horwitz 1980). After acid digestion of the samples, titrations were done on a Tecator
Kjeltec 1030 Autoanalyser.

b) Fat content by Soxhlet extraction (Horwitz 1980).

c) Total ash content (Horwitz 1980).
d) A residual fraction of nonstructural carbohydrates presumed to be largely starch and sugar

was estimated by subtracting the concentrations of crude protein, ether extract, ash and

i I <

NDF from 100 (Calvert 1985).

I et e s e e

C2 %0 DS A

4. Digestion inhibitors
b a) Acid detergent fibre (ADF) (VanSoest, 1963).
b) Neutral detergent fibre(NDF) (Goering & VanSoest 1970).
5. Secondary compounds - Tannins were estimated by the modified acidified vanillin

" “method (Burns 1971).

T o L N e < 3 |

" 3.8. DETERMINATION OF MOVEMENT PATTERNS AND HOME RANGES
| | Locgtions of the two gibbon troops were taken daily by direct sighting in one of three time
: blocks (5AM-9AM, 9AM-12PM,12PM-5PM). Locations of the third troop were taken randomly.

’, Route maps of the troops were drawn on a map overlaid with the referenc;e grids on all days of

4 conti i
i inuous observation each month. All subsequent locations for the month were also plotted on
4+ this map.
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percentages was used to decide on the percentage ol hannonic mean isopleth to be used |
or

determining activity centres.

Daily movement was determined by measuring distances on a map between two
successive points. A one-way ANOVA was used to test for differences between mean daily

movement among months. A t-test was used to look for differences in mean daily movement

pooled over the months between the two troops.
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In Troop 2, when fruiting on the Ficus benjamina stopped, the gibbons fed on leaves ol
the climber Vallaris solanacea and the available fruils of Erythrina stricta, and then went on 1o

exploit the new fruit crop on Artocarpus chama.

4.3.5. Selection on the basis of food value
| Troop 1

A comparison of the important species in the diet of Troop 1 (N=6) revealed that
Aeschynanthus sp. had the highest dry maiter value (60%) and lowest tannin content (1.4%). It
was alsb high in total ash (10.9%). Although crude protein (CP) was low and ADF high, the
energy value was comparable with those for the other species.

Ailanthes integrifolia leaves had the highest protein value (22.2%) and highest CP:
(ADF+Tannin) ratio (.78). It was also relatively high in ash content (9.4%). Alcimandra cathcartii
leaves had the next highest CP:(ADF/Tannin) ratio (.34), crude protein (15.1 %) and dry matter
(34%) levels. Ficus retusa had the highest carbohydrate (33%) and highest ether extract value
(7.9%) among the top six species. Ficus hederacea had the highest levels of total ash (14%).
Among all the food species, the aril of Dysoxylum binectariferum (Family Meliaceae) had the
highest level of ether extract - 48.6% in comparison to all the other species whose ether extract
values ranged between 1% - 8%.

Dry matter content and the crude protein:(ADF+Tannin) ratio explained 51% of the

variability in time spent feeding (r2=0.51, F=.002, N=27) for Troop 1.

Troop 2

Among the food species of Troop 2, Ficus benjamina had relatively high gross energy
(5.2 Kcal/g) and ether extract (8%). Its fruits also had the lowest tannin levels and its ash content
of 9.7% was among the higher ash values for the compared species.

Vallaris solanacea showed among the highest carbohydrate content (42%) of all the
species. Erythrina stricta flowers and fruits had the highest protein levels (22.5%) and the highest
CP:(ADF+Tannin) ralio (0.53). Artocarpus integrifolia raw fruits had high carbohydrate level
(33%) and low ADF (22%), but was high in tannins. Artocarpus chama fruits were highest in

ether extract (8.2%) and low in tannin.
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No single variable significantly contributed to variability in time spent on different food
items by Troop 2. Elher extract explained only a fraction (r?=0.20, F=.04, N=26).

The boot strap analysis showed that gibbons chose food items that had higher nutritive
content and higher digestibility (N=30). However, there was no difference in the tannin content
petween food items chosen and those not eaten. (Appendix 2 A and 2B: Lists of food species of

Troops 1 and 2, total time spent and nutritional values).

