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Abstract. Samsuri, Zaitunah A, Samsura A, Marbun HY. 2025. Land cover change and ethnoecological practices in Forest Management 

Unit XXV, North Sumatra, Indonesia. Biodiversitas 26: 4545-4556. Forest management unit (FMU) is important site-level managers 

included in the sustainability of productivity. This concept is closely related to land tenure conflicts, which are influenced by community 

livelihood, local knowledge, traditional customs, environmental capacity, and local institutions. The dynamics of change in local 

knowledge, traditional customs, and population growth can increase the need for land and negatively impact biodiversity. Therefore, this 

research aims to (i) analyze land cover change and indigenous local knowledge, and (ii) examine the correlation between land cover 

change with community ethnoecological practices in FMU, North Sumatra. Landsat 5 and 8 Operational Land Imager (OLI) images 

were used to identify land cover change. Furthermore, the contingency coefficient correlation method was used to examine the 

relationship between land cover change and ethnoecology. The results showed that 10 land cover categories were identified, including 

water bodies, forest, paddy field, rubber estate, shrubs, bare land, mangroves, rubber, oil palms, and mixed garden. Rubber plantations 

experienced the most significant land area loss between 2001 and 2020, decreasing by 1,918.8 hectares. Meanwhile, mixed gardens 

reported a substantial gain of 6,171.8 hectares. The interviews identified 6 ethnoecological elements of the community, namely 

indigenous knowledge, medicinal plants, wood use, wild animal hunting, non-timber forest products, and traditional events. There was 

no significant correlation between land cover and community ethnoecological change. Despite the absence of a direct statistical 

relationship, these persistent practices provide crucial indirect support for in-situ biodiversity conservation within the managed forest 

landscape. In this context, the conversion of agricultural land and the destruction of forest in FMU areas must be addressed. The 

community indirectly supports the concept through planting and maintaining local species in mixed gardens. The continued cultivation 

of native species in community-managed gardens contributes indirectly to biodiversity conservation in FMU area despite the lack of 

significant correlation. 

Keywords: Batang Toru ecosystem, ethno-ecological, forest management unit, land cover change, Landsat image 

Abbreviations: CSA: Centre of Statistics Agency, FMU: Forest Management Unit, NTFP: Non-timber forest product, PFMU: 

Production Forest Management Unit 

INTRODUCTION  

Forest ecosystems are critical global assets, providing 

indispensable ecosystem services, harbouring the majority 

of terrestrial biodiversity, and supporting the livelihoods and 

cultural practices of millions of people worldwide (Brooks 

2002). Despite their immense value, tropical forests, 

particularly in Southeast Asia, face unprecedented threats 

from anthropogenic activities. Indonesia, a nation synonymous 

with megadiversity, has experienced some of the highest 

rates of tropical deforestation globally, primarily driven by 

agricultural expansion, logging, and infrastructure development 

(Hansen et al. 2013; Margono et al. 2014; Abood et al. 2015). 

This large-scale conversion of forest cover to other land 

uses not only contributes significantly to global carbon 

emissions but also precipitates a dire loss of habitat, 

pushing countless endemic and endangered species toward 

extinction and undermining the ecological functions that 

sustain both natural and human systems (Wich et al. 2016; 

Dislich et al. 2017). This loss threatens critical ecosystem 

services and biodiversity hotspots (Brooks et al. 2002; 

Sodhi et al. 2004). 

In response to the complex challenges, the Indonesian 

government has implemented various policy instruments 

aimed at achieving a sustainable balance between conservation 

and development. A cornerstone of the strategy is the 

established of the Forest Management Unit (FMUs), 

designed as an integrated landscape management institution 

to balance conservation, sustainable production, and community 

welfare at the local level (Ministry of Forestry 2007; 

Moeliono et al. 2014; Sahide et al. 2016). The FMU policy 

represents a significant shift towards decentralised forest 

governance, aiming to provide a more contextualised and 

effective framework for managing forest resources.  

While the biophysical and ecological aspects of land 

cover change are well-documented through remote sensing 

and geospatial analysis, their intersection with socio-cultural 

systems is less understood. The transformation of the 

landscape invariably intersects with the human communities 

that inhabit and depend upon it. Ethnoecology, which explores 
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the intricate relationships between human societies and 

their environment, provides a critical lens for this (Toledo 

1992; Martin 2004). It posits that indigenous and local 

knowledge systems, encompassing practice related to 

medical plants, non-timber forest products (NTFPs 

(Rochmayanto 2023), and traditional land use, are vital for 

sustainable resource management and biodiversity conservation 

(Berkes et al. 2000; Gomez-Baggethun 2013; Adom et al. 

2016). However, the dynamics between rapid landcover 

change and the resilience of these ethnoecological practices 

remain a significant knowledge gap, particularly within the 

framework of state-mandated forest management like 

FMUs. This potential disconnect between landscape 

transformation and cultural resilience represents a significant 

gap in our understanding of socio-ecological systems, 

particularly within the novel governance context of FMUs. 

The study focuses specifically on Forest Management 

Unit XXV (FMU XXV) in North Sumatra. This site was 

selected due to its strategic conservation importance; it 

encompasses part of the Batang Toru Ecosystem (BTE), a 

known habitat for critically endangered species such as the 

Tapanuli orangutan (Pongo tapanuliensis Nurcahyo, Meijaard, 

Nowak, Fredriksson & Groves, 2017) and Sumatran tiger 

(Panthera tigris subsp. sumatrae Pocock, 1929) (Haidir et 

al. 2008; Nater et al. 2017). Simultaneously, the area supports 

local communities whose livelihoods and cultural practices 

are deeply intertwined with the forest. The coexistence of 

high conservation value and significant anthropogenic 

pressure makes FMU XXV an ideal case to study to 

investigate the interplay between ecological change and 

cultural resilience. 

Numerous current studies effectively document the 

direct negative impact of land cover change on ecological 

knowledge. However, this assumption overlooks the 

potential for community adaptation and cultural resilience, 

particularly within a government landscape like Indonesia 

FMUs. While FMUs are established to integrate conservation 

and community welfare, there is a critical gap in 

understanding whether these managed landscapes actually 

decouple environmental change from cultural erosion. 

Previous research in Indonesia has often examined land 

cover change or ethnoecological knowledge in isolation. 

Few studies have empirically investigated the correlation 

between quantitative land cover change and qualitative 

shift in community-based ethnoecological practice within a 

managed forest landscape. Therefore, this study aims to 

bridge this gap by (i) quantifying land cover change in 

FMU XXV over 20 years (2001-2020); (ii) documenting 

and analyzing contemporary community ethnoecological 

practices; and (iii) statistically assessing the correlation 

between observed land cover change and these practices. 

The finding will provide critical insight for developing 

more nuanced and culturally sensitive conservation strategies 

within the FMUs framework, ensuring they effectively 

support both ecological integrity and community. 

MATERIALS AND METHODS  

Research area  

This research was conducted in the FMU XXV area of 

Sumatra Utara Province from January to April 2021. FMU 

XXV North Sumatra was geographically located between 

1°42'24.3"-1°28'21.3" N and 98°26'45"-98°40'7.9" E in 

Sumatra Island, Indonesia (Figure 1), covering an area of 

6,008 km2 (FMU XI Pandan 2015). 

 

 

 

 
 

 

Figure 1. Research area in FMU XXV area, Tapanuli Tengah, Sumatra Utara Province, Indonesia 
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Tool and material 

This research used Global Positioning System (GPS), 

stationery, a tally sheet, and a camera to collect data. The 

data analysis tools used were ArcGIS (ArcMap) 10.3 for 

spatial analysis, ERDAS Imagine 9.1 for image analysis, 

SPSS Statistics 20.0 for correlation analysis and Microsoft 

Excel for data tabulation. Primary data were collected 

directly from measurements and field observations, while 

secondary data were publicly available and owned by the 

government. The materials used were obtained from other 

sources and ground check data, such as 2001, 2010, and 

2020 Landsat images, as well as working area and 

administration maps. Landsat 5 images from 2001 and 

2010, and 8 OLI images from 2020, were downloaded from 

the https://earthexplorer.usgs.gov/ (United States Geological 

Survey/USGS) website. 

Historical satellite images related to the implementation 

of Indonesian Forestry Regulation No. 41/1999 were 

utilized in the early 2000s and at the beginning of FMU 

establishment in 2010. The initial implementation of the 

1999 law, which delegated forest management authority to 

regional governments, significantly eased community access 

to forest resources. The implementation of the law proved 

problematic since the increased accessibility of forest 

resources (Nurkin 2006) led to degradation and fragmentation 

(Samsuri et al. 2014; Rijal et al. 2016; Aabeyir and Agyare 

2021). The central government created a forest management 

unit (FMU) at the location level to address the issue. FMU 

worked with local communities to decrease degradation by 

improving forest monitoring and utilization (Suwarno 

2015). However, FMU was limited as an administrator 

toward the end of 2021. 

