
BIODIVERSITAS  ISSN: 1412-033X 

Volume 26, Number 10, October 2025 E-ISSN: 2085-4722  

Pages: 5385-5394 DOI: 10.13057/biodiv/d261050 

Distribution and estimation of economic losses due to long-tailed 

macaque in the sago agroindustry in Lingga District, Riau Islands, 

Indonesia 

ANGELITA SYAWALINA PRAMESWARI1, BURHANUDDIN MASY’UD1, ERVIZAL A. M. ZUHUD1, 

PRIMADHIKA AL MANAR2,  
1Department of Forest Resources Conservation and Ecotourism, Faculty of Forestry and Environment, Institut Pertanian Bogor. Jl. Lingkar Akademik 

Kampus IPB Dramaga, Babakan, Bogor 16680, West Java, Indonesia 
2Tropical Biodiversity Conservation Study Program, Faculty of Forestry and Environment, Institut Pertanian Bogor. Jl. Lingkar Akademik Kampus IPB 

Dramaga, Babakan, Bogor 16680, West Java, Indonesia. Tel./fax.: +62-251-8621677, email: primadhikamanar@apps.ipb.ac.id 

Manuscript received: 18 September 2025. Revision accepted: 14 October 2025.  

Abstract. Prameswari AS, Masy’ud B, Zuhud EAM, Al Manar P. 2025. Distribution and estimation of economic losses due to long-

tailed macaque in the sago agroindustry in Lingga District, Riau Islands, Indonesia. Biodiversitas 26: 5385-5394. The long-tailed 

macaque (Macaca fascicularis) is an opportunistic primate that frequently interacts with community-based agricultural systems, including 

the sago agroindustry in Lingga District, Riau Islands, Indonesia. Such interactions can cause material losses and threaten the sustainability 

of local livelihoods. This study aimed to analyze the population distribution, age structure, and economic impact of sago log damage caused 

by macaques. Field surveys were conducted using line transects, spatial analysis using ArcGIS 10.8, and structured interviews with sago 

farmers. The results recorded 18 groups comprising 116 individuals, with an average population density of 10.74 individuals/km². Sub-

adults represented the dominant age class, displaying the highest levels of foraging and social activity, which increased their contact with 

stored sago logs. The average log damage reached 11,860.63±1,519.95 cm³ (9.56±1.22%), corresponding to a starch loss of 1.61±0.26 kg 

per log and annual economic losses of approximately IDR 22.7±3.6 million. Although local communities employ traditional deterrents, such 

as covering sago logs with sea sand and sago fronds, their effectiveness remains limited owing to inconsistent application and high labor 

requirements. This study provides one of the first empirical estimates of wildlife-induced post-harvest losses in the sago sector and 

highlights the need for integrated mitigation strategies that combine traditional ecological knowledge with scientific approaches, including 

physical barriers, habitat management, and buffer crop planting. Such integrative, community-based management is essential to minimize 

economic losses, mitigate human-wildlife conflict, and enhance the long-term sustainability of the sago-based agroindustry. 
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INTRODUCTION 

Sago (Metroxylon sagu) is a carbohydrate-rich palm of 

the Arecaceae family that grows widely in Southeast Asia, 

particularly in Indonesia, Malaysia, the Philippines, and 

Papua New Guinea (Naim et al. 2016; Al Manar et al. 

2023). Adapted to wetlands, peatlands, and marginal soils 

unsuitable for other crops, sago is recognized as a resilient 

food resource under conditions of land limitation and 

climate variability (Asano et al. 2021; Azhar et al. 2022; 

Sasaki et al. 2025). In Indonesia, it is cultivated in many 

provinces, with Papua serving as the main production 

center (Bintoro et al. 2018). Beyond its role as a staple 

food, sago also provides raw materials for the food, feed, 

bioethanol, and bioplastic industries, supporting food 

diversification and sustainable development (Karim et al. 

2021). 

 Lingga District, Riau Islands Province, Indonesia, has 

a long tradition of sago utilization and is one of the regions 

with a significant local distribution (Al Manar et al. 2023). 

As both a staple food and an economically valuable 

commodity, sago supports food security and coastal 

livelihoods. However, its agroindustry remains 

underdeveloped owing to sub-intensive cultivation, 

rudimentary post-harvest technology, and limited product 

diversification. Measuring starch yield and agronomic 

parameters is essential for evaluating productivity and 

potential losses in the production chain (Chua et al. 2021). 

Among the various limiting factors, wildlife disturbance, 

especially by long-tailed macaques (Macaca fascicularis), 

is often overlooked despite its potential to reduce starch 

quality, quantity, and processing efficiency (Sha and Hanya 

2013; Rifaie et al. 2024). In Lingga, a major threat comes 

from long-tailed macaques, opportunistic foragers widely 

reported in Southeast Asia that exploit crops and post-

harvest resources when natural food is scarce. This 

behavior indicates that sago-based agroecosystems are 

particularly vulnerable to macaque interference not only 

during cultivation but also at the post-harvest stage, posing 

both ecological and economic risks to sustainable 

production. 

Regionally, studies on M. fascicularis show two major 

dimensions of impact: ecological and economic. 

Ecologically, frequent incursions into croplands near forest 

edges demonstrate spatial overlap between macaque 

habitats and agricultural zones, contributing to habitat 
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fragmentation and conflict (Kuswanda et al. 2023; Rifaie et 

al. 2024). Economically, crop-raiding behavior leads to 

measurable losses such as reduced yields and damaged 

produce, similar to observations in Sri Lanka (Jayarathne et 

al. 2025) and Nepal (Koirala et al. 2021), where primate 

activity caused income reductions of up to 4.2% of 

household crop earnings. These examples underline that 

even seemingly minor wildlife interference can have 

significant economic consequences, particularly for high-

value or small-scale commodities. 

The main challenge facing the development of the sago 

agroindustry in the Lingga District is pest infestation by M. 

fascicularis, which feeds on sago stalks after harvest. This 

condition not only causes the loss of sago starch, which can 

be processed into valuable products, but also reduces the 

quality of the raw materials entering the production chain. 

The impact of these losses ultimately leads to reduced 

income for sago processing communities and hampers the 

development of a locally resource-based agroindustry. 