4.4. MOVEMENT PATTERNS AND HOME RANGES
4.4.1.Home range area
A stable home range for Troop 1 was achieved after 58 locations and the home range of

Troop 2 stabilised at 32 locations. The sample size used was therefore adequate to calculate

home ranges for the troops.
The Minimum Convex Polygon (MCP) home range area for Troop 1 was 10.48 ha (95%
HM 5.75 ha) and the 50% Harmonic Mean activily centre area was calculated as 0.3 ha (N=113).

The MCP home range area for Troop 2 was 5.43 ha (95% HM 4.1 ha). Its 50% Harmonic
Mean activity centre was 0.02 ha (N=41) (Fig. 7).

4.4.2. Daily movement
The mean daily movement of Troop 1 was 445.3:219.8m. The minimum distance
travelled was 170 m and maximum was 1000m. The mean daily movement in April (685m) was

significantly higher than that in January and February (p<0.05, N= 24). The least mean distance

travelled was in the month of February (272.5 m).

The mean day range for Troop 2 was 316+165.9m with a minimum distance travelled of

130m and a maximum of 660m (N:=12). The mean daily movement was significantly greater

(p<0.05) in April (400m) than in February (216.2m).
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© 4.4.3. Movement in relalion to spalial distribution of food resources

Troop 1

The monthly movement patiem of the gibbon troops appeared to be governed by the
distribution of fruiting trees (Fig. 8)

For Troop 1 in January, when fruits were in low abundancé, no particular pattern of use
was detectable. The troop moved from the Ailanthes integrifolia with & fruiting Ficus elastica and
an Alcimandra cathcartii near it at one end of their range, to another Alcimandra cathcartii near
the centre and then to two individuals of Ficus pomifera - one near the centre and the other at the
extreme south of their range (Fig.9b).

In February however, the fruiting of a Ficus nervosa in the north of their range, led to the
intensive use of another A. cathcartii near it as well as the one near the centre. The Ailanthes
fo_rmed a second locus because of the close proximity of a flowering Cinnamomum glaucescens,

the A.cathcartii and the F. elastica with diminishing fruit. In this month they did not venture to the
south even though the F.pomifera was still in fruit (Fig.9c)

In March, the appearance of buds on a large Magnolia hookeri in the south-eastern
portion of their range, shifted the focus of their feeding activity away from the Ailanthes. In this
month with the M.hookeri as the focus, they used the F.pomifera in the south more intensively
and remained near the centre where they could also feed on the central A.cathcartii and the
F.pomifera near it. In this month the northern A.cathcartii and the F.nervosa with very few fruit
were not visited at all (Fig 9d).

In April the fruiting of four individuals of Artocarpus chama in the extreme west of their
range coincided with the fruiting of a F.retusa in the eastern and a F.hederacea in the southern
parts. Here, they divided their time among the three portions but their activity leaned perceptibly
to the central-eastern locus where apart from the F.retusa, there was also the central F.pomifera.
They also went back to feeding on the Ailanthes integrifolia which they had largely ignored in the

previous month. Use of the central A. cathcartii also dropped to a minimum in this month

(Fig.9e).
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CHAPTER V

5.0. DISCUSSION
This study was originally intended to look at food selection and ranging in a troop of
gibbons in order to examine what kind of limitations operate in a disturbed forest with respect to

food and movement.

It was expected that gibbons would be limited by factors such as canopy discontinuity
and the decrease in diversity and abundance of trees - which translates directly as a loss of
pathways, shelter and food resources. It follows therefore that the effects of seasonality on the
gibbons would also be more pronounced because of the fewer number of species that could
serve as food resources in a lean season.

The opportunity to observe two other troops of gibbons in the same area (one
intensively), allowed a level of comparison that changed the perspective of the study. All the
results obtained are discussed here in this comparative perspective. .

The contrasts among such immediately neighbouring groups only serve to highlight the

fact that strategies for survival are adaptive, and situational differences may often render general

assumptions invalid.