Data analysis 

Land cover change analysis 

The supervised method classified the satellite image 

data into land cover classes. The method used was the 

maximum likelihood in ERDAS Imagine 9.1. Classification 

of Landsat images in 2001, 2010 and 2020 adopted the 

Sumatran monogram (Ministry of Environment and Forestry 

2020). The Sumatra Monogram provides a visualization of 

various land covers in Sumatra, serving as an interpreter's 

guide for classifying land cover in satellite images. 

Land cover change analysis was performed by overlaying 

land cover maps for 2001, 2010, and 2020 using ArcGIS 

10.3. A classification accuracy test was conducted to evaluate 

land cover classification accuracy determined based on the 

training area. Subsequently, the accuracy was calculated 

using a contingency or confusion matrix. The error or 

confusion matrix was a square matrix containing the 

number of pixels used in the classification (Poonia 2022).  

Ethnoecological analysis 

Ethnoecological data were collected from the selected 

respondents. Meanwhile, respondents were selected using 

the purposive sampling method or intentionally by setting 

criteria from the eligible population to provide information 

and answer research problems (Amrul et al. 2019). The 

sample size was determined using Slovin's formula (Sevilla 

et al. 2003) with a population (N) of 6,247 heads of families, 

at a 10% margin of error (e): 
 

n =  

 

Where: n: sample size, N: population size, d: sampling 

error estimation (10%). 
 

Based on the calculation using the Slovin formula, the 

number of respondents was determined to be 100 individuals. 

Respondents or sampling units adopted were heads of 

households who directly and indirectly used forest flora 

and fauna in the research area. Additionally, the interview 

with the village official found that the variable ethno-

ecology included the traditional practices of hunting, tree 

cutting, farming, collecting medicinal plants from the 

forest, and participating in traditional ceremonies. The data 

collection method used in this research was in-depth 

interviews. Data from in-depth interviews were transcribed 

and analysed using thematic analysis (Braun and Clarke 

2021). The ethnoecology data included the frequency and 

results of traditional hunting activities, the frequency and 

volume of flora use, and the sustainability of customs. In 

the interviews, important ethnoecological functions were 

identified to analyse the relationships between variables 

(Okoko et al. 2023). According to Miles et al. (2014), analysis 

consisted of data reduction, presentation, and conclusions 

performed simultaneously. 

Correlation analysis 

A correlation analysis was conducted to determine the 

relationships between the variables. Correlation coefficient 

contingency analysis was used, and the hypotheses (Creswell 

and Creswell 2018) were examined. To facilitate statistical 

analysis, the nominal categorical variables for both land 

cover change and ethnoecological practices were transformed 

into dichotomous dummy variables, coded as 1 for the 

presence of change and 0 for the absence of change 

(Agresti 2018; Field 2018). This coding scheme allows for 

the computation of correlation coefficients suitable for 

categorical data. The strength and significance of the 

association between these dichotomous variables were then 

determined using the Phi (φ) coefficient (Akoglu 2018). 

The strength of the association was interpreted using the 

Phi (φ) coefficient, where values close to 0 indicate a weak 

or no association, and values approaching. 

The use of binary coding for analysing change in socio-

ecological systems is an established method in human 

ecology (Jones et al. 2008). Following this approach, we 

coded our variables for change as 1 and no change as 0. 

This analysis method was also used by Tesfahunegn (2019) 

to examine farmers' perceptions of land degradation in 

northern Ethiopia. Contingency coefficient correlation was 

used as the statistical analysis method for categorical or 

nominal variables (Kara 2022). The association between 

categorical variables was quantified and assessed without 

making any assumptions about the underlying data distribution 

to determine the significance and strength of the relationship. 
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RESULTS AND DISCUSSION 

Land cover change dynamics (2001-2020) 

The supervised classification of satellite imagery result 

maps for 2001, 2010, and 2020 resulted in an overall 

accuracy of 83.11, 82.86, and 89.98%, and a kappa 

coefficient for all years is 82.31, 82.64, and 81.93%. The 

analysis revealed a significant change in land cover within 

FMU XXV over the two-decade period (Figures 2, 3 and 

4). The most notable change was the conversion of forest 

areas to other land cover types. Primary and secondary forest 

cover decreased from 39.755,88 ha in 2001 to 38.206,84 ha 

in 2020, representing a net loss of 1,549.04 ha (Table 1). 

Concurrently, areas classified as mixed garden, agricultural 

land, and settlement area showed a substantial increase. 

The largest land cover change of 204.77% occurred in 

rice fields between 2001 and 2010. This increase in paddy 

fields was in line with the population of Central Tapanuli 

(1.85%) from 2001 to 2010 (CSA of Tapanuli Tengah 

2010). The most significant land cover class change observed 

was the conversion from rubber plantations to mixed 

gardens, accounting for 17.3%. The shift from rubber 

estates to mixed gardens occurred when the areas became 

residential, with trees planted in the new yards.  

The forest declined by 1,549.05 hectares between 2001 

and 2020. Land clearing for agriculture and palm oil 

plantations was also assumed to cause a decline. Forest was 

described as a potential natural resource profitable for 

individuals who depend on natural products. In the FMU 

XXV area, forest continued to experience an average decline 

of 0.013% yearly between 2001 and 2020. The condition 

underwent rapid and dynamic changes following regional 

development, as viewed from the perspective of vegetation 

cover. Sumatra Utara development statistics showed that 

economic growth in 2010 was 6.8%, higher than the 

average national growth of 6.2% (CSA of Tapanuli Tengah 

2010). According to Putri et al. (2019), the development 

process was accompanied by population growth and increased 

living needs. 

Population growth affected land use change due to 

complex interactions among physical, biological, economic, 

political, and social factors (Zhang and Xie 2019). The 

population of the 15 subdistricts in the FMU XXV area was 

250,224 in 2010 (CSA of Tapanuli Tengah 2010) and 

increased by 40,982 to 291,206 in 2020 (CSA of Tapanuli 

Tengah 2020). Population growth increased basic human 

needs, including food, housing, and other public facilities. 

The settlement expanded in the FMU XXV area, which is 

covered by residential land. This area showed a consistent 

increase, from 1,103.86 ha (1.84%) in 2001 to 2,453.09 ha 

(4.08%) in 2020, with an intermediate value of 1,506.74 ha 

(2.51%) in 2010. Figure 2 shows the data on the percentage 

of land cover change in FMU XXV for 2001 and 2010. 

 

Table 1. Land cover distribution in 2001, 2010, and 2020 of FMU XXV, North Sumatra 

 

Land cover 
2001 2010 2020 

Ha % Ha % Ha % 

Water body 202,74 0,34 276,23 0,46 191,53 0,32 
Forest 39.755,88 66,18 39.126,99 65,14 38.206,84 63,60 
Mixed garden 2.466,39 4,11 4.356,84 7,25 8.638,15 14,38 
Bare land 3.838,33 6,39 6.392,78 10,64 4.018,96 6,69 
Mangrove 649,42 1,08 638,76 1,06 640,40 1,07 
Rubber plantation 4.063,29 6,76 2.895,15 4,82 2.144,46 3,57 
Palm oil estate 1.134,47 1,89 622,28 1,04 636,89 1,06 
Settlement 1.103,86 1,84 1.506,74 2,51 2.453,09 4,08 
Paddy field 98,08 0,16 298,90 0,50 202,27 0,34 
Shrub 2.187,79 3,64 3.955,50 6,58 2.937,61 4,89 

Cloud covered 4.569,94 7,61 0,00 0,00 0,00 0,00 
Total 60.070,19 100,00 60.070,19 100,00 60.070,19 100,00 
 

 
 

Figure 2. Graphics distribution in land cover change FMU XXV, 2001-2010 
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Figure 3. Graphics distribution in land cover change FMU XXV, 2010-2020 

 

 
 

Figure 4. Graphics of land cover change in FMU Unit XXV North Sumatra, 2001-2020 

 

 

Figure 3 shows that during the 2010-2020 period, the 

largest percentage increase in area in PFMU XXV was in 

mixed gardens of 98.27%. The cause of the increase in the 

area of mixed gardens in PFMU XXV is due to the shift in 

land use by the community to heterogeneous plants. There 

are various species that grow naturally and are also planted 

by the community. The species planted are the tree species 

that have high economic value including Coffea arabica L., 

Durio zibethinus Murray, Archidendron pauciflorum (Benth.) 

I.C.Nielsen and several other types of non-timber forest 

product (NTFP) plants. This follows Kogoya et al. (2016), 

which states that annual crops, and forestry are more suitable 

for cultivation by the community with agroforestry principles 

because these three species of crops can benefit farmers. 

Mixed gardens experienced the most significant area 

increase in Production FMU (PFMU) XXV, growing by 

98.27% between 2010 and 2020. The increase in the area of 

mixed gardens in PFMU XXV was due to the shift in land 

use by the community to heterogeneous plants. Different 

species grew naturally and were planted within the community. 

