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Abstract: Land use change and deforestation continues in Indonesia at an alarming rate, resulting in widespread loss of habitat 
for wildlife.  In this study, we propose that a production forest can serve as a refuge for otherwise afflicted animal populations.  
Information on population densities and an understanding of the influencing factors are important to evaluate the efficacy of pro-
tected areas and production forest.  Very little is known in this regard, however, for the species in question here, the Endangered 
grizzled leaf monkey, Presbytis comata.  Here we report on a study to estimate the population density of this langur (and other 
primates) in a production forest and to identify the controlling factors.  We conducted population surveys in 19 forest patches and 
recorded the numbers and density of tree species that figure in the diet of the langur.  We also counted tree stumps, an indication 
of the intensity of logging.  We measured the distance of each of the 19 forest patches to the nearest road, the nearest settlement, 
and to other forest patches.  Descriptive statistics and multiple linear regression were used in data analysis.  We recorded popula-
tion densities of 36.97 to 54.12 individuals/km² (mean = 44.71 ind./km²).  Densities were positively correlated with the number of 
food tree species, but negatively related to the density of tree stumps, an indicator of habitat disturbance due to timber extraction.  
Our results indicate that the diversity of food tree species and logging activities should be taken into consideration in formulating 
conservation strategies of grizzled leaf monkey population in production forests.
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Introduction

Tropical forests continue to decline, and their loss, frag-
mentation and degradation is one of the major issues in biodi-
versity conservation.  Production forests, generally in the form 
of mixed plantations, can, however, be important in the con-
servation of wildlife communities (Brockerhoff et al. 2008; 
Lindenmayer et al. 2009; Rayadin and Saitoh 2009; Salek et 
al. 2010; Van Halder et al. 2011; Fashing et al. 2012).  Appro-
priately managed protected areas of this sort can increase 
options for wildlife and landscape conservation, reducing as 
such the dependency on strictly protected areas.  In Indone-
sia, many production forests have become refuges for dispers-
ing and displaced wildlife populations (Marsden et al. 2001; 
Luckett et al. 2004; Pawson et al. 2008; Lindenmayer et al. 
2009; Van Halder et al. 2011), including those of nationally 
protected and threatened species (for example, Hylobates 
agilis, H. lar, and M. nemestrina: Nasi et al. 2008; orangutan: 
Rayadin and Spehar 2015).  Some species are quite able to 

persist in these forests once they provide food, sleeping sites 
and sufficient area, counting on corridors to allow for genetic 
exchange (Ganzhorn 1987; Rayadin and Saitoh 2009; Yamada 
and Muroyama 2010; Henzi et al. 2011; Campbell-Smith et 
al. 2012).

The Javan grizzled langur, Presbytis comata, has a 
restricted range in West Java, east to Mt. Lawu on the border 
with East Java (Nijman 2013, 2017).  It is Endangered 
(Nijman and Richardson 2008), and nationally protected 
(Regulation No. P.20/Menlhk/Setjen/Kum. 1/6/2018) and has 
been identified as a conservation priority by the Indonesian 
government (Regulation No.P.57/Menhut-II/2008).  The prin-
cipal habitat for this species was forest in the lowlands and 
hills (Hoogerworf 1970; Nijman 1997), but its range is today 
largely restricted to montane forest (Nijman 1997).  Due to 
a long history of land conversion (Whitten et al. 1996), only 
16.39% of Java’s original forest cover remains, of this, 9.51% 
comprises production forests and 6.88% combined protec-
tion and conservation forests (KLHK 2018).  Nijman (2013) 
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indicated that forest fragments, and especially montane areas, 
total about 10% of the island.  Grizzled langurs can still be 
found in some lowland forests (Nijman and van Balen 1998; 
Nijman 2017), but priorities for the conservation of this spe-
cies have focused on montane areas (Supriatna et al. 1994).  
Nijman (2017) listed all the large remaining populations of P. 
comata by altitude.