Despite extensive reports of crop raiding by M. fascicularis 

in other regions, there remains a lack of empirical data on 

the spatial distribution of macaque populations and the 

magnitude of their economic impact on sago processing 

systems in the Lingga District. Addressing this knowledge 

gap is essential for developing effective pest mitigation 

strategies and designing sustainable management policies 

tailored to the local socio-ecological context. Therefore, 

this study aimed to analyze the population distribution, age 

structure, and economic impact of M. fascicularis in the 

sago agroindustrial area of the Lingga District. It has been 

hypothesized that areas near forest edges and waterways 

have higher macaque encounter frequencies and greater 

post-harvest losses, reflecting a strong ecological-economic 

linkage between macaque activity and sago production. 

MATERIALS AND METHODS  

Study area  

This study was conducted from July to August 2024 in 

Lingga District, Riau Islands Province, Indonesia (Figure 

1). Lingga District, officially established in 2003 through 

Law No. 31/2003, is geographically located between 

0°20’N-0°40’S and 104°-105°E. The region is bordered by 

Batam City and the North Natuna Sea to the north, the 

Bangka Sea and Berhala Strait to the south, Indragiri Hilir 

to the west, and the North Natuna Sea to the east. Lingga 

has a humid tropical climate with an average annual 

rainfall of 244.1 mm in 2024, and its topography is 

dominated by steep slopes, with more than 76.9% of the 

area having gradients above 15% (Lingga District Central 

Statistics Agency 2024). 

Data collection 

Research data were collected through in-depth 

interviews, participant observation, and direct field 

observations. In-depth interviews were conducted to gather 

information on community experiences, perceptions, and 

adaptation strategies to M. fascicularis disturbances, while 

participant observation provided a contexlog understanding 

of farmers' interactions with their environment. Direct 

observations using the line transect method were conducted 

to record the presence, activity, and intensity of macaque 

disturbances in sago plantations, and to map the 

distribution patterns of these animals. In each of the six 

study villages, a 2 km transect line was established and 

surveyed three times to ensure replication and minimize 

spatial bias. 

 

 

 

 
 

Figure 1. Study site location in Lingga District, Riau Islands Province, Indonesia 
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Along each transect, all sightings of M. fascicularis 

were recorded, including group size, activity, and GPS 

coordinates, which were later processed in ArcGIS 10.8 to 

produce a spatial distribution map of the species. The line 

transect method is widely used in wildlife ecology because 

it can provide accurate estimates of population distribution 

and density within an area (Thomas et al. 2010; Buckland 

et al. 2015). The transect locations were purposively 

selected in sago-producing villages with known macaque 

activity and surveyed only during the dry season owing to 

logistical constraints. As such, the results represent an 

exploratory baseline of M. fascicularis distribution and 

activity rather than a definitive population estimate. 

The estimation of losses to the sago agroindustry 

caused by M. fascicularis was conducted through in-depth 

interviews with agroindustry owners across six sago-

producing villages in the Lingga District. A total of 89 

respondents, all of whom were directly involved in the sago 

agroindustry as owners or workers of small-scale sago 

processing units, were interviewed using a purposive 

sampling approach to ensure that they possessed firsthand 

experiences of macaque disturbance and economic loss. 

The respondents provided information on the extent of sago 

damage, macaque attack frequency, and the corresponding 

economic value lost due to starch reduction or log damage. 

These data were analyzed to estimate potential annual 

economic losses, forming the basis for developing pest 

mitigation strategies and sustainable management practices. 

To strengthen the validity of the interview results, direct 

field measurements of damaged sago logs were also 

performed. The damage volume was calculated by 

measuring the dimensions of the cavities or missing 

sections on each log and comparing them with the total log 

volume. This dual approach ensured that loss estimates 

reflected not only respondents’ perceptions but also direct 

physical evidence of loss. The integration of social and 

ecological methods is considered effective in human-

wildlife conflict research, as it combines quantitative data 

on species distribution with qualitative insights into the 

socioeconomic impacts experienced by local communities 

(Redpath et al. 2013). 

Data analysis 

Data related to the distribution of M. fascicularis 

obtained from the coordinate points of encounters in the 

field were then processed using ArcGIS 10.8 software. The 

results are presented in the form of a distribution map that 

visualizes the spatial distribution of M. fascicularis in the 

sago agroindustrial area of  the Lingga District. This spatial 

analysis was combined with a qualitative descriptive 

approach to provide an understanding of the distribution 

patterns and potential interactions between animals and 

sago plantation areas. Next, the population density of M. 

fascicularis was calculated and analyzed descriptively and 

qualitatively using the basic population density formula: 

 

 

Where: D: population density (individuals/ha), N: 

number of individuals observed, A: area of observation 

(ha). 

Population density was estimated using a simple 

encounter-based formula (D = N/A) as an initial 

approximation, acknowledging that the detection 

probability was not corrected through distance sampling 

due to logistical constraints. Thus, the density values 

should be considered indicative rather than absolute. Future 

research employing distance sampling or camera-based 

detection is recommended to obtain more robust estimates. 

This method is widely used in wildlife ecology studies 

because it is relatively simple and provides an initial 

overview of the distribution and density of the target 

species (Thomas et al. 2010; Buckland et al. 2015). The 

integration of spatial analysis with a population density 

approach is expected to produce comprehensive 

information regarding the level of M. fascicularis 

disturbance to the sago agroindustry, while also providing 

the basis for mitigation strategies. Furthermore, to 

statistically test whether population densities differed 

significantly among the six observation sites, a 

nonparametric Kruskal-Wallis test was performed using 

SPSS software (version 24). This test was selected because 

the dataset consisted of a single density value per location 

(n: 6), which did not meet the assumptions of normality 

and homogeneity required for parametric tests such as 

ANOVA. The Kruskal-Wallis test evaluates whether the 

median population densities across different locations differ 

significantly (p<0.05, indicating a significant difference). 

Furthermore, identification of the age structure of M. 

fascicularis was also carried out to understand the 

composition of the population in the field. The 

determination of age classes was adapted from Napier and 

Napier (1967), with adjustments based on field-appropriate 

morphological traits that can be consistently observed 

under natural conditions. Infants (0-1.25 years) were 

recognized by their very small body size, pinkish facial 

skin, fine hair, unsteady locomotion, and strong 

dependence on their mothers. Juveniles (1.25-5 years) 

exhibited intermediate body size, darker facial coloration, 

denser fur, and more independent movement, often 

engaging in active play with peers. Sub-adults (5-10 years) 

were distinguished by their larger body size, elongated 

limbs, darker pelage, and facial morphology approaching 

adult form, although not yet fully developed. Adults (10-21 

years) were characterized by the largest and most robust 

body size, fully developed fur and facial morphology, and 

clear sexual dimorphism, with males displaying broader 

shoulders and more prominent canine teeth. Information on 

age structure is important for providing an overview of 

population dynamics, growth potential, and its implications 

on the level of disturbance in sago plantations. 

