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Abstract of the dissertation

Dietary shifts, Niche Relationships and Interspecific Competition in theo&yim Grey
Langur Semnopithecus entellusnd the Purple-Faced Langiirdchypithecus vetullis
in Sri Lanka

by Rajnish Vandercone
Doctor of Philosophy in Anthropology
Washington University in St Louis, 2011
Professor David T. Rasmussen, Co-Chairperson

Professor Robert W. Sussman, Co-Chairperson

Understanding how niche differences evolve in ecologically similar speuildsoav

these differences are maintained ecologically is a fundamental questicoiogy.
Interspecific competition has been shown to influence the behavior and ecology of
organisms in a wide range of ecological communities. However, the broader role of
interspecific competition in primate communities is unclear as relafie® studies have
explored this question. This is especially true for folivorous primate commsirstich as
those of colobine monkeys, in which the influence of interspecific competition ottaspe

of the ecology of these monkeys is yet to be determined.

In this dissertation, | present data and analyses on the dietary ecolagyggraehavior,
and interspecific interaction ifrachypithecus vetultendSemnopithcus entellususe
this work to assess the possible role of interspecific competition on thedredrad
ecology of these species. | specifically explored this issue bytigatsg: 1) the
monthly variation in dietary overlap in relation to monthly resource avaiigli)

interspecific interactions in relation to resource availability, 3)rifleence of



interspecific interaction on feeding effort, and 4) the influence of intefgpmteraction

on vertical habitat use patterns. In this study, both species showed sindlagfee

patterns when feeding on seasonal plant items, but showed a preference fodfruit a
flowers over leaves, a trend not reported in previous studies on these species. tise lang
in this study also consumed a high proportion of flowers in comparison to other colobine
monkeys, making this population one of the most florivorous colobine populations. In
addition, both species preferred to feed on tree species that were relatigeinad

showed clumped distributions. Clumped resource distributions have been suggested to

promote within-group and interspecific competition.

Home range overlap betwe&nvetulusandS. entellusvas extensive. Although resource
availability within the home ranges 8f entellusandT. vetulusvere similar, the index of
defendability D) of S. entellusvas higher than the index of defendabilid) ©Of T.

vetulus This suggests that the two groupsSaéntellugraversed their home range more
intensely tharT. vetulus Trachypithecus vetulusavelled a relatively short distance on
any given day in comparison & entellusand consequently utilized only a fraction of its

total home range.

The dietary overlap betweé&h entellusandT. vetulusshowed considerable temporal
variation in comparison to dietary overlap between other closely related prijpeatess
There was no significant relationship between monthly dietary overlap ofturena
leaves and monthly immature leaf availability. However, dietary floweravevas high
during periods of flower availability and low during periods of flower scarcitys Thi

observation was consistent with observations from other studies, which show cospetitor



to reduce diet overlap in response to the decline in resoeeise contrary, dietarydit
overlap tended to be high during periods of fruit scarcity as both species converged on
the same fruit tree species. However, these primates were never dliseyeeupy

feeding trees at the same time. Interactions betWeentellusandT. vetulusoccurred
mostly during the period when fruit availability was low. These intevastresulted in a
reduction in the proportion time devoted to feeding byetulus In addition, during

these interactions. vetulusvas displaced from feeding trees, which also resultéd in

vetulusaltering its vertical habitat use pattern.

These observations demonstrate thatntellusvas dominant oveF. vetulusduring
intergroup interactionand hence it is possible that the low level of mobility and the low
intensity of home range use observedTfovetulus and dietary niche partitioning by
these species are adaptations by these primates to mitigate@datogpetition and

promote coexistence.
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Chapter 1

Introduction

1.1 Research objectives

Studies on competition in primates have predominantly focused on the influence of
intragroup competition on primate socioecology. However, several lines of evidence
demonstrate that interspecific competition may be an important factor in pmgraot
maintaining niche differences in sympatric primate species. Theseolimxidence

include work on saturated primate communities (Lawes and Eeley 2000), correlation
between primate biomass and food supply (Davies 1994; Chapman et al. 2004), density
compensation (Peres and Dolman 2000), positive correlation between ratios of lsedy ma
and the number of species at a site (Ganzhorn 1999), correlation between body size and
dominance hierarchies in tropical frugivores (French and Smith 2005) and aggressive
interactions between species (Stevenson et al. 2000). Despite this evidenamdbe br

role of interspecific competition in primate communities is still uncleanisa

relatively few studies have addressed this topic precisely (Stevenson et all 200@t

al. 1997; Guillotin et al. 1994; Gautier-Hion 1980). However, the majority of these
studies failed to carry out empirical tests for competition and only considereid@ioé |
evidence, namely dietary overlap (Tutin et al. 1997; Guillotin et al. 1994; Gaudier-H
1980). Since the relationship between dietary overlap and competition is unclear, the

results of these studies are largely inconclusive.

Fieldwork was carried out to gather data on the ecologyawfhypithecus vetulusnd

Semnopithecus entellusthe north central dry zone forests of Sri Lanka during May-



July 2005 and July 2008-June 2009. The objective of this study was to examine food
resources and habitat use of these two sympatric Asian colobine monkeys to assess
whether interspecific competition influences behavior and ecology in thesespkhe
study was conducted at the Kaludiyapokuna forest reserve, a relativelyutmehisforest
in the north central dry zone of Sri Lanka. The north central dry zone forestd ah&a
provided an ideal opportunity to study the interaction of these two species, which

overlapped in their ranges in this region.

Observations were made on two group$ oéntellusand one group oF. vetulus Data

on feeding, habitat utilization, ranging and interspecific interaction welectad to test
predictions based on competition theory. A number of studies have demonstrated
sympatrically occurring ecologically similar species to diverge iim thets in response

to the reduction of resource availability (Schoener 1986; Tutin et al. 1997; Guitlatin e
1994). Such changes in overlap have been suggested to reflect the intensity of
interspecific competition (Korpimaki 1987). Based on the outcome of these studies, i
was predicted that if these two species compete for food, the diet overlage(dégr
resource partitioning) between these two species should be the greatest during periods
when fruit, flowers and immature leaves are abundant and reduced during perinds whe

resources are scarce.

Interference competition has also been shown to influence aspects of the e€ology
species such as habitat use (Brown 1971) and foraging effort (Ziv and Kotler 2003;
French and Smith 2005). It was predicted that if interference competitionnmgpartant

interaction, interspecific encounters should occur during the phases wherepefer



limited, patchily distributed resources such as fruit and flowers are lovailakility. In
addition, a comparison of the feeding rates when the two species were in assacidti

when they were not was also proposed. If competition occurred and one speciesdlisplace
the other from feeding sites, it was predicted that the feeding rates of both species

would be lower when in association than when they were not.

Studies that contrast the niches of species in the presence and absence ofbcempetit
have shown species to alter their habitat preferences in response to the presence of
competitors (Huey et al. 1974; Schoener 1975; Diamond 1978; Alatalo et al. 1985). To
investigate the influence of interspecies interaction on habitat usenpaifeéhese

primates, a comparison of the vertical dispersion of the two species when tieap we

close associatiomersuswhen they were not was also examined.

The data presented in this dissertation addresses a number of theoretisakissing to

the importance of interspecific competition in foli-frugivorous primat@manities. In
addition, the data on group structure, feeding ecology, ranging and habitat usgefrese
here broadens and furthers the understanding of the ecology of these species and the
Colobinae in general. These data are also invaluable to the conservatisedtbeies

as information based on systematic data collection is sparse for thesegpimaiti

Lanka. Gathering information on these species has become of increasednogast&ri

Lanka has one of the highest rates of deforestation in Asia (Dinerstein and
Wikramanayake 1993) and is the global biodiversity hotspot that has the highest category
of population pressure (Cincotta et al. 2000). CurreB#ynnopithecus entellus thersites

andTrachypithecus vetuluasre classified as endangered in the International Union for



Conservation of Nature (IUCN) red list of threatened species (IUCN 2011).
Trachypithecus vetulus nester distinct population inhabiting the Western Province of
Sri Lanka, had also been listed as on of the world’s 25 most endangered primates

(Mittermeier et al. 2009).

1.2 Theoretical background

Numerous authors have acknowledged the existence of regular patterns within
communities such as distribution complementarities (Gilpin and Diamond 1982),
resource partitioning and the temporal variation in the degree of resourtiemagi
(Schoener 1986; Korpimaki 1987), character displacement (Brown and Wilson 1956),
habitat shifts (Schoener 1975; Diamond 1978) and niche expansion (Lister 1976).
Interspecific competition has been frequently identified as the chief agggunsible for
establishing these patterns in ecological communities (Pacala and Raleyh§)885;
Gurevitch et al. 1992). Competition has been shown to alter population densities
(Hairston 1951), foraging efficiency, growth rate (Dunham, 1980; Gustafsson 1987; Zi
and Kotler 2003), age structure (Smith 1981), habitat use (Creel and Creel 1996), and
activity patterns (Kotler et al. 1993; Jones et al. 2001), and is widely regarded as one of
the important interactions and holds a central place in ecological and evolutiveany

(MacArthur and Levins 1964, 1967; Gurevitch et al. 1992).

The concept of ecological competition or “the struggle for existence” wasofinsulated
by Darwin as an integral component of the theory of natural selection. In 185hDarw

wrote:



As species of the same genus have usually, though by no means invariably, some
similarity in habits and constitution, and always in structure, the struggle will generally

be more severe between species of the same genus, when they come into conmbetition w
each other, than between species of distinct genera. We see this in the receminextensi
over parts of the United States of one species of swallow having caused the decrease of

another species. (p.76)

In 1934 the experiments carried out by the Russian scientist G. F. Gause reksgdphas
Darwin’s struggle for existence. These classic experiments weogmped using two
species of protozoanBaramecium aurelimndParamecium caudatunmitially the two
species were placed into culture media that were maintained under idemididibos.
Under these conditions each species exhibited normal growth patterns ard reach
equilibrium. However when both species of paramecium were pladbd same culture,
Paramecium caudatumvas exterminated and orfRaramecium aureligurvived after
sixteen days. Neither organism attacked the other or secreted harmful suhstance
Paramecium aurelidnad a higher rate of increase in comparisdpaamecium
caudatumand consumed more of the limited amount of food available in the culture. In
further experiments, Gause placed the ldBaramecium caudatumvith another species,
Paramecium bursariaThese two species were able to coexist bedawcseidatunfed

on the bacteria suspended in the solution, whdtebarsariafed on the bacteria at the
bottom of the tubes. Through his experiments Gause illustrated that two spelties wit
similar ecological requirements could not coexist in the same environmenth@biiern

has been referred to as Gause’s law or the principle of competitive exclusion.



1.2.1 Tests of competitive exclusion

Since Gause’s work, similar experiments have been carried out by numerous other
investigators. Thomas Park (1948; 1954) used two species of flour BeéiEsim
confusumandTribolium castaneunn a controlled lab setting. In the absence of the
parasitoidAdeling Tribolium confusunwas driven to extinction. In the presence of the
parasitoid,Tribolium castaneurbecame extinct. Park (1948; 1954) also demonstrated
that the outcome of competition between the two beetles depended upon environmental
temperature, humidity and on the fluctuations in the total number of eggs, larvae, pupae,
and adults. Often the outcome of competition was not determined for generations.
Laboratory experiments carried out by other investigators also coGfumse’s

hypothesis that two species with similar ecological requirements canabirettie same
environment (Crombie 1946; Frank 1957). Apart from these laboratory experiments
there are also numerous field experiments and observations that lend support to the
principle of competitive exclusion (Connell 1961; Brown 1971; Jaeger 1971) However
most of the cases of competition exclusion in nature are based upon circumstantial
distributional evidence, and only Connell (1961) and Brown (1971) proposed
mechanisms of exclusion. Connell (1961) performed field experiments on two species of
barnacleChthamalus stellatuandBalanus balanoidesAdult Chthamalus stellatus

occurred in the marine intertidal zone above th&al&nus balanoides Chthamalus

was never able to establish itself in the zone wBatanusoccurred because
Chthamalussettled in much smaller numbers in comparisoBalanus Also, when
Chthamalussettled Balanussmothered, undercut, or crushed @tghamalusThe

greatest mortality o€hthamalusoccurred during the season of most rapid growth of



Balanus Brown (1971) described the interactions between two species of chipmunks
(Eutamias dorsalisndEutamias umbrinys which excluded each other from certain
latitudinal ranges on numerous mountain peaks in the central Great Basiorsalis
excludedE. umbrinugrom sparse pifion-juniper forests at lower elevations aad
umbrinusexcludecE. dorsalisfrom denser forests in high altitude. However the two
species overlapped in a narrow strip of intermediate habitat. In this fegawrsalis the
more aggressive and terrestrial of the two species clkasedbrinudrom areas where

the trees were widely spaced. The competitive advantage shifted to tharbaesal and
socialE. umbrinuswvhen the trees were sufficiently large and dense that their branches
interlocked. In these habitaEs umbrinusreadily escapeB. dorsalisby fleeing through
the trees over routes that tBedorsaliscould not follow. In such situations the
aggressive nature &. dorsaliswas counterproductive becauseumbrinusvas so
numerous that that latter wasted a great deal of energy on chases. Thaaifer
between the two species in aggressive behavior apparently represent ietptmnse

density of cover and food resources in their habitats.

In addition to these examples from the laboratory and the field, examplesoare als
available from areas in which new species have been recently introduced. The
introduction of the American grey squirrels into several regions in Britdreadrid of the
19" Century has caused the disappearance of red squicalsys vulgaristhroughout
much of their geographic range (Lloyd 1983; Usher et al. 1992). The grey saiere
less arboreal, digest acorns more efficiently, and put on more weight over tarteed
squirrels (Kenward and Holm 1993). These differences probably give gresetsjair

competitive advantage in deciduous woodlands (Kenward and Holm 1993). Similarly the



human-aided invasion of urban/suburban areas by the sexuallgeckdactlylus
frenatushas caused the decline of the native asexual dagiidodactylus lugubris
throughout the Pacific (Petren and Case 1996jnidactlylus frenatudepleted insect
resources to lower levels thaepidodactylus lugubrisvhich resulted in reduced
resource acquisition ibepidodactylus lugubrisReduced resource acquisition translated
into reductions in the body condition, fecundity, and survivorshlpepfdodactylus

lugubris (Petren and Case 1996)

In all of the above examples exclusion occurs or is assumed to occur as a résult of t
species concerned competing for identical environmental resources. Simce thes
observations and many others support Gause’s original conclusion, the principle of
competitive exclusion has been widely regarded as an important principle of cagnmuni

ecology.

1.2.2 Community and guild structure

Competition holds a central place in ecological and evolutionary theory anddemas be
perceived as an important determinant of community and guild structure (lacAnd
Levins 1964, 1967; Schoener 1983; Gurevitch et al. 1992). In a meta-analysis of field
experiments on competition by Gurevitch et al. (1992), competition was found to have
the largest effect overall on the biomass of 93 species in a wide range afshabigid
experiments have revealed a wide range of competitive effects on populations of
organisms. Experiments by Dunham (1980) on two iguanid liZged®porus merriami
andUrosaurus ornatushowed that individual foraging success, growth rate, body mass,

prehibernation lipid levels, and population densities, were significantly lower in the



control populations of both species during dry years, indicating that both species
experience stressful conditions during dry years. Arthropod abundance was found to be
low during dry years. In the experimental plots wigceloporus merrianwas removed,
the density, individual foraging success, growth rate, prehibernation body maspicand |
levels ofUrosaurus ornatusvere significantly greater than in the control populations.
Similar experiments oB8celoporus merriamandUrosaurus ornatushowed that the age
structure of the population was affected by age specific competition during/tbeasion
(Smith 1981). In both species the survival of yearling females was sigrijicgeater in
experimental plots. Experiments on Great Tits, Blue Tits and Collaredi¢tgca

showed that the two tit species had negative effects on the fitness of Collaaidters
(Ficedula albicollig possibly through competition for food during both the nestling and
post fledging periods (Gustafsson 1987). When densities of tits were experiynentall
reduced, the number and mass of Collared Flycatcher fledglings increasedparison
with those in experimental plots (Gustafsson 1987). In addition to direct effects of
competition, competitive interactions between species may have an effect on the
vegetation of the habitat and in turn indirectly affect other species in the habdat. S
indirect effects are probably more widespread and important in structonmgunities
(Heske et al. 1994). Brown and Davidson (1977) carried out experiments on competitive
interactions between rodents and ants during which rodents and ants increased in
response to the absence of the other taxon. Also the analysis of the soil revedhed that
density of seeds was 5.5 times greater and the densities of annual @assels|ja
barbataandB. aristidoide$ was 2.0 times greater on plots from which rodents and ants

were absent in comparison to other plots in which rodents, ants or both were present.



Experiments carried out on rodents in the Chihauhuan Desert revealed that rodent
abundance was influenced by direct competition and by indirect effects (Hedke et

1994). Exclusion of kangaroo rats from study plots saw an increase in abundance of other
species of rodents, produced dramatic changes in the relative abundance bf severa
species and later caused major changes in the vegetation cover, particatasfycertain
grasses (Brown and Heske 1990; Heske et al. 1994). The distribution of harvest mice
were directly influenced by kangaroo rats by direct competition and indit®ctly
modifications caused to the habitat (Heske et al. 1994). The increase of cottavasiice
entirely due to the increase in grass cover (Heske et al. 1994). These studies show
interspecific competition to directly and indirectly influence thehifgory of organism

and thereby the relative abundance of organisms in a habitat.

In addition to competition, other biotic and abiotic interactions such as mutualism (va
der Heijden et al. 1998; Stachowicz 2001), predation (Turner and Mittleback 1990),
climatic effects (Weins 1977) and heuristic theories such as neutral thidolyg(l

2005) have been shown to successfully predict relative abundance and distributions of
species in ecological communities and hence the relative importance oftitiombas

been debated in recent years (Stachowicz 2001; Hubbell 2005).

1.2.3 Competition and conservation

Competition may also have implications for conservation. Some species atbaarer
others in a given habitat. African wild dogs are endangered largely leeitairs
population density is low under all conditions (Creel and Creel 1996). Interspecific

competition (interference) with larger carnivores like lions and hyaenadena factor
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limiting wild dog populations (Creel and Creel 1996). Hyaenas steal wild dog maeasa

a result there is a strong negative correlation between wild dog densdibgaena
densities (Creel and Creel 1996). Similarly cheetalespnyx jubatusin the Serengeti

are limited by poor recruitment due to predation by lions and are found at high¢iedensi
outside protected areas than within (Caro and Laurenson 1994). Thus, limitations by
larger carnivores (competitively dominant) may be an issue of general anpein

conserving medium-sized carnivores (Creel and Creel 1996).

1.2.4 Definitions

Interspecific competition is a biotic interaction between two or more spediese wne
species may affect the population dynamics and carrying capacity beaneither

through its effect on shared resources or by direct interference (Rid¢®i@0).

Exploitative competition is similar to scramble competition where individusgs

resources and deprive others of benefits to be gained from those resources.tiZgploita
competition associated with food resources is also defined as consumptive competiti
(Schoener 1983). Interference competition like contest competition involves indsvidual
harming one another by fighting or producing toxins. Schoener (1983) defined four forms
of interference competition: overgrowth competition, chemical competitiortptéati
competition and encounter competition. Overgrowth competition occurs when another
individual or individuals grow over or upon a given individual, thereby depriving that
individual of light or access to food and possibly harming that individual by some
consequence of physical contact. Chemical competition occurs when an individual
produces some chemical, which harms other individuals. Encounter competition occurs

as a result of an interaction between mobile individuals in which some harm comes to
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one or more. Harm can include time or energy losses, theft of food, injury, or death by
predation, fighting, or mere accident. Territorial competition occurs maintyobile
organisms, when an individual aggressively defends, or by its behavior signals its
intention to defend, a unit of space against other individuals. An analysis of expsriment
on competition revealed that consumptive competition and territorial and encounter
competition are common among terrestrial animals (Schoener 1983). Tdroitoria
encounter competition was the most common mechanism in most of the experiments
involving birds and mammals and took the form of aggression or avoidance (Schoener
1983). Itis often argued that certain interference mechanisms, elypecrédbriality

are adaptations to secure food (Schoener 1983).

1.2.5 Models of coexistence

The principle of competitive exclusion is perceived as an impediment to species
coexistence and community diversity and has been the catalyst for studiesiegadhe
conditions under which coexistence of interacting species is possible (Chesson and
Huntley 1997). Several conditions such as spatial heterogeneity (Atkinson and E&horroc
1981; Hanski 1994; Rees et al. 1996), temporal heterogeneity (Huston 1979; Menge
1979; Chesson and Warner 1981) and resource partitioning (MacArthur and Levins 1967)

have been proposed to explain species coexistence and community diversity.

Environmental heterogeneity refers to the existence of different stateaditions
which organisms must adapt to and exploit if they are to persist in the environment
(Tokeshi 1999). Environmental heterogeneity in space and time is the result of both

abiotic and biotic processes, the relative strengths of which are variabtelohepen the

12



spatio-temporal scales involved (Tokeshi 1999). The impact of spetial heterogeneity
coexistence is illustrated by the work of Atkinson and Shorrocks (1981; 1984). Many
insect species lay eggs in breeding sites such as dung carrion, fruit and ftergit &dis
been shown that several species of insects converge on a single type of brez=dimg) sit
yet do not exclude each other despite strong competition between the larvaerAtkins
and Shorrock (1981) suggested an explanation for this using a simulation model.
According to the model coexistence is partly possible by dividing the resotwaadre

and smaller breeding sites, but equilibrium requires that the larvae of thssuper
competitor be aggregated independently of those of the inferior competitor. The
aggregation of the larvae of the superior competitor into a few rather crowebstiroy

sites creates refuges in low density sites where the weaker sgesaés from

competition. Atkinson and Shorrock (1984) provided empirical evidence for the model by
carrying out experiments on fruit breeding dipterans. The field data show thge a la
number of fruit breeding dipterans had aggregated distributions (Atkinson and Shorrock
1984). Although the model explains the coexistence of fruit flies and similar snggni
there is controversy over the aggregation mechanisms that are conducive tizigoexis
Atkinson and Sharrock (1984) stated that female flies visit sites at random and lay
clutches of random size giving rise to aggregated distributions. However, Green (1986)
argued that most insect data and the biological mechanisms that they suggested do not
satisfy the conditions of their model and do not lead to competitive coexistence. Green
(1986) also suggested that coexistence may occur if aggregation resulés from

combination of mechanisms including resource partitioning.
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Temporal heterogeneity can also promote coexistence is central to thguibiorum

view of ecological communities. Temporal heterogeneity implies thardift
environmental conditions exist at temporally discrete intervals in the saaigyloc
(Tokeshi 1999). Some researchers suggest that environmental fluctuatioosglseas
variation, weather etc.) disrupt equilibria and prevent consistent effecbsngletition
(Hutchinson 1961; Weins 1977; Huston 1979). The work of Grover (1988) and others
provide empirical evidence for this view. Grover (1988) used phosphorous limited
continuous cultures to examine the hypothesis that environmental variability pspomote
coexistence of two species of phytoplank8ymedrasp. and-ragilaria crotonensis

using. Variability was introduced into the system as a series of phosphorous pulses,
which were delivered every eight days. The growth of the two species was examine
cultures of natural phytoplankton, in cultures containing both species but no other
phytoplankton, and in monocultures. The experiment reveale®yhadravas
competitively dominant téragelariain both constant and varying cultures. However the
rate of exclusion was comparatively slower in varying cultures. Althoughi¢aennay
apply to a wide range of species assemblages, the exact mechanisms throlaigh whic
environmental fluctuations enhance coexistence are somewhat uncleah(Tk8&9).

The work of Chesson and Huntly (1997) showed that the effects of competition are not
diminished in the presence of harshness or fluctuations. They show that harshness makes
a population less tolerant of competition because a population subject to harsh
environmental conditions can have a negative growth rate and become extinerat low

levels of competition. Chesson and Huntly (1997) also suggested that coexistence under
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fluctuating environments can only be favored when fluctuations create spatiaiporaé

niche opportunities.

The most frequently cited studies of coexistence are those in which two or maes spec
persist in the same area but are adapted to exploit different resourcas;lastiidies are
termed studies of resource partitioning. Resource partitioning genefally to the state
of reduced overlap in resource use between coexisting species and helpsate allevi
potential competitive interactions (Tokeshi 1999). Hence many studies have focused on
resource partitioning as a crucial mechanism, which underlies the coegisfespecies

in different communities. Pianka (1969) broadly categorized resourcequaniii

patterns into three general types: habitat, food type and time. From a historical
perspective, the work by Lack (1947) on Darwin’s finches of the Galapagos Islauids
be considered important. Lack (1947) showed that the bill sizes of three species of
Darwin’s ground finches of the genGgospizaliffered greatly and ate seeds of different
hardness and size. Ashmole (1968) studied 5 species of Christmas Islaigldaras
fuscata Anous stolidusGygis alba Anous tenuirostrisndProcelsterna ceruleaand
observed that bill thickness was correlated with the food $trecelsterna ceruleathe
species with the smallest bill cross-sectional area, consistentlyroeddish less than 2
cm in length Anous tenuirostrisndGygis albathe two species with intermediate bill
thickness consumed fish ranging from less than 2 cm to 8 cm length. However the
percentage of fish less than 2 cm in length in their diet was significasslyrie
comparison td’rocelsterna cerulearAnous tenuirostrisliffered fromGygis albain

taking few fish more than 4 cm long. The two tern species with the greatebidhitidss,

Sterna fuscatandAnous stolidugonsumed fish ranging less than 2 cm to 12 cm but
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both species consumed few fish less than 2 cm in length in comparison with the tern
species with medium and thin bills. Aldmous stolidugonsumed a higher percentage of

fish between 2 cm and 4 cm and longer than 10 cm in lengtiSteama fuscata

Four species cAnolislizards,Anolis sagreiAnolis distichusAnolis angusticepsand

Anolis carolinensispartitioned habitat according to perch height and diameter and food
resources according to prey size and taxon (Schoener X9&8js sagreiwas partly
terrestrial but often occurred on small and large low peré&redis distichugpreferred

tree trunks and large branches of medium to large theedis angusticepwas found to
inhabit small twigs, especially at great heights Andlis carolinensisvas found to favor
leaves or adjacent twigs and branches. In terms of preAs@es sagreandAnolis
distichuswere found to be generalized whileolis carolinensisndAnolis angusticeps
were more specialized. In relation to prey takaglis distichusonsumed a large
proportion of ants and in terms of volume the dipterans were impohiaolis sagrei
displayed a more generalized diet and included dipterans, aphids and beetless terchit
psocids. By volume Lepidoptera, plant material and beetles were found to be important
Anolis sagreialso consumed ants but considerably a lesser proportion in comparison with
Anolis distichusThe diet ofAnolis angusticepwas also found to be more diverse than
that of Anolis distichusand predominantly included aphids and dipterans. By volume,
Homoptera and Diptera were the major components of the diet. The Diptera,
Hymenoptera (other than aphids) and winged Hymenoptera (other than antsyiteshstit
the bulk of the prey items ingested Agolis carolinensisThe former two categories and
adult Lepidoptera contributed the greatest volume. A similar study on lizardsavweesl

out on seven species of lizards in the gebienotugPianka 1969). Larger species of
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Ctenotuded on larger food items than smaller ones. Also six speci@&seabtusdid
most of their foraging in open areas between plants, while six other specgeifora
within dense tussocks of porcupine gragsadeasp.) (Pianka 1969). In addition to
separation in diet and habitat, temporal separation was also observed anaing cert

species of lizards, noticeably in the cas€t#notuscalurusandCtenotusschomburgkii.

Two species of stream dwelling ch&alvelinus leucomaenandSalvelinus malma
partitioned food resources according to prey size (Nakano et al. 820@&linus
leucomaenisate larger drift prey thaBalvelinus malmahen drift prey was abundant.
Two species of sunfishepomis macrochiruandLepomis gibbosusxhibited distinct

diet and habitat separation in three small Michigan lakes (Mittelback 193 mis
macrochirusforaged primarily on open-water zooplankton whiégoomis gibbosus
specialized on vegetation-dwelling gastropods. The differences in resoansenes
directly related to differences in their functional morphology and foragingyayotis
myotisandMyotis blythii two species of sympatric sibling bat species, were shown to
coexist by habitat partitioning (Arlettaz 1998). myotisselected habitats that included
freshly-cut meadows, intensively cultivated orchards and forest without undérgrow
while grassland predominated in all habitats selectdd.bylythii. Two rodentAcomys
cahirinusandA. russatusoccupied habitats that had similar characteristicsAbatnys
cahirinuswas more general in its habitat use and occupied a broader range of
microhabitats (Jones et al. 2001). The two rodent species were also found to partition
activity in the opposite parts of the diet cycle (Jones et al. 288&)nys cahirinusvas
found to be nocturnal ardl russatugliurnal, although it became nocturnal when its

congener was experimentally removed (Jones et al. 2001). Similarly, two spfecies

17



gerbilsGerbillus allenbyiandGebillus pyramidunmvere also able to coexist through the
temporal partitioning of resources (Kotler et al. 19@&)billus pyramidunforaged
significantly earlier in the night tha@erbillus allenbyiand the last forage f@erbillus

allenbyiwas significantly later than f@serbillus allenbyi

Five species of sympatric lorisid®erodicticus pottpArctocebus calabarensi&alago
demidoff Galago allenj andEuoticus elegantulus Gabon were found to coexist by
partitioning resources and habitat (Charles-Dominique 1®&thdicticus pottp

weighing 1100 g was found to be an exclusive climber, occupying the canopy inyprimar
and secondary forest. The dietRérodicticus pottaonsisted of 10% animal prey, 65%

fruit and 21% gumsPerodicticus pottambtained most of its fruit from the canopy layer.
Gallago allenj the most frugivorous of the species, consumed 73% fruit and 25% animal
prey and was restricted to primary forest and was found at heights rarggm@-2 m.
Gallago allenicollected its fruit mainly from the ground. The other species under study,
Arctocebus calabarensiwed at heights ranging from 0-5 m both in primary and
secondary forest. The diet Afctocebus calabarensonsisted of 85% animal prey and
14% fruit. Galago demidofbccupied dense vegetation invaded by small lianas (35%) and
foliage (25%) and was found at heights ranging from 10-30 m in primary forest and 0-10
m in secondary foresGalago demidof€onsumed a large proportion of animal prey

(70%) and small quantities of fruit (19%) and gums (1@®apticus elegantuluscarcely
descended to the ground and lived in the canopy up to 50 m. The Hiettafus
elegantulusconsisted of 20% animal prey, 5% fruit and 75% gums. Although both

lorisines and galagines consumed insects as a part of their diet, 78% of the irysect pre
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consumed by galagines consisted of beetles, nocturnal moths and grasshoppes, where

the lorisines were specialized to tolerate noxious prey.

Similarly two species of Neotropical primates, Humboldt's woolly monkeggthrix
lagothricha poeppig)iand the white-bellied spider monkeité¢les belzebuth belzebyth
were able to coexist by partitioning habitat and food (Dew 2005). The two sfeties

and foraged at significantly different heights in the canopy. Both species cahaume
large proportion of fruit, but the spider monkeys spent a greater proportion of time
feeding on fruit (87%) than did woolly monkeys (73%). The fruit chosen by spider
monkeys included a significantly higher proportion of arillate capsular fndibther

lipid rich fruits in comparison with woolly monkeys. A similar study on sympatoit-li

tailed macaquelBlacaca silenusbonnet macaquebi( radiata) and Hanuman langurs
(Semnopithecus entellisound each primate species to forage at different heights in the
forest and rely on different plant species or different plant parts and phenophases from
shared plant parts (Singh et al. 2011). Similarly, a study of sym@areopithecus

cambelli C. petauristaandC. diang found each species to forage at different heights of
the forest and spend different proportions of time foraging on fruit and other dietasy it
(Buzzard 2006). These niche partitioning studies on primates provide important data on
the organization and coexistence of primates in these communities. Howeverfewmly a

of these studies have attempted to collect quantitative data on the interastieerbet
primate species in the community (see Singh et al. 2011). Even the studies tluk provi
guantitative data on species interaction, have failed to explore the consequencas of the

interactions on aspects of the ecology of primate species in the community, blesexgt
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on these studies, one can only hypothesize a casual link between ecologicahipaytiti

in primates and competition (Ganzhorn 1988).

1.2.6 Niche overlap and competition

Niche overlap has frequently been used as an indicator of the degree of resource
partitioning and competition among organisms in a community (MacArthur and Levins
1967; Nakano et al. 1999; Bryce et al. 2002). Niche overlap refers to the utilization of
some of the same resources by two or more species of same consumers (Abrams 1980)
In spite of the general notion that there is some relationship between niclap @retl
interspecific competition, there seems to be great ambiguity regareimgtire of this
relationship and hence its suitability has met with criticism (Colwell analyma 1971;
Abrams 1980). Overlap may change in response to competition but knowing the amount
of overlap in resources utilization between species indicates nothing about théyimtensi
competition (Abrams 1980). The intensity of competition depends on the ratio of
consumer density to resource density and if all resources were halved in abundance
competition would generally become more intense, but overlap need not change (Abrams
1980). Also if resources are not in short supply, competition msy not occur even though
there is overlap in resource use. Alternatively, if there is territgriatitt species

actively alter their resource utilization to avoid a competitor, competitignomeur in

spite there being little or no overlap (Abrams 1980).