Population density estimates for the grizzled langurs have 
mostly been conducted in strictly protected areas (Ruhiyat 
1983; Melisch and Dirgayusa 1996; Tobing 1999; Heriyanto 
and Iskandar 2004; Kartono et al. 2009; Nijman 2017), few in 
production forests.  Information about the factors that deter-
mine population density is particularly important in develop-
ing effective conservation strategies (Chapman et al. 2004; 
Mbora and Meikle 2004; Agetsuma et al. 2015).  There have 
been numerous studies on such factors for primate populations 
(for example, Ross and Srivastava 1994; Wich et al. 2004; Ray 
et al. 2015) but few for the Javan grizzled langurs.  Kartono et 
al. (2009) looked at the effect of the density of some tree spe-
cies on the numbers of grizzled langurs in the forest of Gunung 
Ciremai National Park.  A study conducted by Nijman (2017) 
examined the relationship between group size and altitude and 
other environmental variables.

Many factors affect population density of primates. In this 
study we examined the availability of food sources (Mam-
mides et al. 2008; Pozo-Montuy et al. 2011; Kankam and 
Sicote 2013), spatial attributes (Estrada and Coates-Estrada 
1996; Arroyo-Rodríguez et al. 2008), and habitat disturbance 
(Chapman et al. 2007).  This study aimed at (1) estimating 
the population density of grizzled langurs, (2) identifying the 
factors that determine the population density of this monkey 
in production forests, and (3) discussing the conservation 
implications.  We proposed that the number of tree species 
and food trees, and food density would have a positive effect 
on the population of grizzled langurs, while the density of 
other primates occupying the same habitat would have a nega-
tive effect.  We also predicted that population density would 
decrease with a) increasing distance of the survey sites to 
more extensive, remote areas, and b) decreasing distance from 
research site to the nearest road.  Greater forest disturbance 
indicated by higher tree stump density was also expected to 
negatively affect population density.  This information on the 
factors that influence the population density could help to pro-
mote more favorable conditions for grizzled langur conserva-
tion in production forests.

Figure 1. Map of the study site the for grizzled langur surveys in the Kuningan District, West Java Province.
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Figure 2. Javan Grizzled langur (Presbytis comata) found in the study sites, in Kuningan District, West Java Province.

Methodology

Study area
  We conducted this research in 19 forest patches in the Bukit 

Pembarisan forest in Kuningan District (108°23'−108°47'E 
and 6°47'−7°12'S) (Fig. 1), West Java Province, Indonesia.  
Annual rainfall in this district is 1,000-4,000 mm (Bappeda 
Kuningan District 2015).  Our research site was a production 
forest with a total area of 52.57 km².  Land use there was a 
combination of mixed farms, plantations and natural forest 
remnants (Prasetyo et al. 2012).  Mixed farms are managed 
by communities on private land, planted with commercial 
tree species and fruit-crops, such as sengon (Paraserianthes 
falcataria), mahogany (Swietenia mahagoni), jabon (Antho-
cepalus cadamba), teak (Tectona grandis), mango (Man-
gifera indica), bitter bean (Parkia speciosa), coconut (Cocos 
nucifera), jackfruit (Artocarpus heterophyllus), and melinjo 
(Gnetum gnemon) (Prasetyo et al. 2012).  Planted production 
forests on state land were managed by PT Perhutani under 
Kuningan Forest Management Units (FMU).  They were 
generally teak or pine monocultures.  Forest remnants were 
also part of the production forest, scattered randomly and 
allocated as local protected areas due to steep or very steep 
topography.  The remnant natural forests in lowland and hilly 
areas were disturbed in the past, and are mostly bordered, or 
surrounded, by mixed farms and plantations.