Planted tree species, including C. arabica, D. zibethinus, A. 

pauciflorum, and other non-timber forest products (NTFP), 

had high economic value. It followed the work of Achmad 

et al. (2022) and Samsuri et al. (2019), which suggested that 

annual crops and forestry are more suitable for community 

cultivation based on agroforestry principles. 

The largest percentage of land cover decline occurred 

for bare land, which was 37.13% of the original area. Field 

observations showed that bare land cover occurred because 

of factors resulting from land clearing. Land-clearing was 

performed to convert the functions into other business 

areas. According to Sugianto (2022), conversion and cover 

decline occurred with the expansion of the area into 

settlements and agricultural land. The largest and smallest 

percentage of land cover class change were recorded in the 

oil palm plantation into bare land (57.9%) and mangrove 

class into water bodies (1.6%), respectively. Figure 4 shows 

data on the percentage of land cover change in PFMU Unit 

XXV North Sumatra between 2001 and 2020. 

The largest percentage increase and decrease in the area 

of FMU Unit XXV North Sumatra were in mixed (250.23%) 

and rubber (47.22%) plantations from 2001 to 2020, 

respectively. Moktan et al. (2016) stated that the community 

readily converted natural forest, prioritising increased income. 

For example, converting forest to palm oil obtained €27 per 

individual daily, significantly more than the €13 from 

rubber plantations. Therefore, 47.1% of land cover class 

switches in oil palm farms occurred on bare land. This 
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barren land was slated for replanting due to the age of the 

palm trees. 

The lowest change was reported in the mangrove land 

cover class for oil palm plantations, with a percentage of 

1.2%. Population pressure due to high economic needs 

increased the demand for mangrove conversion. According 

to Ferreira et al. (2022), most mangrove areas were degraded, 

with some areas showing particularly poor conditions. The 

relatively large land cover change included the transition 

from oil palm to open land as well as mixed plantations. 

Meanwhile, the relatively small change comprised forest 

and mangrove being converted to settlements and oil palm 

plantations. Given the conditions, the shift from forest to 

other land uses was relatively small. Land cover of mixed 

gardens is expanding due to changes in individual behaviour, 

such as planting woody plants. 

Forest cover change analysis 

A deeper analysis of forest-nonforest change is presented 

in Table 2. Between 2001 and 2010, a total of 9,898.08 ha 

of forest was converted to non-forest areas. From 2010 to 

2020, this conversion continued at a rate of 6,129.49 ha, 

though a regrowth or reforestation process also converted 

5,221.51 ha of non-forest back to forest. The net change 

from 2001 to 2020 was a forest loss of 10,208.36 ha. 

The area and percentage of forest cover for FMU XXV 

in 2010 and 2020 were presented through satellite image 

classification. In 2001, FMU XXV had a forest and non-

forest cover of 44,975.25 ha (74.87%) and 15,094 ha 

(25.13%), respectively. The forest cover area decreased to 

39,753.02 ha (66.18%) and 38,847.24 ha (64.67%). In 

FMU XXV, the area experienced both an increase and a 

decrease of 7% between 2001 and 2020. The largest change 

from forest cover to non-forest occurred between 2001 and 

2010. Figure 5 shows the maps of land cover change for 

FMU XXV from 2001 to 2010, 2010 to 2020, and 2001 to 

2020. Table 2 reports forest cover fluctuations from 2001 

to 2020, with a slight increase in 2020. While a small area 

of non-forest land was converted back to forest between 

2010 and 2020 (5,221 ha), the net change from 2001 to 

2020 remained a significant forest loss of 6,109 ha. 

Ethnoecological practices in local communities 

In-depth interviews and surveys revealed the persistence of 

various ethnoecological practices among local communities 

surrounding FMU XXV. These practices were categorised 

into six main elements: local indigenous knowledge, 

utilisation of medicinal plants, wood, hunting wild animals, 

non-timber forest products, and traditional events. The 

physical and emotional closeness of humans to the natural 

resources created an interconnected system of interactions, 

leading to a mutual exchange of benefits. In addition, local 

indigenous knowledge provided an in-depth understanding 

(Adade Williams et al. 2020). This interactive process was 

identified within the FMU community of XXV North 

Sumatra, based on interviews that explored topics such as 

Dando, the pit of prohibition, medical plant usage, wood 

utilisation, firewood, and construction wood. In the Toba 

Batak tribe language, Dando refers to a hereditary rule and 

punishment system imposed on individuals proven to have 

stolen garden products from others. Lubuk Larangan 

(prohibition lake) is an area along the river that is mutually 

considered a forbidden location for fish consumption. The 

forbidden pit in Tukka Subdistrict was located in the middle 

of a protected forest area. 

 

 

Table 2. Forest cover change of FMU XXV, North Sumatra 

 

Land cover type 
2001-2010 2010-2020 2001-2020 

ha % ha % ha % 

Forest to forest 35,017.54 77.86 33,569.69 84.45 34,689.01 77.13 

Forest to Non-forest 9,898.08 22.01 6,129.49 15.42 10,208.36 22.70 

Non-forest to forest 4,690.05 31.10 5,221.51 25.72 4,099.37 27.18 

Non-forest to non-forest 10,352.02 68.64 14,991.38 73.83 10,917.55 72.39 
 

 

 

 
 

Figure 5. Forest cover change: A. The period of 2001-2010, B. The period of 2010-2020, C. The period of 2001-2020 in FMU XXV 

North Sumatra 

A B C 
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Harvesting medicinal plants 

Communities identified over 33 plant species used for 

traditional medicine. The medicinal plant species found in 

FMU XXV were used to treat 18 types of diseases, including 

stomach pain, cough, malaria, shortness of breath, stomach 

aches, toothache, colds, headaches, fever, wounds, ulcers, 

high blood pressure, rheumatism, canker sores, diabetes, 

appendicitis, and stomach. For example, bajakah (Spatholobus 

littoralis Hassk.) is used for wound healing, and sarindan 

(Macrosolen flammeus Danser) is used for the same purpose. 

Additionally, forests benefit humans (Fahmi et al. 2014) by 

providing the following essential natural resources. 

The application of medicinal plants was categorised 

under ethnoecology due to the role as a fundamental strategy 

for human adaptation to the environment (Purwanto 2020). 

This adaptation method was passed down through generations, 

becoming a valuable pearl of wisdom within the FMU 

XXV community. According to the interview, 33 plant species 

were used for medical treatment. The most frequently used 

plant parts were the leaves, roots, rhizomes, and nests of 

the two fruit species. This was consistent with the assertion 

of Elfrida et al. (2021), where leaves were the easiest to 

collect without dependence on season. The gathering procedure 

was relatively straightforward compared with other organs 

(Ismail et al. 2020; Ramli et al. 2021; Djafar 2023). 

Non-timber forest products  

Harvesting of NTFPs remains common, with products 

like rattan (Calamus sp.), bamboo, and wild honey being 

collected for both subsistence and sale. NTFP commodities 

of the community include arenga water, latex, fruit, and 

animal hunting. Arenga water (nira) was derived from the 

male flower of the palm tree and served as the product of 

metabolism. Similarly, the FMU XXV community used sap 

from Arenga pinnata (Wurmb) Merr. tree. Tapping palm 

sap was considered by the local community as Maragat. 

Palm sap produced by Paragat was processed into a special 

drink, namely palm wine. Rubber tree sap (Hevea 

brasiliensis (Willd. ex A.Juss.) Müll.Arg.) was used by the 

community, and the individuals were known as latex 

harvesters. Latex was harvested in the morning since non-

timber forest products were used by the community as fruit. 

The utilization of NTFPs in the form of fruits from D. 

zibethinus, A. pauciflorum, Lansium domesticum Corrêa, 

Garcinia mangostana L., Parkia speciosa Hassk., and 

Nephelium lappaceum L. was the primary commodity 

cultivated. In addition to biological forest products, the 

community also used non-timber forest products derived 

from animals. The animal product produced was forest 

honey obtained from the hive of the honeybee (Apis dorsata 

Fabricius, 1793). 

Forest-dependent communities in FMU XXV relied on 

a variety of non-timber products for food, trade, and cultural 

practices. Human knowledge of the utilization of the 

environment was also observed in the field of ethnoecology. 

Prasetyo et al. (2018) suggested that ethnoecology examines 

the coexistence of traditional societies with natural and 

social environments (Ilhami et al. 2021; Supyan 2021). The 

utilization of non-timber forest products (NTFPs) was 

analyzed using an ethnoecological method.  

Traditional hunting practice 

Hunting was quite diminished, but limited traditional 

hunting practices persist, focusing on wild boar and small 

mammals, often using traditional tools. Interviews with the 

community indicated that motivations for hunting included 

pest eradication, commercial sale, and personal consumption. 

The types of animals hunted by the community were wild 

boar (Sus scrofa Linnaeus, 1758), Macaca fascicularis 

(Raffles, 1821), Tragulus kanchil (Raffles, 1821), Paradoxurus 

hermaphroditus (Pallas, 1777), and Serpentes sp. 