Although overlap may not be indicative of the intensity of competition, changes in
overlap may better reflect the influence of interspecific competition (Kaigid087).

Competition theory predicts that the niches of species should vary spatially nasi@fu
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of distributions of closely related, potentially competing species, and teitypasah

function of variations in resource abundance and population densities of potential
competitors (Llewellyn and Jenkins 1987). The spatial shift of niches in response to
competition has been relatively well studied (Huey et al. 1974; Schoener 1975; Diamond
1978; Alatalo et al. 1985). These studies contrast niches of a species in the pesence
potential competitors with niches when competitors are absent. Tempomalrshitthes

in response to resource abundance have been observed in a large number of studies (Lack
1947; Smith et al. 1978; Lister 1980; Toft 1980; Korpimaki 1987; Holbrook and Schmitt

1989; Nakano et al. 1999).

Schoener (1982) in his review of studies on temporal niche shifts states that data on
seasonal and year-to-year variability in ecological overlap arengafyemportant

because of what they suggest about how competition operates in nature. If iffterspec
competition influences resource utilization, during lean times when specidsebréo

be in competition selection should act especially strongly to produce those sorts of
specializations that result in niche separation (Schoener 1986). Hence in 8asois

during which resources are in short supply, resource utilization of ecologicailigrs

species should diverge resulting in reduced niche overlap in comparison to “fatiseas
when resources become plentiful (Schoener 1982). The study by Zaret and Rand (1971)
showed increased diet overlap between several species of fish in the wetvgeas

food resources were abundant, and reduced overlap during the dry season when food was
limited. An aggressive insectivorous surface fegdsyanaxdisplayed an entirely

different foraging strategy by feeding in the middle region of the viatgy and

consuming non insect food. This was due to the presence of another insectivorous surface
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feederGephyrocharax spn habitats where the speci@sphyrocharasp. was absent
Astyanaxsp. consumed a larger proportion of insects in relation to vegetative matter.
Finches of the genuSeospizaliverged in their diets and took a narrower range of foods
in the dry season when food became scarce (Smith et al. 1978). All species sinited f
common wet season diet of soft, easy to handle seeds and fruits to different diets
reflecting the morphological specializations of each species. Also attegdiach

biomass declined as food supplies declined sharply.

Similar patterns of foraging microhabitat niche overlap have also been obseswadd
British birds (Lister 1980). A study of thirteen species of anurans revealealithizt

guilds similarity in diet was lowest in the dry season when food is less abundént (T
1980). Neighboring pairs of kestrelsa|co tinnunculusand long-eared owl#\io otu3

with overlapping foraging areas, showed less diet overlap during yearswete

densities were low than non-neighbors (Korpimaki 1987). Also neighboring pairs of both
species produced fewer young than did non-neighboring birds. Two species of marine
reef fishes, black surfperckifibiotoca jacksohiand striped surfperche( lateralig

when in shallow habitat, overlapped in preferred foraging microhabitat (red algae
Gelidium) extensively during warm-water periods when prey was most abundant and
declined during cold-water winter season when prey was less abundant (Holbrook and
Schmitt 1989). The use &elidiumsubstrate by striped surfperch declined from 80% in
summer to 50% in winter. The reduced use of this substrate was associated with
increased use of other substrates. The u§&ebfliumsubstrate by black surfperch
decreased from 40% in summer to 5% in winter. In winter the black surfperch narrowed

its use of foraging microhabitats, concentrating mainly on turf alone. Howdnesr w
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black surfperch was removed, striped surfperch increased its Gadidiimsubstrate to
>80% during winter. Similarly when striped surfperch was removed, black sthrfpe
increased its use @elidiumand decreased use of turf. Similar patterns have also been
observed in two species of morphologically similar ch@adyelinus malmandsS.
leucomaenigNakano et al. 1999). The two species showed high diet overlap and a high
frequency of agonistic bouts when drift foraging. Agonistic bouts incredbedecrease

in drift levels, eventually causing a larger proportion of the subordinate species
Salvelinus malmé#o shift to benthic foraging resulting in reduced diet overlap between

the two species.

Similar patterns in resource overlap in relation to resource availabilieydlao been
observed in many primate communities. Three species of guébemspithecus

nictitans C. pogoniasandC. cephusverlapped extensively in diet during the major part
of the year but declined during the dry season when fruit, young leaves and aatteal m
were in short supply (Gautier-Hion 198@Jouatta seniculusAteles paniscuand

Aloutta seniculushowed considerable diet overlap during periods of fruit abundance and
reduced overlap and a more diverse diet during periods of fruit scarcitjof{auet al.

1994). Four species of primat8anguinus fuscicolljsS. mystaxCebus apelland

Lagothrix lagotrichashowed increased diet overlap during the wet season when fruit was
abundant and reduced overlap during the dry season when fruit availability was low
(Peres 1994 Ateles belzebuttagothrix lagothrichaCebus apellandAloutta
seniculusshowed greater overlap during periods of fruit abundance and decreased during
periods of fruit scarcity (Stevenson et al. 2000). Also a high degree of interspecific

antagonistic bouts were observed during periods of increased diet oueatagthrix
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lagothrichadominated the other species, exhibiting the most aggressive behaviors while
receiving only a few (Stevenson et al. 2000). A similar pattern of diet overlagiiomnel

to resource abundance was also observed in a primate community in the Lope Reserve
(Tutin et al. 1997). In all of these studies the degree of niche overlap is morsiexte
during the period of resource abundance in comparison with the period of resource

scarcity.

1.2.7 Competition in primates

Competition holds a central place in primate socioecology. Identifyindjffieeent

factors that influence primate group size and social organization has been annmporta
theme (Chapman et al. 1995; Steenbeek and van Schaik 2001). The most commonly cited
tradeoff associated with group living is intragroup feeding competitionhwias been

shown to cause increased mortality (Dittus 1979) and lower female reprodattive r
(Whitten 1983). In addition, contest competition (Janson 1985; 1988) and scramble
competition (Janson 1988; Chapman et al. 1995) have been shown to reduce foraging
efficiency in primates. Exploitation competition has also been shown to pffexite

group size when a group has to travel farther per day than a solitargrfdcees to

satisfy energy requirements (Chapman et al. 1995; Janson and Goldsmith 1995). These
predictions have lead to the formulation of the ecological constraints model of greup siz
(Chapman et al. 1995; Chapman and Chapman 2000). This model is well supported by
empirical data from frugivorous primates (Chapman et al.1995) and has been recently

tested on colobines (Gillespie and Chapman 2001; Chapman and Chapman 2000).
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As a result of their dietary specializations colobines are capableasiting large

guantities of foliage and hence the group as a whole is often labeled as ‘dtdest
Hairston et al. (1960) suggested that herbivores do not compete partly because they a
not food limited. Leaves have been identified as key food resource for colobthes a

since leaves are superabundant evenly dispersed, it is often assumed thajraughin
exploitation competition is weak or absent (Ripley 1970; McKenna 1979; Wrangham
1980; Steenbeek and van Schaik 2001). Since colobines and other folivores are free from
within-group competition, theoretically they are free to form larger grougismany

folivorous primates including colobines live in relatively small groups (Rudran 1973a,;
Steenbeek and van Schaik 2001). This contradiction is referred to as the folivores
paradox (Steenbeek and van Schaik 2001). Contrary to these predictions, several lines of
evidence suggest that folivorous primates are food limited. A number of studies have
shown that colobines are not mere obligate folivores and that they preferesgiady

high quality foods such as young leaves, fruit and seeds which are distributed in patches
that are irregularly distributed in space and time (Oates 1994; Davied 898/

Chapman et al. 2002). Also the availability of food, especially high quality foods has
been shown to account for much of the variation in colobine biomass (McKey et al. 1981;
Waterman et al. 1988; Chapman et al. 2002; Chapman et al. 2004). In addition, contest
competition has also been documented in colobine monkeys (Koenig 2000; Koenig et al.
2004). Finally, Gillespie and Chapman (2001) in their test of the ecological constraints
model on red colobus found that a larger group had longer day ranges than a smaller
group and that the day range of the larger group increased further in resportsedseale

in food availability. These lines of evidence demonstrate that colobine monkeys ar
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limited by food, and thus it is highly probable that they are susceptible toietéis

competition.

In addition to this evidence that colobine monkeys are susceptible to interspecific
competition, a number of lines of evidence suggest that interspecific competitidoemay

an important interaction in determining primate community structure. Timeseof

evidence include phenomena such as density compensation by medium-sized non-hunted
primates such aBitheciaandCacajaoafter the extinction of large-bodied primates such
asAlouatta LagothrixandAteles(Peres and Dolman 2000), positive correlation between
ratios of body mass and the number of species at a site (Ganzhorn 1999), body size
mediated dominance hierarchies in tropical frugivores (French and Smith 2005;gHoule
al. 2010), aggressive interactions between species (Stevenson et al. 2000), and saturate
primate communities (Lawes and Eeley 2000). Furthermore, a recentiswélyishe
separation in primates demonstrated that the Asian region had the highestageroé
putative competitors in relation to other geographical regions (Schrele@08). The
analysis of large and local scale patterns of primate diversityntiaed that diversity in

Asian primate assemblages is saturated and that local diversity is proifligigced by

strong local species interaction rather than regional diversity (Lawesedey] Z000).

Despite the evidence that points to the possible influence of interspecifictdam
aspects of the ecology of primates, the broader role of interspecific thompi@

primate communities is unclear due to the paucity of studies addressing this topi
(Stevenson et al. 2000; Tutin et al. 1997; Guillotin et al. 1994; Gautier-Hion 1980). The

relatively few studies that have addressed this issue have predominantly focused on t
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relationship between diet overlap and resource availability to draw infenegaesing

the influence of interspecific competition on primate dietary ecology. Thedies have
failed to carry out any other empirical tests to assess the impact opauidics

interaction on primate ecology (Tutin et al. 1997; Guillotin et al. 1994; Gautier-Hion
1980). In addition, the variation in dietary overlap in relation to food availability reporte
in these studies cannot be attributed to the action of interspecific competition alone
because morphological and behavioral adaptations may also enable species to make
dietary shifts similar to those caused by interspecific competition and exidonative
types of foods as preferred food items become scarce (Korpimaki 1987; Marshall and

Wrangham 2007).

1.3 The Colobinae

The Old World Monkeys (Africa and Asia) belong to one family, made up of two
subfamiles, the Cercopithecinae and the Colobinae. The Colobinae get their name from
the reduced or absent thumbs of the African species (B@ekos mutilated); Asian

colobines have small thumbs (Oates and Davies 1994).

The most diagnostic feature of the colobines is their large multi-chamblenedch. The
forestomach contains a rich anaerobic microbial fauna comprising of bagiertiozoa

and fungi (Kay and Davies 1994). The gastric contents are maintained at agptd ran
between 5.0 and 6.7, which permits an active fermentation of ingesta by the large number
of anaerobic microbes present (Bauchop and Martucci 1968). Colobines premolars and
molars are high crowned and possess pointed cusps linked by ridges and separated by

deeper lateral notches (Oates and Davies 1994). The sharper crests and higher cusps fold
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and slice leafy food (Oates and Davies 1994). These dietary adaptations emalte the

efficiently ingest and digest foliage.

Apart from their dietary specializations colobine monkeys are also anahpegt of the
ecosystem. In the Kibale Forest in Uganda theNagkhamia platycaly>only produced
fruit once in a 5-year period during which tirkarkhamia platycalyfiowered in
synchrony to swamp red colobus predation. During other times red colobus were
observed to remove all flowers from the trees. Struhsaker (1975) suggestbd that t
synchrony in flowering is an adaptation that may have evolved in response to red colobus
predation of flowers. In Sri Lank&emnopithecus entellasdTrachypithecus vetulus
caused major changes to the floristic diversity in the study site afyetane depleted
more than 50% of the woody vegetation (Dittus 1985). Preferentially browsed tree
species that were relatively rare and/or small in size died at smymiify greater rates due
to overbrowsing in comparison to those that were buffered against over browsing by

virtue of being large in tree size and/or relatively abundant in the foresigR@85).

1.3.1 Taxonomic status of Semnopithecus entellus and Trachypithecus vetulus

The true phylogeny of the extant colobines is uncertain. Based on distribution and
morphology, the colobines are divided into an African and Asian clade (Oates et al. 1994).
The Asian colobines, which are more diverse than African colobines, are fyatiharte
odd-nosed monkey&finopithecusPygathrix Nasalis Simiag and langurs
(SemnopithecydrachypithecusPresbytig (Osterholz et al. 2008). Additional genera

like Kasi are occationally used (Pocock 1939). Both, the odd-nosed monkey and the

langur group are considered to be monophyletic (Osterholz et al. 2008). Most authors
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place the Hanuman langur in the geBesnnopithecudistinct from other langurs and

leaf monkeys (Oates et al. 1994; Groves 2001). Hanuman langurs are one of the most
wide distributed and morphologically variable species (Newton 1988). Studies examining
the phylogenetic relationships between distinct populations based on mitochondrial and
nuclear DNA, argue that Hanuman langurs should be split into three distincsspieeie
Northern type from North India, the Southern type from South India, and the Southern
type from Sri Lanka (Osterholz et al. 2008; Karanth 2010). In the case of the pegile-fa
langur, some authors place the species in the gaaglypithecugOates et al. 1994,
Groves 2001), while others place it in the geBamnopithecu@Brandon-Jones et al.

2004) or a distinct genugasi (Pocock 1939). However, recent work based on
mitochondrial and DNA lends support to the taxonomy proposed by Brandon-Jones et al.
(2004). To avoid any ambiguity, the classification proposed by Groves (2001) has been
adopted in this dissertation.

1.3.2 Habitat and distribution of Semnopithecus entellus and Trachypithecus vetulus

in Sri Lanka

Sri Lanka is a tropical island located off the southern tip of India. It is 65,00@nkm

extent and has a human population of 18.7 million. The island is bordered on its east by
the Bay of Bengal and the west by the Indian Ocean. The island has a reynaakiziol
topography, with coastal planes, lowland hills and a mountainous interior (Ashton et al.
1997). Sri Lanka’s equatorial position and its complex topography interact to produce
distinct climatic zones: the dry zone (60% of the island), intermediate zone (h8%ea

wet zone (25%). The complex topography and the diverse climates intepactitice

distinct types of vegetation including rain forest, dry mixed evergreen farestane
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forest and shrub forest. The rain forest and the montane forest types aredctunfiree

wet zone of the island and the dry mixed evergreen forest and the shrub foresteypes a
confined to the dry zone of the island. Owing to its diverse climates and forest$ype
Lanka is able to support a high level of biodiversity and hence, together with gteriVe
Ghats of India, is considered to be a global biodiversity hotspot (Myers et al. 2000). Sri
Lanka is home to four species of primates, the Toque mohagaCa sinicy, the
purple-faced langurTfachypithecus vetullisthe grey langur§emnopithecus entellus

and the slender lori¢ ¢ris tardigradug. The lorises are sometimes divided into multiple
species distinct from the Indian forms (Brandon-Jones et al. 2004). Of thestepyitha
Toque macaque and the purple-faced langur are endemic to Sri Lanka (Phillips 1935)

and so are the lorises pending further phylogenetic information.

In Sri Lanka,Semnopithecus entellisrepresented by a much smaller subspecies
Semnopithecus entellus thersi(Bennett and Davies 1994yhich weighs between 6.8-
13.4 kg (Phillips 1935). In Sri LankKdemnopithecus entellissfound throughout the
well-wooded areas of the whole dry zone from south of Jaffna, in the North, to the shores
of the extreme southern coast (Phillips 1935) (Fig. 1.2). The purple-faced leaf monkey,
Trachypithecus vetulus endemic to Sri Lanka and is currently divided into four distinct
subspecies, all occupying different geographic regions (Fig. 1.2). In contthst t
Hanuman langur, the purple-faced langur is predominantly confined to the wet zone of
Sri Lanka. The four subspeciesTohchypithecus vetuluare distinguished based on
pelage color and length, tail length and relative body size. On averagailusveighs
between 3.9 and 11.4 kg (Phillips 1935). The southern subspeams/pithecus vetulus

vetulusis predominantly confined to the southern wet zdmachypithecus vetulus
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nestor the western subspecies, is confined to the western and southwestern wet zone of
Sri Lanka. The highland subspeci&sachypithecus vetulusonticolais confined to the
central hills and is found at altitudes ranging from 1150 m to 2300 m while the northern
subspecieslrachypithecus vetulyshilbricki occupies north central, northwestern and
northeastern dry zone (Phillips 193bjachypithecus vetulyshilbricki is the only

subspecies that shares its range with the grey laBguornopithecus entellus
Trachypithecus vetulyshilbricki andSemnopithecus entellase sympatric in the semi-
evergreen forests of the central dry zone of Sri Lanka (Bennett and DaviesHi§94) (

1.1).

1.3.3 Ecology of Semnopithecus entellus and Trachypithecus vetulus

Semnopithecus entellbas a broad distribution and in addition to Sri Lanka is found
throughout much of the Indian subcontinent from Pakistan through India and north
through Nepal possibly into southern Tibet (Wolfheim 1983). In the mainland Indian
peninsula, these monkeys inhabit diverse vegetation zones that include semi desert, open
park woods, moist deciduous forests, and mountain forests (Koenig and Borries 2001).

In Sri Lanka, the hanuman langur is predominantly confined to the dry zone from south

of Jaffna, in the north, to the shores of the extreme southern coast (Phillips 1935).

The majority of the studies carried out on hanuman langurs have been done on
populations inhabiting relatively disturbed habitats (Bishop et al. 1981; Newton 1988).
Hanuman langurs exhibit social flexibility in relation to group size and the nushbe
males per group in that they occur as multi-male and one-male bisexual dieugsr{

1988; Newton and Dunbar 1994). These two grouping patterns occur in varying
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frequencies throughout the Indian sub continent (Newton 1988). However, the one-male
social unit is the predominant social unit in many study localities in Inceal(@lele 1.1;
Newton 1988; Koenig and Borries 2001). In a few study localities in northern Indian and
in Sri Lanka, the multi-male social unit predominates (Ripley 1965; Boggess 1980;
Borries 1997). The examination of this social variation and the ecological anddsahavi
processes that influence langur social structure have dominated therkterattanuman
langurs. In an analysis of 24 wild populations of hanuman langurs , Newton (1988) found
that the number of adults was positively correlated with troop size and the number of
adult females in the troop but failed to elucidate any relationship betwerartieer of

males in a group and the density of langurs, predation pressure, and economic-advantage
hypotheses. In addition, reproductive synchrony and home range size (distance betwee
groups) (Srivastava and Dunbar 1996), predatory pressure (Treves and Chapman 1996)
and langur population density (Moore 1999) have also been shown to influence the
number of males in a group. In the case of one-male groups, it is only the resident adult
male that breeds (Sommer and Rajpurohit 1989). In multi-male groups, breeding is not
entirely monopolized by the dominant male (Launhardt et al. 2001). In multi-male
groups, the dominant male sired 57% of the infants in the group in one study (Launhardt
et al. 2001). Resident male replacement and infanticide has also been reported in
hanuman langurs (Sugiyama 1965; Mohnot 1971; Hrdy 1974; Newton 1986; Rxraies
1999). In one-male groups that have been studied, residency of an adult male varied
between 3 days and 74 months with a mean of 26 months (Sommer and Rajpurohit 1989).
However, the tenure of adult males in multi-male groups changes lessallsaétiaws

and Vonder Haar Laws 1984). Juvenile males emigrate from their natal troops$esnd of
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join together to form all-male bands (Reena and Ram 1991). Males living outside thei
natal troops suffer high levels of mortality in comparison to philopatric females
(Rajpurohit et al. 1995). The transfer of females between groups has alsodoegede

(Newton 1987).

Hanuman langur females establish dominance hierarchies that areveggei(Hrdy and

Hrdy 1976; Borries et al. 1991). The body condition of adult females is correlated wit
dominance rank, with high-ranking females being in best condition (Koenig 2000).
However, ranks are unstable and are often difficult to establish for forestrayvelli
populations (Ripley 1965; Newton and Dunbar 1994). Adult male hanuman langurs tend
to remain aloof from troop activities and are reported to be mainly responsible for
intertroop spacing (Ripley 1965). Troop spacing is maintained through whooping
vocalizations elicited by adult males (Ripley 1965). Hanuman langursedemmantly
seasonal breeders with mating occurring during the monsoon season (Sommer and
Rajpurohit 1989; Borries et al. 2001) and most births occurring during dry season from
December to June (Newton 1987; Newton and Dunbar 1994). Female hanuman langurs
have a mean cycle length of 24 days and a mean gestation period of 200 days (Sommer at
al. 1992). These life history traits are influenced by the nutritional conditianlés

(Borries et al. 2001).

Hanuman langurs maintain home ranges ranging from 0.8@dk60 kni and occur in
densities ranging from 2 animals perim 112 animals per ki(Srivastava and Dunbar
1996). In Sri Lanka, the core areaS#mnopithecus entellgsnstitutes a greater

proportion of the home range in compariso®s&mnopithecus entellusIndia (Ripley

33



1967). Although categorized as folivorous, hanuman langurs are eclectic feeders and
consume a diverse array of plant species (Ripley 1970; Newton 1992). The feesling rat

on seasonal food items has been shown to be higher than when feeding on perennial food
items (Ripley 1970). Contest competition in the context of feeding has been ddporte
hanuman langurs (Koenig 2000; Koenig et al. 2004). In contrast, competitive itesacti
have been rarely observed in other populations (Ripley 1970). In Polonnaruwa,

interaction during feeding is kept to a minimum by the body orientation adopted by
individual animals and by the vegetation acting as a natural barrier betweeisani

(Ripley 1970). Grey langurs are capable of surviving without a source of surfere wa

for several months at a time (Ripley 1965; 1967).

Much of what is known about the ecologyTofvetulusn Sri Lanka is largely from

studies carried out at Polonnaruwa, a heavily disturbed secondary dry zone ffiemrest w
considerable provisioning of primates occur. Only the study by Rudran (1973a; 1973b)
was carried out in an undisturbed habitat in Sri Lanka. Rudran (1973a; 1973b) studied the
ecology ofT. vetulus monticolan an undisturbed montane forest at Horton Plains in the
highlands and'. vetulugphilbricki at Polonnaruwa. For both subspecies, the one-male
troop is the predominant troop structure, which remains stable for relativelpdoiogls

of time (Rudran 1973a). The population density, home range and group Sizaeetdlus

differ at the two study sites (Table 1.3). Changes in composition of one-male dcuops
mainly due to births and to the deaths of infants and juveniles. In addition to the one-male
groups, predominantly-male troops have also been observed. The age classeslesthe m
that constitute the predominantly-male troops range from adult to juvenile, wihile

the infrequent females that belong to these groups fall in the immaicdaages only.

34



Adult male replacement has been observed in the Polonnaruwa population (Rudran
1973a). However, adult male replacement has not been observed in langurs inhabiting the
montane forests of Sri Lanka (Rudran 1973b). During adult male replacement of a group,
all immature individuals of the group are gradually expelled from the group (Rudran
1973a). A high degree of antagonistic behavior was observed between one-male groups
and extra-troop males. Also, a greater number of one-male troops at Horton Plains
included juveniles and subadults. Rudran (1973a) attributed adult replacement as the
major cause for high infant mortality, small percentage of immature individodltack

of graded age class structure in the majority of the one-male troops ath&oloa.

T. vetulus monticolandT. vetulugphilbricki differ in their reproductive cycles (Table

1.3). At Polonnaruwa, the mating peak and early phase of gestation coinciddgewith t
period of rainfall, abundant food supply, decreasing temperature and day length (Rudran
1973b). Infants born during this birth peak are old enough to exploit solid food items
during the following period of food abundance (Rudran 1973b). Synchronization of births
was also caused by adult male replacements in one-male troops, regardiessrod of
occurrence of such social changes. At Horton Plains, where rainfall and foladbditaai
remain relatively high throughout the year and environmental correlates of the

reproductive cycle of. vetulus monticolare not easily recognizable (Rudran 1973b).

The hanuman langur and the purple-faced languachypithecus vetulligverlap in
their ranges in the north central dry zone of Sri Lanka (Bennett and Davies 1994). When
sympatric, the two species have been reported in one study to partition food actmrdin

type (Hladik 1977). At Polonnaruwa, where both species o€cwetulusmaintain

35



small territories of about 2-3 ha and obtain food from the most common species. In
contrastS. entelluoccupy territories of 10 to 15 ha, are less arboreal and utilize a more
diverse array of plants than vetulus During February and March vetuluseed on a

high proportion of leaves (95%) including a high proportion of leaves and shoofs.than
entellus Semnopithecus entellasso include a high proportion of shoots and leaves
during this time. In the dry season (May-June), the amount of leaves in the diet of both
species decrease as fruits became more available. Ho8/emetellusncluded more fruit

in its diet in comparison td. vetulus During the major dry season large amounts of
flowers are consumed @y vetuluswvhile S. entellusstill included many fruits in its diet.
During October and November, both species included shoots and young leaves and
shoots in their diet bui. vetulusutilizes a lesser amount mixed with mature leaves in
comparison té&. entellusDuring December to January, leaves increase in the diet of
bothS. entellusandT. vetulusas shoots become less available. Although the digt of
entellusandT. vetulusconsists of different proportions of types of food items, the two
species shared many food tree species raising the possibility fopediticscompetition.

The diets ofT. vetulusandS. entellusat Polonnaruwa are given in Table 1.4

Ripley (1965) suggested that the apparent tolerance shown by hanuman lagurs for the

lack of surface drinking water has enabled it to colonize areas that are theslideits

of tolerance oP. vetuludn Sri Lanka. Since hanuman langurs inhabit the extremely wet
regions of India (Jay 1965; Singh et al. 1997), Ripley (1965) stated that the presénce of
vetulusin the wet zone of Sri Lanka has prevented the hanuman langur from colonizing

the wet zone forests of Sri Lanka. In Polonnaruwa, hanuman langurs and purple-faced

langurs avoided each other in areas where their home ranges overlap. On doa,a&cas
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purple-faced langur ran along the ground in the direction of a hanuman langur group and
managed to disperse the group. Based on these anecdotal observations and the
distribution of the two species, Ripley (1965) suggested that competitive irdasacti

occur between the hanuman langur and purple-faced langur and that the hanuman langur

is subordinate to the purple-faced langur.

1.4 Statistical analyses

Primate behavioral data have been shown to be non-normally distributed, with \g&ariance
that are typically heterogeneous (Agostini et al. 2010). Hence, non-pararnatisical
procedures were adopted to analyze data presented in this dissertation. While non
parametric tests have lower power when compared to parametric Statster

conditions in which the distributions conform to parametric assumptions, they remain
valid for inferential testing when the parameters of parametric giat@se violated, and
thus are the appropriate choice. Non-parametric tests do assume thattionseave all
independent. This is a very difficult assumption to meet in most data sets oigaegra
primate behavior. Observations are often linked because they are sampled in tim
sequences, from the same individual, from the same habitat patch, or other common
variables. These cannot be controlled in the field. In cases when lack of indepesidenc

individual data points may impact statistical testing, this will be noted.

The habituation of primate groups to human observers is often time consuming and
consequently only a few groups can be successfully habituated during the caurse of
field study. Hence, primatologists are often compelled to confine their déatiool to

habituated groups, which are few in number (Hladik 1977; Gautier-Hion 1980; Dew
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2005). Most behavioral data sampling methodologies employed by primatologists involve
recording the current behavior of an individual or group of individuals at predetermine
time intervals (Chapman et al. 1995; Buzzard 2006). These methods involve the
sequential observation of a few individuals and hence the data points are interdependent
but the extent to which this impacts any given behavioral data remains unknown.
addition, other assumptions of random sampling are also violated as sampling is
frequently focused on a few individuals often chosen because of conveniencehather t

by a random process (Dagosto 1994). Thus, the application of standard parametric and
non-parametric tests, which assume data independence to primate behavipial data
problematic. However, arguments have also been made that sequential &ents ar
independent enough for the application of some types of statistical techniquesasd¢he
behavioral event is often not observed twice and only requirement necessany for

events to be independent is that subsequent action is not influenced by the previous
choice (Bakeman and Gottman 1986; Dagosto 1994). This assumption is surely violated,

but the frequency or importance of the violation is unknown.

A number of statistical procedures such resampling and randomization have been
adopted by investigators to minimize the influence of interdependence of behdstaral

on statistical inference (Dagosto 1994; Rehg 2006). In some forms, resampling methods
select data points at random from larger sets to break down the autocorrelation of t
sequences. Other resampling strategies may help break down the intdereeeon
observations of individual monkeys. In all cases, re-sampling of primatologieal da
cannot generate data sets that are known to be free of all problems of intdeshege

(Potvin and Roff 1993; Dagosto 1994). Behavioral data collection in this study was
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carried out using group scan sampling (Altmann 1974). Scan sampling was caraed out

a longer 10 minute intervals to improve the chances that a behavior observed during a
particular scan was not influenced by the behavior observed in the previous scan.

However, the data presented here have not been randomized or resampled, and hence, the
statistics presented here should be interpreted with the caveat that thiegvadpeen

influenced by data interdependence. This means that sample size isbytihiated in

many cases, and therefore the degrees of freedom and the alpha lewelseare t

interpreted accordingly, with reported results probably being biased in fagsor of

significant result rather than the other way around.

1.5 Organization of thethesis

In this dissertation new data on the ecology and behavior of sympatric groups of
Hanuman and purple-faced langurs are presented with the view of addressing the
guestion of whether interspecific interactions influence the feeding, habdatnging
patterns of these foli-frugivorous primate species and also broadening theanaiegs
of the ecology of these species and colobines in general. In the first chapterdé an
overview of interspecific competition in primate and ecological communitiesnargl
and a theoretical framework for presenting and analyzing data presertted in t
subsequent chapters. Each subsequent chapter contains an introduction, a short
description of the study area, methods, results and discussion section. In Chapter 2, |
compare the vegetation, rainfall, and population status of the two primate spdoges at
study site, to vegetation and population status of colobine monkeys at other study
localities. | also compare the performance of population survey methods frgqussatl

by primatologists. In Chapter 3, | describe aspects of the feedinuggaufi the two
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primate species with the view of determining whether the patterns of ceame by

these primates and the spatial distribution of resources can elicit intBesipéeractions

in these primate species. In Chapter 4, | present data on ranging behavidwaf $shedy
species. In this chapter, | specifically investigate aspects such asraoge overlap,

daily path length and intensity of home range use with intention of identifyjregtssof
ranging behavior that facilitate interspecies interactions and teesés In addition, |

also explore the relationship between group size and monthly resource awaabili
aspects of ranging behavior. In Chapter 5, | explore the relationship between thimont
dietary overlap and monthly food availability and the consequences of interspecific
interaction on foraging effort and the vertical habitat use patterns of thessqsi The
specific predictions outlined in Chapter 1 are also addressed in Chapter 5. Irr Ghhpte
summarize the results of the previous chapters and evaluate whether aifierspe

competition influences aspects of the ecology of these primate species.
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1.7 Tables

Table 1.1. Average group size and the frequency of occurrence of the different group
structures of hanuman langurs at different study localities throughout the India
subcontinent

Location AVTS AVBS %OMG %MMG
Jodhpur Rajastan, Indfa 32 19 64 5
Dharwar Karnataka, India 15 12 63 23
Jaipur Rajastan, India 50 22.9 66 8
Aravali Hills Rajastan, Indi&a 42 16 69 0
Madhav national park, India 21 8 64 7
Kanha tiger reserve, India 22 15 71 4
Anaimalai Hills, Indid 19* - - -
Nagarahole, Bandipur, Mudumalai, 18.6 7.8 85**

India®

Nadia district, West Bengal 22 6 67 0
Abu™® 21 - 87.5 12.5
Orcha® 19 1 0 100
Kaukori* 54 3 - 100
Keshabpur-Manirapur, Bangladésh ~ 15.8 - 40 60
Ramnagar, Nep&l 16.9 - 23.5 76.5
Polonnaruw&” 24 - 27 73

AVTS, average troop size; AVBS, average band size; OMG, one male groups; MMG,
multi male groups; -, no data available; *, source only provides information on greup siz
but does not specify if groups counted are all bisexual troops or include all-male bands;
** source provides details on only the % of bisexual groups. Sources: (1) Mohnot
(1984); (2) Sugiyama and Parthasarathy (1978); (3) Mathur and Ram (1993); (4)
Chhangani and Mohnot (2003); (5) Kankane (1984); (6) Newton (1987); (7) Singh et al.
(1997); (8) Vasudev et al. (2008); (9) Das-Chaudhuri and Roy (1988); (10) Hrdy (1977);
(11) Newton (1988); (12) Jay (1965); (13) Khan (1984); (14) Borries (1997); (15) Ripley
(1965).
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Table 1.2. Diet of S. entellusat four study localities in South Asia.