Besides P. comata, we observed long-tailed macaques 
(Macaca fascicularis), ebony langurs (Trachypithecus 

auratus), and the Javan slow loris (Nycticebus javanicus).  
We never saw Javan gibbons (Hylobates moloch).  Data were 
collected on M. fascicularis and T. auratus considering that 
their numbers may be influencing the size of the grizzled 
langur population.  Trachypithecus auratus is folivorous 
(Kool 1993) and M. fascicularis includes leaves in its diet 
when other food sources are scarce.

Surveys 
 We carried out line-transect surveys in the forest patches 

indicated by the villagers, following Martins (2005) and 
Greenwood and Robinson (2006). This method has been 
widely used to estimate primate population densities (Bru-
giere and Fleury 2000; Hoing et al. 2013).  The location of the 
survey transects was not chosen randomly or systematically 
(we followed the villager’s advice as to where the langurs 
(Figure 2) could be found), so it is not possible to deduce an 
overall population density for the production forest.

Surveys were carried out in the morning, from around 
06:00 until around 12:00 h.  We used already existing trails or 
paths that we cut prior to the survey, taking into account the 
distance between the trails to avoid double counting (Estrada 
and Coates-Estrada 1996).  We walked slowly but the time 
spent on each trail varied due to the topography and the den-
sity of the vegetation.  The direction of the transect had to be 
deflected when confronting obstacles such as ravines or cliffs, 
but the overall direction was maintained.
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The length of the line transects at each site varied from 
5.0 to 6.1 km (Table 1).  The lengths were measured using a 
hipchain, and each transect was walked once.  The transect 
widths used for estimating the density of the three species 
encountered was the effective width and was obtained after 
all data for each species had been entered into Distance 5.0.  
They were: 2×36.16 m for P. comata, 2×33.96 m for T. aura-
tus, and 2×51.20 m for M. fascicularis.  We recorded the size 
and, when possible, the composition of each group, the dis-
tance from the observer to the first individual seen (using a 
Nikon Forestry Rangefinder), the activities of the group, the 
species of tree in which the first individual was seen and its 
coordinates (using a Garmin GPSmap 60Csx), the angle (θ) 
of the group to the position of the observer, and the direc-
tion they were moving (Eisenberg et al. 1981).  Observation 
time varied and was terminated when each individual in the 
group had been identified accurately or observers agreed to 
an estimated group size (Anderson et al. 2007; Pozo-Montuy 
et al. 2011).  Data collection was assisted by two trained field 
assistants. 

Habitat attributes
We recorded habitat attributes in sample plots of 20 m 

× 20 m placed every 100 m along each trail (Kusmana and 
Istomo 1995; Soerianegara and Indrawan 2005).  Habitat 
characteristics considered included the number of tree species 
(Ross and Srivastava 1994; Kankam and Sicote 2013), the 
number of food tree species (Pozo-Montuy et al. 2011), tree 
density (Ross and Srivastava 1994; Wieczkowski 2004), and 

food tree density (Anderson et al. 2007).  For each tree in the 
plot, we recorded the species and the diameter at breast height 
for those with diameters ≥10 cm, large enough to be of use to 
the langurs (Ruhiyat 1983; Gunawan et al. 2008; Onderdonk 
and Chapman 2000; Worman and Chapman 2006).  We took 
botanical samples of those trees that we were unable to recog-
nize, and they were subsequently classified by botanists at the 
Bogoriense Herbarium of the Indonesian Institute of Sciences.  
We observed grizzled langurs eating the leaves and fruits of 
some of the species.  Villagers, who knew the monkeys and 
their feeding habits well, also provided valuable information 
on which species they feed from, and we also consulted Ruhi-
yat (1983), Farida and Harun (2000) (two studies in montane 
forest) and Melisch and Dirgayusa (1996), who listed species 
included in their diet elsewhere.

