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Abstract Although most colobines feed mainly on leaves and a few feed heavily on
seeds, colobine digestive adaptations for folivory are thought to preclude the high
use of ripe fleshy fruits. In this long-term study of Semnopithecus vetulus nestor,
the endemic western purple-faced langur of Sri Lanka, I investigated the feeding
ecology and dietary flexibility for fruit feeding in 2 free-ranging groups (PT1 and
R1) living in human-modified environments with abundant cultivated fruit, at
Panadura and Piliyandala, for 19 mo and 13 mo respectively, using scan-sampling,
vegetation enumeration, and phenological studies. In contrast to folivorous forest-
living colobines, including other subspecies of Semmnopithecus vetulus, my focal
groups used more fruit (>50%) than foliage (PT1: 36%; R1: 34%). Both groups used
many plant species (PT1 115; R1 59), but selected their food species, fruits over
leaves, and young leaves over mature leaves. Fruit use was independent of young
leaf availability. Notably, 78.4% and 83.4% of fruits consumed by PT1 and R1 were
fleshy and human-edible, most of which were ripening or ripe (PT1: 72.4%; R1:
94.8%). The main fruit for both groups was Artocarpus heterophyllus (Moraceae;
jakfruit), a cultivar with fleshy fruit. These findings differ from previous
understanding of colobine diets. I suggest that environmental factors, such as the
abundance and nature of available fruits, and the absence of arboreal-primate fruit
competitors, could influence the use of ripe fleshy fruits by colobines strongly,
highlighting the need to review the dietary and digestive flexibility of this group in
changed and changing natural environments to formulate effective conservation
action.
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Introduction

Most colobines are predominantly folivorous (Clutton-Brock 1975; Davies et al. 1999;
Hoang et al. 2009; Li et al. 2003; Marsh 1981; Matsuda ez al. 2009; Oates 1988;
Solanki et al. 2008; Struhsaker 1975; Wong et al. 2006; Zhou et al. 2006), which is
made possible by their specialized gastrointestinal adaptations for feeding on leaves
that distinguish them from other primates (Bauchop 1978; Chivers 1994; Oates and
Davies 1994). These adaptations include a multichambered stomach and foregut
fermentative digestion by bacteria (Bauchop 1978; Chivers 1994), facilitated by an
alkaline environment (pH 5.0-7.0) in the foregut, which is structurally separated from
the more acidic fundic region (Bauchop 1978; Kay and Davies 1994). Bacterial action
is vital for colobines to digest structural carbohydrates in leaves (Bauchop 1978; Kay
and Davies 1994), detoxify plant food (Kay and Davies 1994; McKey et al. 1981),
biosynthesize protein and vitamins, and conserve water in the host (Bauchop 1978;
Kay and Davies 1994; Oxnard 1969). Because leaves are fibrous and hard to digest
(Waterman and Kool 1994), the capacious colobine stomach increases fermentative
volume and prolongs the passage of food through the gut to enable efficient digestion
(Bauchop 1978; Chivers 1994) and detoxification (Chivers 1994; Kay and Davies
1994; Mckey 1978). Such adaptations support an efficient strategy for digestion of
foliage (Milton 1981), but are essentially different from the requirements of a frugivore
feeding on easily digested but protein-poor fruit flesh that needs to be rapidly passed
through the gut to maximize nutrient gain (Kay and Davies 1994: Milton 1981).

Despite the needs of a folivorous digestive strategy, colobines have more dietary
flexibility than initially thought. Colobines with greater stomach and large intestine
capacity tend to be more folivorous, whereas species with relatively capacious small
intestines ingest more fruit parts (Chivers 1994). Although some colobines consume
fruit parts in amounts similar to or greater than foliage (Bennett 1983; Bennett and
Sebastian 1988; Brugiere et al. 2002; Davies 1991; Gurmaya 1986; Hladik 1977,
McKey et al. 1981), and a few folivores show seasonally elevated fruit use (Dasilva
1994; Fashing 2001; Hoang ef al. 2009; Kool 1993; Stanford 1991; Yeager 1989),
colobine frugivory is in fact mainly semenivory or seed eating (Bennett 1983;
Bennett and Sebastian 1988; Brugiere et al. 2002; Chivers 1994; Davies 1991; Kay
and Davies 1994; Maisels et al. 1994; McKey et al. 1981), and there are no reports
of free-ranging colobines feeding year-round mainly on fleshy whole fruits, or
feeding heavily on ripening or ripe fleshy fruits (Clutton-Brock 1975; Dasilva 1994;
Fashing 2001; Matsuda et al. 2009; Oates 1988; Ungar 1995; Yeager 1989).

Two explanations evoked for the dearth of feeding on ripening or ripe fleshy fruits
are as follows: 1) The colobine digestion lacks the flexibility to process large
quantities of fruit flesh, due to restrictions imposed by foregut fermentation and
microbial digestion (Davies 1991; Kay and Davies 1994). Ripe fruit flesh, which is
high in nonstructural carbohydrates and organic acids, tends to be swallowed
quickly, precluding buffering action by saliva, and is also digested rapidly, increasing
the possibility of rapid and heavy accumulation of volatile fatty acids (VFAs) that
may lower forestomach pH and cause hyperacidity of forestomach fluids (Kay and
Davies 1994), and even death due to acidosis (Kay and Davies 1994) or bloat
(Bennett 1983). 2) Fleshy fruits adapted for animal dispersal may contain
bactericidal substances to protect fruits from microbes and to preserve palatability
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for fruit dispersal agents (Janzen 1978), which may impair forestomach fermentation
(Kay and Davies 1994). Accordingly, it is thought that colobines living in areas of
poor leaf quality have adapted to the paucity of edible leaves by feeding heavily on
seeds—considered suited for the colobine digestive system—instead of on fleshy
whole fruits (Bennett 1983; Davies 1991; Kay and Davies 1994; McKey 1978).

Prior studies on forest living Semnopithecus vetulus, a highly arboreal colobine
endemic to Sri Lanka (Dela 1998; Hill 1934), place it among the most folivorous
colobines, based on studies of Semnopithecus vetulus monticola and S. vetulus
philbricki (Hladik 1977; Rudran 1970) in the dry forests at Polonnaruwa and the wet
montane forests at Horton Plains (Sri Lanka) respectively. This is supported by
gastrointestinal features with pronounced adaptations for folivory (Amerasinghe et
al. 1971; Chivers 1994). In sharp contrast, my studies of the diet and feeding
behavior of 2 free-ranging groups of Semnopithecus vetulus nestor living in village
gardens and rubber monocultures in the western wet lowlands of Sri Lanka show
high year-round use of fruits (Dela 2007). Both sites had abundant human edible
fleshy (HEF) fruits (Dela 2007) that were likely to be nontoxic, easily digested, and
high in nonstructural carbohydrates, and there were no sympatric arboreal primate
competitors for fruit. This first study on Semnopithecus vetulus nestor provided an
excellent opportunity to investigate the langurs’ dietary flexibility in relation to food
availability, diet, food selection, and fruit use and to test whether the diet and feeding
behavior of the langurs were determined by local environmental conditions or the
colobine adaptations for folivory. In accordance with previously held views that
“Animals with voluminous sacculated guts cannot suddenly adopt dietary strategies
predicted on fast rates of passage, . . .” (Milton 1981, p. 503) or that colobine
digestive adaptations preclude feeding heavily on fleshy, ripe, and ripening fruits
(Chivers 1994, Kay and Davies 1994), the langurs should have ignored fleshy fruits
and fed selectively on the young leaves and seeds that were also available. However,
because both groups showed a high year-round use of seasonal food, composed
mainly of fruits (Dela 2007), I hypothesized that the langurs had adopted a
frugivorous dietary strategy to exploit the whole fruits available in their environ-
ments, despite colobine digestive adaptations, and predicted that:

1) The langurs were feeding more heavily and selectively on whole fruits than on
foliage or seeds, despite the availability of edible leaves and seeds, and

2) The langurs were feeding selectively on ripening or ripe whole fleshy fruits over
other fruits.