Fruit (%) Flowers (%) Leaves (%) Seeds (%) Insects (%)

Kanha® 24.5 9.5 51.6 - 2.8
Ramnaga&r  20.0 7.8 57.7 - 2.4
Rajajf’ 12.9 17.9 56.6 12 -
Polonnaruwa 45 7 48 - -

Sources: (1) Newton (1992); (2) Koenig and Borries (2001); (3) Kar-Gupta and Kumar
(1994); (4) Hladik (1977).

Table 1.3. A comparison of the populations Bf vetulusn Polonnaruwa and Horton
Plains (based on Rudran 1973a; 1973b).

Polonnaruwa Horton Plains
Population density 215 Kfn 92.6 knt
Average group size 8.4 8.9
Home range size 2.5 ha 6.8 ha
Birth seasonality May-August Not found
Interbirth interval 22-25 months 16-17 months

Table 1.4. A comparison of the diet &. entellusandT. vetulusn Polonnaruwa.

Fruit (%) Flowers (%) Leaves (%)
S.entellus 45 7 48
T.vetulus 28 12 60
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Figures1.8

Figure 1.1. (a) Trachypithecus vetulus philbrickind (b)Semnopithecus entellus thersites
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Figure 1.2. The approximatgeographical distributions &.entellus thitsite and the
four subspecies af. vetulu in Sri Lankabased on descriptions by Phillips (19 A=T.
vetulus philbricki B=T. vetulus montico; C=T. vetulus nestoiD=T. vetulusvetulus
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Chapter 2

Habitat description and the status of Trachypithecus vetulus and Semnopithecus

entellus at the Kaludiyapokuna forest reserve, along-term primate study sitein the

dry zoneof Sri Lanka

2.1 Introduction

Sri Lanka is a tropical island located off the southern tip of India. It is 65 06@hkm

extent and has a population of 18.7 million. The island is bordered on its east by the Bay
of Bengal and the west by the Indian Ocean. The island has a remarkably varied
topography, with coastal plains, lowland hills and a mountainous interior (Ashton et al.
1997). Sri Lanka’s equatorial position and its complex topography interact to produce
distinct climatic zones: the dry zone (60% of the island), intermediate zone (h8%ea

wet zone (25%). The complex topography and the diverse climates interamtiicgr
characteristic types of vegetation including rain forest, dry mixed eandorest,

montane forest, and shrub forest. The rain forest and the montane forest types are
confined to the wet zone of the island and the dry mixed evergreen forest and the shrub
forest types are confined to the dry zone of the island. Owing to its diversgediand

forest types, Sri Lanka is able to support a high level of biodiversity and hegethdr

with Western Ghats of India, is considered to be a global biodiversity hotspetd ety

al. 2000). Based on the classification proposed by Brandon-Jones et al. (2004), Sri Lanka
is home to three species of catarrhines, the Toque moNasata sinicy the purple-

faced langurTrachypithecus vetulyisthe grey langur§emnopithecus entelljuand two

or more species of slender lorisofis spp). Of the diurnal primate$jacaca sinicaand
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Trachypithecus vetulusre endemic to Sri Lanka (Phillips 1935; Brandon-Jones et al.

2004).

The purple-faced langui fachypithecus vetulysind the grey languSemnopithecus
entellug are two species of colobines that inhabit the island of Sri L&#@nopithecus
entellushas a broad distribution and in addition to Sri Lanka is found throughout much of
the Indian subcontinent from Pakistan through India and north through Nepal possibly
into southern Tibet (Wolfheim 1983). In Sri Lanemnopithecus entellissrepresented
by a physically much smaller subspect®smnopithecus entellus thersi(Bennett and
Oates 1994). In Sri Lankaemnopithecus entellissfound throughout the well-wooded
areas of the entire dry zone from south of Jaffna, in the North, to the shores of the
extreme southern coast (Phillips 1935). The purple-faced leaf mohleahypithecus
vetulus,is endemic to Sri Lanka and is divided into four distinct subspecies, each
occupying different geographic regions. The four subspeci€schypithecus vetulus

are distinguished based on pelage colour and length, tail length and relativs&zsody
The southern subspeci€sachypithecus vetulus vetulisspredominantly confined to the
southern wet zond&rachypithecus vetulusestor the western subspecies, is confined to
the western and southwestern wet zones of Sri Lanka. The highland subspecies,
Trachypithecus vetuluronticolais confined to the central hills and is found at altitudes
ranging from 1150 m to 2300 m, while the northern subspehiashypithecus vetulus
philbricki occupies north central, northwestern and northeastern dry zonegp$PIHB5).
Trachypithecus vetulyshilbricki is the only subspecies that shares its range with the

grey langurSemnopithecus entellu$rachypithecus vetulyshilbricki and
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Semnopithecus entellase sympatric in the semi-evergreen forests of the central dry

zone of Sri Lanka (Bennett and Oates 1994).

The most extensive type of vegetation in Sri Lanka is the dry mixed sengree

forest, which is found throughout the dry zone of Sri Lanka (Ashton et al. 1997). These
forests are of strategic importance to the conservation of Sri Lankiadatps as they
support populations of all three of Sri Lanka’s diurnal primate spedesaca sinicaS.
entellus andT. vetulugPhillips 1935). These forests are also of importance to the
populations living in the rural areas in the dry zone as people depend on the forests for
food, medicine and construction material (Perera 2001). Although these forekis are
most extensive forest type in the island, they are fast disappearingsagtaf

infrastructure development initiated by the government, population growth in reaal a
and the ensuing expansion of agriculture (Perera 2001). Sri Lanka has one ofeke high
rates of deforestation in the Asian region (Dinerstein and Wikramanayake h@93) a

the global biodiversity hotspot that has the highest category of population pressure
(Cincotta et al. 2000). As a result of rapid deforestation, the long-term survival of Sr

Lanka’s primates is under threat (IUCN 2011).

Much of what is known about the ecologySfentellugRipley 1965; 1967; 1970) arid
vetulusphilbricki (Hladik 1977) in Sri Lanka is from studies carried out at Polonnaruwa
sanctuary, a secondary semi-evergreen dry zone forest in the north cerrahrel

more recently from a study dn vetulus nestan home gardens and rubber plantations
in the western region of Sri Lanka (Dela 2007). Only the study by Rudran (1973a;

1973Db) onT. vetulus monticolavas carried out in an undisturbed habitat in Sri Lanka. A
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few studies on a primate population at a single locality at one point in time may not be
adequate to understand the flexibility of the ecology of these species. Aostudy
Procolobus tephroscelet six localities in and around Kibale National Park found
significant differences in the ecology of animals among sites (Chapmla@repman
1999). Similar observations have also been made in the cBseaomlobus badiug and
around Kibale National Park (Chapman et al. 2002). The differences in the eablogy
the same species inhabiting different localities within a relativelyl g@agraphic area
can be largely attributed to differences in the plant communities among itlesse s
(Chapman and Chapman 1999). Hence, the findings of a few studies carried out at a
particular location cannot be generalized to species characteristics, asgtlsumably
true also fofT. vetulusandS. entelluswhich have broad geographic distributions in Sri

Lanka.

The Polonnaruwa sanctuary encompasses religious shrines and archaedtegiaatls
hence is visited by large numbers of local and foreign tourists, who along véth loc
residents use sections of the sanctuary as open toilets, for recreation, and &pdabal di

of food refuse (Ekanayake et al. 2006). In addition, local farmers graze tiieiircéhe
Polonnaruwa sanctuary (Ekanayake et al. 2006). Hence, the Polonnaruwa stsdy site i
heavily disturbed and the disposal of food refuse within the sanctuary could be
considered a form of provisioning of primates within the study area. Provisioning has
been shown to alter ecological aspects such as activity budgets, homeazengeds

daily path lengths, as well as socio-biological aspects such as dominanoehlgsria

primates (Altmann and Muruthi 1988; Borries at al. 1991). Thus, studies based on
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provisioned or populations living in disturbed habitats cannot be generalized to

populations of primates living in undisturbed forest habitats.

A number of studies on wild primate populations have revealed a high degree of intersite
variability in biomass (Oates et al. 1990; Ganzhorn 1992; Kay et al. 1997) and that food
availability plays a key role in determining primate biomass and diveksty €t al.

1997; Stevenson 2001; Brugiere et al. 2002). Thus, comparing and contrasting floral
diversity and structure between study sites is essential in intagpdeferences in the
behavior and abundance of primates between sites. In 2005, a long term study of the
comparative ecology of sympatric populati@sntellusandT. vetulusvas initiated in a
relatively undisturbed location, the Kaludiyapokuna forest reserve, in the nortal centr
dry zone of Sri Lanka. This chapter compares the vegetation diversity and thefstatus
the populations of . vetulusandS. entellusat Kaludiyapokuna and Polonnaruwa, and
discusses factors that influence the local abundance of primates, egpediddine

monkeys. This chapter also examines the appropriateness of the frequeshtigqpid

survey techniques for the estimation of primate group size by comparing the geup siz
estimates for the two species obtained using rapid survey techniques and from tota
counts of fully and partially habituated groups. In addition, threats and challeries t

long-term survival of these primates in Sri Lanka are discussed.
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2.2 Material and methods

2.2.1 Study site

The study was conducted in the Kaludiyapokuna forest reserve (N 07° 52.5, E 080° 44.1)
located in the Matale district in the north central dry zone of Sri Lanka (Fig. 2.1). The
study was conducted under the authority of the Department of Wildlife Conservation of
Sri Lanka and in collaboration with the University of Peradeniya, Sri Lankamahe

study area is approximately 2.2 kim extent and is contiguous with the Knuckles forest
range in the south. The study site is surrounded by farmland and human settlements on
the north, east, and west, and is unique because unlike the Polonnaruwa study site, which
is disturbed and where primates have become accustomed to humans through regular
contact (Bishop et al. 1981), this site is undisturbed by humans and the primates are not
provisioned. There is neither evidence to indicate that hunting, timber extnagtion
woodcutting took place at the site. The study site supports populations of four of the five
species of primates of Sri Lanka. Apart from primates, the study site ssippptlations

of other herbivorous mammals such as Asian elephBhgpl{as maximysspotted deer

(Axis axig, sambar deeiervus unicoloy, and wild pig Sus scrofa Unlike

Polonnaruwa (Bishop et al. 1981), this study area is home to a full complement of
potential primate predators such as the black e&glegetus malayensisleopard

(Panthera pardusand pythonRython molurus

The study area receives about 1250 mm of rainfall annually (Fig. 2.2) and average
temperature in the region ranges between 27-29 ° C. The region receives nsost of it
rainfall through convectional rains from October to November, which gradualieg

into the northeast (NE) monsoon. The NE monsoon lasts from December to February and
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is most active during the month of December. The NE monsoon brings considerably less
moisture than the southwestern (SW) monsoon, which lasts May to September. The
northern dry zone is shielded from the SW monsoon rains by the central hills of the island

and hence experiences a characteristic period of drought during this time.

2.2.2 Characterization of vegetation

Vegetation sampling was carried out using vegetation plots (Ganzhorn 2003). This
method was chosen because of the relative ease with which plots can be set up and
sampled. Localities for sampling were chosen with the aid of a WorldViewlliteate
image of the study area and care was taken to ensure that the localitieveardy
distributed across the study area so that an unbiased representative saneple of
vegetation could be obtained. Each plot was 20 x 20 m in extent and 59 plots were used
to sample the vegetation at the study site. The trees that were graat@rdm in

diameter at breast height (DBH) and liana species were measurec iBiig tape and
recorded. To sample understory vegetation, 15 of the sampling plots were furttied divi
into two smaller 10 m x 20 m sub-plots, and the understory species within the sub-plots
were counted and recorded. During sampling, a species area curve wasctexh§or

tree species to determine the adequacy of the sampling effort (Fig. 2.3) aripigs

were collected and herbarium sheets were prepared and the specimelemtied

and compared to voucher specimens at the National Herbarium at the Royal Botanical
Gardens, Peradeniya, Sri Lanka. The importance value index (IVI) was tedicida

each species (Curtis and McIntosh 1951). The IVI incorporates, relative deglsitiye
frequency and relative dominance into one measure or index. Relative dominance of a

given species was calculated as the total basal area of the species ast@pmithe
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basal area of all trees included in the sampling plots. The IVI is desirabéeisgives
prominence to species that tend towards large size and are abundant over thase that ar

not (Dittus 1977).

The spatial distribution of tree species was also assessed using theaMiodisit of

Dispersion [g) and Standardized Morisita Indey)((Krebs 1999). Morisita’s indexd)
assumes unity (1.0) for a random distribution, over 1.0 for a clumped distribution, and
less than 1.0 for a uniform distribution. The Standardized Morisita Inglesafges from

-1.0 to + 1.0, with 95% confidence intervals at + 0.5. Random patterns give a value of
zero, clumped patterns above zero and uniform patterns below zero. The null hypothesis

of randomness was tested by computing statistic for index values (Krebs 1999).

2.2.3 Population density estimation

An initial census was carried out in 2005 during the preliminary survey of the stedy si

In this census, the Recce transect method was used to estimate the falmiiznee of

T. vetulusandS. entellugSussman and Phillips-Conroy 1995; Walsh and White 1999).
The natural trails within the study area were traversed during the mamingt dusk,

and the number of animals encountered along these paths was recorded. A total of 21.6
km of trail within the study area (2.2 Khwas traversed during the initial phase of the
study. Efforts were made to record the morphological deformities and otbenadx
identification markers of animals encountered to avoid recounting the same troop

(Struhsaker 1975).

A second census was performed during the course of January 2008 and June 2009, when

groups were being habituated and behavioral and ecological data on both species were
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being collected. During this period most groups were semi or fully habituated racel he
direct counting of individuals in the groups within the study area was possible. When
groups were encountered, morphological deformities and other external idaatifica
markers of animals were recorded to avoid recounting the same troops. Wherepossibl
the age and sex composition of the groups were recorded. The density of langurs was

determined by dividing the total animals encountered by the eoftém¢ main study area.

2.3 Results

2.3.1 The number of tree species

A total of 2110 trees were encountered in the 59 plots that were used to chardwerize t
vegetation at the Kaludiyapokuna forest reserve. The total number of tree species found
was 73, belonging to 58 genera and 30 families. The species, their densitigs, rela
densities, relative basal areas and VI are tabulated in Table 2.1. Thddalderdains
species that were found within the study area, but not included in the sampling plots
because of either being too rare, as in the caSer@gada angustifoljaor those which
occurred under certain edaphic conditions as in the cdderabcylon sylvaticunwhich
grew on rocky outcrops with thin soil layers. These rocky outcrops were ditficul
access and hence the vegetation that grew in such localities was not syatigma

sampled.

Based on importance, the tree community was largely dominated by speciesngeiong
the families Euphorbiaceae, Sapindaceae and Ebenaceae (Table 2.1). This wed achie
largely due to the tree species suclMashodon zeylanicu§rypetes sepiariaMallotus

eriocarpus Dimorphocalyx glabellusof the family EuphorbiaceaBjospyros oocarpa
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andD. ovalifolia of the family Ebenaceae, ahdpisanthes senegalensithe family
Sapindaceae, which were abundant throughout the study site. The importance value index
(IV1) is a measure that incorporates relative density, relative freyyand relative basal
area into one index and hence is a better estimate of the relative impoftance
particular plant species to a plant community than any one measure alone.pébgs, s
that were abundant and small in trunk size ranked highly in relation to relative drrisity
ranked lower in relative importance, while some species which ranked lowettiorrela
to relative density ranked higher in relative importance by virtue of laugk size

(Table 2.2). The gains in rank were particularly evident in species stitiigselea
integrifolia, Ficus microcarpaandFicus amplissimavhich were large trees with
buttresses, which may have resulted in a slight exaggeration of trunk size impt®es s

(Table 2.2).

The canopy was largely composed of species subtisahiodon zeylanicus, Diospyros
oocarpa, Pterospermum suberifolium, Dimocarpus longadlLepisanthes senegalensis
Species such &3rypetes sepiarigAllophylus serratusCryptocaryasp.,Mallotus
philippensisandGrewia rothii constituted a subcanopy layéretramales nudiflorand
Holoptelea integrifoliawere large trees that were 30-40 m in height and constituted an

emergent layer.

2.3.2 The abundance of trees according to size classes
The DBH measurements of 1139 trees from 44 plots was analyzed to charactesize the
distribution of trees at Kaludiyapokuna. The DBH of trees at Kaludiyapokuna ranged

from 9 cm to 275.2 cm with a mean and mode of 24.4 cm (SD + 23.61) and 9 cm
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respectively. The examination of the data showed that most trees werensireatheter
and the number of trees decreased rapidly with the increase in trunk dianget2r 4fi
In addition, most species were also small in trunk diameter and the numberspieicess
declined rapidly with increase in trunk diameter (Fig. 2.5). Small stems (9-ZB¢iy

contributed to approximately 80% of total species richness.

2.3.3 Spatial distribution of tree species

Spatial patterns were computed only for species that were encountereccierslfi

large numbers in the sampling plots (Table 2.3). Most tree species were cluntped in t
distribution. Three specieBicus microcarpaDialium ovoideunandWrightia

angustifolig were randomly distributed.

2.3.4 Lianas and understory species

The total number of liana and climber species was14, belonging to 14 genera and 13
families. A climber was considered to be a plant with stems that haasblfittie ability to

bear weight and utilized other plants or rocks for support. A liana was considé&ed t
woody climber with roots on the forest floor but with leaves blanketing canopiesesf tr
The species, their numbers, relative frequencies and relative densiti@isudaged in

Table 2.4. The table also contains species that were found within the study area but not

included in the sampling plots.

A total of 1633 understory stems were encountered in the 15 plots that were used to
characterize the understory vegetation at Kaludiyapokuna. A total number of uryderstor
species observed was 42, belonging to 37 genera and 24 families. The species, their

numbers, relative frequencies and relative densities are tabulated irRablae table
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also contains species that were found within the study area, but not included in the
sampling plots. Of the 1633 understory stems, approximately 75 percent was @shstitut
of species that occurred as trees in the Kaludiyapokuna forest. Of the totad sipatcie
constituted the understory stand, approximately 79 percent of the speciedsoere

present as trees at Kaludiyapokuna.

2.3.5 Primate density

During the preliminary reconnaissance census, 17 sightinpsvetulusand 23 sightings

of S. entellusvere made, which resulted in a density estimate of 0.8 groups/Kim for
vetulusand 1.1 groups/km fd. entellus Based on physical deformities and other
external identification markers, 7 groupsSofentellusand 5 groups of. vetuluswvere
identified within the main study area, which was 2.2 knextent. The number of

animals observed fdr. vetulusduring each sighting ranged from 1 to 8 individuals, with
an average size of 3.6 (95% CI 2.5 to 4.7) per sighting, while the number of animals
observed during each sighting ¥r entelluganged from 1 to 13, with an average of 5.3
(95% CI 3.9 to 6.6) animals per sighting (Table 2.6). The observed group siZes for
vetulusin most instances were complete group counts, as individuals were not found to
disperse over a wide area when feeding or resting. Hence, the group size®gresee

are representative of the actual group size of the species at the stundite contrary,

S. entellusvere found to scatter over a wide area during feeding and resting and hence
observed group sizes reported here are likely to be incomplete group counts2Fgure

depicts the frequency of observation of different group sizeB. feetulusandS. entellus

70



During the second census, 8 group$Soéntellusaand 6 groups of. vetuluswvere

identified within the main study area. Group size rangeS fentellusandT. vetulus

were 11-22 animals and 3-15 animals respectively. Table 2.6 gives the geapdiz
density estimates obtained fbrvetulusandS. entellugrom the two census attempts.
There was no significant difference in the estimates of average graupf$i vetulus
derived from the observations made in the two census attempts (Table 2.6). On the
contrary the mean group size obtainedSoentellugrom observations made during the
second census was significantly greater than the mean group size forcibe spe
estimated using data from the initial census. The number of groups of the tves speci
estimated using the rapid survey technique was comparable with the number of groups

encountered during direct counts.

Of the groups of langurs at the study site, 2 groui ehtellusaand 1 group of. vetulus
were fully habituated. The age and sex composition of these groups, and 4 dihky par
habituated groups df. vetuluswere fully determined (Table 2.7). In the cas&.of
entellusboth groups were multi-male multi-female, while in the cask ektulusall

groups were uni-male multi-female in structure.
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2.4 Discussion

2.4.1 Forest diversity and composition

Historical evidence suggests that many parts of the dry zone had been cle#feckat

times for agriculture between 800 to 2000 years ago (Holmes, 1958). However, with the
dwindling of ancient civilization in the dry zone, the region was abandoned by about 700
years ago (Dittus 1985) and hence the forest cover in the dry zone is considered to be

secondary in nature (Holmes 1958).

The species diversity of tree species at Kaludiyapokuna is comparable tdrgtfagests

in the Indian subcontinent and other parts of the world (Murphy and Lugo 1986;
Parthasarathy and Karthikeyan 1997; Ramanujam and Kadamban 2001; Venkateswaran
and Parthasarathy 2003; Mani and Parthasarathy 2005). According to Dittus (1977) the
number of tree species in five semi-evergreen forests in Sri Lanka raoged fr
approximately 47 species to 69 species, while the survey of the Kaludiyapokuna forest
reserve revealed 73 tree species, belonging to 58 genera and 30 families,inuadaraf

the most diverse of the dry-zone forests surveyed in Sri Lanka to date. The tree
community at Kaludiyapokuna differs in species composition and the relative abundance
from the tree community at Polonnaruwa (Table 2.8). Similar differencasmiposition

were observed in a comparison of six dry semi-evergreen forest reseBresanka

(Dittus 1977). This comparison revealed that the reserves that experiertedgligll
supported a greater diversity of tree species in comparison with fesestes that
experienced little rainfall. This suggests that local climatic conditimgét influence the
diversity of tree species at a given site. A similar comparison of thretecgibal broad-

leaved forests in India found that species diversity decreased with inteindisgurbance
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(Rao et al., 1990). Although Kaludiyapokuna has a diverse floral assemblage in
comparison with other dry forests, the tree diversity at Kaludiyapokunadk lower in
comparison with the tree diversity reported from tropical evergreen faneStsLanka

and other regions of the world (Murphy and Lugo 1986; Zhu 1997; Ayyappan and
Parthasarathy 1999; Gunatilleke et al. 2006). The comparison of Kaludiyapokuna to
Polonnaruwa and the review of literature on the evergreen dry forest of Sa teardal

that there is considerable variability in the species composition and relhtindance of
species and hence the dry evergreen forest cover could be considered a haditat mos
Habitat mosaics have been shown to be particularly important from the point of view of
primate conservation, as they have been shown to harbor larger populations of primates

than homogeneous primary forests (Brugiere et al. 2002).

The dominant family at Kaludiyapokuna was Euphorbiaceae. This was achieved through
four species with IVI values greater than 9. Similarly, the dominant family a
Polonnaruwa was Euphorbiaceae. But this dominance was largely achieved hyglthe si
specieDrypetes sepiaria At Kaludiyapokuna, the magnitude of the difference between
the highest IVI value and the IVI value of any other species was lowemiparison

with Polonnaruwa (Table 2.8) and other dry forests in India (Ramanujam and Kadamban
2001). The highest IVI value at Kaludiyapokuna was 28.3/ischodon zeylanicus

followed by 25.4 foDrypetes sepiarigTable 2.8). In comparison, at Polonnaruwa the
highest was 55.5 fddrypetes sepiaridollowed by 21.2 folVitex pinnata This suggests

that no one species has a clear dominance over other species in the tree goatmunit
Kaludiyapokuna. In contrast, a trend towards dominand@rpyetes sepiariavas

evident at Polonnaruwa (Dittus 1977). A comparison of three sub-tropical forests in
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India showed that low equitability or high dominance was associated with drstarba

(Rao et al. 1990).

Similar to other dry forests in Sri Lanka (Dittus 1977) and India (Parthihgamad
Karthikeyan 1997; Venkateswaran and Parthasarathy2003), the pattern of abundance of
trees in relation to size class was characterized by a high stem cdunsmadller size
classes. However, the modal value of tree size at Kaludiyapokuna was shnaalltet

value of tree size at Polonnaruwa (Dittus 1977). Dittus (1977) attributed theysoércit
smaller sized trees to the sampling procedure that involved measuringraates than 5

m in height and illicit cutting of pole-sized trees by local human populations in many
parts of the study area. In certain areas of the Polonnaruwa study siteegsdaban 15 to

20 cm were entirely absent (Dittus 1977).

The spatial distribution of a tree species has important implications fordloggof the

plant species by impacting the reproduction of species and how plants eslzgaes

(Condit et al. 2000). Most trees in the Kaludiyapokuna study site showed an aggregated
distribution. This means that the nearest neighborhood of a tree has a higher than averag
density of conspecifics (Condit et al. 2000). This contradicts the prediction of Janzen
(1970), which states that a wide dispersion is a defense against predators. ssipbcass

Ficus microcarpaandDialium ovoideunwith relatively large trunk size showed a

random distribution. This pattern is similar to Polonnaruwa (Dittus 1977), where the
majority of tree species were clumped in distribution and few species randoml

distributed. The analysis of dispersion of trees from six different trojoicsts by
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Condit et al. (2000) showed that most species were aggregated. However, the degree of

aggregation was weaker in larger diameter classes (Condit et al. 2000).

At Kaludiyapokuna the understory stand was largely composed of species thatdbccurre
as trees at the site. In contrast, at Polonnaruwa tree species occushingoas

constituted only 10.6 % of the total shrub stand (Dittus 1977).

2.4.2 Status of primates

The Recce survey method has been frequently used to estimate the abundance of primate
populations in the wild, and involves using natural trails within a forest as transects
(Green1978; Sterlingnd Rakotoarison 1998). The results of the two censuses conducted
at the study site indicate that the rapid survey methods employed to determiaéuthe s

of primate populations might be appropriate to determine the presence or absenee and th
number of groups of langurs in a forest. Transect methods have been widely used to
estimate the abundance of primates in the wild (Fashing and Cords 2000; Brodiere a
Fleury 2000). Although transect methods have been shown to satisfactorily @stienat
number of primate groups in a given area, the method has been shown to underestimate
group size (Defler and Pintor 1985; Brugiere and Fleury 2000). Brugiere and Fleury
(2000) found that transect methods underestimated the average groupCoasbabk

satanady 23 percent. This suggests that estimates on primate group size obtained from

transect or similar survey methods should be regarded as preliminary.

The individual density estimate obtained from direct observation is comparable with
densities reported for colobine monkeys from many study localities in gestal{avies

1994). However, the combined individual densitieS oéntellusandT. vetulusat
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Polonnaruwa (250-400 animals/Ha) were 3 to 5 times the individual density of colobines
at Kaludiyapokuna. Similarly, a number of studies on wild primate populations have
revealed a high degree of intersite variability in density (Oates et al. Ga8@horn

1992; Kay et al. 1997). Numerous studies have shown that food availability plays a key
role in determining primate biomass and diversity (Kay et al. 1997; Stevenson 2001;
Brugiere et al. 2002). In the case of colobine monkeys, it had been suggested that the
availability of digestible mature leaves, a fallback resource for roalmpine species
determines their biomass (McKey 1978). Since then, numerous researchersduatreeu
ratio of protein to fiber as index of leaf quality and demonstrated positive tiamsla
between colobine biomass and this index of leaf quality at localities in Asian aoanAf
(Waterman et al. 1988; Oates et al. 1990; Chapman et al. 2002). Thus, it is possible that
the difference in the biomass of colobines between Polonnaruwa and Kaludiyapokuna
could be due to differences in quality of leaves available to langurs in the twadscalit
Differences in leaf quality could arise due to differences in the florahmamty between

the two sites (Table 2.8). In addition, human disturbances such as hunting (Fetese et
1982) and logging (Johns and Skorupa 1987) have been shown to negatively impact
primate biomass. However, hunting and logging are unlikely causes for therttHerin
langur density between the two sites, as there was no indication that huntiggiogl

took place at Kaludiyapokuna. The patterns observed in the size class distributios of tree
at Kaludiyapokuna and the low IVI values of tree species are further evifiberthe

absence of logging or any human induced or natural disturbances at Kaludiyapokuna. A
primate biomass has been positively linked to food availability, it is possibldispaisal

of food refuse by local and foreign tourists within the site (Ekanayake et al. 2006)
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provisions the primate population at Polonnaruwa, resulting in the increase in thg densit

of primates at the locality.

The multi-male social group was the predominant grouping pattern obsengd for
entellusat Kaludiyapokuna. In contradt, vetulusnvas characterized by one-male

bisexual groups. The one-male bisexual group is the predominant grouping pattern
observed foil. vetulusn Polannaruwa and other localities in Sri Lanka (Rudran 1973a;
1973b). S. entellugexhibit social flexibility in relation to group size and the number of
males per group in that they occur as multi-male and one-male bisexual dgieugsr{

1988; Newton and Dunbar, 1994). These two grouping patterns occur in varying
frequencies throughout the Indian subcontinent (Newton 1988). However, the one-male
social unit is the predominant one in many study localities in India (Newton 1988;
Koenig and Borries 2001). In a few study localities in northern India and Lraka,

the multi-male social unit predominates (Ripley 1965; Boggess 1980; Borries1997).
Studies that examine this social variation and the ecological and behavioessg®that
influence langur social structure have dominated the literature on hanumarslaky
analysis of 24 wild populations of hanuman langurs found that the number of adults was
positively correlated with troop size and the number of adult females in the troop but
failed to elucidate any relationship between the number of males in a group and the
density of langurs, predation pressure, and economic-advantage hypotheses (Newt
1988). In addition, reproductive synchrony and home range size (distance between
groups) (Srivastava and Dunbar 1996), predatory pressure (Treves and Chapman 1996)
and langur population density (Moore 1999) have been shown to influence the number of

males in a group.

