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Feeding Ecology of the Proboscis Monkey 
(Nasalis larvatus) 

Carey P.  Yeager 1.2 

Proboscis monkey (Nasalis larvatus) feeding behavior and ecology were studied 
at the Natai Lengkuas Station, Tanjung Puting National Park, Kalimantan 
Tengah, Indonesia. Data on feeding behavior were collected using scan sam- 
pling during group follows. Three vegetational piots containing 1, 732 trees 
were established and monitored monthly for changes in fruit, flower, and 
young leaf production. Basal area and canopy cover were calculated and used 
in estimating food abundance. Proboscis monkeys were found to be foli- 
vore/frugivores, specializing in seed consumption. A t  least 55 different plant 
species were used as food sources, with a marked preference for  Eugenia 
sp. 3/4, Ganua motleyana and Lophopetalum javanicum. These tree species 
were among the most frequent and most dominant. However, proboscis mon- 
keys were selective feeders; use o f  tree species as food sources was not based 
simply on relative density. During times o f  low food abundance and~or avail- 
ability proboscis monkeys switched dietary strategies and increased dietary 
diversity. The average total home range was estimated to be 130.3 ha, with 
an average group density o f  5.2 groups per km 2. The average biomass per 
km 2 was estimated to be 499.5 kg. Given their high biomass and pre~'lec- 
tion for  consuming seeds o f  dominant species, proboscis monkeys may help 
to maintain and increase vegetational diversity. 
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INTRODUCTION 

The general trend in colobine diets is towards folivory (Struhsaker and 
Leland, 1987). Their specialized digestive physiology and anatomy (saccu- 
lated stomachs with anaerobic, cellulytic bacteria in the forechambers) 
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(Bauchop, 1978; Bauchop and Martucci, 1968) is assumed to allow them to 
break down anti-feedants (digestion inhibitors and/or secondary toxins) com- 
monly found in the parts of some plant species (Bennett, 1983; Hladik, 1977; 
Waterman, 1984). This antipredator strategy is presumably costly to the plants 
in terms of energy consumption and anti-feedants are usually restricted to 
specific plant parts or specific developmental stages of the parts. In tropical 
rain forests, young leaves often have the highest concentrations of an- 
ti-feedants (Choo et al., 1981; Milton, 1979; Oates et al., 1980-but see Hla- 
dik, 1978 for an opposing view). Colobines are thus able to use potential 
food sources unavailable to sympatric species. However, this unique ability 
may also place a constraint upon their food choices. The high sugar content 
of ripe, pulpy fruits (Waterman, 1984) may induce increased fermentation 
and bloat (Collins and Roberts, 1978), which may account for the prefer- 
ence for unripe fruits reported by Struhsaker and Leland (1987). Similarly, 
the higher concentrations of fiber (digestion inhibitor) (Choo et al., 1981; 
Milton, 1979) and lower protein content usually found in mature leaves may 
account for their preference for young leaves (Waterman, 1984). 

The proboscis monkey (Nasalis larvatus), a member of the subfamily 
Colobinae, is a riverine dwelling, sexually dimorphic species endemic to the 
island of Borneo in Southeast Asia. The principal social units are one-male 
groups, which are further organized into bands with fission-fusion of stable 
groups within bands. The one-male groups appear to be female-bonded and 
are non-territorial (Yeager, 1986, 1989, 1990, in press). Minimal information has 
been available concerning the feeding behavior and ecology of this threa- 
tened species. Prior reports indicated a high degree of folivory and low dietary 
diversity (Kawabe and Mano, 1972; Kern, 1964; Macdonald, 1982). Kern 
(1964) suggested that mangrove trees (i.e. Rhizophora spp., Brugiera SlaP.) 
were a "key feature" of their diet. In contrast to these reports, Bennett and 
Sebastian (1988) and Yeager (1984) found that fruit played an important role 
in the proboscis monkey's diet. 

The data presented here are based on a field study undertaken at the 
Natal Lengkuas station at the Tanjung Puting National Park in Kalimantan 
Tengah, Indonesia, from January through December 1985. An additional 
three months were spent before then to establish the study site and to habitu- 
ate animals. 

METHODS 

Study Site 

The primary study area is located along a 2 km stretch of the Sekonyer 
Kiri river in a fresh water peat swamp that had been lightly hand logged previ- 
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Fig. 1. The Natai Lengkuas Station located in Tanjung Puting National Park, 
Kalimantan Tengah, Indonesia. 

ously (Fig. 1). Additional observations were made outside this area when 
possible. A trail system was established on the South bank of  the river and 
trail markers (metal tags and survey tape) were placed every 25 m (the North  
river bank was outside o f  the park boundaries). Twenty trails, 100 m apart,  
and perpendicular to the river's edge~ were made, with an additional two ac- 
cess trails horizontal to the river. The average canopy height was 11.39 m, 
with some emergents reaching 25 m or more. 