Methods
Focal Taxon

Five subspecies of Semnopithecus vetulus are recognized (Brandon-Jones et al.
2004; Deraniyagala 1955). Of these, Semnopithecus vetulus nestor is the smallest
(Hill 1934), with a maximum recorded mass of ca. 5-6 kg (Dela unpubl. data). A
recent survey confirmed its range in the western lowlands of Sri Lanka to be an area
with a high human population density and very low forest cover (Dela unpubl. data).
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The latter is attributed to degradation and total clearing of forests in this region
(Gunatilleke and Gunatilleke 1991) during the past 500 yrs (NARESA 1991).
Logging in the island’s natural forests is now banned, but the forests available to
Semnopithecus vetulus nestor are very fragmented, degraded, small, and isolated,
with varying degrees of human interference (Dela pers. obs. 2007-2010). The
langurs’ main habitats are modified environments: village gardens and rubber
plantations that are also now undergoing rapid change (Dela pers. obs. 2002-2010).
Consequently, Semnopithecus vetulus nestor was listed as one of the 25 most
endangered primates in the world (Mittermeier e al. 2005).

Subjects

I studied the feeding behavior of 2 habituated, free-ranging reproductive groups of
Semnopithecus vetulus nestor from August 1985 to February 1987 at Panadura and
Piliyandala, as part of an 8-yr behavioral study. During the feeding study, the
Panadura group (PT1) ranged from 13 to 16 individuals, and the Piliyandala group
(R1) ranged from 12 to 14. Infants (<12 mo) ranged from 2 to 4 in PT1, and 0 to 2 in
R1 (Dela 2007). The home ranges of PT1 and R1 were 9.6 ha and 3.9 ha,
respectively (Dela 2007).

Sites

My 2 study sites were located within Sri Lanka’s lowland wet zone, which receives
rainfall throughout the year, and heavy monsoon rains typically from May to September
and December to February (Wijesinghe ef al. 1993). Both sites had similar climatic
features, an elevation <100 m, and a flat terrain. Mean rainfall at the closest weather
recording stations maintained by the Department of Meteorology was 2290 mm and
2269 mm for Panadura and Piliyandala, respectively, and the mean daily temperature
was 27.6°C at both sites during the study (Dela 2007). The site at Panadura, a small
coastal town located ca. 20 km south of Colombo, had a mosaic of village gardens
(with 12 houses/ha) and a small (0.25 ha) plot of rubber (Hevea brasilliensis). The
canopy was ca. 20 m in height and fairly continuous, and the stem density was 402/ha
(Dela 1998). The more rural Piliyandala site had a well maintained rubber plantation
of ca. 32 ha, fringed by village gardens with a density of 3 houses/ha (Dela 2007). The
stem density here was 411/ha, and the canopy was fairly closed at ca 20-25 m height
(Dela 1998). The village gardens at the Panadura study site were older than those of
Piliyandala (Dela 2007), which probably accounted for a significantly greater tree
species richness per unit area than at Piliyandala (Dela 2007). A few species
dominated the vegetation at both sites, and only 11 (85.3% of stems and 86.4% of
biomass) at Panadura and 13 (91.7% of stems and 90.4% of biomass) species at
Piliyandala had relative densities >1 (Dela 2007). The Piliyandala site had pronounced
fluctuation in the supply of seasonal food (fruits, flowers, flush) owing to the
prevalence of rubber monoculture in the area, and a more fluctuating fruit supply than
at Panadura (Dela 2007). There were no forests within or near both sites, but village
gardens at each site had a few forest tree species.

Ten of 94 houscholds in the area occupied by PT1 provisioned the group
occasionally, but this had no religious or cultural significance. The recipient was
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often the adult male of the group. Neither study site had other nonhuman primates.
Use of fruits from common village garden fruit species, such as Musa paradisiaca
(banana), Mangifera indica (mango), and Artocarpus incisus (breadfruit), by the
langurs caused food conflicts between PT1 and householders at Panadura (Dela
in press). The use of fruits of Artocarpus heterophyllus (jak) caused most food conflicts
for R1 at Piliyandala (Dela in press), where there were few mature trees of Musa
paradisiaca, Mangifera indica, and Artocarpus incisus (Dela 1998, 2007). Humans
harvested many HEF fruits as they ripened. For example, fruits of Musa paradisiaca,
Mangifera indica, and Artocarpus incisus were harvested by humans as they ripened,
and were rarely left on the trees until they became fully ripe (Dela 1998).

Vegetation

I conducted preliminary studies from February 1985 to July 1985 at Panadura, and to
January 1986 at Piliyandala, to 1) select and habituate study groups, 2) provisionally
ascertain their home ranges, 3) identify individuals, and 4) conduct a detailed vegetation
survey of areas they entered. I staked out contiguous quadrats of 0.25 ha in the areas
entered by the 2 groups with the help of field assistants, and sampled all woody trees and
plants of Musa paradisiaca with stems >30 cm girth at breast height (GBH). I numbered
the trees (except Musa paradisiaca) with paint or metal tags and measured their GBH.
I identified common village garden species in the field, and made herbarium specimens
of doubtful species for identification at the National Herbarium in Peradeniya by a
botanist colleague, Neela de Zoysa Simon. Likewise, I later sampled new quadrats the
groups entered during the behavioral study. During data analysis I excluded all
peripheral quadrats with trees clearly outside the home ranges of the 2 focal groups and
therefore not available to them. I used the remaining 28 x0.25 ha quadrats at Panadura
(7 ha) and 16x0.25 ha quadrats at Piliyandala (4 ha) to assess spatial food availability
(Dela 2007). I follow Senaratna (2001) for nomenclature and taxonomy of plants.

Phenology

I conducted monthly productivity sampling of 39 species (N=234 individuals) at
Panadura, and 33 species (N=168 individuals) at Piliyandala to determine food
availability, excluding Musa paradisiaca (Musaceae), for which I could not collect
monthly data from the same individual. I sampled potential food species that had 1) high
relative density and/or high frequency in the vegetation quadrats, or 2) individuals pro-
ducing seasonal plant parts covering >50% of the canopy/tree at a given time. I selected
individuals for sampling at random from all enumerated trees, regardless of canopy size,
tree height, or maturity, but excluded trees that were constantly pruned, unless the
species was habitually maintained as a shrub. I conducted productivity studies at each
site on 2 consecutive days immediately before the monthly 5-d behavior sample periods.

I modified methods used by W. P. J Dittus (pers. comm. 1985) to record the
monthly availability of vegetative (leaves) and reproductive (fruits and flowers) plant
parts. I scored the presence of leaves, fruits, and flowers in different age classes
(buds, young, mature, old) on a scale of 0-10; total absence scored 0. I awarded a
maximum score of 10 for all leaves on a single individual, and a maximum collective
score of 10 for both fruits and flowers on a tree as they occupied the same position in
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the canopy. I classified flowers in inflorescences, very small green fruits, and leaves
of uncertain age as age-undetermined. During data analysis I pooled leaf buds and
young leaves as young leaves, all young fruits before maturing as immature fruits,
and all age classes of flowers as 1 floral category. I use the term “mature fruits” here as
used by local people to refer to ripening fruits that were clearly different from young/
immature fruits in size, color and texture. I also used taste to identify HEF fruits that
were ready for harvesting. I present monthly availability of plant parts for each study
group as a composite of the tree species that provided their respective monthly top 3
specific items during the feeding study, with the exception of 2 species (basal area=
0.30%) at Panadura and 1 at Piliyandala (basal area 2%).