77



Currently, T. vetulusandS. entellus thersiteare listed as endangered in the IUCN Red

List of Threatened Species (IUCN 2011). Habitat loss has been identifiedragjtnre

cause for their decline (IUCN 2011). Sri Lanka lost more than 50 percent of its fores
cover between 1994 and 2003 (IUCN 2011). Major development projects initiated by the
government of Sri Lanka have contributed significantly to the deforestation sfdhd.i

The Mahaweli Development Scheme initiated to irrigate the dry zone replaced about
200,000 ha of natural forest with irrigation infrastructure (Steele et al. 1997). troaddi
short-rotation swidden agriculture, intensive cattle grazing, and conversion into
plantations and other land use types, have contributed to deforestation in Sri Lanka
(Perera 2001). Although swidden agriculture has been traditionally practittes dry

zone of Sri Lanka, high population growth in rural areas has increased the need for
agricultural land (Perera 2001). Fire used in the preparation of swidden agridaltdral
often escapes into adjacent forests. Frequent burning of vegetation defleessisuncc

and promotes the growth of grasses (Perera 2001). The cultivation of tea, rubbey, coffe
coconut or other permanent crops, and other types of timber harvesting has resulted in a
68% reduction in natural high forest cover between 1900 and 1983 (Perera 2001). Apart
from these factors, natural phenomena such as cyclones also cause damags,to forest
especially dry zone forests (Dittus 1985). All these factors have contriloudadainnual
deforestation rate of 3.5 percent, which places Sri Lanka as the country witghbsthi

rate of deforestation in Asia (Dinerstein and Wikramanayake 1993). Currently
approximately 12 percent of the land cover of Sri Lanka has been designated asdorotect
areas to conserve wildlife (Dinerstein and Wikramanayake 1993). Howekas, liteen

predicted that habitat loss will continue to occur outside the protected areas,
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compromising the survival of primates and other wildlife that reside outsidedtes{ad
area network (Dinerstein and Wikramanayake 1993). This is particuleoiycern for

two subspecies of. vetulusT. vetulus nestoandT. vetulus vetulysvhich occupy

habitats such as home gardens which are outside the protected area syStéra(1).
Low-level subsistence hunting 8f entellusandT. vetulushas been reported (IUCN

2011) but is unlikely to have a major impact on the long-term survival of these species.
Considering the present plight of primates in Sri Lanka and predicted rates of
deforestation, urgent action is needed to secure the long-term survival of thestepri

in Sri Lanka.
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2.6 Tables

Table 2.1. The percent relative frequency, relative density, relative basabhace®/| of
tree species. Plant families are ranked according to IVI. * = Spediesediby S. entellus
as food* = Species consumed By vetulusas food, IVI= Important Value Index, BA=

Basal area.
Family  (no. of trees) % relative frequency % relative density % relative BA VI
Species
Euphorbiaceae (806) 31 46.6 216 99.2
Mischodon zeylanicti$ 7.0 15.0 6.3 28.3
Drypetes sepiaria  ** 6.2 7.9 11.3 25.4
Dimorphocalyx glabellus 5.2 9.0 1.9 16.1
Mallotus eriocarpus * 4.6 8.5 0.5 13.6
Mallotus philippensis* 4.0 4.3 0.6 8.9
Phyllanthus polyphyllus 1.4 0.8 0.1 2.3
Cleistanthus pallidus 0.9 0.6 0.2 1.7
Mallotus resinosus 0.9 0.3 0.2 14
Macaranga peltata* 0.4 0.2 0.4 1.0
Sapuimsp.* 0.2 0.0 0.1 0.3
Euphorbia antiquorum 0.2 0.0 0.0 0.2
Bridelia retusa* - - - -
Suregada angustifolia* - - - -
Ebenaceae (343) 139 16.2 10.4 405
Diospyros oocarpa* 6.4 10.1 7.4 23.9
Diospyros ovalifolia* 49 4.9 1.00 10.8
Diospyros ebenum* 2.0 0.9 1.8 4.7
Diopyros malabarica* 0.6 0.3 0.2 11
Sapindaceae (383) 10.8 9.7 8.9 294
Lepisanthes senegalensis* 5.9 6.5 2.0 14.4
Dimocarpus longart* 3.6 2.7 1.7 8.0
Schleichera oleosa* 0.2 0.0 4.1 43
Lepisanthes tetraphyll&* 1.1 0.5 1.1 2.7
M oraceae (21) 3.00 0.9 18.9 228
Ficus microcarpa  * 1.7 0.6 12.0 14.3
Ficus amplissima* 0.6 0.2 6.4 7.2
Ficus molli$ 0.3 0.1 0.2 0.6
Ficus virens* 0.2 0.0 0.2 0.4
Ficus arnottiand 0.2 0.0 0.1 0.3
Ficus racemosa* - - - -
Broussonetia zeylanica* - - - -
Ster culiaceae (64) 5.2 3.0 8.3 16.5
Pterospermum suberifoliurh* 4.3 2.7 5.30 12.3
Pterygota thwaitesii* 0.9 0.3 3.0 4.2
Annonaceae (119) 7.1 5.6 24 15.1
Polyalthia coffeoides* 1.8 2.6 0.5 4.9
Xylopia nigricans* 3.3 2.0 1.8 7.1
Polyalthia korinti 1.8 1.0 0.1 2.9
Alphonsea sclerocarpa 0.2 0.0 0.0 0.2
(Continued)
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Table 2.1. (Continued)

L auraceae (87) 40 4.1 22 10.3
Cryptocaryasp* 3.7 4.0 2.2 9.9
Neolitsea cassia 0.3 0.1 0.0 0.4
Tiliaceae (75) 5.0 35 14 9.9
Grewia rothii** 4.6 3.4 1.3 9.3
Berrya cordifolia 0.4 0.1 0.1 0.6
Grewia damine - - - -
Ulmaceae (3) 05 0.1 6.7 73
Holoptelea integrifolia* 05 0.1 6.7 7.3
Datiscaceae (11) 11 05 4.6 6.2
Tetrameles nudiflora* 1.1 0.5 4.6 6.2
Flacourtiaceae (23) 17 1.0 3.30 6.0
Hydnocarpus venenata* 1.5 1.0 3.3 5.8
Flacourtia indica 0.2 0.0 0.0 0.2
Aponogetonaceae (30) 26 14 15 55
Wrightia angustifolia*® 2.0 1.2 1.1 4.3
Wrightia flavido-rosea* 0.3 0.1 0.3 0.7
Wrightia tomentosa 0.3 0.1 0.1 0.5
Rubiaceae (39) 2.8 18 0.6 52
Tricalysia dalzelli* 2.6 1.8 0.6 5.0
Ixora sp.* 0.2 0.0 0.0 0.2
Anacar diaceae (22) 22 1.0 16 48
Nothopegia beddomei* 1.2 0.6 0.3 2.1
Spondias dulcis* 05 0.2 0.8 1.5
Lannea coromandelicd* 0.3 0.2 0.2 0.7
Mangifera zeylanica* 0.2 0.0 0.3 0.5
Fabaceae (18) 2.0 0.8 16 4.4
Dialium ovoideum* 1.8 0.8 1.6 4.2
Bauhinia tomentosa* 0.2 0.0 0.0 0.2
Verbenaceae (14) 19 0.6 13 38
Vitex altissima* 1.4 0.4 1.2 3.0
Premna procumbens* 0.5 0.2 0.1 0.8
Sapotaceae (6) 0.7 0.3 2.0 3.0
Manilkara hexandra* 0.6 0.2 1.6 2.4
Mimusops elengi 0.1 0.1 0.4 0.6
Clusiaceae (11) 09 05 0.8 22
Mesua ferrea 0.9 0.5 0.8 22
(Continued)
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Table 2.1. (Continued)

Capparaceae (12)
Capparis zeylanica
Rutaceae (5)

Clausena dentata
Murraya paniculata
Limonia acidissima*

M alvaceae (6)
Abelmoschus angulosuis*
M eliaceae (3)

Aglaia elaegnoidea
Bur ser aceae (4)
Commiphora caudata*
Arecaceae (1)
Schefflera emarginaté*
Myrtaceae (3)

Eugenia bracteata
Ochnaceae (1)

Ochna lanceolaté
Flagellariaceae (1)
Scolopia acuminata
Bignoniaceae
Stereospermum colais*
M elastomataceae
Memocylon sylvaticuni*
Moringaceae

Streblus taxiodes

15

15

0.4

0.2
0.2

0.8

0.8

03

0.3

0.5

0.5

0.2

0.2

0.3

0.3

0.2

0.2

0.2

0.2

0.6

0.6

0.2

0.1

0.3

0.3

0.1

0.1

0.1

0.1

0.0

0.0

0.1

0.1

0.0

0.0

0.0

0.0

0.2

0.2

0.2

0.2

0.0

0.0

0.2

0.2

0.2

0.2

0.3

0.3

0.1

0.1

0.0

0.0

0.0

0.0

2.3

2.3

0.8

0.5

11

11

0.6

0.6

0.8

0.8

0.5

0.5

05

0.5

0.2

0.2

0.2

0.2
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Table2.2. Comparison of rank based on IVI and relative density. IVI= Important value

index.

Species VI Rank relativedensity  Change
Mischodon zeylanicus 1 1 0
Drypetes sepiaria 2 5 +3
Diospyros oocarpa 3 2 -1
Dimorphocalyx glabellus 4 3 -1
Lepisanthes senegalensis 5 6 +1
Ficus microcarpa 6 22 +16
Mallotus eriocarpus 7 4 -3
Pterospermum suberifolium 8 11 +3
Diospyros ovalifolia 9 7 -2
Cryptocaryasp. 10 9 -1
Grewia rothii 11 10 -1
Mallotus philippensis 12 8 -3
Dimocarpus longan 13 12 -1
Holoptelea integrifolia 14 45 +31
Ficus amplissima 15 36 +21
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Table 2.3. Spatial distribution of commonly encountered tree species at Kaludiyapokuna.
* = Species utilized bg. entelluss food” = Species consumed By vetulusas food.

Species n (Ip) (1g) (P) Conclusion

Mallotus eriocarpus* 179 0.519 3.311 (0.00) Clumped
Cryptocaryasp¥ 85 0.518 3.305 (0.00) Clumped
Dialium ovoideum? 17 -0.488 2.169 (0.05) Random
Dimocarpus longart* 56 0.505 2.031 (0.00) Clumped
Dimorphocalyx glabellus 190 0.512 2.540 (0.00) Clumped
Diospyros ebenum 20 0.508 3.105 (0.00) Clumped
Diospyros oocarpa* 214 0.506 1.742 (0.00) Clumped
Diospyros ovalifolia 103 0.519 3.437 (0.00) Clumped
Drypetes sepiaris® 166 0.507 1.995 (0.00) Clumped
Ficus microcarpa® 15 -0.045 1.124 (0.41) Random
Grewia rothii** 72 0.514 2.885 (0.00) Clumped
Hydnocarpus venenata* 22 0.580 11.238 (0.00) Clumped
Lepisanthes senegaléh* 137 0.510 2.280 (0.00) Clumped
Mischodon zeylanicu$* 317 0.515 2.835 (0.00) Clumped
Polyalthia coffeoides 55 0.559 2.193 (0.00) Clumped
Polyalthia korinti 21 0.516 3.933 (0.00) Clumped
Pterospermum suberifoliurfi* 57 0.512 2.736 (0.00) Clumped
Tricalysia dalzelli * 38 0.521 4.028 (0.00) Clumped
Wrightia angustifolia*® 26 -0.414 1.634 (0.08) Random
Xylopia nigricans* 22 0.506 2.193 (0.00) Clumped

Morisita’s index (g) assumes unity (1.0) for a random distribution, over 1.0 for a

clumped distribution, and less than 1.0 for a uniform distribution. The Standardized
Morisita Index (p) ranges from -1.0 to + 1.0, with 95% confidence intervals at + 0.5.
Random patterns give a value of zero, clumped patterns above zero and uniform patterns
below zero. The null hypothesis of randomness was tested by compufisasistic for

index values.
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Table 2.4. Number, relative frequency and relative density of liana and climbeespeci
* = Species utilized bg. entelluss food” = Species consumed By vetulusas food.

Family n % relative frequency % relative density
Species

Hippocr ateace

Salacia reticulata 33 204 41.9
Combr etaceae

Combretum ovalifolia* 16 14.6 20.3
L oganiaceae

Strychnos nux-vomica 10 14.6 12.7
Fabaceae

Entada pusaetha* 8 20.4 10.1
Derris scandens 3 5.8 3.8
Rhamnaceae

Ventilago madraspatana* 3 8.7 3.8
Annonaceae

Artabotryssp. 3 5.8 3.8
Annonaceae

Uvaria macropoda 1 29 1.3
Linaceae

Hugonia ferruginea* 1 2.9 1.3
Olacaceae

Olax sp. 1 2.9 1.3
Opiliaceae

Opilia amentacea*
M enisper maceae
Tiliacora acuminata*
Apocynaceae
Carissa inermis*
Asteraceae

Mikenia scandens*

91



Table 2.5. Number, relative frequency and relative density of understory speeies.

Species which occurred as trees at Kaludiyapokuna.

Family n % relative frequency % relative density
Species

Euphorbiaceae

Mischodon zeylanicus ¢ 355 6.5 21.7
Dimorphocalyx glabelluse 81 4.3 5.0
Mallotus philippensise 55 5.6 3.4
Drypetes sepiarias 53 6.0 3.2
Mallotus eriocarpusse 31 2.2 1.9
Cleistanthus palliduse 20 3.3 1.2
Phyllanthus polyphylluse 8 0.4 0.5
Euphorbia antiquorume 1 0.4 0.1
Flueggea leucopyrus 1 0.4 0.1
Rutaceae

Glycosmis pentaphylla 353 6.5 21.6
Atalantia ceylanica 3 1.3 0.2
Murraya paniculatae 3 0.4 0.2
Ebanaceae

Diospyros oocarpas 172 5.6 10.5
Diospyros ovalifolia® 83 6.1 51
Diospyros malabaricas 1 5.6 0.1
Sapindaceae

Lepisanthes senegalensise 131 6.1 8.0
Democarpus longane 20 3.5 1.2
Lepisanthes tetraphyllas 7 2.2 0.4
Madhuca longifolia 1 0.4 0.1
Annonaceae

Polyalthia coffeoidese 118 6.1 7.2
Polyalthia korintie 1 0.4 0.1
Sterculiaceae

Melochia corchorifolia 20 0.4 1.2
Pterospermum suberifoliume 14 3.0 0.8
Rubiaceae

Psilanthus whghtianus 17 3.0 1.0
Tricalysia dalzelli 12 2.6 0.7
Mitragyna parvifolia 1 0.4 0.1
Canthium coromandelicum - - -
Capparidaceae

Capparis zeylanicae 18 3.5 11
Crateva adanasonii 1 0.4 0.1
M oraceae

Streblus toxoidese 13 2.2 0.8
Ficus microcapas 1 0.4 0.1
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Table 2.5. (Continued)

M elastomataceae

Memecylon sylvaticume

Myrtaceae
Eugenia bracteata
Bor aginaceae
Carmona retusa
Clusiaceae

Mesua ferreas
Rhamnaceae
Scutia myrtina

Anacar diaceae

Nothopegia beddomeis

Meliaceae

Aglaia elaegnoideae
Fabaceae

Bauhinia recemosas
Malvaceae

Hibiscus eriocarpus
Ochnaceae

Ochna lanceolatae
Tiliaceae

Grewia rothiie
Verbenaceae

Vitex altissima

L amiaceae

Basilicum polystachyon

1.7

1.7

0.9

0.4

17

13

0.9

0.4

0.4

0.4

0.4

0.4

0.6

0.4

0.2

0.2

0.2

0.2

0.2

0.1

0.1

0.1

0.1

0.1
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Table 2.6. Average group size and densitySfentelluandT. vetulusat
Kaludiyapokuna based on the initial reconnaissance survey.

Census n Mean group si2€)(Cl) Density (animals/ kin

T. vetulus S.entellus T. vetulus S. entellus T. vetulus S. entellus
1 5 7 3.6 (254.7) 5.3(3.96.6) 8.10 16.70
2 6 8 7.0(1.812.1) 14.7 (11.8 17.7) 19.10 63.4

Table 2.7. Composition of study groups and other groups encountered within the study
area. AM= Adult male, AF= Adult female, SA= Subadult, JV= Juvenile, INfant, * =
habituated groups.

Species AM AF SA JV IN Total

S. entellus S1 3 7 3 7 2 22*
S22 5 1 5 1 13
S3 - - - - - 13
S4 - - - - - 11
S5 - - - - - 17
S6 - - - - - 15
s7 - - - - - 15
S8 - - - - - 12

T. vetulus T1 1 6 0 0 4 11~
T2 1 8 - - - 15
T3 1 2 0 1 1 5
T4 1 2 0 1 1 5
T5 1 1 0 0 1 3
T6 1 2 0 0 0 3
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Table2.8. A comparison of woody tree diversity and composition between
Kaludiyapokuna and Polonnaruwa. * = Derived from Dittus (1977).

Kaludiyapokuna

Polonnaruwa*

Area sampled
Number of species
Genera

Families

Most important species (IVI)

Mischodon zeylanicu@6.30)
Drypetes sepiaria  (27.02)
Diospyros oocarp§21.28)
Dimorphocalyx glabellugl9.95)
Allophylus serratu§l7.47)
Diospyros ovalifolig17.12)
Lepisanthes senegalengl€.96)
Ficus microcarpa(13.18)

Pterospermum suberifoliu¢h0.71)

Cryptocaryasp. (10.28)
Mallotus philippensi¢9.18)
Grewia rothii(8.12)
Dimocarpus longaf6.99)
Holoptelea integrifolig6.97)
Ficus amplissimé6.77)

18.25 Ha
61

50

25

Drypetes sepiarigs5.50)
Vitex pinnata(21.20)
Schleichera oleos@1.10)
Premna tomentos20.00)
Grewia polygama  (19.60)
Cassia fistulg13.20)

Adina cordifolia(12.80)
Cassia roxburghi{11.00)
Lepisanthes tetraphyligl0.30)
Strychnos potatoruif10.00)
Ixora arborea(9.60)
Manilkara hexandrg9.50)
Ficus amplissim&8.70)
Walsura piscidig8.50)
Syzigium cumin(6.8)
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2.7 Figures

(@) (b)

# Kaludiyapokuna

— S

Figure2.1. (a) Map of Sri Lanka depicting the location of the study site, (b) locations abtpstof primates encountered during the
study period.
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Chapter 3

Dietary diversity and food selection in Trachypithecus vetulus and Semnopithecus
entellusin the Kaludiyapokuna forest reservein thedry zone of Sri Lanka.

3.1 Introduction

Understanding how the diets of primates vary in relation to spatiotemporaioraimat

food availability is a fundamental question in primatology (Hladik 1977; Fashing 2001,
Chapman and Chapman 1999). Due to the ability of colobine monkeys to ingest large
guantities of foliage, their dietary ecology has been of particular intenestrtatologists
(Struhsaker 1975; Oates 1988; Newton 1992). Although colobine monkeys have been
traditionally described as strict folivores (Ripley 1970; Wrangham 1980), am&itge
number of studies have shown that considerable interspecific variation exisis. Whil
leaves have been shown to comprise a significant proportion of the diet of sores speci
(Oates 1988; Hladik 1977), fruit (Fashing 2001; Dela 2007) and seeds (McKey et al.
1981; Maisels et al. 1994) have been shown to be important components of the diets of
other colobines. In addition to interspecific differences, there is consideratiance

that also points to intraspecific diet variation in colobine monkeys (Chapman and
Chapman 1999; Chapman et al. 2002). Despite this evidence, data stemming from a few
studies from a single study area are often used to characterizeding feeology and the
mechanisms of coexistence in sympatric colobines, as in the c&senabpithecus
entellus(Hanuman langur) antrachypithecus vetulupurple-faced langur) (Hladik

1977).
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The availability and the spatial distribution of food resources have been shown to
influence the intensity of within-group competition in primates, and hence have been
identified as important elements influencing the socioecology of primatesivam

1980; van Schaik 1989; Chapman et al. 1995). It has been predicted that, when animals
feed on clumped food resources of intermediate size relative to group spread, within-
group contest competition should occur (Koenig et al. 1998; van Schaik 1989). In the
event animals feed on resources that are dispersed in space and are ofsatiijaror

when patches are large enough to accommodate all the members of a grouptioompeti
is thought to be within-group scramble or absent (Wrangham 1980; Koenig et al. 1998;
van Schaik 1989; Isbell 1991). Although a number of studies have presented evidence for
the presence of within-group competition in colobines (Koenig 2000; Gillespie and
Chapman 2001), relatively few studies have attempted to quantify the spatiblitics

and the abundance of food resources used by colobine monkeys to determine the

potential for competition (Koenig et al. 1998; Grueter et al. 2009)

Much of what is known about the ecology of forest dwelfngntellusandT. vetulusn

Sri Lanka is from Polonnaruwa, a heavily disturbed secondary dry zone forest, where
these primates occur sympatrically. These studies have focused on the sociaatboga
and reproduction of. vetulugRudran 1973a; 1973b), social organization and general
ecology ofS. entellugRipley 1965; 1967; 1970) and feeding behavior of sympatric
vetulusandsS. entellusn relation to phenology (Hladik 1977). In these studies, it was
noted that at Polonnaruw@, entellusvas less arboreal and utilized a more diverse array
of plants tharT. vetulus Both species were found to ingest different proportions of fruits

flowers and leaves, and varied the intake of these items according to tliaiibtyan
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the environment. However, vetulusvas found to be more folivorous th&8nentellus
throughout the study period and of the leaves consumé&d\stulus two-thirds (40% of

all food ingested) were mature leaves. The dietary items consun&cehiellusvere

also found to be high in protein in comparison to the digt ektulus This prompted

Hladik (1977) to conclude that low mobility associated wWitlvetulusat Polonnaruwa is

an adaptation to minimize energy expenditure to survive on a diet of low nutritednal
More recently, a study oh. vetuludiving in human-modified habitats in the Western
Province of Sri Lanka showed that over 80% of diet of the species consisted of seasonal

plant parts (fruit, flowers and immature leaves) (Dela 2007).

This chapter provides quantitative data on feeding ecology of two free-ramginusgf

S. entellusand a free-ranging group of vetulusin a relatively undisturbed dry zone
forest in the north central dry zone of Sri Lanka. Specifically, this study cesypad
contrasts the monthly percentage of time devoted to feedifg éytellusandT. vetulus

on specific dietary items in relation to their availability. This study atsonénes dietary
niche breadth of the two species in an attempt to determine if the ecolodeardiés
observed in these species at Polonnaruwa can be generalized to explain thenceexiste
the study groups of these species at the Kaludiyapokuna forest reserverfadigitthe
study also quantifies the spatial distributions and the relative abundanceret&ayces
utilized by these primates, to determine the potential for intraspecdiméerspecific

interactions in these primates.
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3.2 Material and methods

3.2.1 Study site

The study was conducted in the Kaludiyapokuna forest reserve (N 07° 52.5, E 080° 44.1)
located in the Matale district in the north central dry zone of Sri Lanka. Thewasly
conducted under the authority of the Department of Wildlife Conservation of Sri Lanka
and in collaboration with the University of Peradeniya, Sri Lanka. The maiy sted is
approximately 2.2 kfin extent and is contiguous with the Knuckles forest range in the
south. The study site is surrounded by farmland and human settlements from the north,
east and west. The study site is undisturbed by humans and the primates are not
provisioned, unlike the Polonnaruwa study site, which is disturbed and where primates
have become accustomed to humans through regular contact (Bishop et al. 1981). Also
there is no evidence to indicate that hunting, timber extraction or woodcutting has
occurred at the site. The study site supports populations of four species of pamate

well as populations of other herbivorous mammals such as Asian eletaptsaé
maximu$, spotted deerAxis axi3, sambar deeQervus unicolay, and wild pig Sus

scrofg. Unlike Polonnaruwa (Bishop et al. 1981), this study area is home to a full
complement of potential primate predators such as the black &zglagtus

malayensiy leopard Panthera pardusand pythonRython molurus

The study area receives about 1250 mm of rainfall annually (Fig. 3.1) and average
temperature in the region ranges between 27-29 ° C. The region receives nsost of it
rainfall through convectional rains from October to November, which gradualieg

into the northeast (NE) monsoon. The NE monsoon lasts from December to February and

is most active during the month of December. The NE monsoon brings considerably less
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moisture than the southwestern (SW) monsoon, which lasts May to September. The
northern dry zone is shielded from the SW monsoon rains by the central hills of the island

and hence it experiences a characteristic period of drought during this time.

3.2.2. Subjects

In Sri Lanka,S. entelluss represented by a physically smaller subsp&ientellus
thersites(Bennett and Davies 1994) and is found throughout the well-wooded areas of
the entire dry zone from south of Jaffna, in the North, to the shores of the extreme
southern coast (Phillips, 1935). The purple-faced leaf mofikexgtuluss endemic to

Sri Lanka and is divided into four distinct subspecies all occupying diffeesgfrgphic
regions.T. vetulusphilbricki, the northern dry zone subspecies, shares its rang&with

entellus.

Dietary data were collected over a 12-month period between July 2008 and June 2009 as
part of a long-term study initiated on the comparative ecology eétulusandsS.

entellusin Sri Lanka. Data collection was confined to two groupS.aéntellusand one

group ofT. vetulus At the time of data collection, all groups were habituated to human
observers and could be approached to within a distance of 10 m without showing signs of
alarm. The composition of the study groups at the end of the study period is given in

Table 3.1.

Groups A and B were neighboring groups with overlapping home ranges. Similarly,
Group A andT. vetuluswvere neighboring groups with substantially overlapping home

ranges (Fig. 3.2). The home rangelotetulusalso overlapped with the home ranges of
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three othel. entellugroups that were not part of this study. Group B Bneetulusdid

not have overlapping home ranges.

3.2.3 Forest composition

Vegetation sampling was carried out using vegetation plots (Ganzhorn 2003).iécalit

for sampling were chosen with the aid of a WorldView 1 satellite image ofittig area

and care was taken to ensure that the localities were evenly distributedtlaerstssly

area so that an unbiased representative sample of the vegetation could be olaeined. E
plot was 20 x 20 m in extent and 59 plots were used to sample the vegetation at the study
site. The trees that were greater than 9 cm in diameter at breast h&ghtgild woody

lianas were measured using a DBH tape. Plant samples were collectedoanidiime

sheets were prepared and the specimens were identified and compared to voucher
specimens at the National Herbarium at the Royal Botanical Gardendeifigea Sri

Lanka. The basal area (BA) for each tree was calculated using thedormul

BA = [0.5 x DBHF x =.

The measure BA per hectare was used to define the biomass of each plant siheécies w

the home range of each group (Fashing 2001).

The spatial distribution of resources was characterized using the Mdgsaadq

Morisita (p) (Krebs 1999). Morisita’s indexd) assumes unity (1.0) for a random
distribution, and is greater than 1.0 for a clumped distribution, and less than 1.0 for a
uniform distribution. The Morisital{) ranges from -1.0 to + 1.0, with 95% confidence

intervals at +0.5 and -0.5. Random patterns give a value of zero, clumped pattems give
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value greater than zero and uniform patterns a value below zero. The null hypaithesis

randomness was tested by computing statistic for index values (Krebs 1999).

3.2.4 Forest phenology

To produce a quantitative measure of food availability, 958 trees and lianas in 22
phenological plots were monitored each month for phenological activity. The plant
species monitored included species that were known to be consumed by the primates as
well as species that were not known food species. Phenological assessmneest\whs

carried out with the help of two field assistants during the first week of eatihhnThe

crown of each tree was scanned using Nikon 8 x 40 binoculars by the investigat@ and th
two field assistants for the availability of fruits, flowers and immateagds. On

occasions, it was difficult to distinguish between ripe and unripe fruit due to poor
visibility and in the case of species likBschodon zeylanicyu®iospyros oocarpa
Hydnocarpus venenatandLepisanthes senegalensihkie to fruit that did not show any
changes in coloration or texture over time. Hence, ripe fruit and unripe fruijpeeled

as fruit for the purpose of estimating fruit availability. Similarly, fesvbuds and flowers
were pooled as flowers and leaf buds and young leaves were pooled as immatare leave
Each plant part was scored at increments of 0.5 on a scale of 0.0 to 4.0 with 4 being the
score for a tree with the plant part at its greatest abundance in compai@sahwith
individuals of the same species in the phonological plots. For the study area, a food
availability index (FAI) for fruit, flowers and immature leaves was comguising the
average monthly phenological scores and the basal area/ha value for tneetheit

vegetation plots in the study area (Dasilva 1994). FAl was computed using the formula
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FAIl = average availability score x basal area of species

The species used in the computation of FAI fruit, flowers and immature leaves Wwéhin t
study area accounted for the 15 most frequently utilized tree species bgrihestes
and accounted for approximately 80% of the feeding time of Groups A and B and 74% of

the feeding time of. vetulus

3.2.5 Behavioral data collection

For 5-8 days a month for each of the groups, behavioral data were collected sisamny
sampling technique (Altmann 1974). Each scan lasted approximately 3 minutes and scans
were conducted every 10 minutes. Efforts were made to include as many adult snonkey
as possible in each scan. During each scan the number of animals engagedgn feedin
moving, resting and in social behaviors were recorded. When an animal was spotted, the
first activity that lasted longer than 3 seconds was recorded. h minimized the
overrepresentation of eye catching ephemeral activities in the datar({@2001).

Feeding was considered to be any instance that involved a monkey attemptingtfo inges
masticate or swallow a food item. When a monkey was observed to feed during a scan,
the plant species and the food item on which the animal was feeding was recorded. Food
items were designated as fruit, seeds, flowers, immature leaves, and leaves. Sap

and soil were both recorded as other. During sampling, features such as pe&gdaikol
length in relation to body length, and anatomical deformities such as scarasgdrto

identify individuals and minimize resampling individuals during the process.

Dietary niche breadth was estimated using Levins’s MeaBuiebs 1994) using the

formula:
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1

>.P?

whereP; is the proportion of items in the diet that are of the food catebory

B=

Forage ratiosw;) (Krebs 1999) were calculated for each dietary item (fruit, flowers and
immature leaves) of a plant species utilized by the primates to meastamy dielectivity

for each item. Forage ratios;] were computed using the formula:

whereg; is the proportion of speciesn the diet angy; is the percentage of species

available in the environment. Stem density derived from the vegetation plots Wassuse

a measure of availability of the species in the environment. The foragersatgesfrom

0 tooo and values greater than 1.0 indicate preference while values less than 1.0 indicate

avoidance.

Temporal patterns of food resource use in relation to food availability wereigatedt
by calculating Spearman rank-order correlation coefficiegtdétween food item
consumption and food item availability measured as FAI. Similarly, tempotatmabf
niche separation were investigated by calculating Spearman rank-orggation
coefficients (f) between fruit, flower and immature leaf availability overlap and,frui

flower and immature leaf availability.
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3.3 Results

3.3.1 Forest composition

In the 59 plots that were used to characterize the vegetation at the Kaludiyapo&aha for
reserve, a total of 2110 trees were encountered from 73 species, belonging ta®8 gene
and 30 families. The DBH of trees at Kaludiyapokuna ranged from 9.0 cm to 275.2 cm
with a mean and mode of 24.4 cm (SD £ 23.61) and 9.0 cm respectively. Table 3.2 gives

the tree species composition within the home ranges of the three primate groups.

3.3.2 Forest phenology

The availability of fruit, flowers and immature leaves measured as FAVajtvaried
considerably from month to month (Fig. 3.3). Fruit availability was lowest during the
month of March and highest during the month of June. The availability of flowers was
highest during the month of August and lowest during December and January. kenmatur
leaf availability was at its lowest during the month of February and highesg

September. Mature leaves were the most abundant food item available throughout the

year.

3.3.3 Dietsof S. entellusand T. vetulus

Approximately 63% the diet of. vetulusconsisted of leaves, whereas leaves accounted
for approximately 53% of the diet of Group A and 57% of the diet of Group B of the two
S. entellugroups respectively (Table 3.3). Immature leaves accounted for a greater
proportion of the leaf intake of both species, Witlhvetulusspending approximately 10%
and 20% more time feeding on immature leaves than Groups A and B did respectively.

Group A spent a small proportion (0.41%) of feeding time on sap and soil. Although not
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represented in the scan samples, activities such as drinking at shallow ponds in the
ground did occur infrequently in the caseSofentellusDrinking and geophagy were

never observed if. vetulus None of the groups were observed to make deliberate efforts

to feed on insects or other forms of animal matter though it is possible that theymonke
ingested insects when feeding on flowers and fruit such as figs. In the caseipfAGr

and Group B, seasonal resources such as fruit and flowers accounted for 47% and 43% of
their diets respectively. In comparison, only 31% of the didt ektulusduring the study

period consisted of fruits and flowers.

Table 3.4 gives the monthly variation in the percentage of time based on scan sample
records devoted to feeding on different food items. In the case of Group A, the monthly
time spent feeding on fruit ranged from 2.0% to 59.0%, while in Group B the monthly
time spent on feeding on fruit ranged from 0.0% to 69.0%. In comparison, the monthly
time spent feeding on fruit if. vetulusanged from 0.0% to 79.0%. There was no
statistically significant difference in the monthly percentage of spent feeding on fruit
(Friedman’s two-way analysis of variance by ragk@) = 0.50, p< 0.779) between the
three groups. In the case of Group A, the monthly time spent feeding on flevwgesir

from 0.0% to 60.0%. The monthly time spent feeding on flowers ranged from 0.0% to
26.5% in Group B. In comparison, the monthly time spent feeding on flowers ranged
from 0.0% to 40.7% i . vetulus The differences in the monthly percentage of time
spent feeding on flowers by the three groups were statisticallyisagi(Friedman’s
two-way analysis of variance by rankg2) =6.62, p< 0.037). However, monthly
differences in the time spent feeding on immature leaves (Friedmanisdy analysis

of variance by rankg’ (2) =2.17, p< 0.338) and mature leaves (Friedman’s two-way
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analysis of variance by rankg,(2) = 5.71, p< 0.058) by the three groups were not

statistically significant.

The contribution of different plant species and plant parts towards the diets of Groups A
and B andr. vetulusare presented in Tables 3.5.A-C. Group A fed on 58 positively
identified species, while group B fed on 32 positively identified speciesrhparisonT.
vetulusfed on 31 positively identified species. The top 10 most frequently utilized plant
species by Groups A and B accounted for 70% and 72% of their diets respectively. In
comparison, the top 10 most frequently utilized plant specids gtulusaccounted for

76% of the diet of the group. Group A and B fed on the fruit of 20 and 13 plant species
respectively, whilél. vetulused on the fruit of 17 species. Similarly, Groups A and B

fed on the flowers of 20 and 18 plant species respectively, Whiletulused on the

flowers of 8 species.

The proportion of time spent feeding on fruits and flowers each month by Groups A and
B andT. vetuluswvas positively correlated to their monthly FAI scores (Table 3.6; Fig.
3.4). There was no statistically significant relationship between morahgumption of

immature leaves and monthly availability of immature leaves for ak threups.

There was also a significant negative correlation between monthly taftablesumption
and monthly fruit availability for Group B arid vetulugTable 3.8). Although there was
a negative correlation between total leaf consumption and the availabilibyveirél for

all three groups, no relationship was statistically significant (Tab)e I8.¢he case of
Group A, monthly mature leaf consumption showed a statistically significaniveegat

correlation with immature leaf availability. Although monthly maturd ¢eesumption
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was negatively correlated with immature leaf availability for GrowgmBT. vetulusthe

relationships were not statistically significant.

3.3.4 Dietary diversity and food selection

The mean monthly niche breadB) (vas 6.42 (range 3.0-11.1) for Group A was and 5.49
(range 1.5-9.9) for Group B and 5.08 (range 2.5-7.77J fmetulus The monthly

difference in niche breadth between the three groups was not stdyistigaificant

(Friedman’s two-way analysis of variance by ragk@) = 2.68, p< 0.262).