Tanjung Puting National Park  contains a diverse fauna, including six 
other primate species. These are the long-tailed macaque (Macaca fas-  
cicularis), the pigtailed macaque (Macaca nemestrina), the red langur (lares - 
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bytis rubicunda), the agile gibbon (Hylobates agilis), the orangutan (Pongo 
pygmaeus), and the slow loris (Nycticebus coucang). Of these species, only 
M. fascicularis was regularly observed within the study area. A variety of 
hornbill species and fruit-eating bats are also present. More complete faunal 
lists can be found in MacKinnon et al., (1983). 

Weather 

Temperature was recorded once daily using a Taylor minimum- 
maximum gauge located inside a screened box placed 1.5 m above ground 
within the forest perimeter. The average minimum temperature was approx- 
imately 22~ the average maximum temperature was approximately 29~ 
with minimal variation recorded throughout the course of the study (Fig. 
2). The river level fluctuated greatly, varying more than 2 m due to seasonal 
flooding. Although there is no true dry season, with over 150 mm of rain 
each month, somewhat less rain fell from July through October (Fig. 3). 

Subjects 

At least 12 groups of proboscis monkeys (10 one-male groups and 2 
all-male groups) had part of their home ranges located within the study site. 

7- MAX. ~ .  I 
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3 0 " ~ .  

!:t 
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MONTH 
Fig. 2. The average minimum and maximum 
temperature per month from January-December, 
1985. *Only one-half month's data available for 
December. 
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rainfall (in millimeters) per m o n t h  f rom January-  
December,  1985. *Only one-half  mon th ' s  da ta  available 
for December.  
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Habituat ion to the observer varied between groups and among  individuals 
within groups. All groups were habituated to approaches within 25 m by ca- 
noe and 100 m on foot; some groups allowed observers within 5 m on foot. 
Groups were identified through the presence of  "marker"  individuals (animals 
with distinctive scars or natural features) and the age/sex composition. Group 
size ranged f rom 3 to 23 at the close of  the study, with a mean o f  12.1 for 
all groups (N = 145 animals) (mean of  12.6 for one-male groups; n = 126 
animals). Groups were found through evening census surveys and were chosen 
for following based on degree of  habituation, location, and the possibility 
of  observing an unusual event. There was a preference for most  closely ap- 
proachable groups,  groups located within the trail grid, and groups in which 
an unusual event had occurred. The major i ty  o f  follows were made between 
0600 and 1200h. 

Home Range, Density, and Biomass Estimates 

Proboscis monkeys return regularly to the river's edge to sleep each night; 
they use both sides of  the river (Bennett, 1986; Yeager, 1983, 1989, in press) 
and rarely travel more than 500 m f rom the river's edge (Yeager, 1986). H o m e  
range estimates were calculated for  each group based on observat ions at the 
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sleeping site and the assumpt ion that  500 m was the mean  average distance 
moved away from the river bank. This assumption may  overestimate habitat 
use near the river and underest imate habitat  use fur ther  f rom the river; un- 
fortunately,  a more  accurate estimate was not  possible given observat ional  
constraints (Bennett and Sebastian,  1988, and Yeager,  1990). For  each 
river bank,  the distance (in meters) between each group 's  farthest  sighting 
downriver and upriver was calculated. This distance was summed for  the two 
river banks  and multiplied by 500 (the presumed distance traveled f rom the 
river's edge), then divided by  10,000 to obtain an est imate o f  the total  area 
in hectares used by a group.  This is termed its total home  range.  Known un- 
used area (i.e., the base camp)  was deleted f rom these estimates.  To  esti- 
mate group density, the areas in which the home ranges o f  groups overlapped 
had to be parti t ioned between those groups (Janson and Terborgh,  in press). 
Overlap areas were divided equally between the total  number  of  groups us- 
ing that area. An adjusted home range was calculated by summing the propor-  
tions of  overlap allotted each group and those areas it used exclusively. Good  
estimates of  adjusted home  ranges and total  home  ranges were obtained for  
four  groups (R, FB, K, GR).  The average adjusted home  range and average 
total  home range were calculated based on those four  groups.  The average 
group density was obtained by dividing the average adjusted home  range (in 
ha) for a group into 100 (km 2 = 100 ha). The average number  of  individuals 
per km 2 was obtained by multiplying the average g roup  density per km z by 
the average group size. The average biomass per km 2 was obtained by mul- 
tiplying the average estimated weight by the average number  of  individuals 
per km 2. Estimates were not  rounded until the final calculation. 

Behavioral Data Collection 

Feeding data were obtained f rom instantaneous group scans made  ev- 
ery 5 min (scan event) for 30 rain per follow hour.  Feeding included both  
the manipula t ion and ingestion of  food items. Food  items were identified 
by species and plant part  (young leaves, mature  leaves, fruit  flesh or seed, 
flower) when possible. In approximate ly  1700 h o f  observat ion during fol- 
lows, 3,739 individual activity records of  feeding during a scan (hereafter 
referred to as IARFs)  were recorded. Because several individuals might  be 
seen feeding during a single scan, but on different items, adjusted scores, 
based on the proport ion of  individuals feeding on various items for each scan 
event, were calculated. Each IARF was weighted based on its propor t ion  per 
scan event~ with each scan event given a total  score o f  one. The adjusted 
scores did not vary significantly f rom the raw data  (r = 0.98, p < 0.01), 
thus the IARFs  were used for  this paper.  As individuals could not always 
be identified, the IARFs  were pooled. 