Hunting is an important activity for meeting the needs 

of life and a form of human adaptation to natural resources. 

This form of adaptation follows the ethnoecological method, 

which is the science of ecology and human adaptation 

(Alves 2018; Mekonen et al. 2020; Minin et al. 2021).  

Firewood and construction materials 

The use of fuelwood for cooking and specific timber 

species for building traditional houses (uma) continues, 

though respondents noted an increased reliance on alternative 

materials. Timber forest products were a fundamental 

necessity for individuals living in forested areas. The 

community used the wood for various purposes, such as 

construction, fuel, and handicrafts. Firewood was widely 

recognized as an essential fuel source used for cooking. 

The results showed that the community in FMU XXV used 

seven types of wood as firewood, including D. zibethinus, 

S. littoralis, Schima wallichii (DC.) Korth., H. brasiliensis, 

and Samanea saman (Jacq.) Merr. The community in FMU 

XXV also adopted wood for construction, a practice deeply 

rooted in cultural heritage. The types of wood used for 

house construction were D. zibethinus, Alstonia pneumatophora 

Backer ex Den Berger, Dryobalanops aromatica C.F.Gaertn., 

Phoebe hunanensis Hand.-Mazz., and Shorea sp.  

Cultural and ritualistic uses 

Respondents demonstrated detailed knowledge of species 

phenology, animal behavior, and forest navigation. Certain 

plant and animal species hold cultural significance. Specific 

leaves and plants believed to carry spiritual meaning the 

Maragat ceremony. Local tribes in FMU XXV traditionally 

carried out firewood harvesting, poaching, and the collection 

of non-timber forest products. Most individuals in the FMU 

XXV area belonged to the Toba Batak and Nias tribes. This 

was reflected in the various traditional cultures developed 

and passed down from generation to generation. The events 

held in the community included tonggo raja, mangamoti, 

parsahutan, maena, falewa, manabur same, mardege, and 

traditional deliberating.  

Tonggo raja is a traditional Batak Toba ceremony 

conducted to form a customary committee and discuss 

specific event preparation. Mangamoti is a ceremony 

performed in the form of thanks to the creator, and is 

carried out by eating together from the first harvest. 

Furthermore, parsahutaon is a traditional activity conducted 

by the community during major holidays, such as Eid al-

Fitr and Christmas. Maena is a traditional dance performed 

as part of the Nias ceremony to welcome the harvest. 

Falewa is a traditional wedding ceremony for the Nias 

tribe. Hunting activities were carried out during the first 
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generation's Falewa event to obtain food and offerings. 

Manabur is a traditional community event at FMU XXV 

North Sumatra, which comprises planting rice seeds. Mardege 

is a stage in the rice harvesting process performed by 

stepping on grains with bare feet. Traditional deliberation 

is the customary mechanism for resolving conflicts and 

disputes in a community. The traditional meeting of the 

FMU XXV community is held in the village hall or the 

house of the head of the traditional leader. 

Correlation between land cover change and 

ethnoecological practices 

Correlation analysis was carried out to determine the 

significance of the relationship between independent variables 

(land cover change) and dependent variables (community 

ethnology). The correlation analysis used is the correlation 

of the contingency coefficient, which measures the relationship 

between land cover change and community ethnoecology. 

Contingency coefficient correlation analysis is a statistical 

measurement on a nominal scale. The statistical correlation 

between the observed land cover change (as an independent 

variable) and the six ethnological elements (as a dependent 

variable) was tested using the Chi-square test and the 

Contingency Coefficient. The results are presented in 

Tables 3 and 4.  

Table 3 shows that for all six elements, the calculated 

chi-squared value is lower than the critical table value (p> 

0.05). The Phi coefficient (φ) value is close to 0. Therefore, 

we fail to reject the null hypothesis (H0). There is no 

statistically significant correlation between land cover 

change and the persistence of ethnoecological practices in 

the studied communities. Table 4 shows the correlation 

between ethnoecological forms in communities prioritising 

value management and land cover change. The relationship 

between the volume of forest use was reported as determined 

by the prevailing value system and land cover change. The 

results showed that the variables did not correlate significantly 

with land cover change. A potential mismatch existed 

between the evolving land-use configurations and the 

traditional ecological knowledge, as well as the prevailing 

intensity of flora and fauna resource utilisation in the 

adjacent forest of the community. 

Discussion 

Drivers and implications of land cover change 

Positive change in land use, such as non-forested areas 

transitioning into forest, has been reported as a need for 

sustainable management. The forest cover change in North 

Sumatra suggests the need for sustainable land-use practices 

due to human activities and industrialisation. The largest 

area faced threats of conversion and degradation, with crop 

plantations dominating the planning process. The forest 

area in North Sumatra faced threats of conversion and 

degradation due to human activities. The interest in land 

allocation influences planning, favouring crop plantations 

over maintaining forests (Saputra and Lee 2019). 

The largest percentage increase and decrease in the area 

of FMU Unit XXV North Sumatra were in mixed 

(250.23%) and rubber (47.22%) plantations from 2001 to 

2020, respectively. Moktan et al. (2016) stated that the 

community readily converted natural forest, prioritizing 

increased income. For example, converting forest to palm 

oil obtained €27 per individual daily, significantly more 

than the €13 from rubber plantations. Therefore, 47.1% of 

land cover class switches in oil palm farms occurred on 

bare land. This barren land was slated for replanting due to 

the age of the palm trees. 

The lowest change was reported in the mangrove land 

cover class for oil palm plantations, with a percentage of 

1.2%. Population pressure due to high economic needs 

increased the demand for mangrove conversion. According 

to Ferreira et al. (2022), most mangrove areas were degraded, 

with some areas showing particularly poor conditions. The 

relatively large land cover change included the transition 

from oil palm to open land as well as mixed plantations. 

Meanwhile, the relatively small change comprised forest 

and mangrove being converted to settlements and oil palm 

plantations. Given the conditions, the shift from forest to 

other land uses was relatively small. Land cover of mixed 

gardens is expanding due to changes in individual behaviour, 

such as planting woody plants. 
 

Table 3. Chi-square analysis for land cover change and ethnoecological change 

 

 Ethno-ecological change X2 cal df X2 table Correlation 

Land cover change Local indigenous knowledge 0.907 1 2.706 No correlation 

Edible plant cultivation 0.000 1 2.706 No correlation 

Wood cultivation 0.907 1 2.706 No correlation 

Wildlife hunting 0.003 1 2.706 No correlation 

NFTP cultivation 1.786 1 2.706 No correlation 

Ethnicity event 0.000 1 2.706 No correlation 

 

Table 4. Chi-square analysis of land cover change and outcome of ethnoecological change 

 

 Ethno-ecological change X2 cal df X2 table Correlation 

Land cover change Local indigenous knowledge 0.643 1 2.706 No correlation 

Edible plant cultivation 0.374 1 2.706 No correlation 

Wood volume 1.250 2 3.605 No correlation 

Wildlife hunting volume 3.085 2 3.605 No correlation 

NTFP volume 1.255 2 3.605 No correlation 

A cycle of ethnic events 4.926 2 3.605 No correlation 
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Furthermore, deforestation rates in Indonesia have 

increased, with forest fires, poor management practices, 

and the demand for products contributing to damage, 

particularly in Sumatra. In this context, forest coverage 

must be periodically monitored to detect change and enhance 

resilience (Nurda et al. 2020). The oil palm plantation land 

cover category was reclassified in North Sumatra, showing 

land use change (Kevin et al. 2015). The modelling of change 

in Sumatra indicated a decline in forest cover, particularly 

peat swamp, until 2040, stating the need for sustainable 

management practices (Kevin et al. 2015). 

The observed net loss of forest cover in FMU XXV is 

consistent with regional trends across Sumatra (Margono et 

al. 2014; Abood et al. 2015). Research on land cover change 

has been conducted by Samsuri et al. (2014); Firdaus et al. 

(2014); Basyuni et al. (2018), who reported forest degradation 

and land cover change in the North Sumatra area, 

specifically in the Tapanuli and Batang Toru Ecosystem 

(BTE). However, this research only identifies land cover 

change and driving factors, without analysing the ethnoecology 

factors. Depending on the environment and culture, the 

relationship between humans and land affects community 

characteristics. Our findings align with the broader narrative 

of tropical forest conversion driven by a complex interplay 

of factors. The transition of forest to plantation and agriculture 

(Table 2) can be attributed to the expansion of commercial 

agriculture, coupled with population growth and its attendant 

need for livelihood opportunities and food security (Dislich 

et al. 2017). This transformation poses a direct threat to the 

biodiversity values of the FMU, particularly its role as a 

habitat for critically endangered species like the Tapanuli 

orangutan (Haidir et al. 2013; Nater et al. 2017). 

FMU XXV Management Area experienced a change in 

forest cover according to the local wisdom practices. 