The forage ratios for food items from different plant species accountiaglfdr of the

annual diets of the study groups are listed in Tables 3.8 and 3.9. In the case of Group A,
plant parts of 13 of the 20 plant species that accounted®s of the annual diet were
preferred by the group. Similarly, Group B preferred the plant parts of 12 of the 20
species that accounted forl% of the annual diet of the group. In comparisarnyetulus
selected the plant parts of 12 species of the 21 species that accounté&élcfof the

annual diet of the group. The preferred species accounted for 58%, 70% and 63% of the
annual diet of Group A, Group B aiid vetulusrespectively. Based on selection ratios,
plant parts oMischodon zeylanicysvhich accounted for a significant proportion of the
annual diets of Group A and vetulusvere not preferred by these two groups. Group B,
which fed on the fruit, flowers and immature leaveMafchodon zeylanicupreferred

only the immature leaves of the species. Similarly, the plant parts of the faelsspe
Drypetes sepiariawhich constituted a significant proportion of the annual die&. of
entellusandT. vetuluswvere not preferred by both species of primates. According to the

forage ratio, Group A preferred only a single tree spe@esvia rothii) and B preferred
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two tree speciegdrewia rothiiandMischodon zeylanicysghat were listed in the top 10
most abundant plant species in terms of relative density in the study areamphrison,
none of the species preferred yvetuluswvere listed in the top 10 most abundant plant

species in the study area.

3.4 Discussion

Groups A and B at Kaludiyapokuna consumed items from 58 and 32 species of plants
respectively, whilél. vetulusconsumed 31 identified plant species. Although the
number of species of food plants is likely to be correlated with observatiorthiene
number of species consumedhywetulusandS. entelluss comparable with the number
of species utilized by a number of colobine species as food (Table 3.10). The proportion
of fruit and flowers in the diet dF. vetulusat Kaludiyapokuna is similar to the diet of the
species at Polonnaruwa. However, at Polonnaruwa two thirds of the leaves consumed
(40% of overall diet) by'. vetulusvere mature leaves (Hladik 1977) while at
Kaludiyapokunal . vetulused predominantly on immature leaves. In comparison to the
diet of T. vetulumestor(Dela 2007) in the Western Province of Sri Lanka, the study
group at Kaludiyapokuna consumed a significantly lower proportion of fruit but
consumed a higher proportion of flowers. In terms of fruit consumption, the @et of
entellusat Kaludiyapokuna is similar to the dietsSfentellugeported from other

localities in the Indian subcontinent, but showed a tendency to include a higher
proportion of flowers in its diet in comparison wih entellusat other localities. In
addition,S. entellusat Kaludiyapokuna were never observed to feed on insects as

reported foIS. entellusn India (Newton 1992; Koenig and Borries 2001).
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Previous studies contrasting the feeding ecology of sympgatvietulusandS. entellus

have reporte®. entellugo feed on seasonal foods from a diverse array of plant species
andT. vetulugo feed on a few plant species and include a higher percentage of mature
leaves in its diet year-round (Hladik 197When comparing the interspecific differences
in dietary diversity of the groups in this study, the difference in food plant us@opG

A andT. vetuludn this study are similar to the differences observed between the two
species at Polonnaruwa (Hladik, 1977). L¥&eentellust Polonnaruwa, Group A fed on

a diverse array of plant species whilevetulused on a few species (Table 3.10).
However, this difference is not evident when comparing food plant u&edmp B andr.
vetulusin this study, which suggests that the two species have a high degree of ecological
flexibility. In addition, contrary to the findings of Hladik (197%), entelluandT.

vetulusin this study did not differ in their monthly intake of seasonal items such gs frui
seeds and immature leav@svetulusandS. entellusat Kaludiyapokuna only differed
marginally in their consumption of flowers, wigh entelludeing more florivorous than

T. vetulus

Unlike in Polonnaruwal . vetulusandS. entelluslid not differ in their consumption of
mature leaves. Although less frugivorous tihawetulus nestoil. vetulusn this study
exhibits similar dietary patterns To vetulus nestan that the diet of the group consisted
predominantly (95%) of seasonal plant items such as fruit, seeds, flowers aatiienm
leaves (Dela 2007). Thus, the notion that coexistence be®vesmriellusandT. vetuluss
facilitated byT. vetulusadapting to a diet of low nutritional value (mature and immature
leaves) is not directly applicable to explain the coexistence of the twes@tthe

Kaludiyapokuna forest reserve. Additionally, when comparing the dietary ecology of
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these two species with other published works on the two species (Table 3.10), it is
apparent that intraspecific variation in dietary ecology is much grisatennterspecific
variation. This suggests that the differences in feeding ecology reported foothe tw

species are most likely driven by local habitat conditions.

Asian colobines in general have been suggested to subsist primarily on leaves
(Kirkpatrick 2007), and it is a central tenet in socio-ecological modelsidiescgroup

size and social interactions in colobines (Wrangham 1980; Janson and Goldsmith 1995;
Steenbeek and van Schaik 2001). Although the annual dietary profiles of both species
appear to fit this description, the statement tends to be misleading when d¢oggiuer
monthly variation in fruit and flower consumption of both species. During several months
fruits and flowers collectively accounted for over 40% of the diet of both species and in
some months exceeded leaf consumption (Table 3.5). In addition, feeding time has been

shown to underestimate the mass of fruit ingested (Hladik 1977).

In the case of. vetulusandS. entellusn this study, both species consumed fruits and
flowers in proportion to their availability and did not eat immature leavesdingaio

their availability suggests that fruit and flowers may have been thenefeonds for

both species. This statement is further strengthened because Group .Brandused

on leaves mostly when fruit availability was low. Although previous studies on the
dietary ecology o8. entellusrave shown the species to ingest significant quantities of
seasonal plant parts such as fruits, flowers and immature leaves actorawagability
(Newton 1992; Sayers and Norconk 20@)entellusn this study showed a tendency to

prefer fruit and flowers even when immature leaves were available. Tdré@sshat the
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monkeys in this study prefer fruit and flowers is largely suggestive, dfederence

can be reliably tested only when all food items are equally and simultanevagble

to the monkeys, conditions that are virtually impossible to meet in primatetficié s
Although the colobine monkeys in this study showed a preference for fruit and flowers
over leaves, species suchTaachypithecus leucocephal(ls and Rogers 2006) and
Rhinopithecus bie{iXiang et al. 2007) showed a tendency to consume immature leaves

even when fruits and flowers were available.

The forage ratios computed for plant parts of the tree species that accounted fdr >1% o
the diet of the two species suggests that the langurs at Kaludiyapokuna were not
indiscriminate foragers feeding exclusively on the most common plant speciathieut r
selective foragers that fed on a number of relatively uncommon species. This igatte
probably due to variation in nutritional value that has been shown to exist between plant
species in tropical forests (Chapman et al. 2003). Similar patterns of fooibsehewve

also been observed in other colobine species suCblabus guerezéashing 2001),
Rhinopithecus bie(iGrueter et al. 2009) andrachypithecus francoigizhou et al. 2006).

In addition, the spatial patterns of the majority of the 10 most frequently utilized pla
species by Groups A, B afid vetulusshowed a clumped distribution pattern (Table

3.11). The clumped distribution observed for many plant species in this study is the
predominant spatial distribution pattern observed for many tree species ialtfopasts
(Condit et al. 2000). The substantial home range overlap befivestulusandS.

entellusand their preference for relatively rare species with clumped spatiabdiions

and limited resources such as fruit and flowers enhances the possibilityrgéciéc

(Schoener 1982) and within-group competition in these species (Wrangham 1980; van
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Schaik 1989; Isbell 1991). However, more recently, alternative hypotheses sheh as
resource dispersion hypothesis (RDH) have been proposed as a mechanism to explain
group living (Johnson et al. 2002). The RDH is a hypothetical model that proposes that
individuals can exploit patchy resources and satisfy their needs withouimgperge

costs on each other.

The study ofT. vetulusandS. entellusat Kaludiyapokuna demonstrates that the species
exhibit dietary plasticity across their geographic range and ovemtiasingle study site

in relation to resource availability. The feeding ecology.ofetulusandS. entellusat
Kaludiyapokuna differed from that reported in other published studies on the species in
the langurs’ preferences for fruit and flowers even when immature learesatyundant.

In addition, both species preferred relatively rare plant species witlpetlispatial
distributions. Considering these factors, the general statement thatdddobines

subsist primarily on leaves is an oversimplification of the dietary egabthese two

species.
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3.6 Tables

Table 3.1. Composition of study groups. AM= Adult male, AF= Adult female,
SA= Subadult, JV= Juvenile, IN = Infant.

Species AM AF SA JV IN Total
S. entellus
Group A 3 7 3 7 2 22
Group B 2 5 1 4 1 13
T. vetulus 1 6 0 0 4 11
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Table 3.2.Tree composition in the home ranges of the three groups.

Group A 8. entellup

Group B §. entellup

Group CT. vetuluy

Area sampled (ha)
Number of species
Number of families

Stem density (stems/ha)

DBH

Mean (95% CI)

Mode

1
48
24

643

The 20 highest-ranking trees Family

Ulmaceae
Euphorbiaceae
Moraceae
Euphorbiaceae
Flacourtiaceae
Sterculiaceae
Annonaceae
Datiscaceae
Ebenaceae
Annonaceae
Lauraceae
Sapotaceae
Aponogetonaceae
Sapindaceae
Fabaceae
Tiliaceae
Sterculiaceae
Euphorbiaceae
Sapindaceae
Verbenaceae

24.3 (22,5 26.1)
9.0

Species (BA/hativelBA/ha)

Holoptelea integrifolig 83968, 15.1)
Drypetes sepiarig76309, 13.7)
Ficus microcarpa(74749, 13.4)
Mischodon zeylanicug35250, 6.3)
Hydnocarpus venena(@4182, 6.1)
Pterospermum suberifoliu29648,5.3)
Diospyros oocarpg24023, 4.3)
Terameles nudiflor§22628 4.0)
Diospyros ebenur(l4908, 2.7)
Xylopia nigricang(13477, 2.4)
Cryptocarya sp(12019, 2.2)
Manilkara hexandrg11615, 2.1)
Wrightia angustifolia(10333, 1.8)
Lepisanthes senegalen$@518, 1.7)
Dialium ovoideun{9448, 1.7)
Grewia rothii (8739, 1.6)

Pterygota thwaitesi{8128, 1.4)
Dimorphocalyx glabellu§7117, 1.3)
Dimocarpus longar{6718, 1.2)
Vitex altissima(6708, 1.2)

0.52
37
19
675

25.3 (22.6 28.0)
10.5

Family

Moraceae
Moraceae
Ulmaceae
Sterculiaceae
Sterculiaceae
Euphorbiaceae
Ebenaceae
Euphorbiaceae
Lauraceae
Sapindaceae
Verbenaceae
Annonaceae
Euphorbiaceae
Fabaceae
Ebenaceae
Tiliaceae
Clusiaceae
Datiscaceae
Aponogetonaceae
Annonaceae

Species (BA/ha, relative BA/ha)

Ficus microcarpg117702, 17.4)
Ficus amplissim&79088, 11.7)
Holoptelea integrifolia(70734, 10.5)
Pterygota thwaitesi{63050, 9.3)
Pterospermum suberifoliu39400, 5.8)
Drypetes sepiari§39226, 5.8)
Diospyros oocarpg37129, 5.5)
Mischodon zeylanicy®27530, 4.1)
Cryptocarya sp(23035, 3.4)
Dimocarpus longarf19981, 2.9)
Vitex altissimg(16792, 2.5)

Xylopia nigicang15242, 2.2)
Dimorphocalyx glabellu§12244, 1.8)
Dialium ovoideun{12064, 1.8)
Diospyros ebenur(11710, 1.7)
Grewia rothii (9438, 1.4)

Mesua ferreg9294, 1.4)
Tetrameles nudiflor§7073, 1.0)
Wrightia flavido-roseg7007, 1.0)
Polyalthia coffeoide$6989, 1.0)

0.48

30
19

698

22.0 (20.0 24.0)
9.0

Family

Euphorbiaceae
Moraceae
Flacourtiaceae
Euphorbiaceae
Datiscaceae
Ebenaceae
Sterculiaceae
Sapindaceae
Fabaceae
Annonaceae
Ebenaceae
Tiliaceae
Anacardiaceae
Ebenaceae
Lauraceae
Ulmaceae
Sapindaceae
Sapindaceae
Aponogetonaceae
Aponogetonaceae

Species (BA/ha, relative BA/ha)

Drypetes sepiarig91747, 20.5)
Ficus microcarpa61443, 13.8)
Hydnocarpus venena(®1509, 11.5)
Mischodon zeylanicu@9218, 11.0)
Tetrameles nudiflor§23571, 5.3)
Diospyros ebenur22982, 5.1)
Pterospermum suberifoliuf20978, 4.7)
Lepisanthes senegalen$igt940, 3.3)
Dialium ovoideun(13801, 3.1)
Xylopia nigricang(13718, 3.1)
Diospyros oocarpg13101, 2.9)
Grewia rothii (10248, 2.3)

Spondius dulci$8090, 1.8)
Diospyros ovalifolia(7820, 1.8)
Cryptocarya sp(5519, 1.2)
Holoptelea integrifolia(5115, 1.1)
Dimocarpus longar4801, 1.1)
Lepisanthes tetraphyl@644, 1.0)
Wrightia angustifolia(4519, 1.0)
Wrightia tomentos§3169, 0.7)
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Table3.3. Percentage of time spent feeding overall and dietary iteg bgtellus
(Groups A and B) andl. vetulus

Group A 6. entellup Group B 8. entellup T. vetulus
(n=22) (n=13) (n=11)
Number of feeding records 4632 4725 1483
% of time spent feeding 33.62 19.88 13.94
Plant part
Fruit (Whole fruit + seeds) 23.02 29.14 25.89
Whole fruit 14.57 17.71 19.55
Seeds 8.44 11.43 6.34
Flowers 23.94 13.42 11.33
Immature leaves 43.91 55.26 58.06
Mature leaves 8.72 2.18 4.72
Other
Sap 0.39 0.00 0.00
Soil 0.02 0.00 0.00
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Table 3.4. Percent monthly plant part consumptionSyentellugGroups A and B) and. vetulus

Species Month Fruit Whole fruit Seeds Flowers Irturealeaves Mature leaves Other
S. entellus 7/08 15.1 105 4.7 60.0 20.4 4.8 0.0
(Group A) 8/08 255 10.2 15.3 36.8 35.3 1.1 1.3
9/08 15.1 11.2 4.0 24.6 60.0 0.0 0.2
10/08 24.4 5.2 19.2 35.1 34.3 6.0 0.2
11/08 415 175 24.0 0.2 35.7 22.0 0.8
12/08 21.2 21.2 0.0 0.3 62.6 15.6 0.3
1/09 42.2 42.2 0.0 1.0 40.5 16.0 0.3
2/09 17.3 17.3 0.0 36.3 28.2 17.7 0.4
3/09 2.0 2.0 0.0 30.6 63.0 4.6 0.0
4/09 19.7 2.3 17.4 13.7 64.5 1.3 0.7
5/09 4.7 4.7 0.0 0.0 91.0 4.2 0.0
6/09 58.7 58.7 0.0 0.0 314 10.0 0.0
S. entellus 7108 31.6 15.6 16.0 23.3 45.0 0.1 0.0
(Group B) 8/08 55.6 30.8 24.8 26.5 16.7 1.2 0.0
9/08 43.6 18.8 25.0 7.8 48.6 0.0 0.0
10/08 38.7 7.7 31.0 11.8 49.5 0.0 0.0
11/08 15.1 12.4 2.7 11.4 73.5 0.0 0.0
12/08 0.80 0.0 0.8 0.8 97.0 13 0.0
1/09 0.0 0.0 0.0 0.0 92.2 7.8 0.0
2/09 1.7 1.1 0.6 0.6 74.1 23.6 0.0
3/09 6.2 6.2 0.0 13.0 75.1 5.8 0.0
4/09 11.2 11.2 0.0 11.0 775 0.4 0.0
5/09 26.1 26.1 0.0 8.8 65.1 0.0 0.0
6/09 69.0 62.4 6.6 0.0 31.0 0.0 0.0
T. vetulus 7/08 46.1 46.1 0.0 105 43.4 0.0 0.0
(Group C) 8/08 47.1 14.2 32.9 27.3 20.4 5.2 0.0
9/08 20.2 19.6 0.6 27.6 52.1 0.0 0.0
10/08 26.4 25.3 1.1 14.7 58.9 0.0 0.0
11/08 10.2 10.2 0.0 0.0 89.8 0.0 0.0
12/08 24.6 24.6 0.0 0.0 75.4 0.0 0.0
1/09 11.2 11.2 0.0 0.0 86.7 2.0 0.0
2/09 10.4 10.4 0.0 0.0 56.5 33.1 0.0
3/09 0.0 0.0 0.0 13.2 86.8 0.0 0.0
4/09 8.0 8.0 0.0 6.8 85.2 0.0 0.0
5/09 39.0 39.0 0.0 0.0 61.0 0.0 0.0
6/09 78.2 78.2 0.0 0.0 18.2 3.6 0.0
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Table 3.5.A. Percent of time spent feeding on food items by plant species (n = 4632) by Group énb&ilye2008 and June 2009.

Species Family Whole Seeds Flowers Immature Mature Sap Total
Fruit Leaves Leaves
Drypetes sepiaria Euphorbiaceae 2.05 5.48 4.36 0.10 12.00
Mischodon zeylanicus Euphorbiaceae 0.28 0.02 9.09 9.39
Tetrameles nudiflora Datiscaceae 4.43 4.62 0.02 9.07
Holoptelea integrifolia Ulmaceae 0.56 6.74 1.30 8.59
Grewia rothii Tiliaceae 421 1.19 1.84 7.23
Vitex altissima Verbenaceae 2.53 4.40 0.02 6.95
Ficus microcarpa Moraceae 0.73 4.17 0.02 4.92
Hydnocarpus venenata Flacourtiaceae 4.21 0.50 0.19 4.90
Wrightia angustifolia Aponogetonaceae 0.13 1.86 0.32 1.71 4.02
Manilkara hexandra Sapotaceae 0.06 1.81 1.12 3.00
Lepisanthus senagalensis Sapindaceae 1.12 0.09 1.73 2.94
Diospyros oocarpa Ebenaceae 2.83 2.83
Combretum ovalifolia Combretaceae 0.13 0.13 2.09 2.35
Cryptocaryasp. Lauraceae 2.05 2.05
Lannea coromandelica Anacardiaceae 1.55 0.04 0.30 1.90
Dialium ovoideum Fabaceae 0.99 0.67 1.66
Diospyros ebenum Ebenaceae 1.38 1.38
Glycosmis pentaphylla Rutaceae 0.76 0.04 0.54 1.34
Commiphora caudata Burseraceae 0.11 1.04 1.14
Democarpus longan Sapindaceae 0.24 0.06 0.58 0.89
Sapuimsp. Euphorbiaceae 0.71 0.71
Entada pusaetha Fabaceae 0.15 0.52 0.67
Nothopegia beddomei Anacardiaceae 0.63 0.04 0.67
Diospyros ovalifolia Ebenaceae 0.56 0.56
Macaranga peltata Euphorbiaceae 0.56 0.56
Tricalysia dalzelli Rubiaceae 0.35 0.04 0.15 0.54
Xylopia nigricans Annonaceae 0.41 0.06 0.47
Ficus amplissima Moraceae 0.28 0.15 0.02 0.45
Bauhinia tomentosa Fabaceae 0.41 0.41
Memecylon sylvaticum Melastomataceae 0.39 0.39
Schefflera emarginata Arecaceae 0.39 0.39
Mikania scandens Asteraceae 0.37 0.37
Mallotus eriocarpus Euphorbiaceae 0.13 0.17 0.04 0.35
Ochna lanceolata Ochnaceae 0.32 0.32
(Continued

Table 3.5.A. Continued
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Species

Family

Whole

Seeds Flowers Immature Mature Sap Total
Fruit Leaves Leaves

Stereospermum colais Bignoniaceae 0.30 0.30
Lepisanthes tetraphylla Sapindaceae 0.28 0.28
Pterospermum suberifolium  Sterculiaceae 0.19 0.04 0.02 0.26
Schleichera oleosa Sapindaceae 0.26 0.26
Spondias dulcis Anacardiaceae 0.26 0.26
Basilicum polystachyon Lamiaceae 0.22 0.02 0.24
Ficus racemosa Moraceae 0.24 0.24
Diopyros malabarica Ebenaceae 0.19 0.19
Carissa inermis Apocynaceae 0.13 0.13
Hugonia ferruginea Linaceae 0.13 0.13
Opilia amentacea Opiliaceae 0.02 0.11 0.13
Canthium coromandelicum  Rubiaceae 0.02 0.09 0.11
Ixora pavetta Rubiaceae 0.09 0.09
Premna procumbens Verbenaceae 0.06 0.02 0.09
Broussonetia zeylanica Moraceae 0.06 0.06
Hibiscus eriocarpus Malvaceae 0.06 0.06
Abelmoschus angulosus Malvaceae 0.04 0.04
Flueggea leucopyrus Euphorbiaceae 0.04 0.04
Mallotus phillipiensis Euphorbiaceae 0.04 0.04
Pterygota thwaitesii Sterculiaceae 0.04 0.04
Ventilago madraspatana Rhamnaceae 0.04 0.04
Carmona retusa Boraginaceae 0.02 0.02
Unidentified liana 1.08 0.04 1.12
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Table 3.5.B. Percent of time spent feeding on food items by plant species (n = 4725) by Group éhhilye2008 and June 2009.

Species Family Whole Seeds Flowers Immature Mature Total
Fruit Leaves Leaves
Mischodon zeylanicus Euphorbiaceae 3.34 0.17 19.58 23.09
Tetrameles nudiflora Datiscaceae 0.06 5.63 4.00 0.36 10.05
Hydnocarpus venenata Flacourtiaceae 5.88 0.28 0.49 6.65
Macaranga peltata Euphorbiaceae 5.93 0.13 0.36 6.41
Drypetes sepiaria Euphorbiaceae 4.30 0.59 4.89
Vitex altissima Verbenaceae 0.21 0.97 3.11 0.53 4.83
Mikania scandens Asteraceae 4.72 4.72
Grewia rothii Tiliaceae 0.04 0.04 3.56 0.42 4.06
Dialium ovoideum Fabaceae 2.35 0.08 1.61 4.04
Pterospermum suberifolium  Sterculiaceae 0.97 0.42 2.43 3.83
Ficus microcarpa Moraceae 1.90 0.99 2.90
Premna procumbens Verbenaceae 0.19 2.10 0.47 2.75
Combretum ovalifolia Combretaceae 0.49 2.10 2.58
Democarpus longan Sapindaceae 0.02 0.08 2.35 0.02 2.48
Entada pusaetha Fabaceae 0.42 2.05 2.48
Ficus amplissima Moraceae 0.42 1.97 2.39
Pterygota thwaitesii Sterculiaceae 0.70 0.08 1.35 2.14
Diospyros oocarpa Ebenaceae 1.74 1.74
Mallotus eriocarpus Euphorbiaceae 1.59 0.15 1.74
Cryptocaryasp. Lauraceae 1.23 1.23
Wrightia angustifolia Aponogetonaceae 0.11 0.66 0.23 0.99
Ficus virens Moraceae 0.97 0.97
Bridelia retusa Euphorbiaceae 0.66 0.66
Wrightia flavido-rosea Aponogetonaceae 0.49 0.49
Tiliacora acuminata Menispermaceae 0.11 0.32 0.42
Holoptelea integrifolia Ulmaceae 0.11 0.30 0.40
Polyalthia coffioides Annonaceae 0.28 0.28
Bauhinia tomentosa Fabaceae 0.23
Xylopia nigricans Annonaceae 0.19 0.19
Glycosmis pentaphylla Rutaceae 0.15 0.15
Lepisanthes tetraphylla Sapindaceae 0.15 0.15
Limonia acidissima Rutaceae 0.08 0.08
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Table 3.5.C. Percent of time spent feeding on food items by plant species (n = 1483ydtylusdetween July 2008 and June 2009.

Species Family Whole Seeds Flowers Immature Mature Sap Total
Fruit Leaves Leaves
Ficus microcarpa Moraceae 6.20 9.37 15.58
Mischodon zeylanicus Euphorbiaceae 12.00 12.00
Commiphora caudata Burseraceae 0.07 0.07 6.00 2.29 8.43
Tetrameles nudiflora Datiscaceae 4.79 4.38 9.17
Drypetes sepiaria Euphorbiaceae 1.89 4.59 6.47
Diospyros oocarpa Ebenaceae 6.34 6.34
Combretum ovalifolia Combretaceae 2.49 0.81 1.89 5.19
Dialium ovoideum Fabaceae 2.29 2.23 4.52
Ficus arnottiana Moraceae 0.67 3.71 4.38
Wrightia angustifolia Aponogetonaceae 0.13 1.48 0.88 1.08 3.57
Democarpus longan Sapindaceae 2.97 2.97
Manilkara hexandra Sapotaceae 2.36 1.01 3.37
Lannea coromandelica Anacardiaceae 1.35 0.61 0.20 2.16
Opilia amentacea Opiliaceae 1.96 1.96
Holoptelea integrifolia Ulmaceae 1.75 0.13 1.89
Tricalysia dalzelli Rubiaceae 0.54 0.81 0.13 1.48
Pterospermum suberifolium  Sterculiaceae 1.35 0.07 1.42
Grewia rothii Tiliaceae 0.81 0.40 1.21
Memecylon sylvaticum Melastomataceae 1.21 1.21
Xylopia nigricans Annonaceae 1.08 1.08
Mallotus eriocarpus Euphorbiaceae 0.81 0.20 1.01
Vitex altissima Verbenaceae 0.47 0.24 0.78
Ficus mollis Moraceae 0.27 0.34 0.61
Ixora pavetta Rubiaceae 0.34 0.34
Hydnocarpus venenata Flacourtiaceae 0.27 0.27
Lepisanthes tetraphylla Sapindaceae 0.27 0.27
Spondias dulcis Anacardiaceae 0.27 0.27
Entada pusaetha Fabaceae 0.20 0.20
Abelmoschus angulosus Malvaceae 0.20 0.20
Glycosmis pentaphylla Rutaceae 0.20 0.20
Lepisanthes senegalensis Sapindaceae 0.07 0.07
Unidentified species 1 Unidentified 0.07 0.07
Unidentified species 2 Unidentified 0.40 0.40
Unidentified species 3 Unidentified 0.81 0.81
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Table 3.6. Spearman correlation coefficienf) (values for monthly consumption of different
plant itemsversustheir availability in Groups A and B afid vetulusrom July 2008 to June
2009. * = p< 0.05; ** = p<0.01

Group % Fruit in diet % Flowers in diet % Immaturevea in diet
vs monthly FAI fruit vs monthly FAI flowers vsanthly FAl immature leaves
S. entellugA) 0.629* 0.889** 0.441
S. entellugB) 0.671* 0.790** -0.238
T. vetulugC) 0.762* 0.694** -0.315

Table 3.7. Spearman correlation coefficiens) (values for monthly total leaf consumption versus
the availability of fruits and flowers and the monthly mature leaf consumptisns/anmature
leaf availability in Groups A and B arid vetulusrom July 2008 to June 2009. * ={0.05; **
=p<0.01

Group % Leaves in diet % Leaves in diet % Mateawes in diet
vs monthly FAI fruit vs monthly FAI flowers vsonthly FAl immature

S. entellugA) -0.517 -0.479 -0.741*

S. entellugB) -0.650* -0.401 -0.276

T. vetulugC) -0.601* -0.238 -0.391
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Table 3.8. Forage ratios for different plant parts of species accountirig 166 of the annual diet @&. entellu€Group A and B.
Fr = Fruit; FI = Flowers; Iml = Immature leaves; Mal = Maturevéea % of diet = % of annual diet; * = plant part selected; **
= plant species selected; - = plant parts that not consumed; D/N/A = shrids spawt in the vegetation plots.

S.entellugroup A S.entellugroup B
W W

Species Fr FI Iml Mal % of diet Species Fr FI Iml Mal % of diet
Drypetes sepiaria 0.27 0.71 0.57 0.01 12.00 Mischodon zeylanicus 0.23 0.01 1.33* - 23.09**
Mischodon zeylanicus 0.02 0.00 0.62 - 9.39 Tetrameles nudiflora 0.12 11.06* 7.85* 0.71 10.05**
Tetrameles nudiflora - 8.70* 9.07* 0.04 9.07** Hydnocarpus venenata 5.77* 0.27 0.48 - 6.65**
Holoptelea integrifolia 4.03* 48.53* - 9.36* 8.59* Macaranga peltata 32.02* 0.70 1.94* - 6.41*
Grewia rothii 1.26* 0.36 0.55 - 7.23* Drypetes sepiaria 0.56 - 0.08 - 4.89
Vitex altissima 6.07* - 10.56* 0.05 6.95** Vitex altissima 0.50 2.33* 7.46* 1.27* 4.83*
Ficus microcarpa 1.21* - 6.93* 0.03 4.92%* Mikania scandens DIN/A DIN/A DIN/A D/N/A 4.72
Hydnocarpus venenata 4.13* 0.49 0.19 - 4.90** Grewia rothii 0.01 0.01 1.07* 0.13 4.06**
Wrightia angustifolia 0.11 1.55* 0.27 1.42* 4.02** Dialium ovoideum 2.99* 0.10 2.05*% 0.00 4.04*
Manilkara hexandra - 0.32 9.77* 6.05* 3.00** Pterospermum suberifolium 0.37 0.16 0.92 - 3.83
Lepisanthus senagalensis 0.18 0.01 0.27 - 2.94 Ficus microcarpa 3.16* - 1.64* - 2.90**
Diospyros oocarpa 0.29 - - - 2.83 Premna procumbens 0.82 9.07* 2.03* - 2.75*
Combretum ovalifolia 0.18 0.18 2.82* - 2.35%* Combretum ovalifolia 0.66 2.83* - - 2.58*
Cryptocaryasp. - - 0.52 - 2.05 Dimocarpus longan 0.01 0.03 0.91 0.01 2.48
Lannea coromandelica - 8.37* 0.22 1.62* 1.90* Entada pusaetha 0.00 1.13* 5.53* - 2.48*
Dialium ovoideum 1.26* - 0.85 - 2.11*% Ficus amplissima 2.27* - 10.64* - 2.39**
Diospyros ebenum - - - 9.15* 1.38* Pterygota thwaitesii 2.16* 0.25 4.17* - 2.14*
Glycosmis pentaphylla DIN/A D/N/A D/N/A D/N/A 1.34 Diospyros oocarpa 0.18 - - - 1.74
Commiphora caudata - - 0.97 9.15* 1.14% Mallotus eriocarpus - 0.19 0.02 - 1.74
Unidentified liana DIN/A DIN/A D/N/A D/N/A 1.12 Cryptocaryasp. - - 0.31 - 1.23
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Table 3.9. Forage ratios for different plant parts of species accountirxg 166 of the
annual diet off. vetulus Fr = Fruit; Fl = Flowers; Iml = Immature leaves; Mal = Mature
plant part selected; ** = plant specseseskl-

= plant parts that not consumed; D/N/A = shrub species or not in the vegetation plots.

leaves; % of diet = % of annual diet; *

T. vetulus
Wi

Species Fr FI Iml Mal % of diet
Ficus microcarpa 10.16* 15.35* 15.58**
Mischodon zeylanicus - - 0.81 - 12.00
Tetrameles nudiflora - 9.27* 8.48* - 9.17**
Commiphora caudata 0.48 0.48 42.56* 16.26* 8.43**
Drypetes sepiaria 0.24 - 0.59 - 6.47
Diospyros oocarpa 0.62 - 0.01 6.34
Combretum ovalifolia 3.32* 1.08* 2.51* 5.19**
Dialium ovoideum 2.87* - 2.79* 4.52*
Ficus arnottiana 11.48* - 53.12* - 4.38**
Wrightia angustifolia 0.11 1.21* 0.72 0.88* 3.57*
Manilkara hexandra - - 12.56* 5.38* 3.37*
Democarpus longan - - 1.13* - 2.97*
Lannea coromandelica 7.18* 3.23* 1.08* 2.16*
Opilia amentacea - 12.26* - 1.96%
Holoptelea integrifolia - 12.44* 0.96 - 1.89*
Tricalysia dalzelli 0.30 - 0.45 0.08 1.48
Pterospermum suberifolium 0.50 0.00 0.00 0.03 1.42
Grewia rothii 0.24 - 0.12 - 121
Memecylon sylvaticum DIN/A D/N/A D/N/A D/N/A 1.21
Xylopia nigricans - - 0.55 1.08
Mallotus eriocarpus 0.19 0.05 1.01
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Table 3.10. Dietary comparison (%) amotg) entellusT. vetulusand other African and Asian colobine species.