The estimated economic losses due to M. fascicularis 

damage to the sago agroindustry were calculated using 

several analytical steps. The first step was to determine the 

aclog percentage of sago damage, which was formulated as 

follows: 
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The aclog damage level criteria for sago logs were 

divided into four categories: light damage (0-25%), 

moderate damage (25-50%), heavy damage (50-75%), and 

very heavy damage (75-100%). This percentage-based 

damage classification is a common approach in agro-

ecological research, crop damage mapping, and post-

disaster loss assessments, because it provides easily 

interpretable and comparable measurements across studies. 

Similar schemes have been validated and used in leaf 

damage/pest attack studies, yield loss measurements, and 

forest change severity maps (Toepfer et al. 2021; 

Wegmueller and Townsend 2021; Hu et al. 2022; Bhandari 

et al. 2023). Based on the damage percentage, potential 

starch loss was calculated using the following formula: 

 

Potential Starch Loss (kg) = Starch Content per log × 

Percentage of Damage 

 

The estimation of starch weight was based on the study 

by Al Manar et al. (2023), who previously assessed the 

starch content of sago palms in each of the study villages. 

Economic loss was calculated as the estimated starch loss 

per log multiplied by the total number of logs affected and 

the prevailing market price of sago starch. The attribution 

of damage to M. fascicularis was confirmed through direct 

field observations, including bite marks, feeding traces, and 

information from agroindustry workers. However, the 

absence of camera-trap validation and laboratory 

calibration between starch volume and weight introduces 

uncertainty into these estimates. Therefore, the calculated 

losses should be regarded as preliminary approximations 

that provide the first quantitative insight into the economic 

impact of macaque disturbance on the sago agroindustrial 

landscape. Next, the potential loss of starch was converted 

into an economic value by calculating the potential daily 

economic loss as follows: 

 

Potential Economic Loss (IDR) = (Potential Starch 

Loss × Starch Product Price) × Number of Logs per Day × 

Production Intensity 

 

Finally, to obtain a comprehensive picture, an estimate 

of annual economic losses was made considering total 

production, which is formulated as follows: 

 

Estimated Annual Loss (IDR) = Potential Economic 

Loss × Production Amount per Year 

This approach allows for more measurable loss 

calculations, both in terms of raw material loss in the form 

of sago starch and the economic value lost due to M. 

fascicularis attacks. The estimated economic losses provide 

a quantitative picture of the real impact of wildlife 

disturbances on sago agroindustry productivity, thereby 

providing a basis for determining the management 

priorities. This information also provides a crucial basis for 

formulating pest mitigation strategies, wildlife 

management, and sustainable sago agroindustry 

development policies in the Lingga District. 

RESULTS AND DISCUSSION 

Distribution and population of long-tailed macaques 

Macaca fascicularis in Lingga District is distributed in 

various locations, including sago forests, post-harvest sago 

storage areas, rivers, and sago mill areas (Figure 2). Sago 

forests, dominated by M. sagu, Alstonia scholaris, and 

Syzygium claviflorum, serve as food sources and shelter for 

M. fascicularis. Rivers in the area are used not only as 

water sources and sago transportation routes, but also as 

shelters at night. 

The distribution pattern of M. fascicularis across 

diverse habitat types indicates a high degree of ecological 

adaptability to human-modified environments. Previous 

studies have reported similar behavior, where M. 

fascicularis selects sleeping sites near rivers as a strategy to 

avoid predators (Brotcorne et al. 2014). Furthermore, the 

species’ ability to exploit disturbed habitats and utilize 

available vegetation for food and shelter has been well 

documented (Osman et al. 2022), supporting observations 

from the Lingga region. 

Recent research has shown that M. fascicularis prefers 

large trees with wide canopies to sleep, particularly in 

habitats that have been disturbed or modified by humans. 

Studies on northern pigtailed macaques (Macaca leonina) 

in degraded forests also revealed that sleeping site selection 

is strongly influenced by canopy height, stem density, and 

proximity to food sources. In habitats with limited 

availability of tall emergent trees, macaques often sleep in 

familiar areas with higher canopy cover and near feeding 

sites, suggesting that food accessibility and predator 

avoidance remain key determinants of sleeping site choice 

in human-modified environments (Gazagne et al. 2020). 

 

 

 
 

Figure 2. Long-tailed macaque encounters: A. Sago forest, B. Post-harvest sago log storage location, C. Sago mill area 

B A C 
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Furthermore, research on Sulawesi, Indonesia, crested 

macaques (Macaca nigra) also indicates that they prefer 

sleeping trees with larger trunk diameters and wider 

canopies than surrounding trees. These trees also serve as a 

food source, with 79% of the sleeping trees providing food. 

This optimal selection of sleeping trees is related to the 

need for protection from predators and extreme weather as 

well as for monitoring the surrounding environment 

(Qomariah et al. 2023). 

A similar phenomenon can be observed in M. 

fascicularis in the sago agroindustry in Lingga District, 

where it is more active and sleeps in the sago forest. 

Macaca fascicularis is also found in the mangrove forest 

near the sago mill, with plant species such as Rhizophora 

mucronata, Rhizophora stylosa, and Sonneratia alba 

(Figure 3). This condition is likely associated with the 

declining availability of large-canopy trees that provide 

optimal sleeping sites for M. fascicularis. The reduction of 

these trees, primarily because of their use by local 

communities as building materials and the expansion of oil 

palm and other agricultural lands, has increased pressure on 

the species’ natural habitat and subsequently influenced its 

behavior and distribution patterns. 

Previous studies have shown that M. fascicularis 

exhibits high ecological flexibility in its choice of habitat 

and food sources. This aligns with the research by Hansen 

et al. (2020), which emphasized the ecological adaptability 

of M. fascicularis across a wide range of habitat types, 

from primary and secondary forests to mangroves and 

watersheds. This adaptability allows this species to thrive 

in diverse ecosystems, including areas experiencing 

anthropogenic pressure. This flexibility was further 

strengthened by the findings of Osman et al. (2022) 

through a metabarcoding analysis of M. fascicularis feces 

in disturbed habitats in Malaysia. This study identified over 

800 plant species utilized as food, demonstrating the 

species' ability to explore available plant resources in 

fragmented habitat conditions. Similar findings were also 

reported by Wulandari et al. (2022) in South Sumatra, 

where M. fascicularis was able to carry out normal 

activities in plantation forests by utilizing vegetation such 

as Acacia crassicarpa and Melaleuca cajuputi as food 

sources and shelter. 