Spatial attributes
The study also included some spatial attributes that we 

predicted might influence the population density.  The vari-
ables were the distance from each of the 19 sites to the nearest 
undisturbed forest (Estrada and Coates-Estrada 1996; Pozo-
Montuy et al. 2011) and the distance from the transects to the 
nearest settlement and road (Arroyo-Rodríguez et al. 2008).  
The distance of each transect to a larger undisturbed forest 
edge was obtained by measuring the average distance from 
coordinates of the initial point of the line transect and project-
ing the distance using Google Earth Map.  A similar method 
was used to obtain the distance from each location to the near-
est road and settlement.

Habitat disturbance
A surrogate for habitat disturbance and a measure of the 

intensity of past logging was tree stump density (Wood and 
Gillman 1998).  Logging was expected to negatively affect 
the density of primates (Chapman et al. 2007).  Data were 
collected in parallel with vegetation data in the sample plots.  
Only stumps without signs of decay were recorded. 

Data Analysis
We estimated the total population density and the density 

at each site to identify the controlling factors of the popula-
tion density.  To estimate the group density of the entire area 
surveyed we used the following equation (Martins 2005): D = 
number of groups seen /2(ESW)L, where D = grizzled langur 
group density (group/km²), ESW = effective strip width (m), 
and L = total line transect (km).  The ESW value was obtained 
using Distance 5.0. The population density was obtained 
by multiplying the group density by the average group size 
(Martins 2005; Fashing et al. 2012).  Estimates of population 
density in each transect were also calculated using the same 
formula with the number of groups in each transect, transect 
length, and the average size of groups in each location.  We 
rarely found more than one group along any one transect, thus 
we used one ESW value for transects.  The same technique 
was used to estimate the population densities of ebony lan-
gurs and long-tailed macaques.
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transects—0.41 groups/km of transect.  We used Distance 
ver.5.0 to estimate a group density of 5.66 groups/km² (min = 
4.68 groups/km²; max = 6.85 groups/km²).  We estimated the 
population density to be 44.71 individuals/km² (min = 36.97 
individuals/km²; max = 54.12 individuals km²), calculated by 
multiplying the mean group size by group density.  The mean 
group size used was 7.9 (Nijman 2017).

Habitat characteristics
Data on habitat characteristics was collected from 19 

forest divisions, comprising 1003 plots.  Data of all measured 
variables were normally distributed.  Descriptive statistics 
and Kolmogorov-Smirnov test of the seven variables esti-
mated to control population density are presented in Table 2.

Factors controlling population density
Our study revealed that two out of seven variables were 

significantly related to grizzled leaf monkey density in this 
production forest—the number of food tree species and 
stump density. The effects of each variable were contradic-
tory (Table 3).  The number of food tree species showed a 
significant positive relationship with the monkey population 
while increasing stump density was significantly associated 
with a decrease in the monkey population.  Increasing stump 
number indicates increasing forest disturbance.  Both vari-
ables explain 40% variability of the monkey population den-
sity (R2 = 0.40; F = 5.33; p = 0.017).  There was, however, 
no significant relationship (p>0.05) between population den-
sity and other measured variables, including food tree density, 
langur population density, and the distance of the transects 
to the nearest road and forest.  Thus, we suggest that number 

Habitat characteristics were analyzed and compared 
by means and standard deviations.  Variables that predicted 
grizzled langur population densities were identified in three 
stages.  We first analyzed the data distribution using the Kol-
mogorov-Smirnov test.  Data is normally distributed if p>0.05.  
We then ran a Pearson Correlation test among all indepen-
dent variables at p ≤0.05 (Anzures-Dadda and Manson 2007; 
Arroyo-Rodríguez et al. 2008).  In the multiple regression, the 
number of tree species was excluded from the analysis due to 
a significant correlation with the number of food tree species 
(r = 0.90; p<0.001).  Total tree density was excluded due to 
its correlation with food tree density (r = 0.58; p = 0.009) and 
tree stump density (r = 0.46; p = 0.050).  The distance of the 
site to the nearest settlement was also excluded because of the 
strong correlation with distance to the nearest road and forest 
area (r = 0.94; p <0.001, r = 0.46; p = 0.048, respectively).  
Stepwise multiple linear regression in SPSS 21 was used to 
identify the components of the habitat that significantly influ-
enced population density (Mbora and Meikle 2004).  The 
significance level used was (α) ≤0.05.  The contribution of 
combined variables to population density was calculated as 
an R2 value.