Diet

I collected feeding data from August 1985 to February 1987 (N=19 mo) on PT1 at
Panadura, and from February 1986 to February 1987 (N=13 mo) on RI at
Piliyandala, during typical monthly sample periods of 5 consecutive days at each
site. I collected feeding data via 5-min scans (Altmann 1974) beginning on the hour
at 06:00 h, and commencing at 15-min intervals until light failed at dusk, usually
between 18:00 and 19:00 h. I took a break between 12:20 and 13:40 h. I targeted all
visible individuals one after the other, as visibility permitted, using a pair of Optolyth
8x56 binoculars. I targeted an individual only once during a single scan, and
recorded the first activity of each target individual to last >5 s to decrease observer
bias toward conspicuous activities. When the activity was feeding—defined as
handling food for consumption, chewing, or ingesting—I recorded the food item,
and if it was of plant origin, I recorded the species and age category of the plant part
(item). I excluded feeding records for infants (<12 mo) during data analysis, because
they were highly dependent on food use by the mother.

I tasted fruits edible to humans and noted whether they were sweet or sour, and
whether they were starchy when raw or cooked. I used percentage feeding records
on a particular food species or plant part to represent its proportionate feeding time
and dietary contribution. Except when specifically stated, my references to diet mean
plant diet and exclude nonplant matter and provisioned food; fruit use excludes
seeds picked up from the ground; and whole fruit use includes seeds ingested with
fruit flesh. All seeds mean seeds picked up from the ground and seeds from fruits
ingested apart from other fruit parts. When mature (ripening) fleshy fruits were not
distinctly different in color from immature fruits I classified then as immature, as in
the case of the somewhat tart-tasting green fruits that were ready for human
harvesting and considered mature by local people, but were very different in taste
and color from ripe/ripening fruits. I avoided purposefully interacting with the focal
groups during sampling, and did not interfere when householders provisioned PT1
or chased langurs off food trees. I opportunistically noted the consistency of feces
when these were markedly different from usual in texture, color, and consistency.

Analysis of Food Availability and Diet

I computed the Importance Value Index (IVI) of a tree species as its relative density+
relative basal area+relative frequency in sample quadrats (Dela 1998).
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I used species richness (Ng) to compare the number of plant species in 1) the
vegetation samples at the 2 sites and 2) the diets of the 2 groups, where S is the total
number of species.

I computed species diversity in the vegetation samples and monthly diets using
the Shannon—Wiener Index of Diversity using the equation H' = — Zf p;1n p;
wherein p; is the proportion of the total number of individuals consisting of the ith
species and S is the total number of species.

I used the basal area (BA) of a tree species as an indicator of biomass following
Kool (1993), assuming a circular cross-section of the trunk, and computed: 1) the
BA of a tree species and 2) its relative basal area as: 1)BA; =7 X (Dl2 /4)><
N;and 2) BA;/BA; x 100, respectively, where D; is the mean diameter of a tree
species at breast height calculated from the measured GBH values, N; is the total
number of individuals of the ith species in the sample, and BA; is the basal area of
all trees in the sample (Dela 1998).

I computed selection ratios (SR) for species contributing >1% to the diet of each focal
group and species contributing >1% to the enumerated vegetation sample at each study
site to determine whether the langurs selected their food species or fed on what was most
abundant. I used the formula used by Kool (1993) and Bennett (1983):

SR; = percent plant feeding records on the ith species/relative basal area of the ith species

assuming that a plant species with a SR >1 is preferentially selected, and eaten more
than would be expected if they were feeding at random (Kool 1993), or in relation
to its availability, whereas a species with SR<1 is under-used, and therefore not
selected.

I used Mann-Whitney U-tests (Lehner 1979) to compare the monthly use of
different parameters of fruits, foliage, and seeds in the 2 focal groups, and Spearman’s
rank correlation (Lehner 1979) to test the relationship between different parameters of
monthly diet and food availability. I also used Spearman’s rank correlation to test for
selective feeding by comparing 1) the proportionate feeding records on selected
species used by the 2 focal groups with the corresponding BA of such species and 2)
the monthly proportionate use of ripe/ripening fruits and immature fruits of top fruit
species with their corresponding monthly productivity scores. I also examine selective
feeding on: 1) fruits, mature leaves, and young leaves and 2) ripe and ripening fruits
over immature fruits of top fruit species, by graphically comparing the monthly
proportionate feeding records for the 2 focal groups with their corresponding monthly
productivity scores.

Results

Food Availability

Both study sites were dominated by a few cultivated species (Table I). Cocos
nucifera, Areca catechu, Artocarpus heterophyllus, and Musa paradisiaca ranked

among the 5 species with highest IVI at both sites, but Hevea brasiliensis
(Euphorbiaceae) ranked top for IVI at Piliyandala because of the rubber plantation.
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Among the 116 species recorded from both sites, 71 (61%) were restricted to 1 site,
but >75% of individuals at each site were from species common to both. Despite
this, tree species richness and biomass of species common to both sites differed
considerably between the 2 study sites (Table I). Overall, Panadura had a richer flora,
with 101 species from 39 plant families, vs. 60 species from 29 plant families at
Piliyandala. Arecaceae (= Palmae), Moraceae, Anacardiaceae, and Euphorbiaceae
were among the top 5 plant families at both study sites in terms of tree biomass
(BA), amounting to 81.7% at Panadura and 83.6% of BA at Piliyandala. Arecaceae
ranked top for BA at Panadura, followed by Moraceae. The latter was notably less
common at Piliyandala, where Arecaceae ranked at the top, followed by
Euphorbiaceae. Fabaceae ranked 6th for BA at Panadura and 4th at Piliyandala.
Panadura had 31 tree species (80.1% of BA) that yielded HEF fruits vs. 23 tree
species (51% of BA) at Piliyandala, which had more rubber monoculture. Several
common village-garden fruit species yielding fleshy fruits at Panadura, such as
Artocarpus heterophyllus (Moraceae), Artocarpus incisus (Moraceae), and Mangi-
fera indica (Anacardiaceae), had notably lower IVI at Piliyandala because of fewer
individuals and lower biomass (Table I). Piliyandala also had only 1 fruiting tree of
Artocarpus incisus and Mangifera indica; and though Musa paradisiaca (Musaceae)
ranked 5th for IVI at this site, most individuals were young and nonfruiting. Both
sites had a few wet zone forest tree species such as Trema orientalis, Dillenia retusa,
and Artocarpus nobilis with HEF fruits.

Diet Composition

Plant food comprised almost all of the diet of PT1 and R1 (Table II). Fruit parts,
including all seeds, made up 52.8% of all food ingested by PT1 and 59.4% ingested
by R1. Although 10 households provisioned PT1 with very small amounts of mature
fruit kernel of Cocos nucifera, ripe yellow fruits of Musa paradisiaca, ripening fruit
flakes of Artocarpus heterophyllus, bread, and flour-based cooked food—including
very oily local sweets—provisioned food was negligible in the total diet (1%). Use
of nonplant matter (PT1=0.53%; R1=0.30%), comprising bread, earth-related
substances (PT1=0.1%; R1=0.2%), and rotten wood devoid of insects or larvae,
was also negligible. Bread use was rare, although PT1 appeared to relish fresh bread,
and once the adult male pilfered bread from a house. Animal food was not important
for either group and never sought. Although on a few occasions I saw langurs feed
on red ants (Oecophylla sp.) and mosquitoes, this was very rare, and occurred only
when the langurs were bitten/stung by these insects.

Nonprovisioned Plant Food

PT1 had a richer plant diet composed of 215 specific items from >115 plant species,
vs. 106 specific items from >59 species for R1 (Tables III and V). Fruits and young
leaves were the main dietary items. Mature leaves and flowers contributed <10% to
the diet of each group (Tables III and IV), although flower use rose during the
seasonal availability of flowers of Ceiba pentandra (for PT1), and flowers of Hevea
brasiliensis (for R1). R1 consumed a very small amount (0.06%) of exudates (gum)
of Anacardium occidentale. Both groups consumed very small amounts (<1%) each
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of bark, yams left exposed on the ground by householders, and stems of small
branches. Vines, nonwoody plants, and trees <30 cm GBH contributed 7.6% and
3.7% to the plant diet of PT1 and R1, respectively, indicating the importance of large
food trees for this arboreal species.