Furthermore, recent research in Jambi by Putri et al. 

(2024) showed that M. fascicularis population density 

tends to be higher in habitats adjacent to rivers. These 

locations provide access to water, diverse vegetation, and 

opportunities to exploit additional food sources from 

human activities in riparian areas. This pattern confirms 

that rivers and their riparian habitats play a crucial role in 

supporting the sustainability of M. fascicularis populations, 

even amid increasingly intense environmental changes. The 

combined results of these studies demonstrate the high 

ecological adaptive capacity of M. fascicularis, which on 

the one hand supports the species' survival but increases the 

potential for negative interactions with human activities, 

including the sago agroindustry. 

Based on these observations, M. fascicularis is 

frequently observed feeding on sago palms (Figure 4). 

Sago palms are a potential energy source because of their 

high starch content and chemical composition dominated 

by carbohydrates, which play key roles in energy 

metabolism. This makes the sago palms an attractive target 

for these animals, especially after harvest, when access to 

the pith of the trunk is more open. 

Ecologically, M. fascicularis is considered primarily 

frugivorous, with fruits comprising the dominant 

component of its diet in natural habitats, although the 

species also exploits other available food items when fruit 

availability declines (Hasan et al. 2023). Although 

primarily frugivorous, this species is also an opportunistic 

omnivore that can utilize a variety of alternative food 

sources, such as young leaves, flowers, insects, and even 

small animals, especially during periods of fruit scarcity 

(Sha and Hanya 2013; Ruslin et al. 2019). This dietary 

flexibility demonstrates a high adaptive capacity, allowing 

it to survive in both disturbed ecosystems and cultivated 

areas. Consumption of the sago log can be understood as an 

adaptation to local resource availability, with the starch-

rich pith of the sago palm serving as an energy reserve for 

M. fascicularis. 
 

 

 

 
 

Figure 3. Macaca fascicularis in the mangrove forest around the 

sago mill 

 

 

 

 
 

Figure 4. Macaca fascicularis is eating stored sago logs on the 

roadside in Lingga District, Riau Islands Province, Indonesia 
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Recent studies have also highlighted that the interaction 

of Macaca species with anthropogenic resources, such as 

agricultural crops and agroindustrial products, often 

increases when their natural habitat experiences 

fragmentation (Osman et al. 2022; Bindhani et al. 2025). 

Thus, the existence of post-harvest sago palms serves not 

only as an alternative food source but also as a potential 

trigger for conflict between humans and wildlife in sago 

production areas. Kim et al. (2024) showed that Macaca 

species have a preference for a plant-based diet, including 

fruits, but can also consume a variety of other food types 

depending on availability. Furthermore, Gombash et al. 

(2025) used metabarcoding to assess the diet of M. 

fascicularis in Southeast Asia and found that they 

consumed a wide variety of plants and small animals. 

Reinegger et al. (2023) also revealed that M. fascicularis 

has a flexible foraging strategy, adapting its diet to the 

availability of food sources in its environment. Distribution 

map of M. fascicularis in the sago area of  the Lingga 

District (Figure 5). 

The results showed 18 groups of M. fascicularis 

consisting of 116 individuals, with an average population 

density of 10.74 individuals/km² (Table 1). Population 

density varied among the six study sites, ranging from 4.44 

individuals/km² in Keton Village to 16.11 individuals/km² 

in Musai Village. However, the Kruskal-Wallis test 

indicated that these differences were not statistically 

significant (H: 5.00, df: 5, p: 0.416). 
 

 

 

Table 1. Population density of Macaca fascicularis in Lingga District, Riau Islands Province, Indonesia 

 

Location 
Total (individuals) 

Total (individuals) Population density (individuals/km2) 
Infant Juvenile Sub-adult Adult 

Panggak Laut 1 6 18 3 28 15.56 

Nerekeh 1 8 12 5 26 14.44 

Musai 1 7 14 7 29 16.11 

Pekaka 0 0 8 7 15 8.33 

Keton 0 0 6 2 8 4.44 

Teluk 0 0 8 2 10 5.56 

Total 3 21 66 26 116  

Mean±SD     19.33±8.14 10.74±4.83 

Note: Values represent the total number of individuals observed per location. Mean±SD indicates the average population size and 

density across the six sites. The Kruskal-Wallis test showed no significant difference in population density among the sites (H: 5.00, df: 

5, p: 0.416) 

 

 

 

 
 

Figure 5. Distribution map of Macaca fascicularis in Lingga District, Riau Islands Province, Indonesia 
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Although the variation in population density among 

villages was statistically insignificant, the spatial 

differences likely reflected ecological contrasts, 

particularly in habitat quality, food availability, and 

proximity to human settlements. Similar patterns have been 

reported in other regions, where M. fascicularis density 

correlates with vegetation structure and the presence of 

anthropogenic food sources (Hansen et al. 2019; 

Perwitasari-Farajallah et al. 2022; Putri et al. 2024). In the 

Lingga region, this trend highlights the species’ ecological 

flexibility and increasing dependence on human-modified 

habitats, especially post-harvest sago areas that provide 

abundant and accessible starch resources. Field data further 

revealed that sub-adults constituted the largest proportion 

of the population, exceeding other age classes. This 

demographic structure aligns with previous findings that 

sub-adults exhibit higher social activity and foraging 

behavior (Hanifa et al. 2023; Rianti et al. 2024). Their 

exploratory nature and mobility make them the most active 

foragers, and thus the main contributors to log damage. 

Behavioral observations in both captive and wild 

populations (Arianti and Salsabila 2024; Fitriani and 

Wijayanti 2024) have similarly demonstrated that sub-

adults spend a greater share of their daily activity on 

feeding and movement, increasing the likelihood of contact 

with human resources. 