Correlation testing between land cover change and shift in 

local wisdom practice was weak. The analysis did not 

report a significant relationship between land cover change 

and the community's use of non-timber forest products. The 

dominant non-timber forest product of the community was 

rubber tree sap (H. brasiliensis). Respondents stated that 

the decline in rubber sap was caused by the rainy season, 

low prices, and age. Rainfall strongly influenced the production 

of rubber latex crops. According to Habibulloh et al. (2023), 

the production volume and productivity of rubber plants 

did not increase. A decrease was reported, and the constant 

amount of production was influenced by rainfall. 

The null correlation: A nuanced perspective 

The results showed that land cover change had no 

significant correlation or relationship with a shift in traditional 

community activities. The decreasing intergenerational 

transmission of customary knowledge contributed to a 

decline in traditional event activities. Morris et al. (2015) 

stated that reduced understanding and learning from elder 

traditional leaders by the younger generation led to an 

indifference, impeding the regeneration of prevailing societal 

customs. 

The lack of a statistically significant correlation is a 

fascinating and non-obvious result. It challenges a simplistic 

assumption that land cover change automatically erodes 

cultural practices (Benz et al. 2000). In the research, land 

cover change was only detected using medium-resolution 

satellite imagery, which has limited spatial resolution. The 

study's macro-scale land cover analysis may not capture the 

micro-habitat level where ethnoecological practices (e.g., 

harvesting specific plants) actually occur (Sayre et al. 

2013). Practices may persist in remnant forest patches, 

mixed gardens that are not differentiated in a broader 

classification. In addition, the community has the adaptability 

to withstand changes that occur, ensuring that changes in 

ethnoecology do not have a direct effect on changes and 

vice versa. Communities are not passive observers but 

active adapters. The findings suggest they have adapted 

their practices to a changing landscape, for example, by 

cultivating previously wild-harvested species or shifting the 

geographic focus of their activities. 

The ability of the community and traditional fanaticism 

is suspected to fortify their culture. Ethnoecological knowledge 

can be retained culturally through stories and rituals even 

as its practical application declines. This cultural inertia 

can decouple knowledge persistence from immediate 

environmental conditions. So, this null result is significant 

as it highlights that cultural resilience cannot be predicted 

solely from remote sensing data. It underscores the need for 

on-the-ground, socio-ecological research to understand the 

complex mechanisms at play. 

Changes in local indigenous knowledge were due to 

technological developments and modernisation. Therefore, 

the mindsets of individuals changed, and traditional customs 

were abandoned. According to Maskur and Supriatna (2020), 

the community awareness factor ignored tradition but was 

more concerned with self-interest, as supported by evidence 

about local wisdom to strengthen existing social ties. The 

analysis reported no significant relationship between land 

cover change and shifts in community medicinal plant use. 

Therefore, plants for traditional remedies were primarily 

cultivated by residents in yards, gardens, or found growing 

wild nearby, ensuring easy access for medicinal purposes 

(Armawi and Limbongan 2022). This was consistent with 

Adade Williams et al. (2023), where the tendency to plant 

medicinal plants in the yards was driven by the experienced 

benefits (Erawan et al. 2018; Rizki et al. 2019). There was 

no significant correlation or relationship between land cover 

change and the community's use of wood (Table 3). The 

decline in the use of timber for firewood or building 

construction materials was caused by a shift in attitudes 

and behaviours toward the use of conventional fuels. Land 

cover change did not significantly correlate with variations 

in the community's wildlife hunting intensity. This was 

because most individuals hunt when pests damage the 

community gardens. The exact hunting intensity in a 

certain period could not be ascertained. 

Resilience and erosion of ethnoecological knowledge 

The persistence of diverse ethnoecological practices 

amidst significant landscape alteration is a notable finding. 

This resilience suggests a deep-seated cultural value attached 

to traditional knowledge systems, which can act as a buffer 

against rapid environmental change (Gómez-Baggethun et 

al. 2013). Practices like the use of mixed gardens for 
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medicinal plants represent a strategic adaptation, allowing 

communities to maintain knowledge even as access to 

primary forest diminishes (Reyes-García et al. 2014). 

However, the interviews also revealed signs of erosion. 

The reported shift towards conventional medicine and fuels 

indicates a gradual weakening of this knowledge base, 

particularly among younger generations, a trend documented 

elsewhere in Indonesia (Moeliono et al. 2014; Sterling et 

al. 2017). This creates a precarious situation where 

knowledge systems are preserved, but their practical 

application and transmission are increasingly vulnerable. 

Implications for Forest Management Unit (FMU) policy  

For FMU XXV managers, these findings offer important 

and actionable insights. The persistence of ethnological 

practices is an important asset for community-based 

conservation (Danielsen et al. 2005). Management strategies 

should actively integrate Traditional Ecological Knowledge 

(TEK) into forest planning (Berkes 2009; Sutherland 2014). 

This could include several strategic policies by FMUs 

XXV. Unit management should involve local communities 

as partners in biodiversity monitoring, leveraging their 

species identification skills. Ethnoecology can assist FMU 

in managing forest ecosystem biodiversity (Golar et al. 

2021; Tynsong 2021). Integrating different knowledge systems 

(scientific and traditional) will support the achievement of 

effective environmental management (de Araujo Lima 

Constantino et al. 2012; Hoagland RJ 2016).  

As a form of FMU's presence in the community, 

supporting the cultivation of medicinal and NTFP species 

is important in the agroforestry system to reduce pressure 

on primary forests. Maintaining cultural practices must be a 

priority in planting activities (Shackleton 2015). To nurture 

and foster community spirit in preserving forest landscapes, 

FMUs must develop educational programs that document 

and facilitate the intergenerational transmission of this 

knowledge (Carson et al. 2018; McCarter 2018). FMUs 

should also document the process of knowledge erosion and 

highlight the critical need for educational programs to serve 

as a reminder and revitalise this knowledge. It is undeniable 

that at this time there are threats to intergenerational 

knowledge transmission. This is important and requires 

proactive programs to maintain it.  

In addition, the policy must recognise the intrinsic link 

between cultural preservation and biodiversity conservation 

(Sterling et al. 2017). Especially if the characteristics of the 

communities that depend on the FMUs landscape forest are 

more varied, therefore the biological and cultural diversity 

are inextricably linked and must be conserved together. 

Hence, a successful FMU model must support the ecological 

integrity of forests and the socio-cultural integrity of the 

communities that depend on them. 

This research provides a nuanced understanding of the 

socio-ecological dynamics within FMU XXV in North 

Sumatra, quantifying a significant net loss of forest cover 

over two decades (2001-2020) due to conversion to 

agriculture and plantations, while also documenting the 

persistent diversity of land covers, including forest, mixed 

gardens, and plantations. The most striking finding is the 

lack of a statistically significant correlation between these 

land cover changes and the preservation of traditional 

ethnoecological knowledge, which challenges the 

assumption that deforestation inevitably results in cultural 

degradation. Instead, communities demonstrated 

tremendous adaptation capacity by sustaining traditions 

such as mixed gardens, remaining forest patches, and 

farming with once-wild species. As a consequence, the 

management paradigm for FMU XXV has to evolve 

beyond a strictly biological focus; the preservation of 

ethnoecological knowledge is a critical asset for future 

conservation. The study suggests that FMU policies 

actively integrate this living cultural heritage into 

community-based management activities, ensuring its long-

term sustainability. Future research should conduct an in-

depth analysis to determine the conditions under which 

technological advances and connectivity may hinder 

ethnoecological activity. 

ACKNOWLEDGEMENTS 

The authors are grateful to the Universitas Sumatera 

Utara Non-PNPB Budget for funding the research through 

the TALENTA Research Basic Research Scheme in 2021. 

REFERENCES 

Aabeyir R, Agyare WA. 2020. Woodland access arrangement for charcoal 
production and its influence on woodland degradation in Kintampo 

Municipality, Ghana. Sci Afr 10: e00572. DOI: 10.1016/j.sciaf.2020.e00572. 

Abood SA, Lee JSH, Burivalova Z, Garcia-Ulloa J, Koh LP. 2015. Relative 
contributions of the logging, fiber, oil palm, and mining industries to 

forest loss in Indonesia. Conserv Lett 8 (1): 58-67. DOI: 10.1111/conl.12103. 

Achmad B, Sanudin, Siarudin M, Widiyanto A, Diniyati D, Sudomo A, 
Hani A, Fauziyah E, Suhaendah E, Widyaningsih TS, Handayani W, 

et al. 2022. Traditional subsistence farming of smallholder agroforestry 

systems in Indonesia: a review. Sustainability 14 (14): 8631. DOI: 
10.3390/su14148631. 

Adade Williams P, Sikutshwa L, Shackleton S. 2020. Acknowledging 
indigenous and local knowledge to facilitate collaboration in 

landscape approaches—lessons from a systematic review. Land 9 (9): 

331. DOI: 10.3390/land9090331. 

Adom D, Kquofi S, Asante EA. 2016. The high impacts of Asante indigenous 

knowledge in biodiversity conservation issues in Ghana: The case of 

the Abono and Essumeja townships in Ashanti Region. Br J Environ 
Sci 4 (3): 63-78. 