Proboscis Monkey Feeding Ecology 503 

Vegetational Data Collection 

Three vegetational plots perpendicular to the river's edge were estab- 
lished (on trails 4, 10, and 20 within the study area). The plots were 10 m 
wide and totalled 2020 m in length. All trees (stems) 30 cm or larger in girth 
at breast height (1.5 m) were tagged, identified, and measured (height, girth, 
and crown spread). Girth was used to determine basal area (i.e., the area 
covered by the tree stem; basal area = [ �89 diameter] 2 *7r) (Mueller-Dombois 
and Ellenberg, 1974). Crown spread was used to determine canopy cover (i.e., 
the area covered by the tree crown; canopy cover = [diameter, + di- 
ameter2/4] 2 *7r) (Mueller-Dombois and Ellenberg, 1974). There were 1,732. 
trees of  90 species in the plots. They were examined monthly to assess their 
phenological state (i.e., presence/absence of  young leaves, ripe or unripe fruit 
and flowers). Each tree was visually examined with binoculars and given a 
numeric rating based on the estimated percentage of  the canopy containing 
a particular phytophase.  Plots on trails 4 and 20 were examined on the first 
Saturday of  each month and the plot on trail 10 was examined on the third 
Saturday of  each month (except for December 1985, when the plots on trails 
4 and 20 were examined on the first Sunday). 

Feeding Ecology 

A particular food item's frequency of  use may be affected by such fac- 
tors as its relative density (i.e., the percent of  stems o f  a particular species 
relative to the total number of  stems present in a vegetational plot), and per- 
cent total canopy cover (i.e., the percent of  canopy cover of  a particular spe- 
cies relative to the total canopy cover of  all stems combined in a vegetational 
plot). Relative dominance (i.e., the percent of  basal area o f  a particular spe- 
cies relative to the total basal area of  all stems combined in a vegetational 
plot) has also been used as an indicator of  canopy cover. The relationship 
between these variables was examined using correlations and selection ra- 
tios. Selection ratios were calculated using Clutton-Brock's (1975) method.  
Each food item's percentage of  the total diet was divided by its relative den- 
sity then multiplied by 10. A food item with a selection ratio greater than 
10 is one for  which a preference was shown. 

Interspecific Competition for Food Resources 

Of the nonhuman primate species found within the National Park,  the 
long-tailed macaque (M. fascicularis) is the only other regular riverine dwelling 
monkey.  At  least 5 orangutans (P. pygmaeus) had part  o f  their home ranges 
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located within the study area; they were observed occasionally. Other spe- 
cies were rarely or never observed. As long-tailed macaques were potential 
competitors for the same resources, data on their feeding behavior (over 800 
observation hours) were collected during this study. A brief summary is 
provided here; details will be reported later. 

RESULTS 

H o m e  Range ,  D e n s i t y ,  and B i o m a s s  E s t i m a t e s  

The average total home range, based on groups R, FB, K and GR, is 
approximately 130.3 ha (range 125-137.5 ha) (Table I). The average adjust- 
ed home range for these groups is approximately 19.3 ha (range 18.1-20.5 
ha). Based on this estimate of  adjusted home range the average density per 
km 2 is approximately 5.2 groups. The average number o f  individuals per km 2 
is approximately 62.6, based on a mean group size o f  12.1 for all groups 
combined. Based on the data in Table I, the average estimated biomass per 
group is approximately 96.4 kg (range 32.2 kg-148.4 kg), based on the mean 
group size and an average weight o f  7.97 kg for all individuals combined. 
The average biomass per km 2 is approximately 499.5 kg, based on the aver- 
age number of  individuals per km 2 and the average weight. As seen in Table 
II, there was extensive home range overlap for groups R, FB, K, and GR; 
home ranges overlapped an average o f  95.9eTa (range 92.0%-97.7~ 

Table I. Estimates of Home Range Size and Biomass for Proboscis Mon- 
key Groups 

Home Range Adjusted Home Range Biomass 
Group Estimate ( h a )  Estimate ( h a )  Estimate (kg) ~ 

R 127.50 18.11 54.1 
FB 125.00 18.60 32.2 
K 137.50 20.51 133.5 
GR 131.25 19.90 49.1 
S 117.50 20.57 130.5 
MG 77.50 12.40 82.0 
TK 68.75 12.85 59.1 
TW 64.00 10.13 119.5 
EP 79.25 15.45 148.4 
RO 6.25 5.31 123.6 
AMD b 105.00 52.1,2 108.6 
AMU b 118.00 23.92 115.6 

"Biomass estimates based on Schultz (1942) (adult male: 20.3 kg, adult 
female: 9.9 kg) and personal estimates (infant: 2 kg, juvenile: 5 kg, adoles- 
cent female: 9 kg, adolescent male: 12 kg). 

bAll-male group. 
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Table 1I. Total Length of Riverbank Observed Used by Proboscis Mon- 
key Groups R, FB, K and GR, and the Average Percent Overlap Between 
These Four Groups for Each Group (Based on Sightings at the Sleeping 

Site). 