Species Fruit Seeds TotFr Flowers Leaves Other . spkries Study site Reference

Colobus guerezél) 42.6 14 44.0 0.7 48.1 8.5 28+ Kakamega Keny Fashing (2001)
Colobus guerez§) 32.1 1.0 33.1 0.2 57.4 12.7 28+ KakamegayKen Fashing (2001)
Colobus angolensis 17 50 67 6 27 - 46 Salonga, D.R. Congo Maisedd. (1994)
Colobus satanas 0.0 53.2 53.2 3.3 38.6 4.9 56 Douala-Edea, Camner McKey et al. (1981)
Procolobus badius 4.2 14 5.8 15.9 73.4 5.1 57 Kibale, Uganda ussiker (1978)
Procolobus badius 7.1 30.8 37.9 1.4 60.7 0.0 84 Salonga, D.R. Gong Maisels et al. (1994)
Procolobus badius 6 25 31 16 52 1.0 - Tiwai, Sierra Leone Daweal. (1999)
Trachypithecus pileatus 24.4 9.3 33.7 7.0 57.8 15 35 Madhupur, Banglades Stanford (1991)
Trachypithecus pileatus - - 16 16 68 - 52 Pakhui. India Solanki et a0q@)
Trachypithecus johnii - - 25.1 9.3 62.2 3.4 107+ Kakachi, India Oatiesl. (1980)
Trachypithecus phayrei - - 14 16 70 0 29 Lawachara, Bangladesh Aziz & Fe(2009)
Trachpithecus delacouri - - 9 5 80 6 42 Van Long, Vietnam Workman (2010)
Trachypithecus leucocephalus5.7 0.4 6.1 2.7 91.2 - 50 Fusui, China Li & Ray@006)
Trachypihecus francoisi - - 3.1 0.5 94.5 2.0 37 Fusui, China Huang et al 200
Trachypihecus francoisi 17.2 14.2 31.4 7.5 52.8 8.4 90 Nonggang, China ou al. (2006)
Trachypithecus vetulus - - 28 12 60 0 - Polonnaruwa, Sri Lanka Hladi@11)
Trachypithecus vetulud) 52.3 14 53.7 7.6 31.7 - - Panadura, Sri Lanka elal2007)
Trachypithecus vetulu®) 53.9 6.2 60.1 4.0 29.4 - - Piliyandala, Sxhka Dela (2007)
Trachypithecus vetulus 19.5 6.3 25.8 11.3 62.8 0.0 31+ Kaludiyapokunal &nka this study
Semnopithecus entell{B 91/92) - - 15.1 6.3 59.8 3.1 - Ramnagar,dndi Koenig & Borries (2001)
Semnopithecus entell(@® 92/93) - - 21.9 12.8 52.4 3.8 - Ramnagar andi Koenig & Borries (2001)
Semnopithecus entell(®) - - 23.2 4.4 60.9 0.4 - Ramnagar India KoehiBorries (2001)
Semnopithecus entellus - - 24.4 9.5 51.6 145 53 Kanha, India Newtbooe)
Semnopithecus entellus - - 21.0 6.8 56.8 15.4 43 Langtang, Nepal Sagexwrconk (2008)
Semnopithecus entellus - - 45 7 48 0 - Polonnaruwa, Sri Lanka Hladik{Zp
Semnopithecus entell(&) 14.6 8.4 23.0 23.9 52.6 0.4 58 Kaludiyapokusia Lanka this study
Semnopithecus entell(@®) 17.7 114 29.1 13.4 57.4 - 32 KaludiyapokubidLanka this study

Presbytis rubucunda - - 49.6 111 37.6 2.0 103+ Sepilok, Malaysia Dayi&91)

Presbytis potenziani - - 32 - 55 13 42 Betumonga, North Pagai Fuefit@s6)
Presbytis melalophos - - 56 6 35 2 137 Kuala Lompat, Malaysia Curtiaga)
Rhinopithecus roxellana - - 29.4 - 24 46.6 84+ Zhouzhi, China Guo et2007)
Pygathrix nigripes - - 31.6 12.4 54.4 1.6 - Nui Chua, Vietnam Hpabal. (2009)
Pygathrix nigripes - - 27.4 16.4 54.8 1.4 - Phuoc Binh, Vietnam ahig et al. (2009)
Nasalis larvatus - - 40.3 3.0 51.9 4.8 47 Tanjung Puting, Indimes  Yearger (1989)
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Table 3.11. Spatial distribution of the top 10 most frequently utilized plant species by
Groups A, B and. vetuluduring the study period. n = number of individuals in the
sample; Rank = the rank of the species in relation to the relative density oh67 pla
species in the sampie= species listed in 10 most frequently used food plant speciks by
vetulus * = species listed in 10 most frequently used food plant species by Group A,

A = species listed in 10 most frequently used food plant species by Group B.

Species n Rank (Ip) (ly) (P Conclusion
Commiphora caudat& 3 43 eeeeeee
Combretum ovalifoli& 16 22 0.552 8.358 (0.00) Clumped
Dialium ovoideum 17 21 -0.488 2.169 (0.06) Random
Dimocarpus longaf 56 12 0.505 2.031 (0.00) Clumped
Diospyros oocarpa 214 2 0.506 1.742 (0.00) Clumped
Drypetes sepiaria®® 166 5 0.507 1.995 (0.00) Clumped
Ficus arnottiang® 1 LY T —— £
Ficus microcarpa ¥ 15 23 -0.045 1.124 (0.41) Random
Grewia rothii ¥ 72 10 0.514 2.885 (0.00) Clumped
Holoptelea integrifolia * 3 46 e e Clumpét
Hydnocarpus venenata * 22 17 0.580 11.238 (0.00) Clumped
Macaranga peltaté 4 ]
Manilkara hexandra * 4 39 e e Clumpétd
Mikania scanden$ - - meeee ¥
Mischodon zeylanicu$® 317 1 0.515 2.835 (0.00) Clumped
Pterospermum suberifoliufn 57 11 0.512 2.736 (0.00) Clumped
Tetrameles nudiflora’® 11 28 0.567 10.727 (0.00) Clumped
Vitex altissima * 9 30 1
Wrightia angustifolia*® 26 16 -0.414 1.634 (0.08) Random

Morisita’s index (g) assumes unity (1.0) for a random distribution, over 1.0 for a

clumped distribution, and less than 1.0 for a uniform distribution. The Standardized
Morisita Index (p) ranges from -1.0 to + 1.0, with 95% confidence intervals at + 0.5.
Random patterns give a value of zero, clumped patterns above zero and uniform patterns
below zero. The null hypothesis of randomness was tested by compufisatistic for

index values. *Certain species were represented by small sample sizeeadhiee
computation of indices of dispersion was not possible. In some of these cases,
conclusions on patterns of dispersion was based on a published study on a similar dry
evergreen forest tree community in the north central dry zone of Sri Laaek®ifsus

1977).
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3.7 Figures

300+

2007

1004

Mean monthly rainfall (mm)

i |

T T T T T T T T T T
July August  September October MNovember December  January February March April May June

Month

Figure 3.1. Rainfall pattern at Kaludiyapokuna during July 2008 to June 2009 showing
peaks in October-December and March-April. Notably the driest months producetl almos
no rainfall.
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Figure 3.3. Monthly variation in fruit, flower and immature leaf availability in FAI
units/ha in the study site from July 2008 to June 2009.
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Figure 3.4. A visualrepresentatic of Spearman rank order correlations between monthlyt
part availabilityversusmonthly plant part consumpti for S. entellussroup A (a) Fruit
availability vs % fruit in die (r<= 0.629%),(b) flower availability vs % flowers in di (r<=
0.889**) and (c)immature leaf availability vs % immature leavesliei (r= 0.441).Similar
patterns of plant part consumption in relationlemppart availability wer observed irS.
entellusGroup B andr. vetulu. These figures illustrate a correlation; theserat a regressic
and there is no intention of predicting the valokene axis from those on the ott *= p < 0.05;
**=p <0.01
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Chapter 4

Comparativeranging behavior of Semnopithecus entellus and Trachypithecus

vetulusin the Kaludiyapokuna for est reserve

4.1 Introduction

A growing number of field studies have demonstrated a remarkable level oiovaimat

the ranging behavior of primates. The spatial distribution and availabiligsofirce

have been identified as important factors influencing the ranging behavior atgsi(Di
Fiore 2003; Teichroeb and Sicotte 2009). In addition, other factors such the availability
of resting places (Rasmussen 1979; Hamilton 1982), body size (Milton and May 1976;
Terborgh 1983), weather (McKey and Waterman 1982; Olupot et al. 1997) and the
probability of disease transmission (Freeland 1976; Hausfater and Meade 19823tave a

been identified as factors influencing ranging behavior in primates.

Within a given species, home range size has been shown to increase witlegicreas

group sizes (van Schaik et al. 1983; Teichroeb and Sicotte 2009). Similarly, iciferspe
home ranges have also been noted to increase with group biomasses (Milton and May
1976). In addition, in a number of primate species, daily path lengths have been shown to
be influenced by group size and habitat quality. On average, larger groups have been
reported to travel farther on a given day than smaller groupsN&gaca fascicularis

(van Schaik et al. 1983} heropithecus geladdwamoto and Dunbar 1983 resbytis
thomasi(Steenbeek and van Schaik 2001) @atbbus vellerosuéleichroeb and Sicotte
2009)). Also groups living in habitats poor in food resources have been shown to travel

farther on a given day in comparison with similar- sized groups living in higitygual
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habitats (Struhsaker 1967). These observations have been interpreted as evidleace for
notion that primates are food limited and the energetic demands of larger groups are
greater than smaller groups (Chapman and Chapman 2000; Teichroeb and Sicotte 2009).
This relationship between ranging behavior, primate group size and habitat guiléy i
foundation for the ecological constraints model, which hypothesizes that if food
availability is held constant an increase in group size should lead to an increase in da
range length (Janson and Goldsmith 1995; Chapman and Chapman 2000; Teichroeb and
Sicotte 2009). In situations where food availability remains constant, thasedreday-

range length with group size has been identified as evidence for within-grangbée
competition and has been identified as a factor influencing primate group be@nién

and Chapman 2000; Gillespie and Chapman 2001). In addition, differences in ranging
behaviors and niche partitioning between primates have also been used to explain the
coexistence of sympatric species. In the case of sympatric populatinerdellusandT.
vetulus it has been suggested that coexistence is facilitat&d égtellugsanging over a

wide area in search of high energy food resources located in patchesvataus

adopting a less mobile system and feeding predominantly on leaves, which are low in

nutritional gain and ubiquitous in the environment (Hladik 1977).

Despite these within-species and cross-species relationships betwgiag kehavior,
habitat quality and group size, the relationships between these varialiles $ame

local population over time is unclear as no consistent pattern has immerged from the
studies that have explored this issue. For example, there was no relationshim betwee
food availability and mean day-range lengtiCiercopithecus mitiandCercopithecus

Ihoesti(Kaplin 2001) buProcolobus badiusvas found to range farther during periods of
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food scarcity (Marsh 1981). A similar study found tHgtobates lartravelled shorter
distances when food availability was low (Raemakers 1980). These results shgiges
primates adopt different foraging strategies to cope with resourcetgcArgimals may
choose to visit a greater number of food patches in search of food as food awailabilit
decreases, and this may result in longer daily path lengths. Converselysanewgal
adopt a strategy for saving energy and reduce daily travel until condmpnsve (Di

Fiore 2003). Currently, our understanding of the relationships between group size,
ranging behavior and food availability are predominantly based on studies conducted on
frugivorous primates (reviewed in Chapman and Chapman 2000), and relatively few
studies have explored these relationships in the context of foli-frugivorous gsisath

as colobines (Gillespie and Chapman 2001; Teichroeb and Sicotte 2009). Hence, the

broader applicability of these relationships to colobine monkeys is yet to benitheter

This chapter focuses on the ranging behavior of symphatretulusandS. entellus

living in an undisturbed dry zone forest in the north central dry zone of Sri Lanka. Much
of what is known about the ecology of forest dwellgentellusandT. vetulusn Sri

Lanka is from Polonnaruwa, a heavily disturbed secondary dry zone forest, where thes
primates occur sympatrically. These studies have focused on the social drgaaize
reproduction off. vetulugRudran 1973a; 1973b), social organization and general
feeding ecology o08. entellugRipley 1965; 1967; 1970) and feeding behavior of
sympatricT. vetulusandS. entellusn relation to phenology (Hladik 1977). In

comparison, relatively little is known on the ranging behavior and the factors that
influence ranging in these primates in Sri Lanka. This chapter spdygitsalores the

relationship between daily path length and seasonal availability qfffawters and
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immature leaves to determine, which of these foraging strategies telaesthis local
population. In addition, this chapter aims to provide basic data on home range size,
overlap and intensity of home range use. This knowledge may shed light on mechanisms
that enable these primates to coexist. Finally, the chapter comparasdhmagrbehavior

of these primate species to other colobine species and populations studied ela@vhere
the aim of broadening the understanding of the influence of food resource avgitabili

the ranging behavior of colobine monkeys.

4.2 Material and methods

4.2.1 Study area

The study was conducted in the Kaludiyapokuna forest reserve (N 07° 52.5, E 080° 44.1)
located in the Matale district in the north central dry zone of Sri Lanka. Thewasly
conducted under the authority of the Department of Wildlife Conservation of Sri Lanka
and in collaboration with the University of Peradeniya, Sri Lanka. The maiy atad is
approximately 2.2 kfin extent and is contiguous with the Knuckles forest range in the
south. The study site is surrounded by farmland and human settlements from the north,
east and west. The study site is undisturbed by humans and the primates are not
provisioned, unlike the Polonnaruwa study site, which is disturbed and where primates
have become accustomed to humans through regular contact (Bishop et al. 1981). Also
there is no evidence to indicate that hunting, timber extraction or woodcutting has
occurred at the site. The study site supports populations of four species of gramate

well as populations of other herbivorous mammals such as Asian elelaptsas
maximus$, spotted deerAxis axig, sambar deedervus unicolay, and wild pig Sus

scrofg. Unlike Polonnaruwa (Bishop et al. 1981), this study area is home to a full
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complement of potential primate predators such as the black &zAgladtus

malayensiy leopard Panthera pardusand pythonRython molurus

The study area receives about 1250 mm of rainfall annually and average tanegarat

the region ranges between 27-29 °© C. The region receives most of its rainfall through
convectional rains from October to November, which gradually grade into theasirthe
(NE) monsoon. The NE monsoon lasts from December to February and is most active
during the month of December. The NE monsoon brings considerably less moisture than
the southwestern (SW) monsoon, which lasts May to September. The northern dry zone
is shielded from the SW monsoon rains by the central hills of the island and hence it

experiences a characteristic period of drought during this time.

4.2.2 Subjects

In Sri Lanka,S. entelluss represented by the subspe@egntellus thersitgBennett

and Davies 1994) and is found throughout the well-wooded areas of the entire dry zone
from south of Jaffna, in the North, to the shores of the extreme southern coast (Phillips
1935). The purple-faced leaf monkdy,vetuluds endemic to Sri Lanka and is divided

into four distinct subspecies all occupying different geographic regiongtulus

philbricki, the northern dry zone subspecies, shares its rang&watttellus.

Dietary data were collected over a 12-month period between July 2008 and June 2009 as
part of a long-term study on the comparative ecologl. eetulusandS. entellusn Sri
Lanka. Data collection was confined to two group$S oéntellusand one group ofF.

vetulus At the time of data collection, all groups were habituated to human observers and
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could be approached to within a distance of 10 m without showing signs of alarm. The

composition of the study groups was stable throughout the study period (Table 4.1).

Groups A and B were neighboring groups with overlapping home ranges. Similarly,
Group A andT. vetuluswere neighboring groups with overlapping home ranges. Group B

andT. vetulugdid not overlap in their home ranges.

4.2.3 Forest composition

Vegetation sampling was carried out using vegetation plots (Ganzhorn 2003).iéscalit
for sampling were chosen with the aid of a WorldView 1 satellite image ofittig atea
and care was taken to ensure that the localities were evenly distributedtiaerstssly
area so that an unbiased representative sample of the vegetation of theestuxbykak

be obtained. Each plot was 20 x 20 m, and 59 plots were used to sample the vegetation at
the study site. The trees that were greater than 9 cm in diameter aheighs{DBH)

and all woody lianas were measured using a DBH tape. Plant samples weted aliel
herbarium sheets were prepared and the specimens were identified and dampare
voucher specimens at the National Herbarium at the Royal BotanicalnSarde
Peradeniya, Sri Lanka. The basal area (BA) for each tree was cadcusang the

formula:

BA =[0.5 x DBHF x =.

The measure BA per hectare was as used to define the biomass of each plant specie

within the home range of each group (Fashing 2001).
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4.2.4 Forest phenology

To produce a quantitative measure of food availability, 958 trees and lianas in 22
phenological plots were monitored each month for phenological activity. The plant
species monitored included species that were consumed by the primaédisass w

species that were not consumed by the primates. Phenological assessmestvads

carried out with the help of two field assistants during the first week of eantihhnThe

crown of each tree was scanned by the investigator and the two fieldrassista the

aid of Nikon 8 x 40 binoculars for the availability of fruits, flowers and immataeds.

On occasions, it was difficult to distinguish between ripe and unripe fruits due to poor
visibility and, in the case of species likkschodon zeylanicy®iospyros oocarpa
Hydnocarpus venenatandLepisanthes senegalensihkie to fruit that did not show any
changes in color or texture over time. Hence, ripe fruit and unripe fruit wered@ole

fruit for the purpose of estimating fruit availability. Similarly, flower baashel flowers

were pooled as flowers, and leaf buds and young leaves were pooled as immatare leave
Each plant part was scored at increments of 0.5 on a scale of 0.0 to 4.0 with 4 being the
score for a tree with the plant part at its greatest abundance in compaétison

individuals of the same species in the phonological plots. For the study area, a food
availability index (FAI) for fruit, flowers and immature leaves was comguising the
average monthly phenological scores and the basal area/ha value for theetheit

vegetation plots in the study area (Dasilva 1994). FAIl was computed using the formula

FAI = average availability score x basal area of species
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The trees that were monitored and utilized in the computation of FAI fruits, flandrs
immature leaves within the study area included the 15 most frequently utibeed t
species by the three groups (all three combined) and accounted for appryx@dtef
the proportion feeding time of group A and B and 74% of the proportion of feeding of

vetulus

4.2.5 Behavioral data collection

Behavioral data were collected for at least 5-8 days a month for each obtips.gOn

each day, observations began at dawn when the monkeys left their sleeping trees and
ended at dusk when the monkeys entered their sleeping trees. During theotourse
observation, the locations at which each group became stationary to feedcoeded
using a Garmin 76 CSX GPS receiver. The center of the group was visually determine
and recorded as the location of the group (Fashing et al. 2007). Hence, the daily path
length on a given day was considered to be the linear distance between successive
feeding bouts. The positional data were transferred to ArcView 9.3 (ESRI), artd’slaw

Analysis Tools modulenhttp://www.spatialecology.com/htodlesas used to compute

daily path lengths and home-range size. During the course of observation, due to
challenges posed by the terrain of the study site, observers would ofteiglhbsd ghe
monkeys for short periods (15-25 minutes) during the day when following the monkeys
from one location to another. The positional data from such days were not used in
computing daily path lengths. Hence, the daily path lengths reported here fgreach
correspond to days on which the observer was in contact with the group at all times.
Home range size is defined here as the area included within a minimum conwgonpoly

(MCP) encompassing all location data points collected during the study period.
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The index of defendability) (Mitani and Rodman 1979) was computed as a measure of
intensity of home range use. The index compares average day ld@ngthe(ation to the
diameter of a circled() with an area equal to the observed home range@Ayas

computed for each group for months for which daily path length was estimated using the

formula:

D =d/(4A/In)°?

A high D value, which implies frequent contact with home range boundaries at widely
separating points on the perimeter, is indicative of intense home range use fidunn a
Dokey 2006)D values> 1 have been typically reported for territorial species, while
values< 1 have been largely reported from nonterritorial species (Mitani and Rodman

1979).

The relationship between daily path length and food availability was exploregl usi
Spearman rank-order correlation coefficienfsl{etween monthly average daily path
length and fruit, and flower and immature leaf availability corresponding te thoaths
(Fashing 2001). The relationship between daily path length and monthly averagk rainf
was also explored using Spearman rank-order correlation coefficigriistiveen

monthly average daily path length and mean monthly rainfall (Fashing 20Q&kafr

Wallis tests were performed to compare daily path lengths between the groups.
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4.3 Results

4.3.1 Forest composition and food availability

In the 59 plots that were used to characterize the vegetation at the Kaludiyamoksha f
reserve, a total of 2110 trees were encountered from 73 species, belonging ta®8 gene
and 30 families. The DBH of trees at Kaludiyapokuna ranged from 9.0 cm to 275.2 cm
with a mean and mode of 24.4 cm (SD + 23.61) and 9.0 cm respectively. The stem
density, species composition and DBH of trees within the home ranges of the three
groups were similar and hence the food availability within the home rangestbfebe
groups could be considered to be similar. Table 4.2 gives the tree species composition

within the home ranges of the three primate groups.

The availability of fruit, flowers and immature leaves measured as FAVajtvaried
considerably from month to month (Fig. 4.1). Fruit availability was lowest during the
month of March and highest during the month of June. The availability of flowers was
highest during the month of August and lowest during December and January. kenmatur
leaf availability was at it lowest during the month of February and highestg

September. Mature leaves were the most abundant food item available throughout the

year.

4.3.2 Home range and daily path length

The total home ranges of the t@oentellugroups A and B were 9.4 ha and 7.8 ha
respectively. In comparison the home rangé.ofetulusvas 11.1 ha (Fig. 4.2). When
the cumulative home range of the three groups were plotted, the curve reachgii@sym

for Groups A and B but not fdr. vetulus This suggests that the home range reported
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here for Groups A and B are likely complete while the figure reported. fegtuluss

likely to be the partial home range of the group (Fig. 4.3). The overlap betweep &r
andT. vetulusvas extensive (6.1 ha), while the overlap between Groups A and B was
minimal (1.8 ha). The home rangeTofvetulusalso overlapped with the home ranges of
at least two othe®. entellugroups that were not a part of this study. The home range of
Group B also overlapped with the home range of andtheetulusgroup that was not

part of this investigation.

The average daily path length for Group A and Group B during the study period was 441
m (SD + 123) and 348 m (SD + 135), respectively. In comparison the average daily path
length of T. vetulusduring the study was 251 m (SD % 123). The variation in daily path
length between the three groups was statistically significant (KirMg&iis test p<

0.001). The mean defendability indéX)(was higher for Groups A and B in comparison

to T. vetulugTable 4.3). This suggests that home range use bptellusvas more

intense in comparison fb. vetulus Table 4.3 gives the monthly average daily path

length andD for the three study groups for the duration of the study period.

4.3.3 The effect of food availability and rainfall on daily path length

In the case of Group A, monthly average daily path length was negatoredyated with
fruit availability during those months but there was no statistically sogmifirelationship
between monthly average daily path length and flower and immature leaf digilabi
(Table 4.4). In comparison, the correlations between monthly average daily path lengt
and food item availability for Group B were statistically significamthe case of .

vetulus the correlations between monthly average daily path length and food item
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availability was also not statistically significant. Monthly raihfed no statistically
significant effect on monthly average daily path length of Group A1Q;r=-0.103; p
<0.777), Group Br(=7;rs=-0.036; p< 0.939) andr. vetulugn = 6;r&=-0.377; p<

0.461).

4.4 Discussion

The results of this study show thatvetulusandS. entellusat Kaludiyapokuna differed

in several aspects of their ranging behavior. Certain aspects of thegaatiern off .
vetulusandsS. entelluslso differed significantly from patterns reported for these species

at other study localities.

The home range size of vetulusat Kaludiyapokuna was much larger than that reported
for the species at Polonnaruwa (Table 4.5). Several studies published on the ranging
behavior of primates have shown food resources to be an important determinant of size,
with home range size shown to decrease with the increase in food resources (Mickey a
Waterman 1982; Terborgh 1983). Home range size within species has also been shown to
increase with group size (Ostro et al. 1999; Teichroeb and Sicotte 2009) and decrease in
relation to the density of conspecifics (Fashing 2001). Thus, it is possible thaintiee

range size reported far. vetulusat Kaludiyapokuna could be due to large group size or
due to comparatively low density of conspecifics. At Polonnaruwa the average g®up Si
for T. vetuluswas 8.4 individuals per group (Rudran 1973b) and the population density of
the species is among one of the highest for colobine populations in the world (Davies
1994). Since stem density and plant species richness was comparatively higher at

Kaludiyapokuna in comparison with Polonnaruwsttus 1977)resource availability is
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unlikely to have caused the difference in the home range size béefweetulusat

Kaludiyapokuna and Polannaruwa.

The home range size 6f entellusat Kaludiyapokuna was much smaller in comparison

to the home range size reported for the species from Polonnaruwa and India (Tjable 4.5
The discrepancy in the home ranges reporte& fentellusn this study and previous
studies may be due to differences in the sizes of the study groups, densigédafics,

or differences in resource availability between study localities. Inrgletiee group sizes
reported foIS. entellusat Polonnaruwa and India are larger (Davies 1994) in comparison
with the Kaludiyapokuna whei®. entellusiveraged 15 animals per group. The density

of S. entellusat Polonnaruwa (Davies 1994) was much higher in comparison with the
density ofS. entellust Kaludiyapokuna, which was 53 animalsfkmt

Kaludiyapokuna, Group A (n= 22) had a larger home range than Group B (n=13). Since
the vegetation compositions within the home ranges of both groups were relatively
similar, it is unlikely that the difference in home range size between Graun A8 is

due to differences in resource availability but rather reflects the hegleegetic demands

of Group A. Similar associations between group size and home range size haveralso be
observed in other foli-frugivorous primates (Ostro et al. 1999; Gillespie arh@ina

2001).

The daily travel patterns of primates are influenced by a number of faaisas the
availability of food resources (Newton 1992; Di Fiore 2003; Matsuda et al. 2009), group
size (Gillespie and Chapman 2001), and weather (Olupot et al. 1997). The average daily

path length ofl . vetulusat Kaludiyapokuna is comparable with otAeachypithecus
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species (Table 4.5). In contrast, the average daily path len§theotellusn this study is

short in comparison to observations made on the species elsewhere. In spite of both
Group A and B occupying ecologically similar habitats, the average daliygragth of

Group A was greater than the average daily path length of Group B. Although the sample
size here is too small to make generalizations on the influence of group sizeatepri
ranging patterns, the difference in the daily path lengths between Groups AamdtsB |
support to the hypothesis that if food availability is held constant an increasein grou

size should lead to an increase in day-range length as within-group scrampkition
increases with increase in group size (Janson and Goldsmith 1995; Teichroeb and Sicotte
2009). Thus, the longer daily path length of Group A may be a response by the group to
mitigate higher levels of within-group scramble competition expercehgehe group in
comparison to Group B. However, more recently, alternative hypotheses such as the
resource dispersion hypothesis (RDH) have been proposed to explain group living in
organisms that utilize patchy resources (Johnson et al. 2002). The RDH is a hyglothetic
model that proposes that individuals can exploit patchy resources and satrsfigdusi

without imposing large costs on each other. The model predicts that the animasthat fi
enters a patch has excess resources some or all the time and hence thablat¢h

sustain additional animals.

In the case of Group A, monthly average daily path length was negatoretyated with
fruit. This suggests that Group A travelled farther during months when fruialaniay
was low. Although not statistically significant, the monthly average gailly length for
Group A was also negatively correlated with flower availability. Theetations

between monthly average daily path length and food item availability for GroupeB wer
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not statistically significant. The negative correlation between montieirage daily path
length and fruit availability in Group A also contradicts the findings of other stodis.
entellus(Newton 1992; Sayers and Norconk 2008) and other Asian colobines such as
Prebytis melalophofBennett 1986) andrachypithecus pileatusStanford 1991), which
showed these primates to travel farther when the diet was dominated bgridiftewers
rather than by leaves. The results of this study together with other published works on
these aspects suggests that there is considerable inter- and intra-spgatien in how
primates alter their ranging behavior in response to changes in resoulaleilgyand

no single ecological strategy can characterize the behavior of a @arpdohate species.

In addition to food availability, other factors such as the amount of rainfall €yleikd
Waterman 1982) and availability of sleeping trees (Matsuda et al. 2009) haveeaiso be
shown to influence the ranging behavior of primates. In the cakevetulusandsS.
entellusin this study, mean monthly rainfall had no statistically significant ahpa

ranging behavior.

In this studyS. entellusandT. vetulusalso differed significantly in their intensity of

home range usé&rachypithecus vetulusad a low defendability inde®] in comparison

to S. entelluswhich indicates thal. vetulugravelled a relatively short distances on any
given day in comparison 8. entellusnd consequently utilized only a fraction of its

total home range. This observation is consistent with the behaviowetulusat

Polonnaruwa, where the species was reported to adopt a less mobile systém (Hlad

1977). This behavior is probably advantageous, given the extensive nature of home range

overlap between the two species. Low mobility probably reduces direct coritaeebe
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T. vetulusandS. entellusand promotes temporal niche partitioning, a situation where the
two species can utilize shared areas of their home ranges at differentréiducing
ecological competition. The pattern of home range overlap between tige emtellus
groups and between specieghis study was similar to the observations made for these
species at Polonnaruwa (Hladik 1977). However, the low defendabi)itytyserved for

T. vetulusn this study contradicts the behaviorfofvetulusat Polonnaruwa, which has
been reported as being extremely territorial (Rudran 1973b). Low defendéb)litas

been typically reported for species which display low levels of territiyr@litani and
Rodman 1979). The low defendability)(for T. vetulusan this study is possibly the

result of the relatively low density of the species at the study siten{ti@ks/knf) in
comparison to Polonnaruwa (100-200 animals?)KDavies 1994). The low density of
conspecifics probably alleviated the need fortheetulusggroup to regularly traverse its
entire home range to monitor and deter other conspecific groups from intruding.
Conversely, the relatively high population densitysoentellusat the study site (53
animals/ km) probably required Groups A and B to regularly traverse their home ranges
to deter potential intrusion from conspecific groups, which probably resulted in a

comparatively higher index of defendability)(

The results of this study show thatvetulusandS. entellugliffered in several aspects of
their ranging behavior and also differed from the findings of previous studies
investigating the ranging behavior of these species. The home rafngeetdilusn this

study was much larger than home range for the species at Polonnaruwa (Hladik 1977).
The home range @. entellusn this study was much smaller than the home range

previously reported for the species. The overlap bet@eentellusandT. vetulusn this
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study was extensive and was similar to the patterns of overlap betweesbeges at
Polonnaruwa (Hladik 1977 .rachypithecus vetulust Kaludiyapokuna also adopted a
strategy of low mobility which probably minimizes contact withentellusand promotes
the coexistence of the two species. Although the generalizability of tHes refstinis
study are limited due to the small sample of daily path lengths and study,gr@ips
study does elucidate relationships between group size, food availability, gmyran
behavior of these primates and these realtionships warrant further rigpaoois&tion

in the future.
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4.6 Tables

Table4.1. Composition of study groups. AM= Adult male, AF= Adult female, SA= Sub
adult, JV= Juvenile, IN = Infant.

Species AM AF SA JV IN Total
S. entellus
Group A 3 7 3 7 2 22
Group B 2 5 1 4 1 13
T. vetulus 1 6 0 0 4 11
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Table4.2. Tree composition in the home ranges of the three groups. *= Tree species incliet@mnhost frequently utilized plant
species by the three groups.