PT1 obtained fruits from more species (42) than R1 (28). Even so, fruits comprised a
similar high proportion in the nonprovisioned plant diet of PT1 (52.2%) and R1
(53.9%). Seeds from dehisced fruits of Hevea brasiliensis and ripe fruits of Artocarpus
heterophyllus from the ground contributed only a further 1.5% and 5.6% to their
respective diets. Use of foliage (leaves of all ages and leaf petioles) was less important
than fruits (PT1=35.6% and R1=33.6%). Use of whole fruits by PT1 and RI1
amounted to 50.7% and 53.8% of the diet, respectively (PT1: mean+SD, 50.7+6.1%;
range, 39.7-63.1, N=19; R1: mean+SD, 53.8+20.7%, range, 9.6-74.2, N=13) and
exceeded the use of foliage (PT1: M-W, U=14, p<0.001, N;=19, N,=19; R1: M-W,
U=33, p=0.008, N;=13, N,=13). Although young leaves were second to fruits in
importance for both focal groups, neither group showed a significant relationship
between monthly use of fruits and young leaf availability (PT1: R=0.001, p=0.997,
N=19; RI1: R;=0.434, p=0.138, N=13), or monthly young leaf use and fruit
availability (PT1 R,=-0.126, p=0.606; R1. R;=—0.269, p=0.374).

Food Selection

Plant Parts Both groups consumed significantly more fruits than foliage monthly
(PT1: M-W, U=12, p<0.001, N,=19, N,=19; R1: M-W, U=32, p=0.007, N;=13,
N,=13), although leaves were more available than fruits at all times (Fig. 1) and
both groups used more species for leaves than fruits (PT1: M-W, U=0, p<0.001,
Ni=19, N,=19; R1: M-W, U=13.5, p<0.001, N;=13, N,=13). Fruits were used
selectively year round by both groups, except briefly by R1 from August to October
1986 (Fig. 1), when midyear fruit production declined owing to the sharp seasonal
drop in fruits of Artocarpus heterophyllus. Conversely, R1 underused young leaves
during February and March 1986 (Fig. 1), when there was mass leaf flush in

Table I Percent composition of all food consumed by the 2 focal groups

Nonprovisioned food (%) Provisioned (%) Total
feeding
records

Nonplant matter (%)

Bread Earth Burnt Rotton Cabook® Plant Mature  Other

bricks wood parts fruits foods
food (%)
PT1 group (August 1985—- 0.2 0.1 0.0 02 - 98.4 0.4 0.7 8552
February 1987) (N=8411)
R1 group (February 1986— 0.1 0.2 99.7 - 4347
February 1987) (N=4334)

Values of 0.0 indicate percentages <0.05

#Unbaked blocks of laterite used for construction
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Fig. 1 Temporal variation in use
and availability of fruit, young
leaves (YL) and mature leaves
(ML) for PT1 and RI1.

(a) PT1 group
80

-© Fruit availability
@ % Fruit in diet

60 -

a0}

Percentage values

i

(b) R1 group
80

Percentage values

© Fruit availability
@ % Fruit in diet
60
40 -
20

A O D F AP J
1986

Month

(c) PT1 group
100

A O D F
1987

80

Percentage values
(o))
o
%

-4 % YL in diet
& % ML in diet
- YL availability
& ML availability

40
20
0 11 11 11 | 1 11 1
A O D F AP J A O D F
1986 1987
Month

100 & % YL in diet

b = % ML in diet
80 -
% & YL availability
g -
o 60F -5 MLavailability
<)
S
c 40
@
o
& 20}
o
0
A O D F AP J A O D F
1986 1987
Month

@ Springer



56 J.D.S. Dela

the rubber monoculture, and in August 1986 when young leaf availability was
very low. Both focal groups, however, selected young leaves over mature leaves,
by using significantly more young leaves than mature leaves monthly (PT1: M-
W, U=13, p<0.001, N;=19, N,=19; R1: M-W, U=6, p<0.001, N;=13, N,=13),
and used more species for young leaves than mature leaves (PT1: M-W, U=79, p=
0.003, Ny=19, N,=19; R1: M-W, U=30.5, p=0.005, N,=13, N,=13), although
mature leaves were more spatially abundant and temporally consistent (Fig. 1).
Both groups also fed selectively on only the leaf petioles of fibrous or tough
mature leaves, particularly from Anacardiaceae, Bombacaceae, Euphorbiaceae, and
Combretaceae.

Food Species PT1 and R1 used food species irrespective of their biomass
availability (Table V), as there was no significant correlation between relative BA
of tree species and their proportionate contribution to the diet (PT1: R;=0.196, p=
0.435, N=18; R1: R;=0.184, p=0.529, N=14). For example, neither group selected
Cocos nucifera with a very high biomass at both sites, or Musa paradisiaca, which
was used exclusively for fruits but had a high BA because of a large number of
young nonfruiting individuals. Hevea brasiliensis, with highest biomass at
Piliyandala, and the second most exploited species by R1, was also not selected.
Conversely, species contributing <1% to the total biomass, such as Terminalia
catappa, Macaranga peltata, Ceiba pentandra, and Carica papaya (PT1 at
Panadura) and Trema orientalis and Garcinia zeylanica (R1 at Piliyandala) were
highly selected. Artocarpus heterophyllus, the top food species for both groups and
their top source of fruits, was selected by both focal groups, but this was more
pronounced at Piliyandala, where it had lower biomass. The langurs were also
selective of the leaf species they consumed, as only 6.8% (N=7/103) of leaf species
used by PT1 and 15.9% (N=7/44) used by R1 contributed >1% each to their
respective diets.

Plant Food Families PT1 used 44 and R1 used 32 plant families for food, but
only a few families provided most of the food they used. Moraceae accounted
for 35.6% and 46.4% of the diets of PT1 and RI, respectively; and also
provided 50.4% and 68.7% of all fruits consumed by PT1 and R1, respectively.
PT1 used Fabaceac mostly for fruits (6.6% of the diet) and less for leaves
(2.9% of the diet), as HEF fruits of Tamarindus indica comprised 5.8% of the
plant diet, and fruits comprised >60% of the Fabaceae food intake. There were no
species producing HEF fruits of Fabaceae at Piliyandala, where this plant family
provided 3% of the plant diet and was used mainly for leaves. Moraceae,
Anacardeaceae, Combretaceae, and Euphorbiaceae provided 68.1% of young
leaves for PT1 vs. 7.2% from Fabaceae, while Moraceac and Euphorbiaceae
provided 58.9% of young leaves for R1. Artocarpus heterophyllus (Moraceac),
Artocarpus incisus (Moraceae), and Mangifera indica (Anacardiaceae) were the
main sources of young leaves for PT1, and provided 51.3% of young leaves in the
diet. Likewise, Artocarpus heterophyllus (Moraceae) and Hevea brasiliensis
(Euphorbiaceae) provided 53.7% of young leaves consumed by R1. Arecaceae
(palms) dominated the vegetation at both sites, but both groups avoided eating
the very fibrous palm leaves.
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Type of Fruit in Diet

Fruits used by both groups included very large/medium fleshy whole fruits,
very small whole fruits, and dry fruits used only for seeds. They did not avoid
bright or dark-colored fruits or seeds. For instance, they fed on the purple-
colored arils of Sterculia balanghas (Sterculiaceae) of dehisced bright red fruits
and on many HEF fruits that became red as it ripened, or had yellow or orangey
flesh when ripe. Most of the fruits eaten by the 2 groups were HEF whole fruits
that were ripening or ripe (Fig. 2). Both groups also consumed several fleshy and
ripe non-HEF whole fruits, e.g., Morinda citrifolia (Rubiacae) and Horsfieldia irya
(Myristicaceae).