Number Length of riverbank Average percent 
Group sightings used (m) spati~ overlap 

R 116 1575 97.7 
FB 103 1625 97.7 
K 122 1725 96.3 
GR 108 1750 92.0 

Feeding Behavior 

Diet 

Proboscis monkeys used at least 47 plant species as food sources dur- 
ing scan samples (Table III); use of  an additional 8 species was observed out- 
side of  the sampling period. These 47 species belonged to 19 families. Based 
on IARFs for these 47 plant species, 17 species were used primarily for their 
reproductive parts (fruit, seed, flower) and 30 species were used primarily 
for their leaves. There was a marked preference for four  species, with over 
60070 of  all IARFs accounted for by Eugenia sp. 3/4, Ganua motleyana, and 
Lophopetalumjavanicum. (Eugenia sp. 3 and Eugenia sp. 4 were not distin- 
guishable except when fruiting; all fruit eaten was f rom Eugenia sp. 3.) 

Proboscis monkeys are folivores/frugivores; leaves and fruit account 
for 51.9070 and 40.3070 of  all IARFs, respectively (Fig. 4). Of  leaves eaten,  
the majority (79.3~ were young leaves (Fig. 5A). Observations of  mature 
leaf-eating were primarily made in September and October,  1985. Of  fruits 
eaten, the seed or the seed and the flesh were consumed in 91.7070 of  the 
IARFs on fruits (Fig. 5B). Fruit ripeness was not assessed quantitatively, 
but they generally appeared to be unripe a n d / o r  nonfleshy. 

Animal material comprised less than 1 070 of  the IARFs. The ingestion of  
mosquitos, caterpillars, and insect larvae were all observed during the course 
of  this study. Animal material in the proboscis monkeys '  diet may be un- 
derestimated, as some rotting fruits contain insect larvae. 

Monthly Variation in Diet 

The number of  identified species used as food sources in a given month 
ranged from 10 to 23 with a mean of  14.9 (Table IV). The total number of  
months an identified species was used as a food  source ranged from 1 to 
12 (Table V). The overall preferences for Eugenia sp. 3/4,  Ganua 
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UNKNOWN 4.68% 
FLOWER ?--97% 

LEAVES 51.94% FRUIT 40.33% 

INSECT AND BARK <1% 

Fig. 4. The percent of proboscis monkey IARFs presented as a function 
of food type (N = 3739). 

motleyana, and Lophopetalumjavanicum were clearly seen here as well. Based 
on monthly rankings, each o f  these species was among the top three species 
used per month for  at least 7 months (Table VI). Monthly use o f  each known 
food source based on IARFs is oresented in Table V. 

Food type use varied monthly.  Proboscis monkeys were frugivorous 
from January through May, turning to leaves in June through December (Fig. 
6). There was a significant difference in the total number  of  different  spe- 
cies used between the months of  January through May versus June through 

Table IV. Proboscis Monkey Dietary Diversity Calculated 
Monthly Using the Shannon-Wiener Index of Diversity (H ~) 
and Number of Identified Food Species Used per Month 

Shannon-Wiener Number Identified 
Month Index of Diversity Food Species 

January 2.13 10 
February 1.70 10 
March 1.81 11 
April 1.36 11 
May 2.67 23 
June 2.05 18 
July 2.09 16 
August 2.21 18 
September 2.16 18 
October 1.75 18 
November 1.64 14 
December" 0.86 12 

~ one-half month's data. 
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UNKNOWN 15.5% A 

MATURE LEAVES 5.2% 

YOUNG LEAVES 79.3% 

UNKNOWN 5.7% FLESH 2.6% 

FLESH / SEED 41.4% SEED 50.3% 

Fig. 5A. The percent of proboscis monkey leaf IARFs presented as 
a function of category (n = 1944). B The percent of  proboscis mon- 
key fruit IARFs presented as a function of  category (n = 1508). 

December (X 2 = 11.26, df(1), p < 0.01), with fewer species used during 
January through May. 

Dietary Diversity 

The Shannon-Weaver index of  Diversity (H/) (Pielou, 1966) was used 
to calculate dietary diversity for each month (Table IV). Both plant part (fruit, 
leaves, and flowers) and plant species were used in the analysis; unidentified 
plants and/or plant parts were not included. H / ranged from 0.86 to 2.67. 
Highest diversity was found in May and August. Most of the diversity is at- 
tributable to leaves. 
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Dietary Overlap 

Monthly dietary overlap for all possible pairs of  months was calculat- 
ed using the Holmes-Pitelka method (Holmes and Pitelka, 1968). This method 
takes into account the plant part (leaves, fruit, and flowers were used in this 
analysis) as well as the plant species used (Struhsaker, 1975; Waser, 1987). 
The amount  of  overlap ranged from 4% to 79.4% with a mean of  33%. Ad- 
jacent months generally had the greatest amount  of  overlap (Table VII). 