Results

Population density
We conducted this study in 19 forest divisions with a 

total line transect length of 100.3 km (Table 1).  The total 
population of grizzled langurs from both the line transects 
and nearby areas was 486 in 65 groups.  The relative abun-
dance was calculated based on 41 groups located on the line 
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of food tree species and stump density are good predictors in 
estimating the population density of P. comata.

Discussion

Previous population studies have been conducted mainly 
in conservation areas and, in adding data on a production 
forest, we suggest that our results will be helpful in obtain-
ing better estimates of the grizzled langur population on Java.  
We recorded 486 animals and suggest that this will increase 
our current estimate of the total population.  A recent estimate 
for the grizzled langur population on Java, based on 11 areas 
surveyed, was 1,760–2,360 groups, which, with an average 
group size of just over seven, translates to between 13,000 
and 17,000 individuals (Nijman 2017).  Our results also pro-
vide information on factors affecting the monkey population.  
The population was influenced by food availability and habi-
tat disturbance from human activities.  Forests with a high 
diversity of food tree species have higher densities, and lower 
population densities are associated with higher levels of log-
ging or timber harvesting.

It is difficult to compare this study with others as so few 
have been done, and none previously in a production forest.  
We can only compare our results with surveys in conserva-
tion forests.  We found similar population densities to those of 
grizzled langurs in Situ Patenggang Nature Reserve (Ruhiyat 
1983).  However, our results were eleven and six times higher 
than the densities of this species in Ujung Kulon National 
Park and Gunung Ciremai National Park, respectively (Heri-
yanto and Iskandar 2004; Kartono et al. 2009). Group densi-
ties of this species in the Dieng Mountains have been found 
to range from 1.2 to 4.4 groups/km² (Nijman and Nekaris 
2013).  Combining the results of previous studies, group den-
sity ranges from 0.4 to 0.6 groups/km² in lowland forest and 
0.5 to 2.4 groups/km² in hill forest (Nijman 2017).  Our esti-
mate is higher and, while we lack sufficient information to say 
why, it is possible that different methods and habitat quality 
could be involved.  Nevertheless, this study provides the first 
evidence of the significant contribution of a production forest 
in supporting this population of grizzled langurs that have 
been ranked as Endangered on the IUCN Red List since 1988 
(Nijman and Richardson 2008).  The identification of further 
potential habitats and populations such as at this site, will be 
imperative for the conservation of this species.

Lowland forests have been identified as the grizzled lan-
gur’s principal habitat (Hoogerwerf 1970), most likely due to 
the diversity of food tree species available.  Variation in tree 
species density results in variation in food availability and 
habitat quality (Li 2004; Arroyo-Rodríguez and Mandujano 
2006).  A positive correlation between the number of species 
of food trees and the P. comata population in our study showed 
the importance of food source variability in the survival of this 
species.  In Gunung Merbabu National Park, grizzled langurs 
were found mostly in forests with a high plant species diver-
sity providing for a more diverse diet (Handayani and Lati-
fiana 2019).  There, Kusumanegara et al. (2017) frequently 