Agresti A. 2018. An Introduction to Categorical Data Analysis. 3rd ed. 

John Wiley & Sons, Hoboken. 
Akoglu H. 2018. User's guide to correlation coefficients. Turk J Emerg 

Med 18 (3): 91-93. DOI: 10.1016/j.tjem.2018.08.001. 

Alves RRN, Souto WMS, Fernandes-Ferreira H, Bezerra DM, Barboza 
RR, Vieira WLS. 2018. The Importance of Hunting in Human Societies. 

In: Angelici FM (eds.). Problematic Wildlife. Springer, Cham. DOI: 

10.1016/B978-0-12-809913-1.00007-7. 
Amrul HMZN, Pasaribu N, Harahap RH, Aththorick TA. 2019. Ethnobotanical 

study of fodder plant species used by the Batak Parmalim communities in 

Toba Samosir, Indonesia. IOP Conf Ser: Earth Environ Sci 305 (1): 
012089. DOI: 10.1088/1755-1315/305/1/012089. 

Armawi A, Limbongan SA. 2022. The local-wisdom-based social capital 

for strengthening social resilience during the COVID-19 pandemic. 

Masyarakat, Kebudayaan dan Politik 35 (4): 514-526. DOI: 

10.20473/mkp.V35I42022.514-526.  

Basyuni M, Sulistiyono N, Wati R, Hayati R. 2018. Deforestation trend in 
North Sumatra over 1990-2015. IOP Conf Series: Earth Environ 

Science 122 (2018): 012059. DOI: 10.1088/1755-1315/122/1/012059.  

Benz BF, Cevallos J, Santana F, Rosales J, Graf S. 2000. Losing 
knowledge about plant use in the Sierra de Manantlan Biosphere 

https://doi.org/10.1016/j.sciaf.2020.e00572
https://doi.org/10.1111/conl.12103
https://doi.org/10.3390/su14148631
https://doi.org/10.3390/su14148631
https://doi.org/10.3390/land9090331
https://doi.org/10.1016/j.tjem.2018.08.001
https://doi.org/10.1016/B978-0-12-809913-1.00007-7
https://doi.org/10.1016/B978-0-12-809913-1.00007-7
https://doi.org/10.1088/1755-1315/305/1/012089
https://doi.org/10.20473/mkp.V35I42022.514-526
https://doi.org/10.20473/mkp.V35I42022.514-526


SAMSURI et al. – Ethoecological protects the forest from deforestation and loss of biodiversity 

 

4555 

Reserve, Mexico. Econ Bot 54 (2): 183-191. DOI: 

10.1007/BF02907821. 

Berkes F, Colding J, Folke C. 2000. Rediscovery of traditional ecological 
knowledge as adaptive management. Ecol Appl 10 (5): 1251-1262. 

DOI: 10.1890/1051-0761(2000)010[1251:ROTEKA]2.0.CO;2. 

Berkes F. 2009. Evolution of co-management: Role of knowledge 
generation, bridging organizations and social learning. J Environ 

Manag 90 (5): 1692-1702. DOI: 10.1016/j.jenvman.2008.12.001. 

Braun V, Clarke V. 2021. Thematic Analysis: A Practical Guide. SAGE 
Publications, London. 

Brooks TM, Mittermeier RA, Mittermeier CG, Da Fonseca GA, Rylands 

AB, Konstant WR, Flick P, Pilgrim J, Oldfield S, Magin G, Hilton‐Taylor 
C. 2002. Habitat loss and extinction in the hotspots of biodiversity. 

Conserv Biol 16 (4): 909-923. DOI: 10.1046/j.1523-1739.2002.00530.x. 

Carson SL, Kentatchime F, Nana ED, Njabo KY, Cole BL, Godwin HA. 2018. 
Indigenous peoples’ concerns about loss of forest knowledge: implications 

for forest management. Conserv Soc 16 (4): 431-440. DOI: 

10.4103/cs.cs_17_105. 
Center of Statistics Agency (CSA) of Tapanuli Tengah. 2020. Tapanuli 

Tengah angka 2020. BPS, Pandan. [Indonesian] 

Creswell JW, Creswell JD. 2018. Research Design: Qualitative, Quantitative, 
and Mixed Methods Approaches. 5th ed. SAGE Publications, 

Thousand Oaks. 

Danielsen F, Burgess ND, Balmford A. 2005. Monitoring matters: Examining 
the potential of locally-based approaches. Biodivers Conserv 14 (11): 

2507-2542. DOI: 10.1007/s10531-005-8375-0. 

de Araujo Lima Constantino P, Carlos HS, Ramalho EE, Rostant L, 
Marinelli CE, Teles D, Fonseca-Junior SF, Fernandes RB, Valsecchi 

J. 2012. Empowering local people through community-based resource 

monitoring: A comparison of Brazil and Namibia. Ecol Soc 17 (4): 
22. DOI: 10.5751/ES-05164-170422. 

Dislich C, Keyel AC, Salecker J, Kisel Y, Meyer KM, Auliya M, Barnes 

AD, Corre MD, Darras K, Faust H, Hess B, Klasen S, Knohl A, Kreft 

H, Meijide A, Nurdiansyah F, Otten F, Pe'er G, Steinebach S, Tarigan 

S, Tölle MH, Tscharntke T, Wiegand K. 2017. A review of the 

ecosystem functions in oil palm plantations, using forests as a 
reference system. Biol Rev Camb Philos Soc 92 (3): 1539-1569. DOI: 

10.1111/brv.12295. 
Djafar EM, Widayanti TF, Saidi MD, Muin AM. 2023. Forest management to 

achieve sustainable forestry policy in Indonesia. IOP Conf Ser: Earth 

Environ Sci 1181 (1): 012021. DOI: 10.1088/1755-1315/1181/1/012021. 
Elfrida, Tarigan NS, Suwardi AB. 2021. Ethnobotanical study of medicinal 

plants used by the community in Jambur Labu Village, East Aceh, 

Indonesia. Biodiversitas 22 (7): 2893-2900. DOI: 10.13057/biodiv/d220741. 
Erawan TS, Alillah AN, Iskandar J. 2018. Ethnobotany of ritual plants in 

Karangwangi Village, Cianjur District, West Java, Indonesia. Asian J 

Ethnobiol 1 (2): 53-60. DOI: 10.13057/asianjethnobiol/y010201. 
Fahmi A, Radjagukguk B, Purwanto BH. 2014. Interaction of peat soil and 

sulphidic material substratum: Role of peat layer and groundwater level 

fluctuations on phosphorus concentration. J Trop Soils 19 (3): 171-
179. DOI: 10.5400/jts.2014.v19i3.171-179. 

Ferreira AC, Borges R, de Lacerda LD. 2022. Can sustainable development 

save mangroves? Sustainability 14 (3): 1263. DOI: 10.3390/su14031263. 
Field A. 2018. Discovering Statistics using IBM SPSS Statistics. 5th ed. 

Sage Publications, London. 

Firdaus R, Nakagoshi N, Idris A, Raharjo B. 2014. The relationship 
between land use/land cover change and land degradation of a natural 

protected area in Batang Merao Watershed, Indonesia. In: Nakagoshi 

N, Mabuhay JA (eds.). Designing Low Carbon Societies in 
Landscapes. Springer: Tokyo. DOI: 10.1007/978-4-431-54819-5_14. 

FMU XI Pandan. 2015. Rencana Pengelolaan Hutan Jangka Panjang 

(RPHJP) KPHL Unit XXV, Tengah ST. Dinas Kehutanan Sumatra 
Utara, Medan. [Indonesian] 

Golar G, Muis H, Massiri SD, Rahman A, Maiwa A, Pratama F, Baharuddin 

RF, Simorangkir WS. 2021. Can forest management units improve 
community access to the forest? Intl J Des Nat Ecodynamics 16 (5): 

573-580. DOI: 10.18280/ijdne.160511. 

Gómez-Baggethun E, Corbera E, Reyes-García V. 2013. Traditional ecological 

knowledge and global environmental change: Research findings and 

policy implications. Ecol Soc 18 (4): 72. DOI: 10.5751/ES-06288-

180472. 
Habibulloh H, Harun MU, Sulaiman F. 2023. Growth and yield of rubber 

tree (Hevea brasiliensis) clon PB260 from different weed ecosystems. 

BIOVALENTIA Biol Res J 9 (2): 123-128. DOI: 
10.24233/biov.9.2.2023.421. 

Haidir IA, Macdonald DW, Wong W-M, Lubis MI, Linkie M. 2013. 

Population dynamics of threatened felids in response to forest cover 

and conservation policies in Sumatra. PLoS One 15 (8): e0236144. 
DOI: 10.1371/journal.pone.0236144.  

Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, 

Tyukavina A, 2013. High-resolution global maps of 21st-century 
forest cover change. Science 342 (6160): 850-853. DOI: 

10.1126/science.1244693. 