Vegetational Analyses 

Descriptive 

The 1,732 trees found in the plots represented 90 different species of  
63 genera f rom 33 different families. The average height, canopy cover, and 
basal area per species (as defined in Mueller-Dombois and Ellenberg, 1974) 
are presented in Table VIII. The average tree height for all trees combined 
was 11.4 m (6.0 m-27.0 m). The average tree diameter at breast height (1.5 m) 
for all trees combined was 18.4 cm (9.6 cm-45.2 cm). The average basal area 
per tree for trees combined was 350.3 cm 2 (71.6 cm2-1604.6 cm2). The aver- 
age canopy cover per tree for all trees combined was 22.9 m 2 (9.1 m2-54.0 
m2). The total basal area for all plots was 60.7 m 2. The total canopy cover 
for all plots was 39,273.8 m 2. The total basal area and canopy cover provid- 
ed by each family is summarized in Table IX. The family providing the 
greatest total basal area and canopy over was Sapotaceae. Ganua motleyana, 
a highly used food source by the proboscis monkeys,  is a member of  this 
family. The average basal area and average canopy cover per species were 
significantly positively correlated (rs = 0.60, p < 0.01). 

Over 71%0 of  the trees in the plots were potential food sources (as de- 
termined from scan samples of  feeding behavior) at some time. An exami- 
nation of  the basal area and canopy cover yields the same pattern,  with the 
majority of  the total basal area (80.4%0) and total canopy cover (76.6%) 
provided by potential food sources. Potential food sources appeared to be 
fairly evenly dispersed in space, with a mean o f  6.1 stems per 10 m 2 area 
(S.D. = 4.3). The most highly used food sources (Eugenia sp. 3/4,  Ganua 
motleyana, and Lophopetalum javanicum) were among the most frequent and 
most dominant,  making up over 220/0 of  the stems in the vegetational plots. 

Phenoiogy 

Data on the production of  fruit, flowers, and young leaves over the 12 
months are presented in Fig. 7. The percent o f  trees containing fruit (ripe 
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Fig. 6. Monthly variation in the percent of  proboscis monkey IARFs as a function 
of  food type. 

or unripe) varied from 4.3 to 19.1. Fruit was most  available f rom January  
through May, declining in June and beginning to increase again in Novem- 
ber and December. There was a minor fruit  peak in August (see Fig. 8). The 
percent of  trees containing young leaves ranged from 61 ~ to 90070, with May, 
August, and September being the periods of  lowest availability. The percent 
of trees containing flowers ranged from 407o to 11070, with February, May, 
and August being the periods of  greatest availability. Phenological data  con- 
cerning fruiting for Eugenia sp. 3, Ganua motleyana, and Lophopetalum 
javanicum combined are presented in Fig. 8. Note that fruit availability does 
not increase in November,  in comparison with the data f rom all trees com- 
bined; and, there is no minor fruit peak in August.  

Feed ing  E c o l o g y  

Correlations and Selection Ratios 

Significant positive correlations were found between percent diet and 
relative density for 33 food species for which informat ion concerning per- 
cent diet ( f rom scans) and percent stems present ( f rom vegetational plots) 
are available (r, = 0.50, p < 0.01). Significant positive correlations were 
found also between percent diet and relative dominance for each food  item 
(!, = 0.46, p < 0.01), and percent diet and percent total canopy cover for each 
food item (r s = 0.52, p < 0.01). Selection ratios (Clutton-Brock,  1975) 
were calculated for these 33 food  species. Of  these species, 11 were more  
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Fig. 7. Month ly  variation in the percent trees within the vegetational plots (N = 1732) 
exhibiting a particular phytophase  (young leaves, flower, fruit). 

preferred based on their selection ratio score; their frequency o f  use was great- 
er than expected given their density (see Fig. 9). They contributed 75.1% of  
the proboscis monkey diet. 

Phenology and Diet 

The use of  fruits as a food source by proboscis monkeys correlates posi- 
tively (r s = 0.66, p < 0.02) with the phenological data on abundance present- 
ed in Fig. 7. Although proboscis monkeys fed on fruit when it was available, 
they continued to feed primarily on leaves in November/December when over- 
all fruit abundance increased. As seen in Fig. 8, the species comprising the 
majority o f  fruit IARFs did not offer  many fruits during this period. 

No significant correlation was found between the phenological patterns 
o f  young leaves and flowers and their monthly variations as a percentage 
o f  the proboscis monkey's diet. However,  there was a significant negative 
correlation between dietary diversity and young leaf phenology (r, = - 0.64, 
p < 0.02); dietary diversity increased as the number o f  trees containing young 
leaves decreased. 