Group A 8. entellup Group B 8. entellus T. vetulus

Area sampled (ha) 1 0.52 0.48

Number of species 48 37 30

Number of families 24 19 19

Stem density (stems/ha) 643 675 698

DBH

Mean (95% CI) 24.3(22526.1) 25.3(22.6 28.0) 22.0(20.0 24.0)
Mode 9.0 10.5 9.0

The 20 highest-ranking trees Family Species (BA/hativelBA/ha) Family Species (BA/ha, relative BA/ha) Family Species (BA/ha, relative BA/ha)
Ulmaceae Holoptelea integrifolig 83968, 15.1)* Moraceae Ficus microcarpg117702, 17.4) Euphorbiaceae Drypetes sepiarig91747, 20.5)*
Euphorbiaceae Drypetes sepiarig76309, 13.7)* Moraceae Ficus amplissim79088, 11.7) Moraceae Ficus microcarpa(61443, 13.8)*
Moraceae Ficus microcarpa(74749, 13.4)* Ulmaceae Holoptelea integrifolia(70734, 10.5) Flacourtiaceae Hydnocarpus venena(®1509, 11.5)
Euphorbiaceae Mischodon zeylanicug35250, 6.3)* Sterculiaceae Pterygota thwaitesi{63050, 9.3) Euphorbiaceae Mischodon zeylanicu@9218, 11.0)*
Flacourtiaceae Hydnocarpus venena(®4182, 6.1)* Sterculiaceae Pterospermum suberifoliu39400, 5.8)* Datiscaceae Tetrameles nudiflor§23571, 5.3)*
Sterculiaceae Pterospermum suberifoliuf29648,5.3) Euphorbiaceae Drypetes sepiari§39226, 5.8)* Ebenaceae Diospyros oocarp#22982, 5.1)*
Annonaceae Diospyros oocarpg24023, 4.3) Ebenaceae Diospyros oocarpg37129, 5.5) Sterculiaceae Pterospermum suberifoliuf20978, 4.7)
Datiscaceae Terameles nudiflor§22628 4.0)* Euphorbiaceae Mischodon zeylanicy®7530, 4.1)* Sapindaceae Lepisanthes senegalen$ist940, 3.3)
Ebenaceae Diospyros ebenur(il4908, 2.7) Lauraceae Cryptocarya sp(23035, 3.4) Fabaceae Dialium ovoideun(13801, 3.1)*
Annonaceae Xylopia nigricang(13477, 2.4) Sapindaceae Dimocarpus longar§19981, 2.9) Annonaceae Xylopia nigricang(13718, 3.1)
Lauraceae Cryptocaryasp. (12019, 2.2) Verbenaceae Vitex altissimag(16792, 2.5)* Ebenaceae Diospyros oocarpg13101, 2.9)
Sapotaceae Manilkara hexandrg11615, 2.1)* Annonaceae Xylopia nigicang15242, 2.2) Tiliaceae Grewia rothii (10248, 2.3)
Aponogetonaceae Wrightia angustifolia(10333, 1.8)* Euphorbiaceae Dimorphocalyx glabellu§12244, 1.8) Anacardiaceae Spondius dulci$8090, 1.8)
Sapindaceae Lepisanthes senegalen#518, 1.7) Fabaceae Dialium ovoideun{12064, 1.8)* Ebenaceae Diospyros ovalifolia(7820, 1.8)
Fabaceae Dialium ovoideun{9448, 1.7) Ebenaceae Diospyros ebenur(l1710, 1.7) Lauraceae Cryptocaryasp. (5519, 1.2)
Tiliaceae Grewia rothii (8739, 1.6)* Tiliaceae Grewia rothii (9438, 1.4)* Ulmaceae Holoptelea integrifolia(5115, 1.1)
Sterculiaceae Pterygota thwaitesi{8128, 1.4) Clusiaceae Mesua ferreg9294, 1.4) Sapindaceae Dimocarpus longar4801, 1.1)
Euphorbiaceae Dimorphocalyx glabellu§7117, 1.3) Datiscaceae Tetrameles nudiflorg7073, 1.0)* Sapindaceae Lepisanthes tetraphyl@644, 1.0)
Sapindaceae Dimocarpus longar{6718, 1.2) Aponogetonaceae Wrightia flavido-roseg7007, 1.0) Aponogetonaceae Wrightia angustifolia(4519, 1.0)*
Verbenaceae Vitex altissima(6708, 1.2)* Annonaceae Polyalthia coffeoide$6989, 1.0) Aponogetonaceae Wrightia tomentos#3169, 0.7)
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Table 4.3. Monthly mean daily path length and the number of complete daily path lengthsecbflacthe study groups during the
study period. MMDPL= Monthly mean daily path lendgth= Index of defendability.

Month Group A Group B T. vetulus

No. of paths MMDPL (m) D No. of paths MMDPL (m) D No. of paths MMDPL (m) D
July 2008 3 400 1.2 3 497 1.6
August 2008 5 353 1.0 2 478 1.5
September 2008 2 435 1.3 - - -
October 2008 2 358 1.0
November 2008 - - - -
December 2008 4 454 1.3 4 326 1.0 - -
January 2009 5 472 1.4 6 320 1.0 3 277 0.7
February 2009 4 559 1.6 4 276 0.9 6 241 0.6
March 2009 4 411 1.2 - - - 3 310 0.8
April 2009 2 508 1.5 4 325 1.0 4 232 0.6
May 2009 1 477 1.4 2 306 1.0 2 210 0.6
June 2009 - - - - - - 3 238 0.6
Mean (+SD) - 441 (£123) 1.3(19) - 348 (£ 135) 1.1(0.3) - 251 (£ 123) 0.6 (0.1)
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Table 4.4. Spearman rank-order correlation coefficiendsf@r monthly average daily
path length versus plant part availability. MADPL=Monthly average daily patjjth. *=
p<0.05

Study group MADPL vs FAI fruitrf, p<) MADPL vs FAI flowers , p<) MADPL vs FAI immaturerf, p<)
Group A -0.673 (10, 0.033)* -0.576 (10, 0.082) -0.309 (10, 0.385)

Group B 0.643 (7, 0.119) 0.429 (7, 0.337) 0.671.180)

T. vetulus -0.489 (6, 0.329) 0.257 (6, 0.623) -0.6000(208)
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Table4.5. A comparison of ranging data from 11 Asian colobine species. *= home range compugeal Qigi x 0.4 ha grid; # =
home range computed using a 500 m X 500 m grid.

Species

Mean DPL (m)

DPL (Range)(m)

Home range (ha

Study site

Reference

Presbytis melalophus
Presbytis potenziani

Presbytis rubricunda
Presbytis rubricunda
Trachypithecus johnii
Trachypithecus pileatus
Trachypithecus leucocephalus
Trachypithecus leucocephalus
Trachypithecus francoisi
Trachypithecus vetulus
Trachypithecus vetulus
Semnopithecus entellus
Semnopithecus entellus
Semnopithecus entellus
Semnopithecus entellus
Semnopithecus entellus
Nasalis larvatus

Nasalis larvatus
Rhinopithecus bieti

703
540
850

325
491
512
438
251
1083
2990
441
348
910

799
1310

300-1360
60-1120
225-1670

131-409

189-650
111-632
370-1810
220-1734
300-2950

Kuala Lompat, Malaysia
Betumonga, Indonesia
Sepilok, Malaysia
Tanjung Puting, Indonesia
Kakachi, India
Madhupur, Bangladesh
Fusui Nature Reserve, China
Fusui Nature Reserve, China
Fusui Nature Reserve, China
Polonnaruwa. Sri Lanka
Kaludiyapokuna, Sri Lanka
Kanha, India
Junbesi, Nepal
Polonnaruwa. Sri Lanka
Kaludiyapokuna, Sri Lanka
Kaludiyapokuna, Sri Lanka
Sukau, Malaysia
Kinabatangan, Sabah, Malaysia
Wuyapiya, China

Bennett (1986)
Fuentes (1996)
Bennett and Davies (1994)
Supriatna et al. (1986)
Oates et al. (1980)
Stanford (1991)
Zhou €2@11)
Zhou €2@11)
Zhou e2@07)
Hladik (1977)
This study
Newton (1992)
Curtin (1982)
Hladik (1977)
This study
This study
Boonratana (2000)
Magsadla2009)
Kirkpatrick et al. (1998)
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Figure 4.1. Monthly variation in fruit flower and immature leaf availability in F¢
units/ha in the study site from July 2008 to Jube
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Figure4.2. Home ranges of. vetulusandS. entellussroups A and B.

167



— Group A
""" Group B

12.004 === T. vetulus
< l0.004
<
o
o
c
M 500
b
o
E
o
=
o 6.00
2
=
Fl
E 400+
S
[

2.004

0.00 T T T T T T

July | September I Movember | January | March | May |
August October December February April June
Month
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Chapter 5

Dietary overlap, habitat use and inter specific interaction in Trachypithecus vetulus

and Semnopithecus entellusin the Kaludiyapokuna forest reservein the dry zone of

Sri Lanka.

5.1. Introduction

Understanding how niche differences evolve in species on the same trophic level and
how these differences are maintained ecologically is a fundamentabguesticology
(Hubbell 2005). Numerous authors have acknowledged the existence of regular patterns
within communities such as distribution complementarities (Toft et al. 1982nGihal
Diamond 1982), resource partitioning and the temporal variation in the degree of
resource partitioning (Schoener 1986; Korpimaki 1987), character displacemest (Bro
and Wilson 1956), habitat shifts (Schoener 1975; Diamond 1978) and niche expansion
(Lister 1976). A number of biotic interactions such as mutualism (van der Heijden et a
1998; Stachowicz 2001), predation (Turner and Mittleback 1990) and competition
(Pacala and Roughgarden 1985) as well as abiotic interactions like cliffextts e

(Weins 1977) have been shown to create niche partitioning and other patterns in
ecological communities. Competition has been shown to alter population densities
(Hairston 1951), foraging efficiency, growth rate (Dunham 1980; Gustafsson 1987; Zi
and Kotler 2003), age structure (Smith 1981), habitat use (Creel and Creel 1996), and
activity patterns (Kotler et al. 1993; Jones et al. 2001). Competition is wetgyded as
one of the more important ecological interactions and holds a central place in
evolutionary theory (MacArthur and Levins 1964, 1967; Gurevitch et al. 1992)eveér,

its relative importance has been debated in recent yeach@®taz 2001; Hubbell 2005).
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Two approaches have been used to assess the role of interspecific competition in shaping
the niches of coexisting species. The first approach compares niche of oggamilken
presence of competitors with niches of the organisms in the absence of cospetitor
(Huey et al. 1974; Schoener 1975; Diamond 1978; Alatalo et al. 1985; Ziv and Kotler
2003). These studies show that species alter aspects of resource utilizditias suc
feeding rates (Ziv and Kotler 2003) and habitat use (Alatalo et al. 1985) when in the
presence of potential competitors to reduce resource overlap with competitors. The
second approach compares resource use in coexisting putative competitaitsoim il
resource availability (Lack 1947; Smith et al. 1978; Lister 1980; Toft 1980; Korpimaki
1987; Holbrook and Schmitt 1989; Nakano et al. 1999). These studies show that
coexisting putative competitors display greater niche partitioning duringdgeof

resource scarcity in comparison with periods of resource abundance.

Competition also holds a central place in primate socioecology. Identthendjfferent

factors that influence primate group size and social organization has been anrimporta
theme (Chapman et al. 1995; Steenbeek and van Schaik 2001). However, the broader role
of interspecific competition in primate communities is unclear as rel\afe® studies

have addressed this topic precisely (Gautier-Hion 1980; Guillotin et al. 1994; Tutin et a
1997; Stevenson et al. 2000; Agostini et al. 2010; Houle et al. 2010; Singh et al. 2011).
The majority of these studies have examined only a few lines of evidenody ofainge

in diet overlap in relation to resource availability (Tutin et al. 1997; Guilldtal. 6994,
Gautier-Hion 1980) and only a few have attempted to collect quantitative data @sspeci

interaction (Stevenson et al. 2000; Houle et al. 2010; Singh et al. 2011). The studies that
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examine the variation in dietary overlap assume that the observed patternrgf dieta
overlap is the outcome of interspecific competition. However, similar pattanalso

arise as a result of species making shifts in diet as a result of dletaiylity facilitated

by physiological and morphological adaptations (Korpimaki 1987). Hence, thesresult
these studies are inconclusive. Despite the paucity of studies that exiaeimetactions
of primate species in a community, several lines of evidence indicate #rapantific
competition is an important ecological interaction in determining princaterunity
structure. These include: density compensation by medium-sized non-huntedgprimate
such aflitheciaandCacajaoatfter the extinction of large-bodied primates such as
Alouattg LagothrixandAteles(Peres and Dolman 2000); positive correlation between
ratios of body mass and the number of species at a site (Ganzhorn 1999); body size
mediated dominance hierarchies in tropical frugivores (French and Smith 2005); and
aggressive interactions between species (Stevenson et al. 2000). However, thieevide
for interspecific competition is largely from frugivorous primate comnes@nd hence
the influence of interspecific competition on the ecology of foli-frugivorous epetich

as colobine monkeys is poorly understood.

Due to their unique dietary specializations colobines are capable of mglesge

guantities of foliage and hence the group as a whole is often labeled as ‘tatdéest
Hairston et al. (1960) suggested that herbivores do not compete for food partly because
resources are not limited. Leaves have been identified as key food resowaelores

and since leaves are superabundant and evenly dispersed, it is often assumedrthat withi
group exploitation competition is weak or absent (Ripley 1970; McKenna 1979;

Wrangham 1980; Steenbeek and van Shaik 2001). Contrary to these predictions, several
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lines of evidence suggest that folivorous primates are food limited. A number of studies
have shown that colobines are not mere obligate folivores and preferentiallyhggtect
guality foods such as young leaves, fruit and seeds which are distributed in gadthes t
are irregularly distributed in space and time (Oates 1994; Davies et al. 199m&het

al. 2002a). Also the availability of food, especially high quality foods, has been shown to
account for much of the variation in colobine biomass (McKey et al. 1981; Waterman et
al. 1988; Chapman et al. 2002a). In addition, contest competition has also been
documented in colobine monkeys (Koenig 2000; Koenig et al. 2004). Finally, Gillespie
and Chapman (2001) in their test of the ecological constraints model on red colobus
found that a larger group had longer day ranges than a smaller group and that the day
range of the larger group increased further in response to decreased ftzialliayva

These observations indicate that aspects of the ecology of colobine monkeys are
influenced by the availability of food, and thus it is probable that competitivadtitens

occur between colobine species within a community.

Trachypithecus vetulusndSemnopithecus entellase two species of colobine monkeys
that inhabit the island on Sri LankErachypithecus vetulusvhich is predominantly

confined to the wetter regions of Sri Lanka, overlaps &&mnopithecus entellushich

is confined to the drier lowlands, in the north central dry zone of Sri Lanka (Bandett
Oates 1994). However, it is relatively rare to find forests that support healbloyations

of both species. Much of what is known about the ecolo@y ehtellugRipley 1965;

1967; 1970) and. vetulugphilbricki (Hladik 1977) in Sri Lanka is from studies carried

out at Polonnaruwa sanctuary, a secondary semi-evergreen dry zone forest in the north

central region and more recently from a studylometulus nestan home gardens and
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rubber plantations in the Western Province of Sri Lanka (Dela 2007). Only tlyebstud
Rudran (1973a; 1973b) on the group structure and reproductiarvefulus monticola

was carried out in an undisturbed habitat in Sri Lanka. Ripley (1965; 1967; 1970) studied
the social organization and behavioiSfentellusat Polonnaruwa. Hladik (1977)

compared the feeding behavior of sympa®ientellusandT. vetulusat Polonnaruwa

and found tha$B. entellusvas less arboreal and more frugivorous and utilized a more
diverse array of plants than vetulus Trachypithecus vetulusas observed to display a

low level of mobility and maintained small home ranges averaging 2.5 ha in comparison
to S. entelluswhich ranged over a wide area and maintained home ranges of 10 to 15 ha.
Although the two species were shown to ingest different proportions of fruit, flandrs
immature leaves, in these studies the investigators did not investigatpenifrs

interaction and variation in ecological overlap between the two species innmeétathe
availability of patchy resources such as fruit and flowers and hened taiexamine the

role of interspecific overlap on the primate community. Since Hanuman langubg inha

the extremely wet regions of India (Jay 1965), Ripley (1965) hypothesizet¢hat t
presence of . vetulusn the wet zone of Sri Lanka has prevented the hanuman langur
from colonizing the wet zone forests of Sri Lanka. At Polonnaruwa, hanuman langurs and
purple-faced langurs were observed to avoid each other in areas where theiatgese r
overlap (Ripley 1965). Thus it is possible that interspecific competition is an anport
interaction influencing the ecology of these species and thereby the g@ogra

distribution of these primate species.

In this chapter, | analyze diet overlap of seasonal resources such asadrtldawers

betweenr. vetulusaandS. entellusand interspecific interaction to assess the role of
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interspecific competition in shaping aspects of the niches of these tugpismate

species. | specifically analyze how fruit and flower overlap varies atioal to their
availability. Although overlap may not be indicative of the intensity of conetit

(Colwell and Futuyma 1971; Abrams 1980), changes in overlap or the degree of resource
partitioning may better reflect the influence of interspecific compat{Korpimaki

1987). As observed in many ecologically similar species such as predatisry bi
(Korpimaki 1987), primates (Guillotin et al. 1994; Tutin et al. 1997) and fish (Nakano et
al. 1999), niche overlap between the primates in this study (degree of resource
partitioning) should be greatest during periods when resources like fruit, $lewer

shoots are abundant, with reduced overlap during periods when they are scarce. Since
field experiments have shown species to alter their rate of resourcéesenihe

presence of competitors (Ziv and Kotler 2003), this study also compares feedihg eff
when the two species were in close proximity to each other and when they are not. |
predicted that if competition occurred and one species displaced the other frarg feedi
sites, then the feeding effort of one or both species should be lower when in association
than when they are not. In addition, | also examined if either species excludésethe

by comparing the vertical dispersion of the two species while foraging thieg are in

association and when they were not.

In addition to addressing the importance of interspecific competition on primat
communities, the results of this study highlight resource use patterns imptimeates
that enable them to coexist when sympatric and contribute towards broadening our

understanding of the ecology of these species.
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5.2 Material and methods

5.2.1 Study site

The study was conducted in the Kaludiyapokuna forest reserve (N 07° 52.5, E 080° 44.1)
located in the Matale district in the north central dry zone of Sri Lanka. Thewasly
conducted under the authority of the Department of Wildlife Conservation of Sri Lanka
and in collaboration with the University of Peradeniya, Sri Lanka. The maiy atad is
approximately 2.2 kfin extent and is contiguous with the Knuckles forest range in the
south. The study site is surrounded by farmland and human settlements from the north,
east and west. The study site is undisturbed by humans and the primates are not
provisioned, unlike the Polonnaruwa study site, which is disturbed and where primates
have become accustomed to humans through regular contact (Bishop et al. 1981). Also
there is no evidence to indicate that hunting, timber extraction or woodcutting has
occurred at the site. The study site supports populations of four species of pamate

well as populations of other herbivorous mammals such as Asian eletaptsaé
maximu$, spotted deerAxis axi3, sambar deeQervus unicolay, and wild pig Sus

scrofg. Unlike Polonnaruwa (Bishop et al. 1981), this study area is home to a full
complement of potential primate predators such as the black &zglagtus

malayensiy leopard Panthera pardusand pythonRython molurus

The study area receives about 1250 mm of rainfall annually (Fig. 5.1) and average
temperature in the region ranges between 27-29 ° C. The region receives nsost of it
rainfall through convectional rains from October to November, which gradualieg

into the northeast (NE) monsoon. The NE monsoon lasts from December to February and

is most active during the month of December. The NE monsoon brings considerably less
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moisture than the southwestern (SW) monsoon, which lasts May to September. The
northern dry zone is shielded from the SW monsoon rains by the central hills of the island

and hence it experiences a characteristic period of drought during this time.

5.2.1 Subjects

In Sri Lanka,S. entelluss represented by a physically smaller subsp&ientellus
thersites(Bennette and Davies 1994) and is found throughout the well-wooded areas of
the whole dry zone from south of Jaffna, in the North, to the shores of the extreme
southern coast (Phillips 1935). The purple-faced leaf morikesgtuluss endemic to Sri
Lanka and is divided into four distinct subspecies all occupying different geagraphi
regions.T. vetulusphilbricki, the northern dry zone subspecies, shares its rang&with

entellus.

Dietary data were collected over a 12-month period between July 2008 and June 2009 as
part of a long-term study of the comparative ecologV.ofetulusandS. entellusn Sri

Lanka. Data collection was confined to d&eentellusand on€l. vetuluggroup. The

groups had overlapping home ranges and, at the time of data collection, were lthbituate
to human observers and could be approached to within a distance of 10 m without
showing signs of alarm or panic. The composition of the study groups is given in Table

5.1.

5.2.2 Forest composition
Vegetation sampling was carried out using vegetation plots (Ganzhorn 1989).iéscalit
for sampling were chosen with the aid of a WorldView 1 satellite image ofittig atea

and care was taken to ensure that the localities were evenly distributedtlaerstssly
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area so that an unbiased representative sample of the vegetation could be ol#teined. E
plot was 20 x 20 m in extent and 59 plots were used to sample the vegetation at the study
site. Trees that were greater than 9 cm in diameter at breast height dD8Mpody

lianas were measured using a DBH tape. Plant samples were collectedamitiime

sheets were prepared. The specimens were identified and compared to voucimemspeci

at the National Herbarium at the Royal Botanical Gardens, Peradeniian&a. The

basal area (BA) for each tree was calculated using the formula:

BA =[0.5 x DBHF x =.

The measure BA per hectare was used to define the biomass of each plant stiecies w

the home range of each group (Fashing 2001).

To describe the vertical and horizontal structure of the forest the line pitéecbnique

as delineated by Ganzhorn (2003) was used. A 400 m baseline was setup and the height
of the vegetation that came in contact with the line at 5 m intervals was recbinded.

height of trees was visually estimated. Four distinct vertical straidentified. An

emergent and canopy layer composed of trees that were approximately 20-40ghtin he
(L1), a sub-canopy later composed of trees that were approximately 10rlaenght

(L2), an understory layer composed of saplings of tree species and shrub species tha

were approximately 1-5 m in height (L3) and terra firma (L4).

5.2.3 Forest phenology
To produce a quantitative measure of food availability, 958 trees and lianas in 22

phenological plots were monitored each month for phenological activity. The plant
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species monitored included species that were known to be consumed by the psmates a
well as species that were not known food species. Phenological assessmneast\ohs
carried out with the help of two field assistants during the first week of eatihhnThe

crown of each tree was scanned by the investigator and the two fieldratssist the
availability of fruits, flowers, and immature leaves using Nikon 8 x 40 binoculars. On
occasions, it was difficult to distinguish between ripe and unripe fruit due to poor
visibility, and in the case of species likkschodon zeylanicy®iospyros oocarpa
Hydnocarpus venenatandLepisanthes senegalensikie to fruit that did not show any
changes in coloration or texture over time. Hence, ripe fruit and unripe fruijpeeled

as fruit for the purpose of estimating fruit availability. Similarly, fesvbuds and flowers
were pooled as flowers and leaf buds and young leaves were pooled as immatare leave
Each plant part was scored at increments of 0.5 on a scale of 0.0 to 4.0 with 4 being the
score for a tree with the plant part at its greatest abundance in compatison

individuals of the same species in the phonological plots. A food availability indéx (FA
for fruit, flowers and immature leaves was computed for the study area usangethge
monthly phonological scores and the basal area/ha value for trees within etetioeg

plots in the study area (Dasilva 1994). FAl was computed using the formula:

FAI = average availability score x basal area of species

The species used in the computation of FAI fruit, flowers and immature leaves Wwihin t
study area accounted for the 15 most frequently utilized tree species bgriheses
and accounted for approximately 80% of the feeding ting& ehtellusand 74% of the

feeding time ofT. vetulus
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5.2.4 Behavioral data collection

For at least 5-8 days a month for each of the groups, behavioral data were codeged

a scan sampling technique (Altmann 1974). Group scans were conducted every 10
minutes. Efforts were made to survey all adult monkeys in each group. During each sca
the number of animals engaged in feeding, moving, resting, and in social behaviors were
recorded. When an animal was spotted, the first activity that lasted longer g@md8s

was recorded. This minimized the over-representation of eye catching ephemer
activities in the data (Fashing 2001). Feeding was considered to be any itisé&nce
involved a monkey attempting to ingest, masticate or swallow a food item. When a
monkey was observed to feed during a scan, the plant species and the food item on which
the animal was feeding was recorded. Food items were designated, ae&ds, flowers,
immature leaves, and mature leaves and other items, which included sap and soil.
Features such as pelage color, tail length in relation to body length, aochieaht

deformities such as scars were used to identify individuals and minimizeadungjic
observation of individuals during behavioral data collection. During each scan, the

vertical height location of each animal was also visually estimateceandded.

When behavior data were being collected on one species, whether the other species w
present in close proximity was also recorded. It was deemed that the twe spE@en
close proximity when the distance between two individuals of the two speciesssas |
than 50 m. This cutoff was chosen because it was the furthest distance at which an

observer on the ground could differentiate between groups of the two species.
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An interspecific encounter rate was determined for each month by stanmutatbe
number of encounters observed during any given month by the number of sampling days

employed during that month.

Feeding effort was defined as the percentage of individuals engaged in feedingrpe
(Eckardt and Zuberbuhler 2004). Monthly dietary niche overlap for fruit, flowers and
immature leaves was calculated using the simplified Morisita ind&x) (Krebs 1989)

using the formula:

22" PP

DN %

C.

The simplified Morisita’s index@) is an index of niche overlap between spepasdk.
pi is the proportion of resourdeés of the total resource pool of spegieandpi is the
proportion of resourceis of the total resource pool utilized by spedieghis index

varies between 0 and 1, with values greater thadifating interspecific overlap.

Temporal patterns of dietary overlap in relatioridod availability and the relationship
between food availability and interspecific encaustwas investigated by calculating
Spearman rank-order correlation coefficienfstere used to investigate the
relationships between fruit, flower and immaturaf leietary overlap and availability of
each plant item in the study (Fashing 2001). Spaamank-order correlation coefficients
(rs) were also used to investigate the relationshipvéen interspecific encounter rates
and the availability of different dietary items gring 2001). The Wilcoxon test was

performed to evaluate if there were statisticaliygicant differences in the feeding
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efforts when the two species were in close proximitd when they were not. Thétest
was performed to examine differences in vertichltad use between the two species
when each species was in close proximity to edodr@nd when they were not. To
control for the possible influence of variablestsas season and climatic conditions on
foraging effort and habitat use, for both speceans corresponding to when one species
was in close proximity to the other on a particulay were compared with scans
corresponding to when the species was alone osaiine day. As outlined in Chapter 1.4,
it must be noted that for some of the analyses noasgrvations of the same few
numbers of individuals were included in the statstanalyses of groups. This problem
cannot be eliminated in studies of free-rangingtiaked groups, but the sampling
protocols in effect during scans, and choice olsdsgmpled per month, should help to

minimize this problem.

5.3 Results

5.3.1 Forest composition

In the 59 plots that were used to characterize/éigetation at the Kaludiyapokuna forest
reserve, a total of 2110 trees were encounteraa i® species, belonging to 58 genera
and 30 families. The DBH of trees at Kaludiyapokusraged from 9.0 cm to 275.2 cm
with a mean and mode of 24.4 cm (SD * 23.61) a@d® respectively. Small stems (9-

29 cm DBH) contributed approximately 80% of totaésies richness.

The number of species, families, and other stesistescribing the structure of the
vegetation within the home ranges of the two graspisted in Table 5.2. The stem

densities within the home ranges of the two groupie comparable. There was no
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statistically significant difference in the mean BBf trees in the home ranges of the two
groups (Table 5.2). There was significant overlapMeen the two groups in the species
that ranked among the top 20 tree species in oel&ébi basal area in their home ranges.
Eighty percent of the species in the top 20 treeigjs in the home range $f entellus

was found in the home rangeTafvetulus In the case of both groups, Euphorbiaceae was
the dominant family accounting for approximately/2dnd 33% of the 20 most

dominant species in the home rang&oéntelluandT. vetulugespectively.

5.3.2 Forest phenology

The availability of fruit, flowers, and immatureales measured as FAI units/ha varied
considerably from month to month (Fig. 5.2). Fautilability was lowest during the
month of March and highest during the month of JUie availability of flowers was
highest during the month of August and lowest dyrecember and January. Immature
leaf availability was at its lowest during the mowof February and highest during
September. Mature leaves were the most abundaahitiam and were available

throughout the year.

5.3.3 Dietary overlap

The average proportion of time devoted to feedimglifferent dietary items during each
month of the study period [&. entelluandT. vetuluss given Figure 5.3.
Semnopithecus entelléed on 58 positively identified species of whicB,\&ere
exclusively used. In comparisoh, vetulused on 31 positively identified species of
which only 2 were exclusively use. The specieseshbyT. vetulusandS. entellusach

month of the study period and the time devotee&aling on these species is given in
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Table 5.3. The proportion of time devoted to fegdin shared species each month
ranged from 12% to 86% f@&. entellusand 62% to 95% foF. vetulus The mean dietary
overlap betwees. entellusandT. vetulusvas 0.34 for fruit (range 0.00-0.98), 0.23 for
flowers (range 0.00-0.92) and 0.50 for immaturedssrange 0.15-0.89) (Fig. 5.4). The
monthly differences between fruit, flower and imoratleaf overlap betweeh entellus
andT. vetuluswere statistically insignificant (Friedman’s twawanalysis of variance

by ranks p< 0.174).

In the case 0$. entellusandT. vetulusthere was no statistically significant correlation
between fruit overlap and fruit availability andrmature leaf overlap and immature leaf
availability (Table 5.4; Fig. 5.6). However, flowaverlap betwees. entellusandT.

vetuluswas positively correlated with flower availability

5.3.4 I nterspecific encounters

The rate of incidents (encounter rate) whergetulusandS. entellusvere in close
proximity ranged from 0 to 1.00 encounter per d&jth the exception of two encounters
during which the males of the advancing grouf oéntellusctively displaced’. vetulus

by whooping and chasing, all other encounters \passive in nature and involvéd
vetulusmoving into higher strata of the forest and themayfromsS. entellusssS.
entellusentered trees occupied Byvetulus All encounters reported here occurred in the
context of feeding. Most encounters between thespezies occurred between January

and March during the study period (Fig. 5.5).

There was no statistically significant relationshgiween flower and immature leaf

availability and the frequency of encounters betwte two species (Table 5.5).
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However, there was a statistically significant niegacorrelation between fruit

availability and the frequency of encounters betwkevetulusandS. entellus

In the case 0$. entellusthe percentage of animals engaged in feedingeimbsence and
in the presence df. vetuluganged from 20-80% and 8-90% respectively. The
differences in the number of animals engaged idifggin the presence and absencé&.of
vetulusfor S. entellugvere not statistically significant (Wilcoxon Siganked Test, n =

9 p< 0.260). In comparison, fdr. vetulusthe percentage of animals engaged in feeding
in the presence and absenc&oéntellugsanged from 8-20% and 0-15% respectively.
The differences in the time devoted to feedindhmpgresence and absencé&oéntellus

by T. vetuluswvere statistically significant (Wilcoxon Sign RaakTest, n = 9 g 0.008).

5.3.5 Vertical habitat structure and interspecific influence on vertical habitat use
Chi-square analysis of habitat useSyentellusndT. vetuluswhen each species was
not in close proximity (< 50 m) to the other shovieatS. entellusoccupied strata L1
and L2 less often and L3 and L4 more often thareetgal by chance (Table 5.6). In

comparisornT. vetulusoccupied strata L1 and L2 more often and L3 anéek4 often

than expected by chance. These differences weistisglly significant (*(3, N= 1814)

= 93.54, p< 0.001).

When the two species were in close proxinfyentellusontinued to occupy L1 less
frequently and L3 and L4 more frequently than exgedy chance but also occupied
stratum L2 more frequently than expected by ché&hable 5.7). Althougii. vetulus
used strata L2 more frequently than expected véhemntellusvas not present in the

vicinity, when in close proximity t&. entellusT. vetulusoccupied L2 less frequently
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than expected by chance. When in close proximiy.tentellusT. vetulusoccupied

stratum L1 more frequently and strata L3 and L4 fesquently than expected by chance

(/A(3, N= 666) = 32.98, g 0.001).

5.4 Discussion

The dietary overlap betweé&h entellusandT. vetulusat Kaludiyapokuna showed
considerable temporal variation in comparison witttary overlap between other closely
related primate species (Table 5.8). However, atgiled comparison of dietary overlap
indices between the species in this study to irsdieported for other primate species
pairs is problematic due to the variation in thehodologies adopted to compute diet
overlap. Although the monthly differences betweriit fflower and immature leaf
overlap as not statistically insignificant, on aage immature leaf overlap was the
highest, followed by fruit and flower overlap. Coidently, of the three dietary
categories considered here, immature leaves wenadist abundant food item in the

study area followed by fruits and flowers.

In this study, the monthly variation in fruit ovapl in relation to fruit availability was not
consistent with the prediction based on competiti@ory and observations from other
primate communities which show ecologically simggmpatric species to segregate in
their diet during periods of low resource product{Guillotin et al. 1994; Peres 1994;
Tutin et al. 1997; Stevenson et al. 2000). In stusly, fruit overlap was often high during
periods of fruit scarcity as a result of both priengpecies utilizing the same fruit tree
species. This observation is similar to the pattérietary overlap observed between

Saguinus fuscicollis avilapiresindS. mystax pileatisvhere both species converged
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onto the few sources of exudates and nectar alaithting the dry season, resulting in
high dietary overlap during that time (Peres 1998dwever, it should be noted that as
with T. vetulusandS. entellusat Polonnaruwa (Ripley 1965), these species at
Kaludiyapokuna were never observed to occupy fegtlees at the same time. Although
high fruit overlap between the primates in thigigtoccurred during periods of fruit
scarcity, it is unclear whether the level of ovpngas large enough to cause competition
between these two species. There is also considatabate on the relationship between
the intensity of interspecific competition and digtoverlap, as competition only
becomes significant when resources are in shoplg@olwell and Futuyma 1971;

Abrams 1980).

As in the case of fruit overlap, there was no stiatl significant relationship between the
monthly fluctuation of immature leaf overlap betwebe two species and monthly
immature leaf availability at the study site. Tisigprobably because immature leaves
were the most abundant of the seasonal resourdesexe available throughout the year
and hence the two species are unlikely to competenimature leaves. However, the
monthly variation of flower overlap between the tggecies was significantly positively
correlated with monthly flower availability and leenthe monthly variation in flower
overlap is consistent with the predictions of cotitjps theory and observations from a
number of animal communities, which show ecolodycsimilar species to diverge in
their resource use patterns during times of resosearcity (Lister 1980; Toft 1980;
Korpimaki 1987; Holbrook and Schmitt 1989; Nakahale1999). It has also been
argued that morphological and behavioral adaptatinay enable species to make dietary

shifts similar to those caused by interference iy gpecies on the other and exploit

186



alternative types of food resources as preferred ftems become scarce (Korpimaki

1987; Marshall and Wrangham 2007).

