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Abstract 
 
This study aimed to assess termite diversity and habitat distribution at the Soraya 
Research Station (SRS), analyze ecological associations between termite species and 
Dipterocarpaceae, and identify key interaction types and their ecological roles in forest 
succession. Termite sampling was conducted using a standardized belt transect method 
across 50 subplots (0.5 ha). A total of 48 termite species from 2 families and 17 genera 
were recorded, with Termitidae (43 species) being the dominant family. Termite 
distribution was strongly associated with decomposing substrates, particularly fallen logs, 
while living trees showed high resistance to colonization. Despite the dominance of 
Dipterocarpaceae, only 10.4% of termite taxa interacted directly with these trees, and 
92,1% of examined Dipterocarpaceae structures showed no active colonization. Specific 
interactions identified included neutral associations (Hospitalitermes hospitalis), 
opportunistic pest (Nasutitermes roboratus), and specialized decomposers (Coptotermes 
curvignathus, Macrotermes malaccensis, and Pericapritermes samarangi). The high termite 
diversity indicates significant ecological recovery at SRS. Termite-host interactions are 
primarily governed by substrate quality and decomposition stages rather than host 
identity, highlighting the effective structural and chemical defenses of living 
Dipterocarpaceae in secondary tropical forests. 
 

 

Copyright: © 2026 by the authors. This is an open-access article distributed under the 
terms of the Creative Commons Attribution-NonCommercial 4.0 International License. 
(https://creativecommons.org/licenses/by-nc/4.0/) 

1. Introduction 

Tropical lowland Dipterocarp/Dipterocarpaceae forests 
are among the most biodiverse globally and play a crucial 
role in maintaining ecological stability, carbon storage, 
and biodiversity conservation [1]. The Soraya Research 
Station (SRS), located within the Leuser Ecosystem, is a 
secondary lowland Dipterocarp Forest undergoing 
natural regeneration following historical logging. Over 

the past three decades, protection efforts have enabled 
forest recovery, although structural changes remain 
evident, particularly in the reduced abundance of large 
trees [2, 3]. 

Termites are recognized as key ecosystem engineers in 
tropical forests, contributing significantly to 
decomposition processes, nutrient cycling, and soil 
formation. By breaking down wood, litter, and other 
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organic materials, termites accelerate carbon turnover 
and enhance soil fertility, thereby supporting forest 
regeneration [4–6]. In Dipterocarp-dominated 
ecosystems, termites interact with both living and dead 
trees, influencing vegetation dynamics and ecosystem 
processes [7–9]. Termite termitaria, for example, 
increased soil and forest diversity in dry Dipterocarps 
Forest by enriching cation exchange and counteracting 
alkaline erosion [9–11]. 

Recent studies have highlighted the importance of 
termites in tropical ecosystems, demonstrating their 
contribution to decomposition and ecosystem resilience 
under environmental stress. A 2019 study in Malaysian 
tropical forests showed that termites mitigate drought 
effects by increasing soil moisture. In Indonesia, a 2021 
survey in Kalimantan found high termite diversity in post-
logging forests, supporting nutrient cycling, while a 2023 
study in Central Java linked termite diversity to soil factors 
in Dipterocarp forests. However, most studies have 
focused on general diversity patterns or ecological 
functions, while species-specific interactions with 
Dipterocarps remain poorly documented, particularly in 
Southeast Asia [12–16]. 

In the Leuser Ecosystem, previous studies have reported 
termite diversity and their role in supporting wildlife, 
including the Sumatran orangutan (Pongo abelii), which 
utilizes termites as a protein source [2, 17–19]. Research 
from 2021-2022 at SRS confirmed orangutan feeding 
behaviors that include arboreal termites from the 
Dipterocarpaceae [2, 20]. Nevertheless, detailed 
information on termite infestation patterns in 
Dipterocarpaceae, particularly across different substrate 
conditions (living trees, dead trees, stumps, and logs), is 
still limited. 