Hoagland SJ. 2016. Integrating traditional ecological knowledge with 
western science for optimal natural resource management. Other 

Ways of Knowing 3 (1): 1-15. DOI: 10.18113/P8IK359744. 

Ilhami A, Suci DA, Fernando A, Pernantah PS. 2021. Ethnoecology local 
communities on Kasboyo Lake: Exploration of conservation values 

using the ethnoscience approach as a source of natural science learning. 

IJIS Edu Indones J Integrated Sci Educ 3 (2): 149-156. DOI: 
10.29300/ijisedu.v3i2.4510. 

Ismail NH, Pa'ee F, Salleh NAM. 2020. Documentation of plants used for 

postnatal care by the Temuan community in Taman Negara Johor 
Gunung Ledang. Solid State Technol 63 (3): 893-897. 

Jones JPG, Andriamarovololona MM, Hockley N, Gibbons JM, Milner-

Gulland EJ. 2008. Testing the use of interviews as a tool for monitoring 
trends in the harvesting of wild species. J Appl Ecol 45 (4): 1205-

1212. DOI: 10.1111/j.1365-2664.2008.01487.x. 

Kara H. 2022. Qualitative Research for Quantitative Researchers. SAGE 
Publications Ltd, London. 

Kogoya Y, Walangitan D, Kainda P. 2017. Agroforestri pola kebun 

campuran di Desa Warembungan Kecamatan Pineleng Provinsi 
Sulawesi Utara. Cocos 9 (6): 1-7. DOI: 10.35791/cocos.v1i2.20110. 

[Indonesian] 

Linkie M, Smith RJ, Zhu YU, Martyr DJ, Suedmeyer B, Pramono J, 
Leader‐Williams NI. 2008. Evaluating biodiversity conservation around a 

large Sumatran protected area. Conserv Biol 22 (3): 683-690. DOI: 

10.1111/j.1523-1739.2008.00906.x. 

Margono BA, Potapov PV, Turubanova S, Stolle F, Hansen MC. 2014. Primary 

forest cover loss in Indonesia over 2000-2012. Nat Clim Change 4 

(8): 730-735. DOI: 10.1038/nclimate2277. 
Martin GJ. 2004. Ethnobotany: A Methods Manual. Routledge, London. 

Maskur T, Supriatna A. 2020. Strengthening social capital through socio-
economic mitigation based on local wisdom. Adv Econ Business 

Manag Res 138: 158-161. DOI: 10.2991/aebmr.k.210831.001. 

McCarter J, Gavin MC, Baereleo S, Love M. 2018. The challenges of 
maintaining indigenous ecological knowledge. Ecol Soc 19 (3): 39. 

DOI: 10.5751/ES-10601-230320. 

Mekonen S. 2020. Coexistence between human and wildlife: The nature, 
causes and mitigations of human wildlife conflict around Bale Mountains 

National Park, Southeast Ethiopia. BMC Ecol 20 (1): 51. DOI: 

10.1186/s12898-020-00319-1. 
Miles MB, Huberman AM, Saldaña J. 2014. Qualitative Data Analysis: A 

Methods Sourcebook. 3rd ed. SAGE Publications, Thousand Oaks. 

Minin ED, Clements HS, Correia RA, Cortés-Capano G, Fink C, Haukka 
A, Hausmann A, Kulkarni R, Bradshaw CJA. 2021. Consequences of 

recreational hunting for biodiversity conservation and livelihoods. 

One Earth 4 (2): 238-253. DOI: 10.1016/j.oneear.2021.01.014. 
Ministry of Forestry of Indonesia. 2007. Regulation of the Minister of 

Forestry Number P.6/Menhut-II/2007 concerning Forest Management 

Unit (Kesatuan Pengelolaan Hutan). Jakarta, Indonesia. [Indonesian] 
Ministry of Environment and Forestry. 2020. Petunjuk Teknis Penafsiran 

Citra Satelit Resolusi Sedang. Kementerian Lingkungan Hidup dan 

Kehutanan Indonesia, Jakarta. [Indonesian] 
Moeliono M, Thuy PT, Bong IW, Wong GY, Brockhaus M. 2014. Forestry 

governance and institutional structure: the case of Forest Management 

Units (KPHP) in Indonesia. CIFOR Working Paper No. 171. Center 
for International Forestry Research, Bogor. [Indonesian] 

Moktan MR, Norbu L, Choden L. 2016. Can community forestry contribute to 

household income and sustainable forestry practices in rural areas? A 
case study from Tshapey and Zariphensum in Bhutan. For Policy 

Econ 62: 149-157. DOI: 10.1016/j.forpol.2015.08.011. 

Morris MW, Hong Y, Chiu C, Liu Z. 2015. Normology: Integrating insights 

about social norms to understand cultural dynamics. Organ Behav 

Hum Decis Process 129: 1-13. DOI: 10.1016/j.obhdp.2015.03.001. 

Nater A, Mattle-Greminger MP, Nurcahyo A, Nowak MG, de Manuel M, 
Desai T, Groves C, Pybus M, Sonay TB, Roos C, Lameira AR, Wich 

SA, Askew J, Davila-Ross M, Fredriksson G, de Valles G, Casals F, 

Prado-Martinez J, Goossens B, Verschoor EJ, Warren KS, Singleton 
I, Marques DA, Pamungkas J, Perwitasari-Farajallah D, Rianti P, 

Tuuga A, Gut IG, Gut M, Orozco-terWengel P, van Schaik CP, 

https://doi.org/10.1890/1051-0761(2000)010%5b1251:ROTEKA%5d2.0.CO;2
https://doi.org/10.1016/j.jenvman.2008.12.001
https://doi.org/10.5751/ES-05164-170422
https://doi.org/10.1088/1755-1315/1181/1/012021
https://doi.org/10.13057/biodiv/d220741
http://doi.org/10.5400/jts.2014.v19i3.171-179
https://doi.org/10.3390/su14031263
https://doi.org/10.18280/ijdne.160511
https://doi.org/10.5751/ES-06288-180472
https://doi.org/10.5751/ES-06288-180472
https://doi.org/10.24233/biov.9.2.2023.421
https://doi.org/10.24233/biov.9.2.2023.421
https://doi.org/10.29300/ijisedu.v3i2.4510
https://doi.org/10.29300/ijisedu.v3i2.4510
https://doi.org/10.5751/ES-10601-230320
https://doi.org/10.1186/s12898-020-00319-1
https://doi.org/10.1186/s12898-020-00319-1
https://doi.org/10.1016/j.oneear.2021.01.014
https://doi.org/10.1016/j.forpol.2015.08.011
https://doi.org/10.1016/j.obhdp.2015.03.001


 BIODIVERSITAS  26 (9): 4545-4556, September 2025 

 

4556 

Bertranpetit J, Anisimova M, Scally A, Marques-Bonet T, Meijaard 

E, Krützen M. 2017. Morphometric, behavioral, and genomic evidence 

for a new orangutan species. Curr Biol 27 (22): 3487-3498. DOI: 
10.1016/j.cub.2017.09.047. 

Nurda N, Noguchi R, Ahamed T. 2020. Change detection and land suitability 

analysis for extension of potential forest areas in indonesia using satellite 
remote sensing and GIS. Forests 11 (4): 398. DOI: 10.3390/f11040398. 

Nurkin B. 2006. Decentralization and natural resources management: 

forest management case in South Sulawesi. Jurnal Perennial 2 (1): 25-
30. DOI: 10.24259/perennial.v2i1.151. [Indonesian] 

Okoko JM, Tunison S, Walker KD. 2023. Varieties of Qualitative Research 

Methods: Selected Contextual Perspectives. Springer, Cham. 
Poonia RC, Singh V, Nayak SR. 2022. Deep Learning for Sustainable 

Agriculture. Academic Press, London. 

Prasetyo B, Chikmawati T, Walujo EB, Amzu E. 2018. Ethnoecology: 
The traditional landscape of Osing Tribe in Banyuwangi, Indonesia. 

Biodiversitas 19 (6): 2003-2009. DOI: 10.13057/biodiv/d190604. 

Purwanto Y, Sukara E, Ajiningrum PA, Priatna D. 2020. Cultural diversity and 
biodiversity as foundation of sustainable development. Indones J 

Appl Environ Stud 1 (1): 1-10. DOI: 10.33751/injast.v1i1.1976. 

Putri RF, Naufal M, Nandini M, Dwiputra DS, Wibirama S, Sumantyo 
JTS. 2019. The impact of population pressure on agricultural land 

towards food sufficiency (case in West Kalimantan Province, Indonesia). 

IOP Conf Ser: Earth Environ Sci 256 (1): 012050. DOI: 
10.1088/1755-1315/256/1/012050. 

Ramli MR, Malek S, Milow P, Aziz NJ. 2021. Traditional knowledge of 

medicinal plants in the Kampung Orang Asli Donglai Baru, Hulu 
Langat, Malaysia. Biodiversitas 22 (3): 1304-1309. DOI: 

10.13057/biodiv/d220329. 