5.1. VEGETATION - THE IMPORTANCE OF STRUCTURE, liENSlTY AND DIVERSITY
“The dependence of gibbons on the upper layers of the forest is virtually as complete as the
dependence of fishes on water"
-Brockelman and Chivers(1984)
5.1.1. Structure influences behaviour
Arboreal mammals depend entirely on the closed-canopy forest for their food, shelter and
movement. The structure of the forest therefore assumes central importance in determining their
ecology and behaviour. In my study area, tree density, species richness and canopy continuity
were relatively higher in Area 1 than in Area 2. This had a number of implications :
The area used by the first troop was double that of the second because a larger area

. ~ was accessible to it via the canopy and therefore potentially available for use. The former was
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¥ 5.2.1. The importance of temporal changes in food availability

" The diet of Troop 1 varied from month to month according to what was available.
Depending on the contribution of fruits within their narrow temporal windows of availability, the
use of other resources viz. leaves and vines fluctuated over the months. Their use however
rarely fell to zero. The prolonged fruiting and use of the F. benjamina in Area 2 obscured such an
observation of drastic changes in food until April when cessation of fruiting in the F. benjamina
coincided with the fruiting of Artocarpus chama, Bombax ceiba and an additional Artocarpus
integrifolia. Such opportunistic feeding on seasonal foods has also been observed in other
frugivores such as orangutans (Pongo pygmaeus pygmaeus) (Galdikas .1988) and muriquis
(Brachyteles arachnoides) (Strier 1991). o

Frugivorous mammals are constrained by such irregular patterns of both spatial and

temporal availability of food resources in the forests of the tropics. Tropical frugivores therefore
have to adopt lean fruiting season strategies such as feeding on fibre-rich foods like leaves,
when fruit availability is low (Borges 1989, Milton 1979). However, often it is seen that at
intermediate levels of availability, with alternative foods of widely different preferences, it is
practically impossible to say whether a plant failed to appear in a diet because of low preference
or low availability.

- Strier (1991) for example, found that although fruits and flowers seemed to be the
preferred foods of muriquis_they also regularly fed on leaves. Although leaf-eating may have
been a lean-patch strategy for Troop 1, it is also possible that the leaves of Alcimandra cathcartii,
Ailanthes integrifolia and the vines - Aeschynanthus, Gnetum scandens and for Troop 2, Vallaris
solanacea, may have been preferred food items on their own, and not merely substitutes
during the shortage of fruits. The importance in the diet maybe because of the protein,
micronutrient or some other specific requirement they provide, which fruits alone cannot.
Nutritional analysis threw some light on this possibility, but nothing can be said in categorical

terms.

52




3 ).‘;}q;‘-_A L

B Y b g

5.2.2. The importance of spalial dispersion of food resources

Results showed that the spatial distribution of food plants was one of the determining
factors in selection of food by hoolock gibbons. The choice of food trees was influenced by the
presence of other food trees in the vicinity so that at a particular visit to that part of their home
range, all the available trees in that part could be used. In each month, the trend was largely
determined by the location of a large fruiting tree that occurred associated with several other
usable trees. A scrutiny of the gibbon route maps to look for patterns of movement, in
conjunction with the phenology data revealed that when a single isolated food tree was available
ata point, the gibbons tended not to use that tree until an additional one or more trees in
its vicinity also became available.

Troop 2 spent most of its time within a small, low-cover and disturbed area which was
resource-rich in terms of fruits. That groups search out areas where more than one favoured
food is abundant has been recorded for other primates such as red colobus (Clutton-Brock
1975), brown capuchins (Zhang 1994), spider monkeys and sakis (Norconk & Kinzey 1994) and
howlers, cebus and spider monkeys (Chapman 1988).

The net energetic benefits that accrue from clumped resource patches including
reduction in foraging time and ranging distances (Krebs & Davies 1993) is probably the crucial
factor operating in such choices by the gibbons.

Troop 2 was once observed to visit food trees that were distant from the resource patch,
to feed on buds of Michelia éhampaca. On this trip they stopped en route to feed on Michelia
kisopa leaves and Ficus geniculata fruits, both of which had very small crops at the time. That
nigﬁt they roosted beyond the Michelia champaca. In this case, the nutritional or energetic
benefits or both, from the buds may have justified the travel involved in reaching this food source.
The next morning however, they moved over a distance of more than 300 m directly back to the
resource patch with the F.benjamina. This behaviour was uncharacteristic, because immediately
after waking, gibbons usually move to a feeding tree very near the roost site. | cannot explain
why on this day they skipped their normal early morning feeding session and instead basked for

a considerable while near the roost tree before heading back to the F.benjamina.
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