Interspecific Competition for Food Resources 

Long-tailed macaques used many of  the same food species as the 
proboscis monkeys (22 species in common) (Table III) and of ten the same 
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Table IX. Total Basal Area and Canopy Cover Provided by Each 
Family 

Total Basal Area Total Canopy Cover 
Family (cm 2) (m 2) 

Anacardiaceae 58516.4 3004.8 
Annonaceae 10724.1 822.9 
Apocynaceae 5651.7 280.9 
Burseraceae 8010.1 396.4 
Celastraceae 83975.7 2050.0 
Cunnoniaceae 980.9 86.9 
Dipterocarpaceae 24787.0 1658.9 
Ebenaceae 38758.9 2354.6 
E/aeocaarpaceae 106I .9 108. t 
Euphorbiaceae 41970.6 4194.6 
Fabaceae 13780.1 1024.0 
Fagaceae 9626.4 1173.5 
Gonystylaceae 12293.2 553.7 
Icacinaceae 1786.2 222.8 
Lauraceae 17108.0 1627.4 
Lecythidaeeae 395.5 l 1.2 
Magnoliaceae 9110.0 531.2 
Melastomataceae 24782.2 3749.6 
Meliaceae 4843.4 374.4 
Moraceae 1056.6 123.9 
Mysinaceae 108.9 972.4 
Myrtaceae 15255.4 1859.6 
Myristieaceae 15104.7 50.3 
Oleaceae 673.5 50.0 
Polygalaceae 702.6 55.6 
Proteaceae 3613.0 522.2 
Rhizophoraceae 6174.4 309.4 
Rosaceae 16540.8 1505. I 
Rubiaceae 14915.8 1250.4 
Sapotaceae I 18043.6 4773.2 
Symplocaceae 5209.5 464.2 
Theaceae 9341.6 375.1 
Unidentified 8543.9 1094.9 

Yeager 

food part. They were primarily frugivorous (66.7~ of  all IARFs,  N = 813) 
but also ate foliage (17.2%0), flowers (8.9%), and insects (4.1%) (unidenti- 
fied accounts for the remaining 3.2%). Monthly dietary overlap between long- 
tailed macaques and proboscis monkeys was calculated using the Holmes- 
Pitelka method. It ranged from 2.5% to 58.7% with a mean of  28.9% (Fig. 
10). Overlap was highest f rom January through June and in November 
through December. Proboscis monkey and long-tailed macaque diets diverged 
most between July and October; this divergence was primarily due to the 
long-tailed macaques use of  flowers and insects during this period (Yeager, 
1987). Further, long-tailed macaques and orangutans were observed to dis- 
place proboscis monkeys at feeding sites on at least two occasions. 
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DISCUSSION 

Home Range, Density, and Biomass Estimates 

Bennett and Sebastian (1988) report  a home range estimate of  approxi- 
mately 900 ha (non-adjusted for group overlap) for one group o f  proboscis 
monkeys in the Samunsan Reserve of  Sarawak, Malaysia. This is consider- 
ably larger than the estimate of  137 ha (non-adjusted for group overlap) report- 
ed here. Bennett and Sebastian (1988) estimate group density at 0.52 groups 
per km 2, individual density at 5.93 individuals per km 2, and a biomass of  
45.8 kg per km 2 based on 14 groups (N = 160 individuals) along a 13.5 km 
stretch of  river. Proboscis monkeys at the Natal Lengkuas site have smaller 
home ranges and occur at a higher density and biomass than reported by 
Bennett and Sebastian (1988). Part  of  the difference concerning populat ion 
density and biomass appears due to differing assumptions concerning river- 
bank used in calculating these estimates (1 km versus 0.5 km per river bank). 
However,  even if these methodological differences are controlled, by using 
the same assumptions in calculating population density and biomass, differ- 
ences still exist between the Samunsam and Natal Lengkuas sites. Hunting 
pressure and low food availability have been suggested as possible explana- 
tions for  the low density at Samunsam (Bennett, 1986; Bennett and Sebas- 
tian, 1988). Low food availability also may account for  the large home ranges 
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Fig. 9. Selection ratios for selected proboscis monkey foods.  

at Samunsam (Bennett, 1986; Bennett and Sebastian, 1988). There is no 
known hunting pressure on proboscis monkeys within the Tanjung Puting 
National Park (personal observation, MacKinnon et  al., 1983); this proba- 
bly accounts for part of the difference between sites. Additionally, food avail- 
ability may be greater at Natai Lengkuas than at Samunsam; over 70~ of 
the stems located within the vegetational plots at Natal Lengkuas were poten- 
tial food sources at some point during this study. Thus, food availability 
may also contribute to the differences between sites. Vegetational data from 
the Samunsam site are needed to assess this possibility. 
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Among primates, colobines generally occur at higher biomasses than 
monogastric primates, apparently due to their ability to use a wider range 
of food sources (i.e., increased number of food species and food types) than 
sympatric monogastric primate species (e.g., Bennett, 1983). In Tanjung Put- 
ing National Park, proboscis monkeys are sympatric with long-tailed ma- 
caques (M. fascicularis) and orangutans (P. pygmaeus). Biomass estimates 
for these two species are not available from this study as home ranges were 
not determined. Reported biomass estimates for orangutans and long-tailed 
macaques from Kutai Nature Reserve in Kalimantan Timor are 160 kg/km 2 
and 16 kg/km 2, respectively (Waser, 1987, Table 18-1). Other biomass esti- 
mates for long-tailed macaques come from Malaysia (189 kg/km 2, Bennett, 
1983; 89 kg/km 2, MacKinnon and MacKinon, 1980). These estimates are 
considerably lower than the biomass estimates for the proboscis monkey 
reported here. The pigtailed macaque (M. nemestrina), the red leaf-eating 
monkey (P. rubicunda), and the agile gibbon (H. agilis) were rarely observed 
within the study site. The slow loris (N. coucang), although reported to be 
present within the park, was never observed. 