Therefore, this study aims to: (1) Assess termite diversity 
and habitat distribution in Soraya Research Station; (2) 
Analyze ecological associations between termites species 
and Dipterocarpaceae; (3) Identify key interaction types 
and their ecological roles in forest succession. This study 
provides new empirical data on termite-
Dipterocarpaceae interactions and contributes to a 
better understanding of ecosystem functioning in 
tropical secondary forests. 

2. Materials and Methods 

2.1. Study Area 

The research was conducted in Soraya Research Station 
(SRS), Subulussalam, Aceh, Indonesia, located at 
coordinates (02°55’30.1” N and 97°55’42.5” E (Figure 1). 
The area represents a lowland Dipterocarps forest with 
an elevation up to 350 m above sea level. The climate is 

characterized by annual rainfall ranging from 196.9 to 
245 cm, average temperatures 25.3 to 26.6°C, and 
relative humidity around 87% [21]. 

2.2. Sampling Design 

Field sampling was conducted in two randomly selected 
main plots totaling 0.5 ha, which were divided into 50 
subplots (10 m x 10 m). The plots were randomly created 
to capture habitat variability [9, 22, 23]. 

2.3. Termite Sampling 

Termites in the Soraya Research Station (SRS) were 
surveyed across 50 established subplots using a 
standardized belt transect sampling method, widely 
applied in tropical termite studies. All potential termite 
habitats within each subplot were systematically 
examined through direct observation and active colony 
searching. The surveyed substrates include living trees, 
dead standing trees, and stumps from both 
Dipterocarpaceae and non-Dipterocarpaceae species, as 
well as fallen logs, litter, and soil mounds.  

Particular attention was given to trees with a diameter at 
breast height (DBH) ≥ 10 cm. Each tree was carefully 
inspected from the base, including the surface and 
buttress roots, and extended upward along the trunk to 
a height of approximately 2 m. Smaller vegetation was 
only recorded when termite activity was observed.  

Termite specimens were collected manually with forceps 
to represent both worker and soldier castes, with 
approximately 10-20 individuals per caste to ensure 
reliable identification using diagnostic morphological 
characteristics. Specimens were carefully extracted and 
preserved in vials containing 70% ethanol, labeled with 
complete location data for identification [9, 24]. 

2.4. Identification 

All collected termite specimens were identified to the 
species level whenever possible; when species-level 
identification was not feasible, specimens were identified 
to the genus level. The identification process was 
conducted at the Biosystematics Laboratory, Department 
of Biology, Faculty of Mathematics and Natural Sciences, 
Universitas Syiah Kuala, where specimens were also 
curated as reference collections. 

Termite identification was based on detailed 
morphological examination, including key diagnostic 
characters such as the antennae, mandibles, pronotum, 
labrum, postmentum, and head capsule. Observations 
were performed using a LEYBOLD™ stereomicroscope 
with 10× ocular magnification. 
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Figure 1. Termite research locations at the Soraya Research Station Forest. 
 
Identification procedures followed established 
taxonomic references [25–33], including works by 
Roonwal and Chhotani, Krishna et al., Ahmad, Wang et al., 
Syaukani, and Rocha et al. 

In parallel, all plant individuals within the sampling 
subplots were identified to the species level, regardless 
of termite presence. For dead trees, stumps, and logs 
colonized by termites, plant species were identified 
whenever morphological characteristics allowed. Plant 
identification was supported by regional floras and 
verified using digital plant identification platforms such 
as Plant Net and Plant.id [34]. 

2.5. Data Analysis 

Termite diversity was assessed using taxa richness (S), 
defined as the total number of species or morphospecies 
recorded across all sampling units. This metric was 
selected to provide a baseline characterization of 
community composition in the study area, particularly 
given the focus on habitat associations rather than 
comparative diversity indices. The distribution of taxa 
across sampling subplots was also examined to identify 
patterns of occurrence and spatial heterogeneity [35, 36]. 

Habitat associations were evaluated using frequency-
based analysis, in which the occurrence of each termite 
species was quantified across substrate types, including 

living trees, dead trees, stumps, logs, litter, and soil. 
Frequencies were calculated as the number of 
occurrences of each species in each habitat category, 
enabling identification of dominant substrates and 
preferred ecological niches. This approach enabled 
comparison of habitat use among species and functional 
groups, particularly with respect to decomposition stages 
and substrate conditions [37, 38]. 