Interspecific interactions are known to occur b&mwenany sympatric organisms
including primates (Nakano et al. 1999; Stevengai. 000; Eckardt and Zuberbuhler
2004; Sushma and Singh 2006; Houle et al. 201Q@hisrstudy interspecific interactions
were relatively rare but during these interactidngetulusvas always displaced 18/
entellus this resulted in the two species never occupiliegsame feeding trees at the
same time. The majority of these interactions aezliduring periods when fruit
availability was low. Similar patterns of interawtihave also been observed betwiean
troglodytes Cercopithecus mitj<Cercopithecus ascaniwndLophocebus albigena
where the dominance hierarchy among the four specegesponded to body weight

(Houle et al. 2010).

However, the pattern of interaction observed i #tudy is in contrast to the interactions
betweerSemnopithecus johrsindMacaca silenugSushma and Singh 2006) and
betweernCercopithecus nictitanandCercopithecus dianéEckardt and Zuberbuhler
2004), where the majority of the interactions weterant in nature. Such displacement
interactions have been shown to promote coexisteeiveeen species through temporal
niche partitioning, a situation where two or mope@es use the same resource at
different times of the day (Ziv and Kotler 2003;I®a& et al. 2007). In the case of
temporal niche partitioning, even though the domirspecies depletes shared resources,
coexistence is still possible if the two speciegehdifferent foraging efficiencies. For

example in the case of the nocturnal rodgetbillus allenbyiandG. pyramidum
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interference competition b@. pyramidunmwas shown to produce temporal niche
partitioning between the two species (Ziv and Ka2@03). In this case coexistence was
shown to be possible as a resulCofallenbyibeing energetically more efficient at
foraging and being able to subsist on resourcenpatalready depleted I8 pyramidum
earlier in the night (Ziv and Kotler 2003). Thitds possible that thougB. entellus
displacedr. vetulusthatT. vetuluss an energetically efficient forager in companiso
with S. entellusand is able to reuse food patches deplete8. lntellusand thereby
coexists withS. entellugven during months when dietary overlap betweeriwio

species was extensive.

Interspecies interaction has been shown to impactaraging behavior of numerous
organisms (Ziv and Kotler 2003; Houle et al. 2010)his studyT. vetulusspent a lower
proportion of time feeding when in close proxinityS. entellusn comparison with
when the species was alone. Similar observatioms aleo made in a study on a primate
community in Uganda, in whicBercopithecus mitisesduced its foraging effort when in
the presence of large bodied dominant speciesasfan troglodytes, Cercopithecus
ascaniusandLophocebus albigen&imilarly, interference interactions were alsowsho
to maintain the difference in the feeding patcle fietweervarecia variegata rubrand
Eulemur fulvus albifrong§vVasey 2000) an8aguinus mystaandsS. fuscicolligPeres
1996). In the case of the rode@srbillus allenbyiandG. pyramidumwhenG. allenbyi
was together witles. pyramidumthe species depleted seed patches to a loweiieve
comparison with when it was in isolation, and dscame more active later in the night
to minimize contact witls. pyramidum(Ziv and Kotler 2003). Hence, it is possible that

the reduced mobility and the high percentage oé tilavoted towards resting by
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vetulus(Hladik 1977) is an adaptation By vetulugo minimize direct contact wit8.

entellus

As with S. entelluandT. vetulugn this study, niche separation through vertical
partitioning of a common habitat has been obsenvedany different primate
communities (Charles-Dominique 1974; Ungar 199&h8uwa and Singh 2006; Buzzard
2006; Singh et al. 2011). Boih vetulusandS. entellusat Kaludiyapokuna utilized all
four vertical strata of the forest to different dags. In general,. vetulusat
Kaludiyapokuna was highly arboreal and preferrediigher strata (L1 and L2) of the
forest in comparison witB. entelluswhich preferred the lower strata (L3 and L4jrod
forest, but rarely used the ground (4.2% of obg&rmg). This behavior is contrary to the
vertical habitat use patterns 8f entellusat other localities where the species in known to
spend over 80% of the day on the ground (BennetCavies 1994). This difference in
vertical habitat use b$. entellusn this study may be a behavioral response by the
species to the presence of a full complement oéséral predators such Bainthera
pardusandPython molurust the Kaludiyapokuna study site. However, whenttto
species were in close proximity, during whithvetulusvas always displaced from
feeding treesS. entelluegan to occupy the L2 stratum, the most frequersitd

stratum of the forest bY. vetulusThis resulted ifT. vetulusoccupying L2 less
frequently than expected by chance. Similar obsemswere also made in a primate
community in Uganda, where subordinate speciegpeaf to feed in the tree crowns
when in isolation but fed in lower strata of theefst when in the presence of dominant
species (Houle et al. 2010). In this stuSygentellusvas probably able to displage

vetulusas a result of occurring in much larger groupsamparison withr. vetulus The
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average group size f&. entelluandT. vetulusat Kaludiyapokuna was 15 and 7 animals

per group respectively.

The results of this study are consistent with ssveirthe proposed predictions, which
suggest that interspecific competition influendesecology and behavior of these
primate species. The monthly fruit and flower ogprbetween the two species of
primates in this study showed a high level of a@rain relation to monthly availability

of these resources. In comparison, monthly immdaatoverlap showed less variation
in relation to immature leaf availability. The mbhtvariation in fruit overlap in relation
to fruit availability was not consistent with theedictions based on competition theory.
On the contrary, both species tended to utilizesdrae fruit tree species during periods
of fruit scarcity. This resulted in high fruit ovap during those periods. This observation
suggests that fruit is an important component efdiets of these colobine monkeys. The
monthly variation in immature leaf overlap in réatto immature leaf availability was
also not consistent with the predictions basedarnpetition theory. However, the
monthly variation in flower overlap in relation lower availability was consistent with
the predictions of competition theory. This obséorashould be interpreted with caution
as flowers are an extremely ephemeral resourcelsetved patterns in monthly flower
overlap may be a case of one or both species tiariag to alternative resources as the
availability of flowers diminishes rather than ttesult of interference by one species on
the other. However, the results of this study alsow that interactions betwe8n
entellusandT. vetulusoccurred mostly during the period when fruit aaility was low.
These interactions resulted in a reduction in tiop@rtion of time devoted to feeding by

T. vetulus In addition, during these interactiohsvetulusvas displaced from feeding
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trees, which also resulted Th vetulusaltering its vertical habitat use pattern. These
observations suggest tHait entelluss dominant over . vetulusand hence it is possible
that the low level of mobility and the comparativiigh proportion of time devoted to
resting reported fof. vetulugHladik 1977) and habitat and dietary niche parting by
these species are strategies adopted by thesetgsitoamitigate ecological competition

and promote coexistence.
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5.6 Tables

Table5.1. Composition of study groups. AM= Adult male, ARdult female, SA= Sub
adult, V= Juvenile, IN = Infant.

Species AM AF SA JV IN Total
S. entellus 3 7 3 7 2 22
T. vetulus 1 6 0 0 4 11
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Table5.2.Tree composition in the home ranges of two groups.

S. entellus T. vetulus
Area sampled (ha) 1 0.48
Number of species 48 30
Number of families 24 19
Stem density (stems/ha) 643 698
DBH
Mean (95% ClI) 24.3 (22.526.1) 22.0 (20.0024
Mode 9.0 9.0
The 20 highest-ranking trees Family Species (BArblative BA/ha) Family Species (BA/ha, relatBA/ha)
Ulmaceae Holoptelea integrifoliag 83968, 15.1) Euphorbiaceae  Drypetes sepiarig91747, 20.5)
Euphorbiaceae Drypetes sepiarig76309, 13.7) Moraceae Ficus microcarpa(61443, 13.8)
Moraceae Ficus microcarpa(74749, 13.4) Flacourtiaceae Hydnocarpus venenai®1509, 11.5)
Euphorbiaceae Mischodon zeylanicug35250, 6.3) Euphorbiaceae  Mischodon zeylanicu@9218, 11.0)
Flacourtiaceae Hydnocarpus venenai{®4182, 6.1) Datiscaceae Tetrameles nudiflorg23571, 5.3)
Sterculiaceae Pterospermum suberifoliu@9648,5.3) Ebenaceae Diospyros ebenurf22982, 5.1)

Annonaceae
Datiscaceae
Ebenaceae
Annonaceae
Lauraceae
Sapotaceae

Aponogetonaceae

Sapindaceae
Fabaceae
Tiliaceae
Sterculiaceae
Euphorbiaceae

Diospyros oocarpg24023, 4.3)
Terameles nudiflor§22628 4.0)
Diospyros ebenurtl4908, 2.7)
Xylopia nigricang13477, 2.4)
Cryptocarya sp(12019, 2.2)
Manilkara hexandrg11615, 2.1)
Wrightia angustifolia(10333, 1.8)
Lepisanthes senegalen$@518, 1.7)
Dialium ovoideun(9448, 1.7)
Grewia rothii (8739, 1.6)

Pterygota thwaitesi(8128, 1.4)
Dimorphocalyx glabellu§7117, 1.3)

Sapindaceae
Verbenaceae

Dimocarpus longar6718, 1.2)
Vitex altissima(6708, 1.2)

Sterculiaceae
Sapindaceae

Pterospermum suberifoliu@0978, 4.7)
Lepisanthes senegalen$ist940, 3.3)

Fabaceae Dialium ovoideun{13801, 3.1)
Annonaceae Xylopia nigricang(13718, 3.1)
Ebenaceae Diospyros oocarpg13101, 2.9)
Tiliaceae Grewia rothii (10248, 2.3)
Anacardiaceae  Spondius dulci$8090, 1.8)
Ebenaceae Diospyros ovalifolia(7820, 1.8)
Lauraceae Cryptocarya sp(5519, 1.2)
Ulmaceae Holoptelea integrifolia(5115, 1.1)

Sapindaceae
Sapindaceae

Dimocarpus longar4801, 1.1)
Lepisanthes tetraphyl@g644, 1.0)

Aponogetonaceae Wrightia angustifolia(4519, 1.0)
Aponogetonaceae Wrightia tomentos#3169, 0.7)
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Table 5.3. Plant species shared 8yentellusandT. vetuluduring each month of the
study period and the contribution of each plantiseto the monthly diets of the two
primate species.

Month S. entellus T. vetulus
(Species) (% feeding time) (% feeding time)
July

Ficus microcarpa 6.17 11.84
Dialium ovoideum 5.05 35.53
Lannea coromandelica 0.75 10.53
Grewia rothii 0.56 3.95
Total 12.53 61.85
August

Tetrameles nudiflora 27.45 15.22
Vitex altissima 19.96 1.73
Diospyros oocarpa 13.05 32.18
Wrightia angustifolia 8.06 2.08
Dialium ovoideum 4.22 2.42
Combretum ovalifolia 4.03 3.46
Hydnocarpus venenata 2.88 0.69
Holoptelea integrifolia 2.50 9.00
Ficus microcarpa 1.34 4.15
Pterospermum suberifolium 1.34 7.27
Democarpus longan 0.58 1.73
Lannea coromandelica 0.58 3.11
Total 85.99 83.04
September

Tetrameles nudiflora 13.02 20.25
Mischodon zeylanicus 10.47 12.27
Drypetes sepiaria 7.21 7.98
Grewia rothii 6.74 0.61
Holoptelea integrifolia 6.51 1.23
Ficus microcarpa 5.81 17.18
Wrightia angustifolia 5.12 13.50
Combretum ovalifolia 5.12 3.07
Diospyros oocarpa 3.49 0.61
Hydnocarpus venenata 0.47 0.61
Total 63.96 77.31
October

Grewia rothii 16.38 1.05
Lannea coromandelica 14.44 3.16
Hydnocarpus venenata 10.34 1.05
Wrightia angustifolia 8.19 2.11
Tetrameles nudiflora 3.45 3.16
Ficus microcarpa 3.02 25.26
Mischodon zeylanicus 2.80 3.16
Drypetes sepiaria 2.37 5.26
Mallotus eriocarpus 1.51 7.37
Commiphora caudata 0.65 11.58
Total 63.15 63.16

(Continued
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Table 5.3. Continued

November

Grewia rothii
Tetrameles nudiflora
Mischodon zeylanicus
Ficus microcarpa
Commiphora caudata
Mallotus eriocarpus
Total

December
Tetrameles nudiflora
Manilkara hexandra
Mischodon zeylanicus
Wrightia angustifolia
Ficus microcarpa
Commiphora caudata
Total

January

Grewia rothii
Mischodon zeylanicus
Tetrameles nudiflora
Wrightia angustifolia
Lannea coromandelica
Manilkara hexandra
Total

February

Drypetes sepiaria
Vitex altissima
Mischodon zeylanicus
Commiphora caudata
Wrightia angustifolia
Manilkara hexandra
Opilia amentacea
Lannea coromandelica
Ficus microcarpa
Abelmoschus angulosus
Total

March
Drypetes sepiaria

Lepisanthus senagalensis

Ficus microcarpa
Dialium ovoideum
Mischodon zeylanicus
Combretum ovalifolia
Total

April

Ficus microcarpa
Mischodon zeylanicus
Combretum ovalifolia
Xylopia nigricans
Tricalysia dalzelli
Total

12.64
12.45
7.74
5.09
151
1.13
40.56

24.41
19.41
17.35
2.35
0.88
0.59
64.99

36.82
16.89
14.19
6.08
4.05
3.72
81.75

43.33
16.63
11.60
7.88
2.84
1.75
0.88
0.22
0.22
0.22
85.57

50.14
14.36
7.32
5.42
4.88
0.81
82.93

16.39
14.72
9.36
4.68
0.67
45.82

0.78
7.03
11.72
30.47
17.97
1.56
69.53

18.66
1.49
20.15
2.24
25.37
22.39
90.30

12.24
23.47
22.45
4.08
3.06
11.22
76.52

11.04
5.19
35.06
22.08
9.09
7.14
2.60
1.95
0.65
0.65
95.45

27.27
0.83
52.89
2.48
4.13
7.44
95.04

9.09
7.95
11.36
18.18
13.64
60.22
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Table 5.3. Continued

May

Mischodon zeylanicus
Ficus microcarpa
Tricalysia dalzelli
Manilkara hexandra
Combretum ovalifolia
Total

June

Drypetes sepiaria
Wrightia angustifolia
Tricalysia dalzelli
Combretum ovalifolia
Total

38.21
19.81
4.25
3.77
1.89
67.93

54.07
10.47
4.07
3.49
72.10

29.27
9.76
9.76
18.29
1951
86.59

49.09
1.82
3.64
40.00
94.55
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Table 5.4. Spearman correlation coefficientg (ralues for plant item availability versus
interspecies encounter rates.

Variables J p<

Fruit FAI vs Fruit overlap 0.098 0.762
Flower FAI vs Flower overlap 0.699 0.011*
Immature leaves FAI vs Immature leaf overlap 0.266  0.404

Table5.5. Spearman correlation coefficientg (ralues for plant item availability versus
interspecies encounter rates.

Variables g p<

Fruit FAI vs Encounter rate -0.670* 0.017
Flower FAI Flowers vs Encounter rate 0.356 0.256
Immature leaves FAIl vs Encounter rate -0.049 0.879

Table5.6. Vertical habitat use patterns$ entellusandT. vetulusvhen each species
was not in close proximity to the other. Ex= Exgelctount; L1= 20-40 m; L2= 10-15 m;
L3=1-5m; L4=0m.

Species Habitat

L1 (Ex) L2 (Ex) L3 (Ex) L4 (Ex) Total (Ex)
S. entellus 114 (123.6) 361 (422.8) 148 (89.6) 27 (14.0) (EHD)
T. vetulus 231 (221.4) 819 (757.2) 102 (160.4) 12 (25.0) 641(1164)

Table5.7. Vertical habitat use patterns$ entellusndT. vetulusvhen each species
was in close proximity to the other. Ex= Expectedrt; L1= 20-40 m; L2= 10-15 m;
L3=1-5m; L4=0m.

Species Habitat

L1 (Ex) L2 (Ex) L3 (Ex) L4 (Ex) Total (Ex)
S. entellus 24 (51.4) 198 (183.2) 49 (39.4) 14 (11.0) 2335
T. vetulus 96 (68.6) 230 (244.8) 43 (52.6) 12 (14.9) g8a1)
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Table 5.8. Monthly mean (range) dietary overlap values (petage or simplified Morisita indece€ (

)) betweealegically

similar primate species. Fr= fruit overlap; Fl=viler overlap; Im= Immature leaf overlap; *= overkegtimated using,,

Species

Monthly mean overlap (range)

Stutdy si

Source

Colobus guerezas Procolobus dadius
Colobus guerezas Procolobus dadius

Trachypithecus vetuluss Semnopithecus entellus

Alouatta guaribavs A. caraya

Eulemur fulvusss E. rubriventer
Cercopithecus cambelisC. diana
Cercopithecus cambeNis C. petaurista

C. petauristavs C. Diana

7.09 % (2.00-15.68)
43.18 % (25.90-72.25)
0.34 (0.00-0.98}

0.23 (0.00-0.9%§

0.50 (0.15-0.89)
45.64 % (28.70-64.08)
43% (6.50-66.00)
73% (46-97)

59% (50-67)

65% (54-77)

Kibale, Uganda
Kibale, Uganda
Kaludiyapokuna FR, Sri Lanka
Kaludiyapokuna FR, Sri Lanka
Kaludiyapokuna FR, Sri Lanka
El Pifalito PP, Argeatin
Ranomafana NP, Madagascar
Tai. lvory Coast
Tai. Ivory Coast

Tai. Ivory Coast

Struhsakel Oates (1975)
Chapetaal. (2002b)
This study
This study
This study
Agostini et al. (2010)
Overdorff (1993)
Buzzard (2006)
Buzzard (2006)

Buzzard (2006)
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5.7 Figures
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Figure5.1. Rainfall pattern at Kaludiyapokuna during July08@o June 2009 showir
peaks in OctobeDecember and Mar+-April. Notably the driest months produc
almost no rainfall.
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Figure 5.2. Monthly variation in fruit, flower and immaturedf availability in FAI
units/ha in the study site from July 2008 to Jube
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Figure 5.3. Monthly variation in the percentage of time dexbto feeding on differer
plant items by (ap. entellu and (b)T. vetulusduring the study period.
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Figure 5.4. Monthly variation in ovelap in fruit, flower anchmature leaves betweS.
entellusandT. vetulus Note that fruit overlap is highest during the rtroaf Januan
when fruit availability was relatively lov
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Figure5.5. The frequency of incidents wheT. vetulusandS. entellusvere in close
proximity during the study period in relon to fruit availability.
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Figure5.6. A visualrepresentatic of Spearman rank order correlations between mor
plant part availabilitwersu: monthly plant part dietary overlaa) Fruit availability vs % frui
dietary overlap ¢= 0.098 p < 0.762 (b) flower availability vs % flowers diaty overla| (rs=
0.699; p< 0.011)and(c) immature leaf availability vs % immature f dietary overla| (r=
0.266; p< 0.404) These figures illustrate a correlation; these ates regression and there is
intention of predicting the values of one axis frtirase on the other.
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Chapter 6

Conclusions

Numerous studies on primate communities have ifiestniche differences that promote
coexistence among primates (Hladik 1977; Buzzafi628ingh et al. 2011). However,
precisely how these niche differences have evadwethow these differences are
maintained ecologically over time is poorly undecst. Studies on other plant and
animal communities have shown that ecological atons such as mutualism (van der
Heijden et al. 1998; Stachowicz 2001), predatiauri§€r and Mittleback 1990) and
ecological competition (Pacala and Roughgarden 1&&ate niche differences among
species in ecological communities. Of these interas, interspecific competition has
been shown to influence niche differentiation imauous animal communities (Pacala
and Roughgarden 1985; Ziv and Kotler 2003). Howewethe case of primate
communities, the broader role of interspecific cefitfpn in promoting and maintaining

niche differences is poorly understood.

In this dissertation, | present data on the dietgaglogy, ranging, habitat use and
interspecific interaction iffrachypithecus vetulusndSemnopithecus entellusvo Asian
colobine monkeys, to identify differences in certaspects of the niches of these species
and to assess the extent to which interspecifigoatition promotes and maintains these
niche differences. The study was conducted at tladfyapokuna forest reserve, a
relatively undisturbed forest in the north centhal zone of Sri Lanka. The north central
dry zone forests of Sri Lanka provided an idealarpmity to study the interaction of

these two species, which overlapped in their rang#ss region.
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6.1 Compar ative feeding ecology S. entellusand T. vetulus

In Chapter 3, | described the dietary ecolog$oéntellusandT. vetulusat the
Kaludiyapokuna forest reserve with the objectivédehtifying key differences in the
dietary niches of these species and also to asgethker dietary differences reported for
these species in previous studies could be gepedalo this population. In addition, |
guantified and defined the spatial distributiorkey food resources utilized by these
primates to determine if resource distributionsagrte the potential for intraspecific and

interspecific interactions in these primates.

In this study, all three groups allocated differpraportions of feeding time to feed on
different dietary items. The monthly variation retproportions of times allocated to
feeding on fruits and immature and mature leavethéyhree groups was not statistically
significant. This finding is contrary to the findjs of other studies on sympatric
populations of these primates, wh&eentellusvas shown to include high proportions of
seasonal plant parts (fruits and immature leavess idiet, whileT. vetulusvas shown to
be extremely folivorous and include a higher petaga of mature leaves in its diet year-
round. Both species fed on fruit and flowers accaydo their availability at the study
site, but did not consume immature leaves accotdinigeir availability. These results
indicated that both species preferred to feed witsfand flowers over leaves, a trend that
has not been observed for these species in theTgastpopulation of langurs also
consumed a high proportion of flowers in comparispother colobine populations,
making this population one of the most florivoraagobine populations. In addition,

both species preferred to feed on tree speciesvirat relatively rare and showed
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clumped distributions. Clumped resource distriugibave been suggested to promote
within-group and interspecific competition. Howevalternative hypotheses such as the
resource dispersion hypothesis (RDH) suggest thatped resources do not necessarily
promote competition among animals living in sogiaups. These results indicate that
the dietary ecology of. vetulusandS. entellusat Kaludiyapokuna is extremely similar
and the mechanism proposed to explain the coexkistefithe two species at
Polonnaruwa, which suggests that coexistence batthese two species is possible
becausd. vetuluds adapted to subsisting on a diet low in nutnéiovalue is not directly
applicable to this population. Hence, alternativechanisms such as differential giving
up densities (GUD), which combines optimal patol fusm optimal foraging theory

with mechanisms of coexistence from resource thesbryuld be considered. This
mechanism proposes that even if two species havioal resource use patterns,
coexistence is still possible if the two speciegehdifferent foraging efficiencies.
Additionally, the results of this study togethetlwprevious findings on these species
indicate that these colobine species are flexibkbeir dietary ecology, and dietary

variation reported for these species is drivendogl ecological conditions.

6.2 Ranging behavior of S. entellusand T. vetulus

In Chapter 4, | decribed the ranging behavios oéntellusandT. vetuluswith the aim of
identifying differences in the ranging behaviorstod two species and also provide
insight into how these differences might facilitateexistence. In addition, | also

explored the relationship between group size, falability and ranging behavior.
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All three groups occupied habitats that were simii terms of abundance of plant
species. In the case 8f entellusGroups A and B, the home range of Group A waselarg
then Group B. This difference in home range sizdably reflected the higher energetic
demand of Group A, which was twice as large as &ulhe home ranges 8t
entellusin this study were the smallest reported for fhecges. In comparison, the home
range ofT. vetulusn this study was much larger than previously reggb The home
range overlap between the two species was alsasxéeand was similar to the situation
between these two species at Polonnaruwa. The pltifylength of Group A was longer
than the daily path lengths of Group B dndretulus The longer daily path length of
Group A probably reflected the increased energktinands of the members of the group.
The average daily path length of Group A was alflaeénced by fruit availability. Group
A tended to travel more during periods of fruitredtg. This pattern is contradictory to
the ranging behavior of some species of colobweg;h have been shown to increase
their daily travel distance during periods whendiet was dominated by fruits and
flowers rather than by leaves. In the case of @B®@&ndT. vetulusthe results indicated
that the two species did not alter their ranginigayor in response to resource
availability in a similar fashion to Group A. Theskservations together with other
published works on colobine ranging behavior sugtpes no one particular foraging

strategy can categorize the behavior of a species.

The intensity of home range use, defined as indebefendability D) was higher fof.
entellusin comparison witi'. vetulus The index of defendabilityd)) compares average
day length in relation to the diameter of a cimiéh an area equal to the observed home

range. A highD value implies frequent contact with home rangenoiauies at widely
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separating points on the perimeter is indicativentfnse home range use, and a high
degree of territorialityThe lowD for T. vetulusndicates thal. vetuludravelled a
relatively short distance on any given day in conigo@ withS. entellusand
consequently utilized only a fraction of its tot@me rangeThis behavior is consistent
with the behavior oT. vetulusat Polonnaruwa and probably reduces direct contiiotS.
entellusand promotes temporal niche partitioning, a situradvhere the two species can
utilize shared areas of their home ranges at @ifietimes and ultimately reduce
ecological competition. The low defendabiliy)(observed foil. vetulusn this study
also contradicts the behaviorbf vetulusat Polonnaruwa, where the species has been
reported to be extremely territorial. The low defehility (D) for T. vetulugn this study
is possibly the result of the relatively low depsif the species at the study site (19
animals/kn) in comparison to Polonnaruwa (100-200 animals?)kfrhe low density of
conspecifics probably alleviated the need fortheetulusgroup to regularly traverse its
entire home range to monitor and deter other canfspgroups from intruding.
Conversely, the relatively high population densitys. entellusat the study site (53
animals/ km) probably required Groups A and B to regularlyémse their home ranges
to deter potential intrusion from conspecific greughich probably resulting in a
comparatively higher index of defendabilify)(

6.3 Dietary overlap, habitat use and inter specificinteraction in S. entellusand T.
vetulus

In Chapter 5, | presented data on dietary ovevlagical habitat use and interspecific
interactions. In this chapter, | specifically exjgld the monthly variation in dietary

overlap in relation to monthly resource availapiind the influence of interspecific
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interaction of foraging efficiency and vertical litabuse to determine if differences in
the dietary ecology and ranging behavior obsereethiese species in this study have
evolved in response to interspecific competitioine Tata on diet overlap, habitat use and

interspecific interaction were used to test the fanedictions outlined in Chapter 1.

The dietary overlap betweé&h entellusandT. vetulusshowed considerable temporal
variation in comparison to dietary overlap betwe#rer closely related primate species.
However, the monthly differences between fruitwids and immature leaf overlap were
not statistically significant. Average immaturefleaerlap was the highest between these
primate taxa, followed by fruit and flower overldp.this study, the monthly variation in
fruit overlap in relation to fruit availability wasot consistent with the first prediction,
which predicted that dietary overlap should be hdghng periods of resource abundance
and low during periods of resource scarcity. Caowgtta the prediction, during periods of
fruit scarcity, both species began to utilize tams fruit tree species, which resulted in
high fruit overlap during periods of fruit scarcifjhe monthly variation in immature leaf
overlap in relation to immature leaf availabilityagvalso not consistent with the
predictions of the first hypothesis. However, thenthly variation in flower overlap in

relation to flower availability was consistent witie the first prediction.

The results of the study also show that interadbiemveen the two primate species were
infrequent. Most interactions that did occur hamgueduring periods when fruit
availability was low. This observation was consisteith the second prediction, which
predicted that the rate of interspecific interattétould be high during periods of

resource scarcity. These interactions resulted@daction in the proportion of time
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devoted to feeding by. vetuluswhich was consistent with the third predictiornieh
predicted that the feeding efficiency of one orbgpecies should decline as a result of
interspecific interactions. During these intera#iT. vetuluswvas displaced from
feeding trees and this resultedlinvetulusaltering its vertical habitat use pattern. This
outcome is consistent the fourth prediction, wipokdicted that one of the two species,
should displace and alter the habitat use pattettmecother during interspecific
interactions. These finding suggests Bagentelluss ecologically dominant ovér.
vetulusand influences certain aspects of the behavidr g€tulusIn this studysS.
entelluswas probably able to displatevetulusas a result of occurring in much larger
groups in comparison fb. vetulus Thus, the system of low mobility strategy adopigd
T. vetulusand reluctance shown by the species to feed en w&hS. entellusat the
same time are probably behavioral adaptations. wetulugo minimize direct

interaction withS. entellusind facilitate coexistence.

6.4 Futuredirections

Overall, the results of this study suggest tharattions between. vetulusandsS.
entellusinfluenced the feeding and habitat use patterds wétulusHowever, it should

be noted that the study involved only a limited i@mof groups and hence, whether the
findings of this study could be generalized to otjreups of these species needs to be
explored. In addition, a number of studies havenshprimates within a particular study
site alter their diets over longer temporal scalegsponse to changes in the floral
structure of the habitat. Hence, the intensitynédrispecific interactions may also change
over longer temporal scales. To address some sétissues, attempts will be made to

habituate and collect behavioral and ecologica ff@m additionall. vetulusandsS.
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entellusgroups in the future. In addition, efforts will beade to continue data collection
on the currently habituated groups so that questielating to changes in diet and the
intensity of competition over longer temporal seateuld be addressed. To further
investigate the influence of interspecific interacton the ecology of these primates,
studies will also be conducted on allopatric popoie of T. vetulusandS. entellusand

the observations will be compared to those frompatnic populations. In addition to this,
alternative mechanisms of coexistence such agéiiffi@al giving up densities (GUD),
which combines optimal patch use from optimal fanggheory with mechanisms of
coexistence from resource theory, will be testeeltcidate mechanisms that enable
these primates to coexist (Ziv and Kotler 2003)sThodel proposes that even if two
species have identical resource use patterns teesésis still possible if the two species
have different foraging efficiencies. Thus, it spible that thougB. entellusandT.
vetulusin this study showed similar resource use patfenndS. entelluglisplacedr.
vetulusfrom feeding tregghatT. vetuluss an energetically efficient forager in
comparison witts. entellusnd is able to reuse food patches depletes. lntellusand
thereby coexists witB. entellusven during months when dietary overlap between th

two species is extensive.
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6.5 A note on the conservation of T. vetulusand S. entellus

At presentT. vetulusandS. entellus thersiteare listed as endangered in the IUCN Red
List of Threatened Species and habitat loss has ideetified as the major cause for
their decline (IUCN 2011). Major development pogeinitiated by the government of
Sri Lanka have contributed significantly to theatektation of dry zone and other
regions of Sri Lanka. In addition, traditional agitural methods such as short-rotation
swidden agriculture, intensive cattle grazing dreldonversion of forests into
agricultural plantations have contributed signifitg to deforestation in Sri Lanka
(Perera 2001). The cultivation of tea, rubber, @®ficoconut or other permanent crops
and other types of timber harvesting has resulted88% reduction in natural high forest
cover between 1900 and 1983 (Perera 2001). Amart fhese factors, natural
phenomena such as cyclones also cause damagestsfa@specially in the dry zone
(Dittus 1985). All these factors have contributednh annual deforestation rate of 3.5%,
which places Sri Lanka as the country with the agjitate deforestation in Asia
(Dinerstein and Wikramanayake 1993). Although apipnately 12% of the land cover

of Sri Lanka has been designated as protected, drbéas been predicted that habitat loss
will continue to occur outside the protected areasl, this will compromise the survival
of primates and other wildlife that reside outdide protected area network (Dinerstein
and Wikramanayake 1993). This is particularly acesn for two subspecies of vetulus
T. vetulus nestaandT. vetulus vetulysvhich occupy habitats such as home gardens that
are outside the protected area system (IUCN 2Qbiy-level subsistence hunting &f
entellusandT. vetulushas been reported (IUCN 2011) but is unlikelyawdna major

impact on the long-term survival of these species.
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The management of protected areas in Sri Lankiaaspaoblematic. The protected areas
designated as National Parks are managed by DeparohWildlife Conservation while
protected areas designated as Forest Reservesdmethe purview of the Forest
Department of Sri Lanka. In addition, sectionsarefts within these protected areas are
often managed by the Department of Archaeologyriof &ka due to the presence of
archaeological ruins within these forests. The Bepant of Archaeology reserves the
right to clear these forests to aid excavatioroontprove access to these archeological

sites even if this is detrimental to the flora &dna of the reserve.

Considering the present plight of these primategent national measures are necessary
to ensure the longterm survival of these primateSri Lanka. The management of
habitats outside the protected area network neeols addressed urgently. In addition,
the management structure of protected areas nedssdritically reviewed. It is hoped
that this study will generate an interest in thelegy of S. entelluandT. vetulusn Sri

Lanka and motivate conservation measures for thigsees.
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