HEF Fruit vs. OWF HEF whole fruits comprised 78.4% of all fruits eaten for
PT1 and 83.4% for R1 (Fig. 2), amounting to 40.9% and 44.9% of the plant diets
of the 2 groups, respectively. Both focal groups used more HEF (whole) fruits
than all other whole fruits (OWF) and all seeds (PT1: M-W, U=1, p<0.001, N,=

Table V Selection ratios (SR) for the most abundant or heavily used food tree species of the 2 focal
groups

PT1 group R1 group
Food species Relative % in SR Food species Relative % in SR
(ranked in terms of SR)  BA plant (ranked in terms of SR)  BA plant

diet diet
Terminalia catappa 0.1 2.1 21.6 Trema orientalis 0.2 1.7 111
Macaranga peltata 0.1 2.0 17.8 Garcinia zeylanica 0.4 3.6 8.3
Ceiba pentandra 0.5 8.1 17.2 Dillenia retusa 1.7 9.0 52
Carica papaya 0.1 1.6 109 Artocarpus heterophyllus 12.6 446 3.6
Michelia champaca 0.3 2.1 7.9  Artocarpus incises 0.8 1.5 1.9
Tamarindus indica 1.1 7.0 6.3  Pterocarpus indicus 1.4 1.8 1.2
Spondias dulcis 0.5 2.2 4.2 Hevea brasiliensis 28.6 214 0.7
Dillenia retusa 0.7 2.0 2.7 Mangifera indica 2.2 1.5 0.7
Vitex pinnata 0.5 1.2 2.4  Aegle marmelos 2.7 1.1 0.4
Artocarpus incisus 2.5 5.7 2.3 Areca catechu 10.4 34 03
Sterculia balangas 1.0 1.5 1.6  Caryota urens 1.7 0.3 0.2
Artocarpus heterophyllus 23.7 28.2 1.2 Musa paradisiaca 23 0.3 0.1
Areca catechu 4.2 4.5 1.1 Cocos nucifera 25.7 0.6 0.0
Mangifera indica 5.6 5.5 1.0 Elaeocarpus serratus® 1.4
Hevea brasiliensis 3.5 3.4 1.0 Cerbera odollum 1.2 0.1 0.1
Musa paradisiaca 44 2.0 0.5
Cocos nucifera 38.1 0.7 0.0
Caryota urens 1.9 0.0 0.0

The tree species contributing >1% to total BA and >1% to the plant diet have been used for the analysis. * None
of the individuals were among the trees >30 cm GBH enumerated during the vegetation study. Values of 0.0
indicate percentages <0.05
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Fig. 2 Composition of fruits

eaten by PT1 and R1. (HEF = PT1 group = HEFIM
human edible fleshy whole fruit;
IM = immature, M&R = mature
and ripe, UA = age unidentified, (17.9%) BOWF
OWF = other whole fruit, S=

seeds). (55.2%)

CHEFM&R
CIHEFUA

1S only from fruits and ground

(5.6%)

(3.1%)
R1 gr
g Oup W HEFIM
O HEFM&R
COHEFUA
B OWF

S only from fruits and ground

(3.5%)

(9.6%)

(14.9%)

(0.4%)

19, N,=19; R1: M-W, U=29, p=0.004, N;=13, N,=13). PT1 and R1 used HEF
fruits heavily and consistently, except a few months for R1 (Fig. 3) when HEF fruit
availability declined. PT1 and Rl consumed 23 and 13 HEF fruit species
respectively (Table VI), which amounted to almost all HEF fruit species with
fruiting individuals in their environments. Although R1 used fewer species for
HEF fruit than PT1 (Table VI), there was no significant difference in the
proportionate monthly use of HEF fruit by the 2 groups (M-W, U=102, p=0.409,
Ni1=19, N,=13).

Both groups consumed OWF (Fig. 3) that became seasonally available, mainly
young fruits of Ceiba pentandra (Bombacaceae), very small green fruits of
Macaranga peltata (Euphorbiaceae) and Trema orientalis (Ulmaceae), and small
green non-HEF fruits of Ficus sp. (Moraceae) and Vitex pinnata (Verbanaceae).
Notably, both groups fed only on soft young OWF fruits that became hard or
fibrous when ripe. For example, they fed on the soft endosperm of young green
fruits of Areca catechu (Arecaceae) (>97%), but avoided the hard mature/ripe
fruits. They used fleshy fruits of a hard consistency for their green exocarp, e.g.,
the young green fruits of Hevea brasiliensis (Euphorbeaceae) and Calophyllum
inophyllum (Clusiaceae).
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Fig. 3 Temporal variation in the m% HEF
use of HEF fruits vs. other whole go-PT1 group D1% OWF
fruits (OWF) and seeds by PT1 ) D% S from F
and R1. (HEF = Human edible = %RS(g)
fleshy [whole] fruit, OWF = other 5 60 - 0% J S ()
whole fruit, S from F =seeds from 5
fruit, R S (g) = rubber seeds from E>‘ B
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Both focal groups consumed seeds along with the flesh of many HEF fruit and OWF,
and chewed some seeds noticeably. Both groups consumed seeds only from
nonfleshy, e.g., Leucaena leucocephala, Pericopsis mooniana, Adenanthera pav-
onina (Fabaceae), or dry fibrous fruit, and foraged for rubber and jakfruit seeds on
the ground. However, both groups used whole fruits (mainly HEF fruits) much more
than seeds (Fig. 3), and this difference was significant (PT1: M-W, U=0, p<0.001,
N1=19, N>,=19; R1: M-W, U=5, p<0.001, N,=13, N,=13). For example, both
groups fed on seeds of Artocarpus heterophyllus (starchy, hard) with mature fruit
flakes, but discarded seeds of ripe fruits when they fed on the succulent fruits,
although the langurs fed on ripe seeds from the ground during fruit scarce periods.
The langurs also ignored the dry fruit (nut/seed) of Anacardium occidentale
(Anacardeaceae) and fed only on the ripe reddish HEF fruit pedicels. Likewise,
the langurs discarded hard, medium to large (>1.5 cm) seeds when feeding on some
HEF fruits, e.g., Nephelium lappaceum (Sapindaceae), ripening/ripe fruits of
Spondias dulcis, and Mangifera indica (Anacardiaceae). PT1 often spat out the
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small hard seeds of Tamarindus indica when feeding on the fully ripe pulpy HEF
fruit, though they consumed the softer seeds of immature and ripening fruit with fruit
flesh. Conversely, PT1 consumed only seeds of fibrous old/dehisced fruits of Ceiba
pentandra, but fed on the soft fruit flesh and the soft seeds of immature fruit.

Whereas there was no relationship between use of all seeds (only seeds from fruit
and seeds from the ground) and monthly HEF fruit use for PT1 (R;=0.032, p=0.898,
N=19), there was a significant negative correlation between use of all seeds and
HEF fruits for R1 (R;=—0.904, p<0.001, N=13) owing to heavy use of seeds of
Hevea brasiliensis (rubber) during the mid-year fruit shortage at Piliyandala when
there was low use of HEF fruit (Fig. 3). The seasonal seeds of Hevea brasiliensis
(rubber) formed the top source of seeds for both groups, for which they foraged on
the ground and fed on the soft kernel. Seeds of Hevea brasiliensis, together with leaf
petioles of H. brasiliensis, became top food items for R1 during fruit scarcity of
Artocarpus heterophyllus from June to November 1986 at Piliyandala.