Correspondence Analysis (CA) was used to examine the 
relationships between termite species and habitat types. 
CA was performed using a species-by-habitat 
contingency matrix in PAST (Paleontological Statistics) 
version 5.2. CA, based on chi-square distances, allows the 
simultaneous ordination of species and habitat variables 
in a reduced-dimensional space. The resulting biplots 
were used to identify patterns of habitat association, 
ecological gradients, and niche differentiation among 
termite species [39]. 

3. Results and Discussion 

3.1. General Termite Diversity and Habitat Distribution 

The survey at the Soraya Research Station (SRS) 
successfully documented 48 termite species distributed 
across 2 families, 6 subfamilies, and 17 genera. The 
taxonomic breakdown reveals a significant dominance of 
the family Termitidae (43 species) over Rhinotermitidae 
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(5 species). Overall, termite occurrence was strongly 
associated with decomposing substrates, particularly 
dead wood, stumps, and soil, while interactions with 
living trees were relatively limited (Table 1).  

This relatively high level of diversity in a forest that has 
undergone approximately three decades of secondary 
succession suggests a substantial degree of ecological 
recovery [40]. Compared to other forest systems in 
Indonesia, termite diversity at SRS is notably higher; for 
example, studies in West Sumatra reported only 13 
species [41], while monoculture Eucalyptus pellita 
plantations in Riau recorded as few as 8 species [42]. 
These comparisons highlight the importance of structural 
complexity and habitat heterogeneity in supporting 
diverse termite assemblages.  

In terms of habitat distribution, termite occurrence was 
strongly associated with decomposing substrates, 
particularly dead standing trees, stumps, and fallen logs. 
Among these, logs supported a considerable number of 
colonies (41 occurrences), underscoring their importance 
as both sources and nesting substrates. In contrast, living 
trees (DLT and OLT) and litter supported fewer colonies, 
indicating lower suitability or higher resistance to 
colonization. Notably, termites were absent from 
approximately 70% of the examined potential habitats 
(329 out of 470 observations), suggesting a high degree 
of habitat selectivity or natural resistance in certain 
substrates. 

Among the recorded species, Macrotermes malaccensis 
exhibited the broadest habitat range, occurring across 
multiple substrate types, including dead wood, stumps, 
soil, and litter (Table 1). This wide ecological tolerance 
reflects its role as a fungus-growing termite capable of 
exploiting diverse organic materials [43]. 

Correspondence Analysis (CA) further clarified these 
patterns by revealing a distinct ecological gradient 
separating wood-based substrates (e.g., logs and litter) 
from soil-associated habitats (e.g., soil, stumps, and dead 
standing trees) (Figure 2). Most termite taxa were 
associated with wood and soil substrates, whereas fewer 
species were associated with litter or living trees, 
indicating clear differences in habitat preference and 
resource utilization. 

The dominance of Termitidae in SRS is consistent with 
patterns reported across tropical forests in Southeast 
Asia, where this family typically constitutes the majority 
of termite assemblages due to its high functional 
diversity. Members of Termitidae occupy a wide range of 
ecological niches, including wood-feeding, soil-feeding, 
and fungus-growing strategies, enabling them to exploit 

heterogeneous environments such as secondary forests 
[24, 44, 45]. 

The strong association between termite occurrence and 
coarse woody debris (CWD) highlights the critical role of 
dead wood in sustaining termite diversity and ecosystem 
functioning. Dead wood provides both resources and 
nesting sites, particularly for wood-feeding and fungus-
growing termites. These groups play a pivotal role in 
accelerating the decomposition of lignocellulosic 
material, thereby enhancing nutrient cycling and carbon 
turnover in tropical forest systems [46, 47]. 