recorded grizzled langurs in areas close to the forest edge, but 
they did not associate this with possible differences in food 
tree diversity between the edge and the interior of the forest.  
In Kartono et al.’s (2009) study in Gunung Ciremai National 
Park, the population density was found to be affected by the 
density of nine tree species, namely: Podocarpus neriifo-
lius, Saprosma arborea, Glochidion arborescens, Palaquium 
impressinervium, Ficus sp., Psychotria sp., Litsea sanguino-
lenta, Lithocarpus ewyckii, and Lithocarpus sundaicus.  Pre-
vious studies, including, for example, Presbytis kirkii in Zan-
zibar (Siex and Struhsaker 1999) and P. rubicunda in the di 
Sepilok Nature Reserve, Malaysia (Davies et al. 1988) are in 
agreement with our findings.  Cristobal-Azkarate and Arroyo-
Rodríguez (2007) reported that howler monkey (Alouatta 
palliata) population densities depend on a number species 
of food tree.  In Cabeza del Toro and the Santuario Nacio-
nal Cordillera de Colan, Peru, the occupancy probability of 
the Peruvian night monkey Aotus miconax is positively cor-
related with the diversity of the vegetation (Campbell et al. 
2019).  Based on our and other previous studies, it is evident 
that enriching the tree species diversity in production forests 
would be a valuable conservation tool for these primates. 

Ultimately, population density is likely determined by 
the nutritional benefits of a diverse diet provided by high tree 
species diversity (Cristobal-Azkarate et al. 2005; Chapman et 
al. 2012).  The main source for the colobines is leaves (Ruhi-
yat 1983; Kirkpatrick 1999; Wasserman and Chapman 2003), 
and the leaves of each tree species differ in their  nutritional 
and energetic value (Farida and Harun 2000; Nelson et al. 
2000; Wasserman and Chapman 2003; Hockings et al. 2009).  
Albizia falcataria, for example, has higher protein (26.34%) 
and energy (5.17 kcal/gram) compared to Ficus padana with 
a protein content of 14.64% and energy value of 4.69 kcal/
gram.  Albizia falcataria leaves have a lower fat content 
(0.96%) than those of F. padana (2.93%) (Farida and Harun 
2000).  Grizzled langurs also eat fruit (Ruhiyat 1983), avail-
able at different times of the year depending on the species 
(Koenig et al. 1997; Hockings et al. 2009) and likewise vari-
able in their nutrient content (Milton 2003; Wasserman and 
Chapman 2003).  Primates require diverse diets to support 
reproduction, growth and development (Koenig et al. 1997; 
Felton et al. 2009; Chaves et al. 2011, Chapman et al. 2012).

Populations were lower in sites with a high tree stump 
density reflecting the extent of logging.  Other studies have 
also found this correlation: Galago demidovii, G. inustus, and 
Perodicticus potto in Kibale forest (Weisenseel et al. 1993), 
chimpanzees, Pan troglodytes verus, in western Equatorial 
Africa (Morgan and Sanz 2007), and Procolobus pennan-
tii and Colobus guereza in western Uganda (Chapman et 
al. 2007).  Logging has been responsible for the decline of 
Lophocebus albigena group density in Kibale National Park 
in Uganda (Chapman et al. 2000).  Negative effects of log-
ging are observed for gorilla populations in Congo result-
ing from facilitated access for poachers (Haurez et al. 2013).  
Logging, of course, is the objective of production forests, 
and it is important to further examine the effect of logging 
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intensity in order to ensure the sustainability of the primate 
populations there.  

Grizzled langurs are shy (Ruhiyat 1983) and avoid inter-
actions with humans (Tobing 1999; Nijman and Nekaris 2013).  
The disturbance created by logging and the sound of chain-
saws inevitably result in the monkeys moving to other loca-
tions, and Tobing (1999) has shown that in Gunung Halimun 
National Park the populations density is lower in disturbed 
forests.  Li (2004) reported decreasing population densities of 
snub-nosed monkey (Rhinopithecus roxellana) as a result of  
human disturbance in Shennongjia Nature Reserve in China.