Ripe and Ripening HEF Fruits

Most HEF fruits consumed were mature (ripening) or fully ripe (Table VI),
amounting to 72.4% of HEF fruit consumed by PT1 and 94.8% by R1. Neither
group avoided ripe HEF fruit, with the exception of the starchy and sticky yellow
fruit flesh of Chrysophyllum roxburgii (Sapotaceae), which was also hardly used by
local people. About 30% of HEF fruits consumed by PT1 and 16% by R1 also
ranged from mild to very acidic. The latter fruits included the pulpy legume of
Tamarindus indica (tamarind) and ripe watery berry of Avarrhoa bilimbi (cucumber
tree) that are used for food souring and preserving by local people. I have also
subsequently seen other langurs at the Panadura site feed on the rind of lemon fruits
(Citrus limon) and the ripe, sour, and succulent fruits of Averhoa carambola
(Oxalidaceae). Neither study group fed on mature/ripe fruits of Cocos nucifera—a
fibrous drupe with a leathery epicarp, a thick fibrous mesocarp, and a stony
endocarp—off the trees, but PT1 fed avidly on the sweet and slightly-oily endosperm
of opened mature/ripe fruits found on the ground or when provisioned by local people.
Both groups fed occasionally on young (immature) fruits of Cocos nucifera off the trees
and licked the sweet-tasting liquid that seeped out.

Proportionate use vs. availability of the 2 top fruit species for PT1 and RI,
respectively (Fig. 4), indicates that the langurs fed more selectively on mature
(ripening) or ripe fruits rather than on immature fruits of these species. Artocarpus
heterophyllus (Moraceae) made up 44.3% of all fruits consumed by PT1 and 67.1%
by R1, of which 98% (PT1) and 99% (R1) were mature and ripe fruit. Both groups
avoided immature fruits (white flesh) with soft seeds that were more abundant
during most months (Figs. 4a and b), and fed selectively on mature and ripe fruits,
except briefly when they were seasonally absent at Piliyandala. The langurs fed
avidly on the sweet ripe fleshy fruit flakes, when their feces became paler and more
watery than usual. The gummy white latex of Artocarpus heterophyllus fruits of all
ages did not deter langurs from feeding on mature and ripe fruits. The mature fleshy
yellow fruit flakes (perianths) and starchy and fairly hard large (ca. 3 cm) seeds of
Artocarpus heterophyllus were eaten boiled or cooked by local people; and the fully
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ripe sweet succulent fruit flakes were consumed by fruit bats and eaten raw by
humans.

PT1 consumed the strictly seasonal (Fig. 4c) sour (ripening) and sour and
sweetish (very ripe) fleshy legumes of Tamarindus indica and the very sour and tart-
tasting immature fruits equally MW=161.5, p=0.52, N;=19, N,=19); there is also a
positive correlation between proportionate monthly use and availability of both
mature/ripe (R;=0.598, p=0.007, N=19) and immature (R,=0.578, p=0.01, N=19)
fruits of Tamarindus indica. However, monthly use of all fruits of Tamarindus indica,
including unclassed fruits, significantly and positively correlates only with
proportionate availability of mature/ripe fruits (Ry=0.726, p<0.001, N=19), and
not with immature fruits (R;=0.383, p=0.106, N=19), suggesting that the langurs
fed more selectively on mature/ripe fruits than on immature fruits. When the langurs
fed very heavily on ripe fruits of Tamarindus indica, their feces often became lighter
in color and more watery than usual.

The mature and fully ripe fruits of Dillenia retusa—also consumed by parakeets
and occasionally by village children—was used by both focal groups, but more
heavily by R1, which had access to less HEF cultivated fruit species than PT1. The
sweetish, sour, and juicy and rather fibrous mature/ripe fruits comprised 95% of total
fruit intake of Dillenia retusa by R1, although immature fruit was more available
(Fig. 4d). There is a strong positive correlation between monthly use and availability
for mature/ripe fruits of Dillenia retusa (Ry=0.791, p=0.001, N=13), but not for
immature fruits (R,=0.209, p=0.494, N=13).
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The availability of many mature or ripe HEF fruits for the langurs was severely
limited by human harvesting, as they were harvested when ripening, i.e., deemed
mature, to protect crops from langurs. This particularly affected availability of
mature/ripe fruits of Mangifera indica (mango), Artocarpus incisus (breadfruit),
Musa paradisiaca (banana), and Nephelium lappaceum (rambutan) for the langurs,
which probably accounted for their low use (Table VI), as the langurs fed on them
avidly when they were available. Conversely, there was a surplus of mature/ripe
fruits of Artocarpus heterophyllus after human harvesting during the fruiting season
at both study sites. The local people also harvested ripe fruits of Tamarindus indica
mostly from the ground, and never harvested fruits of Dillenia retusa for food
because it was eaten only very rarely by village children.

Discussion
Frugivory and Selective Use of Fruits

This study provides clear evidence that Semnopithecus vetulus nestor living in
environments modified by humans and with abundant sources of cultivated fruits
had adopted a frugivorous dietary strategy unlike that of any other colobine studied
to date. Fruits comprised the main dietary item of both groups and were eaten
consistently more than foliage, despite greater availability of leaves than fruits in the
environment, and the use of more species for leaves than fruits year-round. The
langurs also used significantly more whole fruits than foliage and more whole fruits
(mainly HEF fruits) than seeds. Notably, the proportion of whole fruits in the diet for
the 2 focal groups is higher than recorded for any colobine frugivore (Bennett 1983;
Bennett and Sebastian 1988; Brugiere et al. 2002; Davies 1991; Maisels et al. 1994;
McKey et al. 1981). Both focal groups also had similar proportionate use of 1) HEF
whole fruits, despite difference in biomass and tree species richness of species
producing HEF fruits between sites; and 2) fruits and leaves, despite differences in:
available food species, tree biomass, temporal variation of plant food for the 2
groups (Dela 2007), and species richness of their respective diets (Dela 1998).
These results raise the question of whether the use of whole fruits by the langurs
is due to the lack of edible leaves and seeds in their environment. Although both
study sites had a high biomass of Arecaceae with fibrous leaves, and Moraceae,
Anacardiaceae, and Euphorbiaceae that are characterized by resins, latex, or other
plant secondary compounds (Curtin and Chivers 1978) that may limit leaf use,
Moraceae, Anacardiaceae, and Euphorbiaceae were top leaf sources for both focal
groups. Moreover, both groups used leaves from these families more than legume
(Fabaceae) leaves, which are regarded as high-quality colobine food (Bennett and
Davies 1994), and Fabaceae contributed more HEF fruits than leaves for PT1. This
differs from the strategies adopted by colobines living in inhospitable areas with
poor quality leaves that adapt either by 1) feeding very selectively on young leaves
and edible mature leaf parts as their main dietary item (Curtin and Chivers 1978), or
2) feeding heavily on seeds (Bennett 1983; Davies 1991; McKey 1978). Although
both focal groups fed selectively on young leaves over mature leaves as do many
colobines (Chapman et al. 2002; Fashing 2001; Hoang et al. 2009; Li et al. 2003;
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Oates 1988; Ruhiyat 1983; Struhsaker 1975; Zhou et al. 20006), fruit (mostly fleshy
whole fruits) was their main dietary item. Their fruit use was not determined by
young leaf availability, indicating that use of fruits was not due to a shortage of
young leaves. Further, R1, with less leaf sources than PT1, underused young leaves
during peak abundance, and both groups had access to more species for leaves than
fruits. Thus it appears that these langurs do not employ the first strategy. The langurs
also did not use the second strategy, as R1 increased seed use when fruit availability
dropped in an environment where HEF fruit availability was seasonal, and both
groups consumed more HEF whole fruits than seeds, i.e., seeds only from fruits and
from the ground, despite both sites having nutritious edible seeds. For example, a
single fruit of Artocarpus heterophyllus may contain up to 100 medium-sized edible
seeds that are rich in protein (Bobbio et al. 1978) and nonstructural carbohydrates
(Ananthasubramaniam et al. 1978), and richer in crude protein than flakes
(Ananthasubramaniam et al. 1978). The langurs also discarded the seeds when
feeding on ripe sweet fruit flesh of Artocarpus heterophyllus, but used seeds from
the ground when ripening/ripe fruits were in short supply. Because ripe fruit flesh
and seeds are available together, the langurs appear to prefer ripe fruit flesh of
Artocarpus heterophyllus to seeds. Conversely, I have seen langurs in more fruit-
deprived village environments feed on both ripe fruit flesh and seeds of Artocarpus
heterophyllus (Dela pers. obs.). As such, the findings of this study suggest a
preference for whole fruits over foliage or seeds, and support my prediction that the
langurs were feeding more heavily and selectively on whole fruits (mainly HEF
fruits) than on foliage or seeds to adopt a frugivorous feeding strategy, despite the
availability of edible leaves and seeds.