Diet and Feeding Ecology 

Proboscis monkeys are folivore/frugivores, with an emphasis on the 
seeds of fruits consumed. Bennett and Sebastian (1988) also report an em- 
phasis on fruits (35% of feeding observations), and seeds contribute an ad- 



524 Yeager 

ditional 15%. Although based on a much smaller sample (34 feeding observa- 
tions), they indicate the same general trend as found in this study. The proboscis 
monkey's feeding behavior appears to follow the general colobine pattern 
(an emphasis on young leaves, fruits that are unripe and nonfleshy or sweet). 
The emphasis on seeds has also been observed in several other colobine spe- 
cies. Although only one colobine species is reported to be gramnivorous, Colo- 
bus satanas, with at least 53% of its diet composed of seeds (McKey et al., 
1981; Harrison, 1986), seeds constitute 30% of Presbytis rubicunda's diet and 
over 25070 of Presbytis melalophos" diet (Davies and Bennett, 1988). Struh- 
saker (1987) suggested two other colobine species that potentially may in- 
clude a large portion of seed in their diets: Presbytis entellus and Presbytis 
obscura. Fruit comprises from 32% to 47% of their diets (P. entellus, Hla- 
dik and Hladik, 1972; P. obscura, Curtin, 1980; MacKinnon and MacKin- 
non, 1980) and an unknown portion of this may be seeds. Additionally, 
Gurmaya (1986) reported Presbytis thomasi to have a diet containing more 
than 50~ fruit. Again, it is not clear what proportion of fruit use includes 
seeds. 

Seeds can be high in protein, and are often high in carbohydrates and 
lipids (Waterman, 1984). Lipids are a second source of high energy nutrients, 
following sugars (Waterman, 1984). Seeds eaten by C. satanas are typically 
oil-rich and may contain high levels of protein (McKey et al., 1981). However, 
seeds eaten by P. rubicunda and P. melalophos (Davies and Bennett, 1988) 
provided relatively less protein than foliage but were higher in fermentable 
carbohydrates and more digestible than foliage. Phytochemical analyses are 
needed to determine whether this is true of the seeds used by proboscis mon- 
keys and other Asian colobine species. 

Proboscis monkeys at Natai Lengkuas probably underwent their highest 
period of food stress between August and October. There was a decrease 
in the availability of both preferred fruits and young leaves during this peri- 
od. New items, that had been previously available but not used were added 
to their diet; and, they ate more mature leaves. Proboscis monkeys may be 
"energy economists"; during periods of food scarcity they start using resources 
wl,ich may be poorer in nutrient quality but are widely available (i.e., leaves, 
particularly mature leaves). Nutrient quality may not be a major constraint 
on their feeding behavior, as specialized microflora found in the foregut may 
be able to provide vitamins and break down fiber (Bauchop, 1978). 

Monthly dietary diversity increased as the number of trees with young 
leaves declined. It appears that much of the diversity found in the diet of 
proboscis monkeys is attributable to the young leaf portion of their diet. As 
overall abundance and availability of particular species of young leaves 
declined, the proboscis monkeys were forced to expand the number of differ- 
ent species used. Dietary diversity also increased when preferred foods (fruits) 
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were scarce. More diversity was seen during the proboscis monkeys' folivorous 
period than when they were frugivorous. Bennett (1983), in her study o f  the 
banded leaf monkey (Presbytis melalophos), also found increased dietary 
diversity when favorite foods were scarce. 

Previous studies (Kern, 1964; Macdonald, 1982) have suggested that 
mangrove species (i.e., Brugiera sp., Soneratia sp., Rhizophora sp.) were 
the "key feature" of proboscis monkey diet and habitat. This study and a 
study by Bennett (1986) document much greater dietary diversity. 

Proboscis monkeys appear to be selective feeders. The greater part 
(75.1070) of the proboscis monkey diet consists of species with selection ra- 
tios greater than expected based on the species' relative density. 

Clutton-Brock and Harvey (1977, p. 562) state that "Within phylogenetic 
groups, larger species tend to feed more on foliage." Based on this state- 
ment, the proboscis monkey diet should be high in leaves, given their large 
body size. Yet, the proboscis monkey diet does not contain a larger percen- 
tage of foliage, relative to that reported for many colobine species. The diet 
of P. entellus, another large-bodied colobine, also does not contain a rela- 
tively large percentage of foliage (Hladik and Hladik, 1972). In fact, amongst 
colobines, the diet of 1). aygula is reported to contain one the highest per- 
centages of  foliage (Ruhiyat, 1983). P. aygula is one of the smallest colo- 
bines. Within the colobines, recent data do not appear to support a positive 
linear relationship between body size and folivory. 