The relatively low incidence of termites in living 
Dipterocarpaceae and other tree species suggests that 
these plants may possess inherent resistance 
mechanisms, such as high wood density and resin 
content, which limit termite colonization. As a result, 
termite activity in SRS appears to be predominantly 
associated with decomposition processes rather than 
direct herbivory, reinforcing their role as key 
decomposers in forest ecosystems. Termite attacks often 
occur on trees already under stress—damaged by 
logging, fire, or water shortages—rather than on healthy, 
established Dipterocarps [22, 48]. 

The high proportion of uncolonized habitats further 
indicates that termite distribution is spatially 
heterogeneous and environmentally constrained. 
Microclimatic factors at SRS—including high annual 
humidity (approximately 87%) and stable temperatures 
ranging from 25.3°C to 26.6°C—provide generally 
favorable conditions for termite activity. However, local 
variation in moisture availability, micro-topography, and 
canopy cover likely creates a mosaic of suitable and 
unsuitable habitats. Such fine-scale environmental 
heterogeneity has been widely recognized as a major 
determinant of termite distribution and community 
structure [49, 50]. 

Importantly, the separation of habitats along the CA axes 
indicates niche differentiation among termite taxa, 
suggesting that species partition available resources 
based on substrate type and decomposition stage. This 
partitioning reduces interspecific competition and 
supports the coexistence of diverse termite assemblages 
within the same landscape. Overall, these findings 
demonstrate that termite community structure in SRS is 
strongly governed by substrate-driven ecological 
processes, reinforcing their role as key ecosystem 
engineers in tropical forest recovery [51, 52]. 

3.2. Specific Associations with Dipterocarpaceae 

A total of 63 Dipterocarpaceae structures were examined 
within the study plots, comprising 60 living trees (DLT)  
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Table 1. Detailed Incidence of termite species across various habitats at SRS. 

No. Family & Species 
Incidence Location (Habitats) 

No. Col Percentage 
DLT DDT SD OLT ODT OS Log Litter Soil 

I.       Rhinotermitidae 
1 Coptotermes curvignathus   1               1 0.2 
2 Schedorhinoterme sp.         1         1 0.2 
3 Schedorhinotermes breavialatus               1   1 0.2 
4 Schedorhinotermes javanicus        1           1 0.2 
5 Schedorhinotermes sarawakensis          2   1   1 4 0.9 
II.     Termitidae 
6 Amitermes dentatus              1     1 0.2 
7 Bulbitermes flavicans         1         1 0.2 
8 Dicuspiditermes nemorosus       1     2 1 1 5 1.1 
9 Dicuspiditermes semarangi             1     1 0.2 
10 Havilanditermes atripennis             1     1 0.2 
11 Homallotermes eleanorae               1   1 0.2 
12 Homallotermes foraminifer        1           1 0.2 
13 Hospitalitermes birmanicus                1   1 0.2 
14 Hospitalitermes hospitalis 1     1     1     3 0.6 
15 Longipeditermes longipes       1           1 0.2 
16 Longipeditermes mandibulatus             1 2   3 0.6 
17 Macrotermes ahmadi             1     1 0.2 
18 Macrotermes beufortensis               1   1 0.2 
19 Macrotermes malaccensis   1   1 2 2 4 3 1 14 3 
20 Macrotermes sp.               3   3 0.6 
21 Malaysiotermes sp.       2 1   1 2   6 1.3 
22 Microcerotermes dubius       1           1 0.2 
23 Microcerotermes serrula       1     1   1 3 0.6 
24 Nasutitermes johoricus             1     1 0.2 
25 Nasutitermes longinasoides             1     1 0.2 
26 Nasutitermes longinasus       2 1 1 4 4 2 14 3 
27 Nasutitermes neoparvus             1 1   2 0.4 
28 Nasutitermes proatripennis       1 3   1 1   6 1.3 
29 Nasutitermes roboratus  1           1   2 4 0.9 
30 Odontotermes longingnathus         1   2     3 0.6 
31 Odontotermes mathuri         1   1 3 3 8 1.7 
32 Odontotermes minitus       2 1 2 3     8 1.7 
33 Odontotermes paraoblongathus              1     1 0.2 
34 Odontotermes sarawakensis       5   3 2 4 1 15 3.2 
35 Odontotermes sp.              1     1 0.2 
36 Odontotermes sundaicus               1   1 0.2 
37 Odototermes grandiceps            1       1 0.2 
38 Odototermes oblongatus                  1 1 0.2 
39 Pericapritermes latighnathus                  1 1 0.2 
40 Pericapritermes mohri                1   1 0.2 
41 Pericapritermes samarangi     1       1     2 0.4 
42 Pericapritermes sp.              2     2 0.4 
43 Pericapritermes speciosus              1 1   2 0.4 
44 Procapritermes  augustignathus       1           1 0.2 
45 Procapritermes greeni          1       1 2 0.4 
46 Procapritermes martyni             2 1   3 0.6 
47 Procapritermes sp.            2 1     3 0.6 
48 Termes propigus                  1 1 0.2 
49 No Termite 58   268 3     329 70 
 Total 60 2 1 289 18 11 41 32 16 470 100 
  Percentage 12.8 0.4 0.2 61.5 3.8 2.3 8.7 6.8 3.4 100.0   
(Note: DLT=Dipterocarpaceae Living Trees; DDT=Dipterocarpaceae Dead Trees; DS=Dipterocarpaceae Stump; OLT=Other Living Trees; ODT=Other Dead 
Trees; OS=Other Stump; No. Col=Number of Colony) 
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Figure 2. Correspondence analysis (CA) biplot showing associations between termite species and habitat types. 