Our hypothesis was that food tree density will positively 
correlate to the grizzled langur population in accordance 
with the findings of studies on Procolobus rufomitratus, Pan 
troglodytes, and Alouatta pigra (Balcomb et al. 2000; Mbora 
and Meikle 2004; Pozo-Montuy et al. 2011).  Our prelimi-
nary hypothesis was that east Javan langur, Trachypithecus 
auratus, and long-tailed macaque, Macaca fascicularis densi-
ties would negatively influence those of the grizzled langur 
due to overlap in their diets (Kool 1992; Kool 1993; Yeager 
1996).  Our results did not reveal this, however.  No response 
of food tree density on the monkey population implied that 
food availability was not the limiting factor (Yeager and Kirk-
patrick 1998).  We suspect that the grizzled langur is distinct 
in its use of different food sources, as has been shown, for 
example, for Peter’s Angolan colobus, Colobus angolensis 
palliatus (v. Anderson et al. 2007).

Asian colobines can consume young and old leaves 
(Yeager and Kirkpatrick 1998). Leaves are a relatively stable 
and abundant food (Chapman 1990), and grizzled langur pop-
ulations are probably well below the environmental carrying 
capacity (Yeager and Kirkpatrick 1998).  No direct competi-
tion was observed between grizzled langurs and T. auratus 
and M. fascicularis.

We also examined the relationship of population density 
and the distance of the transects to the nearest road, assuming 
that this represents the proximity of the nearest community 
settlement.  Arroyo-Rodríguez et al. (2008) reported that the 
proximity of settlements and the occupation of forest patches 
by Mexican howler monkeys, Alouatta palliata mexicana, 
were positively correlated; the further away the settlement, 
the more likely the forest was occupied by howlers.  Our 
results, however, indicate a different response, perhaps due to 
less intense human activity.  A lack of correlation of grizzled 
langur population density to the nearest road indicated that 
this variable has yet to be a threat—the monkeys, it seems, 
tolerate road traffic and human activities.

This study was carried out in one forest landscape in one 
district, and similar surveys are needed in other parts of the 
species’ range to establish a more robust estimate of popu-
lation density and the controlling factors.  Our results only 
explained less than 50% of population variability.  Further 
research should consider a larger study site, and linear tran-
sects rather than using available paths in the site, and increas-
ing the measurement of environmental variables including 

such as lianas as food sources (Ruhiyat 1983) and nutritional 
content, protein and fiber, of their foods.

Conservation approaches can be tested at government-
owned plantations (PT Perhutani), mixing commercial species 
with food tree species, including pulai (Alstonia scholaris), 
saninten (Castanopsis argentea), kondang (Ficus glomerata), 
walen (Ficus ribes), beunying (Ficus sp.), kareumbi (Oma-
lanthus populneus), pasang (Quercus sp.), and peutag (Syzy-
gium lineatum) (Ruhiyat 1983).  In such agroecosystems, in 
addition to planting food tree species, it would be possible 
to increase the proportion and number of multipurpose trees, 
including those providing non-timber forest products, along 
with cloves, coconut, mango, mangosteen, melinjo, rambutan, 
nutmeg, and guava.  This enrichment of forests low in food 
tree species could expand the habitats suitable for the grizzled 
langurs because the species can only survive in forests of  >50 
km² (Nijman 2013).  Nonetheless, population management of 
grizzled monkey populations in production forests, including 
mixed farms, requires more in-depth studies that involve rel-
evant stakeholders to sustain both conservation and economic 
benefits.

Variability of food tree species and the level of forest 
disturbance due to logging were the controlling factors of 
grizzled leaf monkey population.  Conservation efforts for 
grizzled langurs should consider these environmental vari-
ables.  Balancing the proportion of commercial tree species 
with sufficient food tree species will contribute to support-
ing populations of the grizzled langur, while also ensuring 
the economic health of the timber companies.  With further 
research, we suggest that this approach can be replicated in 
other production forests.
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Appendix

List of food tree species for Presbytis comata in 19 sites in Kuningan District, West Java, Indonesia.
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