Parra (1978) suggests that, for the use and maintenance of ruminant- 
like digestion (foregut fermentation), the colobines are actually below the 
lower weight limit necessary for efficient energy regulation. Foliage diges- 
tion is time-consuming, particularly for foregut as opposed to hindgut fer- 
menters. As foregut fermenters appear to be better at detoxification, colobines 
may be making a trade-off between energy efficiency (i.e., hindgut fermen- 
tation strategy) and the ability to break down anti-feedants (Freeland and Jan- 
zen, 1974; Parra, 1978). Waterman (1984) states "it seems likely that they 
must either (a) be able to exploit foliage highly favorable to their digestive 
system or (b) be able to 'top up' their diet with concentrates such as seeds 
or fruits" (p. 183). No data concerning the phytochemistry of proboscis mon- 
key food sources are available; however, proboscis monkeys do appear to 
"top up" their diet with seeds. 

Interspecific Competition for Food Resources 

Cords (1987) and Gautier-Hion (1980) stated that dietary overlap be- 
tween cercopithecine species is higher for fruits than for less popular items 
such as leaves. In keeping with this conclusion, dietary overlap between 



526 Yeager 

proboscis monkeys and long-tailed macaques was greatest when fruit was 
highly available and a major part of the diet. In Schoener's (1982) review 
of interspecific competition, he states that dietary overlap is generally least 
during periods of  food scarcity. Waser (1987) stated that, if interspecific com- 
petition is present, the difference in overlap between periods of food abun- 
dance and periods of  food scarcity should be more than 10%. This was 
observed in this study, supporting the idea that long-tailed macaques (Macaca 
fascicularis) and proboscis monkeys are interspecific competitors for food 
resources. Recall that long-tailed macaques displaced proboscis monkeys at 
a feeding site. Schoener (1982) suggested that: 

"During lean times, strong directional selection resulting from interspecific competi- 
tion produces in each species adaptations most suited for resources used relatively 
exclusively by the species.. .  During times of plenty, different types of resources in- 
crease differentially in abundance, and it then becomes more profitable to use types 
other than those for which the trophic phenotype has specifically been selected. 
Moreover, the newly profitable resource types are the same for a number of species, 
and the species converge upon them" (p. 591). 

Physiological differences between proboscis monkeys and long-tailed 
macaques probably account for different dietary strategies during periods 
of resource scarcity. A sacculated stomach and specialized bacteria (Bauchop, 
1978; Baucho9 and Martucci, 1968) may allow proboscis monkeys to break 
down secondary toxins and digestion inhibitors in some food sources (Ben- 
nett, 1983; Hladik, 1977; Waterman, 1984). However, this specialization 
probably prevents them from using quantities of ripe fruits and animal pro- 
tein because (due to fermentation processes) they are subject to bloat (Col- 
lins and Roberts, 1978). Waterman (1984) states that "even if not capable 
of permanently supplying the dietary needs of the animal the colobine diges- 
tive system will be advantageous in allowing the monkey greater dietary flex- 
ibility during periods of food stress" (p. 183). 

Consequences of Seed Predation 

One effect of the proboscis monkey's seed and foliage consumption may 
be to increase or to help maintain vegetational diversity. Janzen (1970) exa- 
mined the role herbivores play in tropical forest diversity. He states that "as 
conditions become more favorable for the seed and seedling predators in a 
habitat (for example, in moving from moist temperate to moist tropical 
forests), that habitat will support more species of trees because no one spe- 
cies can become common enough to competitively oust most of  the others" 
(p. 521). Although stating that the most important seed-predators before dis- 
persal are insects, he does include some facultatively host-specific seed-eating 
vertebrates within his model, particularly monkeys. Proboscis monkeys are 
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definitely seed eaters; in over 100 fecal samples collected for parasitological 
analyses (Ranglack and Yeager, 1986) no whole seeds were found (whole seeds 
were observed in fecal samples from long-tailed macaques). Proboscis mon- 
keys feed extensively upon the seeds of three species that are among the most 
dominant and most abundant plant species (Eugenia sp. 3, Ganua motleyana, 
and Lophopetalum javanicum); by acting as partial controls on these spe- 
cies, proboscis monkeys may "increase equitability and permit a larger num- 
ber of minor plant species to survive in the community" (Whitaker, 1975, 
p. 103). This increases vegetational diversity, with a concomitant increase 
in the variety of resources available. Proboscis monkeys, given their rela- 
tively large biomass and predilection for the consumption of seeds of 
dominant tree species, probably play an important role, not only in increas- 
ing and maintaining vegetational diversity, but in maintaining and provid- 
ing suitable habitat for other riverine fauna. 

CONCLUSION 

Proboscis monkeys are folivore/frugivores, that specialize in seeds. 
Their ability to switch dietary strategies during times of low food abundance 
and/or availability is probably the result of specialized physiological adap- 
tations which allow them to use food sources unavailable to other primate 
species. This ability also allows them to exist at a relatively higher propor- 
tion of the primate biomass. Given their higher biomass and predilection for 
seed consumption, they probably have a significant impact on the vegeta- 
tion and may help to maintain and to increase vegetational diversity. 
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