Table 2. Summarized the observed association between termite species and Dipterocarp ace substrates 

No Termite Species Habitat in Dipterocarpaceae Total 
1 Hospitalitermes hospitalis Living Shorea multiflora (DLT) 1 
2 Nasutitermes roboratus Living Dipterocarpus humeratus (DLT) 1 
3 Coptotermes curvignathus Dead Shorea multiflora (DDT) 1 
4 Macrotermes malaccensis Dead Shorea multiflora (DDT) 1 
5 Pericapritermes samarangi Shorea multiflora Stump (DS) 1 
6 No Termite Various (Shorea, Dipterocarpus, etc.) 58 
 Total   63 
DLT =Dipterocarpaceae Living Trees; DDT = Dipterocarpaceae Dead Trees; DS = Dipterocarpaceae Stump; data derived from standardized 0.5 ha plots 

 
representing ten species (Dipterocarpus elongatus, D. 
grandiflorus, D. humeratus, Dryobalanops oblongifolia, 
Shorea dasyphylla, S. johorensis, S. lepidota, S. multiflora, S. 
leprosula, and S. palembanica), as well as two dead 
standing trees (DDT), and one stump (DS), predominantly 
belonging to Shorea multiflora.  

Despite the dominance of Dipterocarpaceae in the forest 
structure, termite associations were notably limited. Only 
five termite species representing 10.4% of the total 
recorded taxa (n=48) were observed to interact directly 
with Dipterocarpaceae, accounting for five incidences 
(7.9% of examined structures). These included 
Hospitalitermes hospitalis and Nasutitermes roboratus on 
living trees, Coptotermes curvignathus and Macrotermes 
malaccensis on dead standing trees, and Pericapritermes 
samarangi on a stump.  

In contrast, 58 structures (92,1%) showed no evidence of 
active termite colonization, indicating a strong pattern of 
avoidance or resistance. However, the presence of 

abandoned galleries on several individuals of Shorea 
multiflora suggests that termite colonization attempts 
may occur but are often unsuccessful or transient, likely 
due to unfavorable substrate conditions (Table 2). 

The extremely low proportion of termite associations 
with Dipterocarpaceae (7,9% of structures) reflects a high 
degree of ecological selectivity, where termite 
colonization is strongly constrained by substrate 
characteristics rather than host availability. Although 
Dipterocarpaceae dominated the forest of Soraya 
Research Station (SRS), they are rarely utilized as primary 
substrates, indicating that abundance does not equate to 
ecological suitability. 