Understanding this age-based interaction pattern has 

direct implications for management. Sub-adult dominance 

indicates a young and expanding population, which, if 

unmanaged, could intensify future damage rates. Targeted 

deterrent strategies, such as selective monitoring near high-

risk zones, physical barriers, and habitat modification, 

should therefore prioritize areas with high sub-adult 

activity. This approach is more cost-efficient than general 

deterrence and aligns with ecological management 

principles that focus on the most active demographic 

groups (Velankar et al. 2024). Furthermore, a high 

proportion of sub-adults may signify robust reproductive 

potential, suggesting population growth if food and habitat 

conditions remain favorable. Consequently, mitigation 

measures must integrate ecological monitoring with 

community-based efforts to ensure a long-term balance 

between macaque populations and local livelihoods. In the 

context of the sago agroindustry, linking population 

ecology with socioeconomic management provides a 

realistic foundation for sustainable conflict mitigation in 

the Lingga District. 

Estimated losses to the sago agroindustry due to long-

tailed macaques 

Measurements of sago palm damage in six villages 

within the sago agroindustry area showed an average 

damage volume of 11,860.63±1,519.95 cm³ (9.56±1.22%), 

classified as light (Table 2). Despite this, the damage 

signifies a negative interaction between M. fascicularis and 

community agroindustrial activities. Each damaged log 

results in an average starch loss of 1.61 kg, determined by 

comparing the starch weight of intact and damaged logs 

using a wet-weight method with 0.01 g precision. 

Annually, the estimated economic loss in Lingga District 

reaches IDR 22.7±3.6 million. Although categorized as 

light, the cumulative impact is significant for smallholders 

processing 20-30 logs per month, equating to a 32-48 kg 

starch loss or a 5-10% income reduction, directly affecting 

household food security and cash flow.  

While this figure may seem small in the context of a 

large industry, it is significant for household-scale 

agroindustries and farming groups that rely heavily on sago 

as their primary source of income. This loss can also 

increase farmers' workloads because of the need for 

additional effort in processing and securing raw materials. 

This finding aligns with previous studies showing that M. 

fascicularis often causes significant economic losses 

through crop raiding. As an opportunistic species, M. 

fascicularis utilizes cultivated plants as an alternative food 

source when natural food sources are limited or habitats are 

fragmented (Schurer et al. 2019). Hill (2018) confirmed 

that primates, including macaques, are among the top 

causes of agricultural yield losses in various tropical 

regions. A cross-site study by Deneke et al. (2024) showed 

that losses caused by primates can reach significant levels 

in terms of household income, depending on the intensity 

of the attack and the type of crop damaged. Beyond direct 

economic losses, the presence of M. fascicularis can trigger 

broader socio-ecological problems. Predation on sago logs 

often occurs in villages directly adjacent to forests or 

secondary lands, where the primate's natural habitat is 

diminishing. Forest fragmentation and land conversion for 

plantations and settlements encourage M. fascicularis to 

seek alternative food sources from human activities (Sha et 

al. 2009). This places local communities in a vulnerable 

position, having to bear the burden of economic loss while 

facing conflicts with protected wildlife. This phenomenon 

also has an important ecological dimension, as the shift in 

M. fascicularis feeding behavior from natural sources to 

cultivated crops reflects an imbalance in the ecosystem, 

potentially disrupting the sustainability of natural resources.  
 

 

Table 2. Estimated economic losses of the sago agroindustry in Lingga District, Riau Islands Province, Indonesia (n: 30) 

 

Location 
Volume of 

damage (cm3) 

Percentage of 

damage (%) 

Estimated 

starch loss (kg) 

Potential economic loss 

(IDR/month) 

Estimated economic loss 

(IDR/year) 

Panggak Laut 11,498.15 9.27 1.66 3,211,843.88 25,694,750.00 

Nerekeh 13,602.38 10.96 1.66 2,936,079.52 23,488,636.12 

Musai 11,414.59 9.20 1.29 2,753,707.04 22,029,656.31 

Pekaka 12,651.39 10.20 2.01 3,212,713.73 25,701,709.83 

Keton  12,741.60 10.27 1.69 2,912,059.53 23,296,476.22 

Teluk 9,255.67 7.46 1.34 1,997,840.58 15,982,724.62 

Mean±SD  11,860.63±1,519.95 9.56±1.22 1.61±0.26 2,837,374.04±449,053.41 22,698,992.35±3,592,427.98 
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In the long term, this interaction not only harms humans 

but can also affect the sustainability of M. fascicularis 

populations. This aligns with Riley's (2007) findings in 

Sulawesi, which showed that primate dependence on 

anthropogenic food sources can alter ecological behavior 

and increase the potential for conflict with humans. Based 

on field observations, damaged sago logs exhibit distinct 

physical changes compared to intact logs. These changes 

included a darker to blackish color, the appearance of holes 

on the surface with blackish spots, a softer texture, and an 

unpleasant odor due to the decay process. This damage can 

be caused by various factors, one of which is wildlife 

activity, particularly M. fascicularis, which feeds on the 

starch-rich middle layer of logs. Sago logs eaten by M. 

fascicularis generally exhibit holes in the center, resulting 

from their feeding behavior, which tends to scavenge the 

core of the sago trunk (Figure 6). This section was selected 

because it is the most abundant and nutritious source of 

starch. The holes left behind are usually circular or 

indented in the center of the trunk, as M. fascicularis 

removes the outer fibers and directly extracts the starchy 

tissue. This consumption pattern is similar to damage to 

other palms, where primates select the most accessible and 

energy-rich parts of the plant (Holzner et al. 2021). 

Consequently, damaged logs not only lose their 

economically valuable starch reserves but also become 

more susceptible to attack by secondary pests and decay 

microorganisms. This ultimately reduces the quality and 

quantity of starch that can be harvested by the community. 

The Lingga community possesses unique and effective 

local wisdom to prevent M. fascicularis from attacking 

sago logs. The traditional method involves sprinkling sea 

sand over the surface of a sago log and then covering it 

with sago fronds. This combination acts as both a physical 

and sensory barrier: the sea sand roughens the log's surface 

and creates instability, whereas the additional sago fronds 

provide a protective layer and reduce the direct visibility of 

the log. This discourages M. fascicularis from approaching 

or scavenging the center of the log, as the surface feels 

unfamiliar and uncomfortable to walk on or dig through. 

Furthermore, sago fronds can limit odors from the sago log, 

which might attract animals and slow the entry of moisture 

or microorganisms that accelerate decay after the initial 

damage. This locally developed technique illustrates how 

traditional ecological knowledge has evolved as an 

adaptive response to wildlife pressure, emphasizing 

community resilience and practical innovation using 

readily available materials. Beyond its cultural 

significance, this method also aligns with the ecological 

principles of non-lethal mitigation, minimizing 

environmental disturbance while maintaining productivity.  