Is Frugivory a Requirement for Semnopithecus vetulus nestor?

This exceptionally high use of whole fleshy fruits by the small-bodied
Semnopithecus vetulus nestor is in sharp contrast to pronounced folivory
demonstrated by forest-living S. vetulus philbricki and S. vetulus monticola
(Hladik 1977; Rudran 1970) that have a mass >9 kg (Hill 1934). Leaves comprised
ca. 60% of the diet of Semnopithecus vetulus philbricki, and mature leaves
amounted to two thirds of its leaf intake, reaching 80% of the diet on some days
(Hladik 1977). Although it is proposed that high metabolic requirements of small-
bodied colobines may preclude their adopting low-nutrient, high-fiber diets with
low energy turnover, and that the use of food with a low protein/fiber ratio
increases with body size (Bennett 1983; Bennett and Sebastian 1988; Kay and
Davies 1994), no clear relationship exists (Yeager 1989), as the small-bodied
Procolobus verus and Presbytis aygula are folivorous (Oates 1988; Ruhiyat 1983),
whereas the large-bodied Semnopithecus entellus and Nasalis larvatus feed heavily
on fruit parts (Bennett and Sebastian 1988; Hladik 1977; Yeager 1989). I have also
observed Semnopithecus vetulus vetulus, which is larger than S. vetulus nestor, and
large-bodied intermediate forms of S. vetulus nestor and S. vetulus monticola feed
avidly on mature/ripe fruits of Artocarpus heterophyllus during a 2007-2010 range
survey of S. vetulus nestor (Dela pers. obs.). As such, there is no evidence that the
high use of fleshy fruits by Semnopithecus vetulus nestor (<6 kg) is a direct
requirement of its small body size.
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Selective Use of Ripe and Ripening Fleshy Whole Fruits

The high use of ripe and ripening fleshy fruits by both focal groups is in sharp
contrast to previous reports of colobine fruit eating which consists of semenivory
(Bennett and Davies 1994; Kay and Davies 1994); the use of unripe, nonfleshy,
fibrous, and desiccated or dry and bitter whole fruits (Bennett and Sebastian 1988;
Clutton-Brock 1975; Dasilva 1994; Fashing 2001; Hladik 1977; Matsuda et al.
2009; Oates 1988; Ungar 1995; Yeager 1989); and avoidance of acidic fruits (Ungar
1995). My focal groups fed mainly on ripe and ripening HEF whole fruits, and more
on HEF fruits than on OWF and seeds, with mature/ripe HEF fruits ranging up to a
maximum of 50% and 71% of the monthly diet for PT1 and R1, respectively. Neither
group avoided HEF sweet and sour ripening and ripe fruits that could be regarded as
unsuited for the colobine digestion (Kay and Davies 1994), but underused fruits with
a tough exocarp and fruits that were dry, hard or fibrous. The fruit of Artocarpus
heterophyllus, which provided PT1 and R1 with much of their fruit intake (Dela
2007), is a large syncarp (Moncur 1985), ranging up to 20 kg (Bobbio ef al. 1978).
These fruits have a large number of edible seeds per fruit, and fleshy fruit flakes that
are starchy when mature (ripening) and sweet and succulent when fully ripe. The
fruit extract, though not acidic, contains volatile essential oils and esters that give the
fruit a prominent odor (Sulit and Ganaban 1968). The ripe succulent sweet fruit
flesh also contains ca. 7.5% sugar on a dry weight basis, and both flakes and seeds
are rich in soluble carbohydrates (Ananthasubramaniam et al. 1978). Despite such
characteristics that should preclude colobines feeding on it, almost all fruits of
Artocarpus heterophyllus consumed by both focal groups were ripening or ripe,
and were selected by the langurs over the immature fruits. Likewise, langurs
selectively used ripe or ripening sweetish and acidic fruits of Tamarindus indica
and Dillenia retusa over sour immature fruits that were more available, suggesting
that the ripe sweet and sour fruits were preferred. These findings support my
prediction that the langurs were feeding selectively on ripening or ripe whole
fleshy fruits over other fruits.

Dietary Flexibility

My findings do not support previous arguments that 1) colobine digestive
adaptations restrict the use of fruit flesh (Bennett 1983; Kay and Davies 1994;
McKey et al. 1981) or that 2) digestive adaptations for feeding on leaves are
unsuited for easily digested ripe fruit flesh that needs a fast rate of passage through
the gut (Kay and Davies 1994; Milton 1981). The suggestion that the gut
morphology of colobines feeding on fleshy fruits could differ from that of other
colobines (Stanford 1991) is also not tenable because the gastrointestinal features of
Semnopithecus vetulus place it among the most folivorous colobines (Chivers 1994).
A major difference in the digestive system of populations of Semnopithecus vetulus
nestor exploiting cultivated fruits from that of forest-living populations and
subspecies is unlikely because the extensive clearing of tropical wet evergreen
lowland rain forests within the range of S. vetulus nestor for human settlements and
agriculture date back only a few hundred years (NARESA 1991). Both focal groups
also demonstrated ability to feed on very toxic foods, such as seeds of Hevea
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brasiliensis (Mallika 1991), which require functional microbial detoxification. These
findings demonstrate that Semnopithecus vetulus nestor has sufficient dietary
flexibility to feed heavily and consistently on ripe and ripening fleshy fruits
despite the colobine digestive adaptations for leaf and seed eating. In addition,
1) most groups of forest-living Semnopithecus vetulus nestor throughout its
range come into adjacent villages to feed on mature/ripe fruits of Artocarpus
heterophyllus and other HEF fruits, and 2) the langurs feed heavily on mature/ripe
fruits of Artocarpus heterophyllus within forest patches subjected to enrichment
planting by the Forest Department (Dela pers. obs.). I have also observed the use
of boiled rice, bee honey, ripe bananas, alcoholic beverages, and tea by captive
Semnopithecus vetulus nestor with no immediate side effects (Dela unpubl. data),
and PT1 group fed on bread and oily sweetmeats when provisioned. Likewise,
other colobine species in captivity feed on honey, sultanas, and chocolates (Caton
1999). I have also observed captive Semnopithecus vetulus nestor (N=2) emit a
foul-smelling gas through the mouth after feeding heavily on ripening and ripe
fruits of Artocarpus heterophyllus (Dela pers. obs.); wild colobines may be less
prone to acidosis than captives (Kay and Davies 1994), and colobines can to some
extent limit forestomach VFA buildup by increasing absorption rates and can buffer
acidity of stomach pH (Kay and Davies 1994). This suggests that colobine
digestive adaptations are more flexible than previously evinced. If so, why do
forest colobines avoid ripe and ripening fleshy whole fruits?