The physical and chemical defenses of Dipterocarpaceae 
can largely explain this limited association. These trees 
are characterized by high wood density (commonly 0.6-
1.0 g cm-3) [16, 53] and lignin content, both of which 
reduce palatability and increase resistance to termite 
feeding. Experimental studies have demonstrated that 
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wood with lignin content exceeding 33% significantly 
limits termite digestion efficiency and feeding activity 
[46]. In addition, Dipterocarpaceae produce secondary 
metabolites, particularly phenolic compounds such as 
ellagic acid and oligostilbenoids like hopeaphenol, which 
can inhibit termite gut symbionts and digestive enzymes 
[54, 55]. These structural and chemical defenses are 
widely recognized as key deterrents against xylophagous 
insects, particularly in Southeast Asian tropical forests 
[54]. Consequently, termite activity tends to concentrate 
on dead, decayed, or structurally compromised 
substrates, as observed in this study [56, 57]. 

Despite these defenses, the presence of small or termite 
species indicates that resistance is not absolute. 
Generalist and fungus-growing termites, such as 
Macrotermes malaccensis, are capable of exploiting a wide 
range of substrates, including partially decomposed 
wood, by relying on symbiotic fungi to break down 
lignocellulosic material. Similarly, subterranean termites 
such as Coptotermes curvignathus are well adapted to 
colonize moist, decaying wood in contact with soil, where 
microbial preconditioning facilitates decomposition [58, 
59]. 

The distinction between living and dead substrates is 
therefore critical. In this study, termite interactions were 
predominantly restricted to dead or structurally 
compromised Dipterocarpaceae, while associations with 
living trees were rare and likely opportunistic. This 
supports the broader ecological consensus that termites 
in tropical forests function primarily as detritivores, 
contributing to nutrient cycling rather than acting as 
primary herbivores [60–63]. The high proportion of 
uncolonized structures (92.1%) further indicates that 
termite colonization is highly selective and 
environmentally constrained. The presence of 
abandoned galleries suggests that termites actively 
explore potential substrates but may abandon them if 
conditions are unsuitable, reflecting a dynamic 
colonization process governed by quality, moisture, and 
microbial interactions [44, 62, 64–66]. 

The patterns observed in SRS are consistent with findings 
from other tropical regions. In Sumatra, termite 
assemblages in both natural and managed systems show 
a strong preference for necromass rather than living 
wood, with Termitidae dominating disturbed 
environments [42]. Similarly, studies within the Leuser 
Ecosystem report termite activity concentrated on 
decaying Shorea species, with limited infestation on living 
trees. 

In Kalimantan, logged Dipterocarp forests support high 
termite diversity but maintain low infestation rates on 

living Dipterocarpaceae, indicating persistent 
mechanisms. However, contrasting cases exist; for 
example, Shorea leprosula has been reported as 
susceptible to Coptotermes spp. in Kalimantan, where 
infestations are characterized by soil sheeting on the 
bark. The absence of such interactions in SRS suggests 
that termite-host relationships are context dependent, 
influenced by local termite assemblages and the 
availability of alternative food resources [61, 67, 68]. 

Across Southeast Asia, termite-Dipterocarpaceae 
interactions reflect long-term coevolutionary processes. 
Dipterocarps have evolved strong structural and 
chemical defenses, while termites have diversified into 
functional groups that exploit different ecological niches. 
This results in selective, rather than generalized, 
interaction, with most termite activity concentrated on 
decomposing substrates [61, 69]. 

3.3. Analysis of Key Termite-Dipterocarpaceae Host 
Interactions  

While overall associations were limited, species-specific 
interactions reveal distinct ecological roles that 
contribute to ecosystem functioning. These interactions 
range from neutral relationships to active decomposition 
and opportunistic exploitation.  

3.3.1. Neutral Association: Hospitalitermes hospitalis 

At SRS, Hospitalitermes hospitalis exhibited a strictly 
neutral association with Shorea multiflora, constructing 
spherical arboreal nests at 30 cm above ground (Figure 
3). Nest placement at the intersection of Dipterocarp 
saplings and thorny rattan (Myrialepsis paradoxa) 
suggests a structural defense strategy in which physical 
barriers reduce predation risk. 