Therefore, a combination of local approaches and 

scientific innovations such as the use of physical barriers, 

habitat management, and buffer crop planting strategies 

should be considered to reduce the intensity of attacks 

(Hsiao et al. 2013; Hockings 2016; Koirala et al. 2021; 

Burudi et al. 2025). Such integration of indigenous 

practices and science-based management represents a 

socially acceptable and ecologically sound strategy for 

mitigating human-wildlife conflict. Ultimately, this 

integrative approach is expected to reduce economic losses 

while supporting biodiversity conservation and sustaining 

the productivity of sago-based agroindustrial systems in the 

Lingga District. 

While these findings provide valuable insights for 

developing community-based mitigation strategies, it is 

equally important to recognize the methodological 

constraints that may influence the precision and 

generalizability of the results. This study has several 

potential sources of bias and limitations. First, the 

estimation of starch loss was based on visual identification 

of damage and a limited sample size per site, which may 

underestimate losses in areas with higher macaque density. 

Second, the conversion of starch weight to economic value 

assumes a uniform market price, whereas actual prices 

fluctuate seasonally. Third, nocturnal foraging behavior 

and indirect signs of feeding could lead to under-detection 

of macaque activity. In addition, the observational 

approach used in this study may have limited the ability to 

distinguish macaque-induced damage from damage caused 

by other wildlife species. Therefore, future research should 

incorporate continuous monitoring using camera traps, 

larger and seasonally distributed samples, and participatory 

field validation with local communities to enhance data 

reliability and strengthen management recommendations. 

In conclusion, the long-tailed macaque (M. fascicularis) 

exhibits a relatively high population density in the sago 

agroindustrial landscape of the Lingga District, particularly 

along forest edges, rivers, and log storage areas. The 

dominance of sub-adult individuals contributes to moderate 

but significant damage to sago logs (9.56±1.22%), causing 

an average starch loss of 1.61 kg per log and annual 

economic losses exceeding IDR 22 million. The species’ 

continued adaptation to sago forests as an alternative 

habitat and food source reflects its ecological flexibility, 

but also raises concerns about potential population increases, 

safety risks, and future human-wildlife conflicts. Therefore, 

sustainable management integrating habitat restoration, 

population monitoring, and community-based deterrent 

practices is essential to maintain coexistence and ensure the 

long-term resilience of the sago-based agroindustry in the 

Lingga District. 
 

 

 

 
 

Figure 6. Sago logs eaten by long-tailed macaques 



PRAMESWARI et al. – Distribution and estimation of economic losses 

 

5393 

ACKNOWLEDGEMENTS 

This research was supported by funding from the 

Directorate General of Higher Education, Research and 

Technology of the Ministry of Education, Culture, 

Research and Technology, Indonesia, under the 2024 

Research Implementation Contract Number: 

027/E5/PG.02.00.PL/2024, dated 11 June 2024.  

REFERENCES 

Al Manar P, Zuhud EAM, Andarwulan N, Bintoro MH. 2023. 

Morphological characteristics and potential of sago (Metroxylon spp.) 

in Lingga District, Riau Islands, Indonesia. Jurnal Manajemen Hutan 

Tropika 29 (1): 11-21. DOI: 10.7226/jtfm.29.1.11. 

Arianti OF, Salsabila N. 2024. Perilaku primata monyet ekor panjang 
(Macaca fascicularis) di Kebun Binatang Surabaya (KBS) (The 

behavior of long-tailed macaque primates (Macaca fascicularis) at 

Surabaya Zoo (KBS)). Filogeni 4 (2): 111-117. DOI: 
10.24252/filogeni.v4i2.35000. [Indonesian] 

Asano K, Kagong WVA, Mohammad SMB, Sakazaki K, Talip MSA, 

Sahmat SS, Chan MKY, Isoi T, Kano-Nakata M, Ehara H. 2021. 
Arbuscular mycorrhizal communities in the roots of sago palm in 

mineral and shallow peat soils. Agriculture 11 (11): 1161. DOI: 

10.3390/agriculture11111161. 
Azhar A, Asano K, Sugiura D, Kano-Nakata M, Ehara H. 2022. 

Waterlogged conditions influence the nitrogen, phosphorus, 

potassium, and sugar distribution in sago palm (Metroxylon sagu 
Rottb.) at seedling stages. Plants 11 (5): 710. DOI: 

10.3390/plants11050710. 

Bhandari AB, Kharel TP, Reddy KN. 2023. Assessing wind damage and 

potential yield loss in mid-season corn using a geospatial approach. 

Front Agron 5: 1195761. DOI: 10.3389/fagro.2023.1195761. 

Bindhani UT, Muliya SK, Kawlni L, Kolipakam V, Hussain K, Qureshi 
Q. 2025. Simians amidst sapiens: Ranging patterns and movement 

strategy of synanthropic rhesus macaques (Macaca mulatta) in 

Northern India. Intl J Primatol 1-27. DOI: 10.1007/s10764-025-
00488-0. 

Bintoro MH, Nurulhaq MI, Pratama AJ, Ahmad F, Ayulia L. 2018. 
Growing area of sago palm and its environment. In: Ehara H, Toyoda 

Y, Johnson DV (eds). Sago Palm: Multiple Contributions to Food 

Security and Sustainable Livelihoods. Spring Nature, Singapore. DOI: 
10.1007/978-981-10-5269-9_2. 

Brotcorne F, Maslarov C, Wandia IN, Fuentes A, Beudels-Jamar RC, 

Huynen MC. 2014. The role of anthropic, ecological, and social 
factors in sleeping site choice by long-tailed macaques (Macaca 

fascicularis). Am J Primatol 76 (12): 1140-1150. DOI: 

10.1002/ajp.22299. 
Buckland ST, Rexstad EA, Marques TA, Oedekoven CS. 2015. Distance 

Sampling: Methods and Applications. Springer, Cham. DOI: 

10.1007/978-3-319-19219-2. 
Burudi JW, Kovács TE, Katona K. 2025. Wildlife fences to mitigate 

human-wildlife conflicts in Africa: A literature analysis. Diversity 17 

(2): 87. DOI: 10.3390/d17020087. 
Chua SND, Kho EP, Lim SF, Hussain MH. 2021. Sago palm (Metroxylon 

sagu) starch yield, influencing factors and estimation from 

morphological traits. Adv Mater Process Technol 8 (2): 1845-1866. 
DOI: 10.1080/2374068X.2021.1878702. 