Reyes-García V, Aceituno-Mata L, Calvet-Mir L, Garnatje T, Gomez-
Baggethun E, Lastra JJ, Ontillera R, Parada M, Rigat M, Vallès J, 

Vila S. 2014. Resilience of traditional knowledge systems: The case 

of agricultural knowledge in home gardens of the Iberian Peninsula. 

Glob Environ Change 24: 223-231. DOI: 10.1016/j.gloenvcha.2013.11.022. 

Rijal S, Saleh MB, Jaya INS, Tiryana T. 2016. Spatial metrics of deforestation 

in Kampar and Indragiri Hulu, Riau Province. Jurnal Manajemen 
Hutan Tropika 22 (1): 24-34. DOI: 10.7226/jtfm.22.1.24. 

Rizki R, Nursyahra, Fernando O. 2019. Study of weeds as traditional 
medicinal plants used by indigenous people of West Pasaman, 

Indonesia. J Trop Hort 2 (2): 81-85.  

Rochmayanto Y, Nurrochmat DR, Nugroho B, Darusman D, Satria A, 
Casse T, Erbaugh JT, Wicaksono D. 2023. Devolution of forest 

management to local communities and its impacts on livelihoods and 

deforestation in Berau, Indonesia. Heliyon 9 (5): e16115. DOI: 
10.1016/j.heliyon.2023.e16115. 

Sahide MAK, Supratman S, Maryudi A, Kim YS, Giessen L. 2016. 

Decentralization policy as decentralization strategy: A case study of 
the implementation of the Forest Management Unit (FMU) policy in 

Indonesia. Intl For Rev 18 (1): 78-95. DOI: 10.1505/146554816818206168.  

Samsuri S, Jaya INS, Kusmana C, Murtilaksono K. 2014. Analysis of 
tropical forest landscape fragmentation in Batang Toru Watershed, 

North Sumatra. Jurnal Manajemen Hutan Tropika 20 (2): 77-85. DOI: 

10.7226/jtfm.20.2.77. 
Samsuri, Ahmad AG, Zaitunah A, Tambusai K. 2019. Evaluation of plant 

species suitability for lowland forest landscape restoration in Lepan 

watersheds, Langkat District, North Sumatra, Indonesia. Biodiversitas 
20 (10): 2830-2837. DOI: 10.13057/biodiv/d201018.  

Saputra MH, Lee HS. 2019. Prediction of land use and land cover changes 

for North Sumatra, Indonesia, using an artificial-neural-network-
based cellular automaton. Sustainability 11 (11): 3024. DOI: 

10.3390/su11113024. 

Sayre NF, McAllister RR, Bestelmeyer BT, Moritz M, Turner MD. 2013. 

Earth stewardship of rangelands: Coping with ecological, economic, 

and political marginality. Front. Ecol. Environ 11 (7): 348-354. DOI: 
10.1890/120333. 

Sevilla CG, Ochave JA, Punsalan TG, Regala BP, Uriarte GG. 2003. Research 

Methods. Revised Edition. Rex Book Store, Manila. 
Shackleton CM, Blair A, De Lacy P, Kaoma H, Mugwagwa N, Dalu MT, 

Walton W. 2015. How important is green infrastructure in small and 

medium-sized towns? Lessons from South Africa. Landsc Urban Plan 
180: 273-281. DOI: 10.1016/j.landurbplan.2016.12.007. 

Sodhi NS, Koh LP, Brook BW, Ng PKL. 2004. Southeast Asian 

biodiversity: an impending disaster. Trends Ecol Evol 19 (12): 654-
660. DOI: 10.1016/j.tree.2004.09.006. 

Sterling EJ, Filardi C, Toomey A, Sigouin A, Betley E, Gazit N, Newell J, 

Albert S, Alvira D, Bergamini N, Blair M, Boseto D, Burrows K, 
Bynum N, Caillon S, Caselle JE, Claudet J, Cullman G, Dacks R, 

Eyzaguirre PB, Gray S, Herrera J, Kenilorea P, Kinney K, Kurashima 

N, Macey S, Malone C, Mauli S, McCarter J, McMillen H, Pascua P, 
Pikacha P, Porzecanski AL, de Robert P, Salpeteur M, Sirikolo M, 

Stege MH, Stege K, Ticktin T, Vave R, Wali A, West P, Winter KB, 

Jupiter SD. 2017. Biocultural approaches to well-being and sustainability 
indicators across scales. Nat Ecol Evol 1 (12): 1798-1806. DOI: 

10.1038/s41559-017-0349-6. 

Sugianto S, Deli A, Miswar E, Rusdi M, Irham M. 2022. The effect of 
land use and land cover change on flood occurrence in Teunom 

Watershed, Aceh Jaya. Land 11 (8): 1271. DOI: 10.3390/land11081271. 

Supyan, Susanto AN, Samadan GM, Sulistiono. 2021. Traditional wisdom 
as a starting point for conservation: A review. IOP Conf Ser Earth 

Environ Sci 890 (2021): 012064. DOI: 10.1088/1755-

1315/890/1/012064. 
Sutherland WJ, Gardner T, Bogich TL, Bradbury RB, Clothier B, Jonsson 

M, Kapos V, Lane SN, Möller I, Schroeder M, Spalding M. 2014. 

Solution scanning as a key policy tool: Identifying management 

interventions to help maintain and enhance regulating ecosystem 

services. Ecol Soc 19 (2): 3. DOI: 10.5751/ES-06082-190203. 

Suwarno E. 2015. Can FMUs improve Indonesia's forest governance?. 
Wahana Forestra: Jurnal Kehutanan 10 (2): 1-15. DOI: 

10.31849/forestra.v10i2.226. [Indonesian] 
Tesfahunegn GB. 2019. Farmers' perception on land degradation in Northern 

Ethiopia: Implication for developing sustainable land management. 

Soc Sci J 56 (2): 268-287. DOI: 10.1016/j.soscij.2018.07.004. 
Turreira-García N, Vilkamaa AM, Fagerholm N, Lucena RPF, Gutiérrez 

N, Reyes-García V. 2018. What's in a name? Local knowledge and 

the use of specific, descriptive and evocative names for useful plants 
in Northeastern Thailand. J Ethnobiol Ethnomed 14 (1): 1-15. DOI: 

10.1186/s13002-018-0264-1. 

Toledo VM. 1992. What is ethnoecology? Origins, scope, and implications of 
a rising discipline. Etnoecológica 1 (1): 5-21. 

Tynsong H, Dkhar M, Tiwari BK. 2020. Review: Traditional ecological 

knowledge of tribal communities of North East India. Biodiversitas 
21 (7): 3209-3224. DOI: 10.13057/biodiv/d210743. 

Wich SA, Singleton I, Nowak MG, Utami Atmoko SS, Nisam G, Arif 

SM, Putra RH, Ardi R, Fredriksson G, Usher G, Gaveau DL, Kühl 
HS. 2016. Land-cover changes predict steep declines for the Sumatran 

orangutan (Pongo abelii). Sci Adv 2 (3): e1500789. DOI: 

10.1126/sciadv.1500789. 
Zhang Y, Xie H. 2019. Interactive relationship among urban expansion, 

economic development, and population growth since the reform and 

opening up in China: An analysis based on a vector error correction 
model. Land 8 (10): 153. DOI: 10.3390/land8100153. 

 

https://doi.org/10.1016/j.cub.2017.09.047
https://doi.org/10.1016/j.cub.2017.09.047
https://doi.org/10.13057/biodiv/d190604
https://doi.org/10.1088/1755-1315/256/1/012050
https://doi.org/10.1088/1755-1315/256/1/012050
https://doi.org/10.13057/biodiv/d220329
https://doi.org/10.13057/biodiv/d220329
https://doi.org/10.1016/j.gloenvcha.2013.11.022
https://doi.org/10.7226/jtfm.22.1.24
https://doi.org/10.1016/j.heliyon.2023.e16115
https://doi.org/10.1016/j.heliyon.2023.e16115
https://doi.org/10.7226/jtfm.20.2.77
https://doi.org/10.7226/jtfm.20.2.77
https://doi.org/10.13057/biodiv/d201018
https://doi.org/10.1890/120333
https://doi.org/10.1890/120333
https://doi.org/10.1016/j.landurbplan.2016.12.007
https://doi.org/10.1038/s41559-017-0349-6
https://doi.org/10.1038/s41559-017-0349-6
https://doi.org/10.3390/land11081271
https://doi.org/10.5751/ES-06082-190203
https://doi.org/10.31849/forestra.v10i2.226
https://doi.org/10.31849/forestra.v10i2.226
https://doi.org/10.1016/j.soscij.2018.07.004
https://doi.org/10.13057/biodiv/d210743
https://doi.org/10.1126/sciadv.1500789
https://doi.org/10.1126/sciadv.1500789
https://doi.org/10.3390/land8100153