Possible Limitations to the Use of Fruit Flesh

There are several possible explanations for avoidance of fruit flesh by colobines.
First, fruit use by a primate can be limited by spatial and temporal variations in fruit
availability (Milton 1980; Rudran 1978; Stanford 1991) and sympatry with primate
fruit competitors (Gautier-Hion 1983 in Stanford, 1991; Rudran 1978). Colobines
fed on fleshy whole fruit at Polonnaruwa (Rudran 1970), Kakamega (Fashing 2001),
Tiwai (Dasilva 1994), and Makandé Forest, Gabon (Brugiere ef al. 2002), but this
decreased when fruits ripened and were increasingly consumed by sympatric
cercopithecines (Brugiere et al. 2002; Dasilva 1994; Fashing 2001; Rudran 1978).
Likewise, both focal groups used ripe or ripening HEF fruits mainly from species
that were not subject to heavy human fruit harvesting or crop (fruit) protection
measures, indicating the influence of food competition as a determinant in limiting
the use of ripening and ripe fleshy whole fruits.

Second, because primate frugivores have to consume large quantities of easily
digested ripe fruit flesh rapidly (Kay and Davies 1994; Milton 1981), filling the
capacious colobine stomach (Chivers 1994) with ripe fleshy fruits may be difficult in
the presence of other primate fruit competitors, particularly for large-bodied
colobines with capacious stomachs. This may necessitate supplementing the
colobine fruit diet by feeding heavily on leaves. Because ripe fruit flesh can reduce
the efficiency of foregut microflora (Kay and Davies 1994), ad hoc mixing of ripe
fruits with large quantities of low-quality leaves may not be viable for a primate
folivore dependent on bacterial detoxification (Glander 1975). However, PT1 and R1
had abundant HEF fruits and no arboreal primate fruit competitors, enabling them to
feed heavily year-round on ripe and ripening fleshy fruits, supplemented during fruit
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scarcity with other seasonal plant parts such as edible young leaves, seeds, and
flowers (Dela 2007). In this context, the relatively small stomach of Semnopithecus
vetulus nestor, owing to its small body size, may also have helped a switch to
frugivory.

Third, a colobine frugivore feeding on fleshy ripening/ripe fruits would need to
feed very selectively on foliage compatible with the fast rates of passage in the gut
required for fruit flesh (Bennett pers. comm. 1998). This may not be possible for
most forest colobines, especially in tropical rain forests. However, it is in keeping
with the greater use of young leaves than mature leaves, and the use of leaf petioles
over leathery mature leaf laminae, by both focal groups. Compared with mature
leaves, young leaves are more nutritious and easily digested, lower in fiber, higher in
protein (McKey et al. 1981; Milton 1979; Mowry et al. 1996; Oates et al. 1980), and
have a lower processing cost (Waterman and Kool 1994). Leaf petioles have less
protein than the lamina, but contain vascular bundles with nutritious sap and higher
water content, and are easier to chew and digest than mature leaves (Oates et al.
1980). Both focal groups, despite their differences in leaf sources, hardly used
mature leaves. Likewise, the folivorous Trachypithecus auratus, which selectively
consumes sweet fruits, shows very low use of mature leaves (Kool 1993). The use of
most leaf species in very small amounts by the 2 focal groups also evokes a
generalist herbivore strategy to prevent a buildup of individual toxins to lethal levels
by diversifying leaf sources (Freeland and Janzen 1974), which is relevant when
ingesting leaves with fruits. This may also explain the relatively high species
richness of the diet of Semnopithecus vetulus nestor with a large number of leaf
sources vs. the species-poor diets of forest-living folivorous S. vetulus philbricki
(Hladik 1977). However, both focal groups consumed seeds of Hevea brasiliensis
that are high in toxic cyanogenetic glucosides (Mallika 1991). Likewise, Colobus
satanas consumed seeds possibly high in secondary substances, but avoided leaves
rich in such substances (McKey 1978; McKey ef al. 1981). This strategy may reflect
the tradeoff required of a folivore consuming food high in secondary compounds,
nutrients, and digestibility (Estrada 1984) because the cost of maintaining a
detoxification system declines for nutrient- and protein-rich food (Freeland and
Janzen 1974). Cyanogenetic glucosides in rubber seeds may also decrease with age
(Mallika 1991), and both focal groups fed only on seeds from dehisced fruits.

Finally, forest colobines may not have access to fruits that meet colobine
nutritional requirements. Fruit quality can determine a fruit diet (Kay and Davies
1994), as also suggested by colobine fruit use in Moraceae-dominated forests
(Fashing 2001). Although the nature of fruit flesh varies widely (Kay and Davies
1994), the low protein content of most fleshy fruits may prevent colobines from
adopting high-fruit diets (Kay and Davies 1994). Other primate frugivores consume
invertebrates (Dew 2005; Robinson 1986; Rudran 1978) to enhance their protein
intake, but colobines rely on leaves, supplemented by microbial protein (Bauchop
1978; Kay and Davies 1994), necessitating the use of protein-rich plant food
(Wasserman and Chapman 2003). Neither focal group sought animal protein, but had
access to seeds and fruit flakes of Artocarpus heterophyllus that contain 12.6% and
4.5% of crude protein, respectively (Ananthasubramaniam et al. 1978). Likewise,
seeds of Hevea brasiliensis contain ca 18.4% protein (Mallika 1991). The high
intake of young leaves, and seeds of Hevea brasiliensis, by the 2 groups, and the
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similar leaves/fruits ratio in the diets of both focal groups despite vegetation
differences between sites (Dela 2007) suggest meeting a protein threshold. Thus the
quality of fruit from cultivated species and other seasonal food at the 2 study sites
may also have enabled PT1 and R1 to adopt high-fruit diets.

My findings thus suggest strongly that the low use of fleshy ripening or ripe fruits by
colobines is more complex than thought previously, owing to the interplay of many
external environmental factors and intrinsic features. There could be many other
unexplored factors that influence fruit use by colobines, such as site-specific differences
in colobine foregut microflora, external site-specific factors such as human tolerance
where langurs coexist with humans that limits access to HEF fruit (Dela 1998), fruit
taste (Stevenson 2004), and even soil chemistry (Fashing et al. 2007). Both focal
groups consumed very small quantities of earth-based material and rotten wood that
could be related to fruit eating, as geophagy and related food may help adsorption of
digestive inhibitors and toxins, serve an antacid function for buffering forestomach pH
(Kay and Davies 1994; Waterman and Kool 1994), or supply minerals (Li et al. 2003).
However, the data from this study are insufficient to explore these possibilities.

Conclusion

I demonstrate exceptionally high use of fruits (mainly whole fleshy fruits) in
Semnopithecus vetulus nestor, and an unusual propensity to feed heavily and
selectively on ripe and ripening fleshy whole fruits for a colobine, particularly from
a species thought to be predominantly folivorous. The findings of this study show
that the 2 focal groups fed selectively and consistently more on fruits than on foliage
or seeds, despite the availability of edible leaves and seeds, and suggest that the
langurs fed preferentially on whole fruits over foliage and seeds. Frugivory may
have been possible owing to 1) continual high availability of ripening and ripe HEF
fruit likely to be energy-rich, nontoxic, easily digested, and nutritious; 2) absence of
other arboreal primate fruit competitors; 3) availability of other high-quality seasonal
food year-round to consume with fruit flesh; and 4) a relatively small stomach size
owing to the small body size of this colobine. Whatever the impetus for frugivory,
this study demonstrates that Semnopithecus vetulus nestor has sufficient dietary
flexibility to feed continuously and heavily on ripe and ripening fleshy whole fruit
despite digestive adaptations for leaf and seed eating, and suggests that 1) colobine
digestive systems are more flexible than previously believed and 2) the low use of
fleshy ripening or ripe whole fruits by colobines is more complex than presently
understood. An important question relevant for captive breeding and conservation of
endangered colobines remains: whether individual colobines or populations adapted
to a frugivorous diet can in the short term shift back to a highly folivorous diet in
natural forests. My study thus highlights the need to review feeding behavior and
digestive flexibility among colobines, particularly in changing and changed
environments, for conservation of species that are increasingly threatened by loss
and degradation of their natural habitats.
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