Deneke Y, Megaze A, Tekalign W, Dobamo T, Leirs H. 2024. Patterns of 

primates crop foraging and the impacts on incomes of smallholders 
across the mosaic agricultural landscape of Wolaita Zone, Southern 

Ethiopia. Plos One 19 (11): e0313831. DOI: 

10.1371/journal.pone.0313831. 
Fitriani RR, Wijayanti E. 2024. Study of the behavior of long tailed 

monkeys (Macaca fascicularis) in the Jumprit Indigenous Forest. 

(2024). Ekotonia 9 (1): 23-28. DOI: 10.33019/ekotonia.v9i1.5323. 
Gazagne E, Savini T, Ngoprasert D, Poncin P, Huynen M-C, Brotcorne F. 

2020. When northern pigtailed macaques (Macaca leonina) cannot 

select for ideal sleeping sites in a degraded habitat. Intl J Primatol 41 
(4): 614-633. DOI: 10.1007/s10764-020-00173-4. 

Gombash B, Acevedo A, Rivaldi C, Hollocher H. 2025. Contrasting 

impacts of the anthropogenic environment on the diet of long-tailed 

macaques (Macaca fascicularis) in Southeast Asia. bioRxiv 7 (26): 
666990. DOI: 10.1101/2025.07.26.666990. 

Hanifa LN, Maulahila HI, Tambunan A, Dewi DP, Pewitasari-Farajallah 

D, Rianti P. 2023. Pilot study on food-processing behaviour by males 
long-tailed macaques on Tinjil Island, Indonesia. Indones J Primatol 2 

(1): 21-26. DOI: 10.29244/primatology.2.01.21-26. 

Hansen MF, Ellegaard S, Moeller MM, van Beest FM, Fuentes A, 
Nawangsari VA, Groendahl C, Frederiksen ML, Stelvig M, Schmidt 

NM. 2020. Comparative home range size and habitat selection in 

provisioned and non-provisioned long-tailed macaques (Macaca 
fascicularis) in Baluran National Park, East Java, Indonesia. Contrib 

Zool 89 (4): 393-411. DOI: 10.1163/18759866-bja10006. 

Hansen MF, Nawangsari VA, van Beest FM, Schmidt NM, Fuentes A, 
Traeholt C, Stelvig M, Dabelsteen T. 2019. Estimating densities and 

spatial distribution of a commensal primate species, the long-tailed 

macaque (Macaca fascicularis). Conserv Sci Pract 1 (9): e88. DOI: 
10.1111/csp2.88. 

Hasan MU, Widayati KA, Tsuji Y, Rianti P. 2023. Feeding ecology of 

free-ranging long-tailed macaques in East Java, Indonesia: 
Relationship with human food availability. Primates 64 (4): 429-438. 

DOI: 10.1007/s10329-023-01062-z. 

Hill CM. 2018. Crop foraging, crop losses, and crop raiding. Annu Rev 
Anthropol 47: 377-394. DOI: 10.1146/annurev-anthro-102317-

050022. 

Hockings KJ. 2016. Mitigating human-non human primate conflict. In: 
Fuentes A (eds). The International Encyclopedia of Primatology. John 

Wiley and Sons Inc, New Jersey. DOI: 

10.1002/9781119179313.wbprim0053. 
Holzner A, Balasubramaniam KN, Weiß BM, Ruppert N, Widdig A. 

2021. Oil palm cultivation critically affects sociality in a threatened 

Malaysian primate. Sci Rep 11: 10353. DOI: 10.1038/s41598-021-
89783-3. 

Hsiao SS, Ross C, Hill CM, Wallace GE. 2013. Crop-raiding deterrents 

around Budongo Forest Reserve: An evaluation through farmer 

actions and perceptions. Oryx 47 (4): 569-577. DOI: 

10.1017/S0030605312000853. 
Hu X, Qiao H, Chen B, Si H. 2022. A novel approach to grade cotton 

aphid damage severity with hyperspectral index reconstruction. Appl 

Sci 12 (17): 8760. DOI: 10.3390/app12178760. 
Jayarathne SDY, Nahallage CAD, Huffman MA. 2025. The costs of living 

side-by-side with monkeys: Economic impacts on commercial farms 

and property by toque macaques and proposed deterrent strategies in a 
rural agriculture area of Kurunegala District, Sri Lanka. Animals 15 

(3): 366. DOI: 10.3390/ani15030366. 

Karim WF, Harahap MA, Prakoso MG, Finaldin MA, Kemala T. 2021. 
Characterization of bioplastic compostable pla-cellulose based as eco-

friendly packaging. Indones J Chem Sci 10 (3): 162-167. 

Kim JW, Lee YB, Hong YS, Jung H, Lee GH. 2024. Potential food 
inclination of crab-eating macaques in laboratory environments: 

Enhancing positive reinforcement training and health optimization. 

Animals (Basel) 14 (7): 1123. DOI: 10.3390/ani14071123. 
Koirala S, Garber PA, Somasundaram D, Katuwal HB, Ren B, Huang C, 

Li M. 2021. Factors affecting the crop raiding behavior of wild rhesus 

macaques in Nepal: Implications for wildlife management. J Environ 
Manag 297: 113331. DOI: 10.1016/j.jenvman.2021.113331. 

Kuswanda W, Hutapea FJ, Setyawati T. 2023. The endangered long-tailed 

macaque is considered a pest in North Sumatra, Indonesia. Oryx 57 
(1): 12-13. DOI: 10.1017/S0030605322001302. 

Lingga District Central Statistics Agency. 2024. Lingga District in Figures 

2024. Lingga District Central Statistics Agency, Lingga. [Indonesian] 
Naim HM, Yaakub AN, Hamdan DAA. 2016. Commercialization of sago 

through estate plantation scheme in Sarawak: The way forward. Intl J 

Agron 2: 1-6. DOI: 10.1155/2016/8319542. 
Napier JR, Napier PH. 1967. A Handbook of Living Primates: 

Morphology, Ecology and Behaviour of Non-Human Primates. 

Academic Press, New York. 
Osman NA, Abdul-Latiff MAB, Mohd-Ridwan AR, Yaakop S, 

Karuppannan KV, Md-Zain BM. 2022. Metabarcoding data analysis 

revealed the plant dietary variation of long-tailed macaque Macaca 
fascicularis (Cercopithecidae, Cercopithecinae) living in disturbed 

habitats in Peninsular Malaysia. Biodivers Data J 10: e89617. DOI: 

10.3897/BDJ.10.e89617. 
Perwitasari-Farajallah D, Iskandar E, Sawitri HI, Abimanyu TL, Maulana 

VS, Rachmawati AD, Purnama I, Darusman HS. 2022. Population 



 BIODIVERSITAS  26 (10): 5385-5394, October 2025 

 

5394 

estimate of long-tailed macaques (Macaca fascicularis) on Tinjil 

Island. Hayati J Biosci 30 (2): 193-197. DOI: 10.4308/hjb.30.2.193-

197. 
Putri FM, Prasaja AS, Kurniawan PT, Fitriana YS, Wiantoro S. 2024. 

Population of long-tailed macaque (Macaca fascicularis) at several 

habitat conditions in Jambi Province, Indonesia. Biodiversitas 25 (9): 
3254-3262. DOI: 10.13057/biodiv/d250948. 

Qomariah IN, Perwitasari-Farajallah D, Iskandar E, Berthier JM. 2023. 

Characteristics of sleeping sites and sleeping trees selected by 
Celebes crested macaques (Macaca nigra) in Tangkoko, North 

Sulawesi, Indonesia. Biodiversitas 24 (11): 6200-6208. DOI: 

10.13057/biodiv/d241142. 
Redpath SM, Young J, Evely A, Adams WM, Sutherland WJ, Whitehouse 

A, Amar A, Lambert RA, Linnell JDC, Watt A, Gutiérrez RJ. 2013. 

Understanding and managing conservation conflicts. Trends Ecol 
Evol 28 (2): 100-109. DOI: 10.1016/j.tree.2012.08.021. 

Reinegger RD, Oleksy RZ, Gazagne E, Jones G. 2023. Foraging strategies 

of invasive Macaca fascicularis may promote plant invasion in 
Mauritius. Intl J Primatol 44: 140-170. DOI: 10.1007/s10764-022-

00324-9. 

Rianti P, Anisa TM, Darusman HS. 2024. The effects of the fire hose 
square knot browser as a foraging enrichment device on the behavior 

of captive Macaca fascicularis. Vet Sci 11 (11): 535. DOI: 

10.3390/vetsci11110535. 
Rifaie F, Sulistyadi E, Fitriana YS, Inayah N, Maharadatunkamsi, 

Prameswari W, Rusmadipraja IA. 2024. Spatial patterns of human-

long-tailed macaque (Macaca fascicularis) conflicts in Java Island: A 
comparison of two secondary data sources. J Asia-Pac Biodivers 17 

(4): 653-662. DOI: 10.1016/j.japb.2024.05.008. 

Riley EP. 2007. The human-macaque interface: Conservation implications 
of current and future overlap and conflict in Lore Lindu National 

Park, Sulawesi, Indonesia. Am Anthropol 109 (3): 473-484. DOI: 

10.1525/aa.2007.109.3.473. 
Ruslin F, Matsuda I, Md-Zain BM. 2019. The feeding ecology and dietary 

overlap in two sympatric primate species, the long-tailed macaque 

(Macaca fascicularis) and dusky langur (Trachypithecus obscurus 
obscurus), in Malaysia. Primates 60 (1): 41-50. DOI: 

10.1007/s10329-018-00705-w. 

Sasaki Y, Ando H, Kakuda KI, Melling L, Watanabe A. 2025. Efficient 

nitrogen fertilization for sustainable sago palm (Metroxylon sagu 

Rottb.) cultivation in tropical peatland. Plant Prod Sci 28 (1): 23-33. 
DOI: 10.1080/1343943x.2024.2423977. 

Schurer JM, Ramirez V, Kyes P, Tanee T, Patarapadungkit N, 

Thamsenanupap P, Trufan S, Grant ET, Garland-Lewis G, Kelley S, 
Nueaitong H, Kyes RC, Rabinowitz P. 2019. Long-tailed macaques 

(Macaca fascicularis) in urban landscapes: Gastrointestinal parasitism 

and barriers for healthy coexistence in Northeast Thailand. Am J Trop 
Med Hyg 100 (2): 357-364. DOI: 10.4269/ajtmh.18-0241. 

Sha JC, Gumert MD, Lee BP, Jones-Engel L, Chan S, Fuentes A. 2009. 

Macaque-human interactions and the societal perceptions of 
macaques in Singapore. Am J Primatol 71 (10): 825-839. DOI: 

10.1002/ajp.20710. 

Sha JC, Hanya G. 2013. Diet, activity, habitat use, and ranging of two 
neighboring groups of food-enhanced long-tailed macaques (Macaca 

fascicularis). Am J Primatol 75 (6): 581-592. DOI: 

10.1002/ajp.22137. 
Thomas L, Buckland ST, Rexstad EA, Laake JL, Strindberg S, Hedley SL, 

Bishop JRB, Marques TA, Burnham KP. 2010. Distance software: 

Design and analysis of distance sampling surveys for estimating 
population size. J Appl Ecol 47 (1): 5-14. DOI: 10.1111/j.1365-

2664.2009.01737.x. 

Toepfer S, Fallet P, Kajuga J, Bazagwira D, Mukundwa IP, Szalai M, 
Turlings TCJ. 2021. Streamlining leaf damage rating scales for the 

fall armyworm on maize. J Pest Sci 94: 1075-1089. DOI: 

10.1007/s10340-021-01359-2. 
Velankar AD, Kumara HN, Sheethal VR, Pal A, Mishra PS, Singh M. 

2024. Activity budget and habitat use in the Nicobar long-tailed 

macaque Macaca fascicularis umbrosus. J Wildl Sci 1 (2): 87-95. 
DOI: 10.63033/JWLS.RUPT1872. 

Wegmueller SA, Townsend PA. 2021. Astrape: A system for mapping 

severe abiotic forest disturbances using high spatial resolution 
satellite imagery and unsupervised classification. Remote Sens 13 (9): 

1634. DOI: 10.3390/rs13091634. 

Wulandari T, Setiawan A, Nugraha PS. 2022. The activity of long-tailed 

macaque (Macaca fascicularis) at plantation forest in Ogan Komering 

Ilir Regency, South Sumatera. Jurnal Lahan Suboptimal 11 (1): 25-33. 
DOI: 10.36706/jlso.11.1.2022.473. 

 

 

  

 

 

 

 