Ecologically, this behavior reflects a non-wood-feeding 
functional group, in which termites use trees only as 
architectural support while foraging. This pattern is 
consistent with recent studies showing that arboreal 
termites in tropical forests often function as surface 
foragers rather than wood consumers, redistributing 
organic matter rather than directly decomposing host 
trees [70–72].  

Such a neutral association is important because it 
demonstrates that not all termite-plant interactions are 
exploitative. Instead, they reflect commensal ecological 
relationships, which increase habitat complexity without 
imposing physiological stress on the host. This supports 
broader ecological frameworks in which termite 
functional diversity contributes to multilayered  
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Figure 3. Nest of H. hospitalis: (A. Ball-Shaped arboreal nest, B. Thorny rattan for nest reinforcement, C. S. multiflora sapling. 
 
ecosystem processes, including canopy-level nutrient 
cycling and microhabitat formation [37, 73]. 

3.3.2. Pest and Decomposer: Nasutitermes roboratus 

In contrast to the neutral associates, Nasutitermes 
roboratus demonstrated a dual ecological role as both an 
opportunistic pest and a primary decomposer [74–76]. In 
living Dipterocarpus humeratus (pole stage), this species 
constructed thin, soil-covered nests that extended up to 
5 meters toward the trunk (Figure 4). Unlike 
Hospitalitermes, N. roboratus consumes the wood of the 
living tree while simultaneously building its arboreal nest. 
This behavior is consistent with other Nasutitermes 
species, such as N. matangensis, which are known to 
attack and eventually kill trees in industrial plantations as 
their populations grow and nests enlarge [42, 61]. By 
attacking both living wood and rotten logs, N. roboratus 
facilitates nutrient cycling but also poses a potential 
threat to timber health in succession forests [77, 78]. 

Recent studies in Southeast Asian forests have shown 
that Nasutitermes species can shift from benign to 
damaging depending on colony size and resource 
competition, highlighting the importance of population 
dynamics in determining ecological outcomes [79]. Thus, 
the presence of N. roboratus in SRS reflects a transitional 
ecological role, particularly relevant in secondary forests 
where resource heterogeneity is high [80–82]. 

3.3.3. Subterranean Decomposer: Coptotermes curvignathus 

Coptotermes curvignathus was the only representative of 
the subfamily Coptotermitinae found in SRS, specifically 

associated with the dead wood of Shorea multiflora 
(Figure 5). It was indicating a primarily decomposer role 
in this system. Although widely recognized as a 
destructive pest in plantation ecosystems, its ecological 
function in natural forests is more nuanced [83]. 
Subterranean termites such as Coptotermes play a crucial 
role in the early stages of wood decomposition, 
particularly in dense hardwood systems such as 
Dipterocarpaceae. Their ability to penetrate and degrade 
structurally resistant wood facilities, subsequent 
colonization by fungi and other invertebrates [84, 85]. 

Recent ecological syntheses emphasize that termite-
driven decomposition is a key component of the tropical 
carbon cycle, with termite processing a substantial 
proportion of dead biomass and influencing soil 
structure and nutrient dynamics [86]. The confinement of 
C. curvignathus to dead substrates in SRS suggests that 
host defenses remain effective in living trees, while 
decomposing wood provides an accessible resource. This 
reinforces the concept that termite activity is strongly 
governed by substrate conditions rather than by the 
taxonomic identity of the host [80–82]. 

3.3.4. Generalist Foraging Decomposer: Macrotermes 
malaccensis 

Macrotermes malaccensis exhibited characteristics of a 
generalist decomposer, with broad habitat distribution 
but limited association with Dipterocarpaceae to recently 
fallen trees (Figure 6). As a fungus-growing termite, this 
species relies on symbiotic fungi to degrade 
lignocellulosic material, allowing efficient utilization of  
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Figure 4. Attack of Nasutitermes roboratus on Dipterocarpaceae: (a) Dipterocarpus humeratus (pole stage) attacked by N. roboratus; (b-f) 
Various views of N. roboratus. 

 

Figure 5. Coptotermes curvignathus termites: (a) Shorea multiflora dead after being attacked by termites; (b-f) various views of C. 
curvignathus. 

 

Figure 6. Macrotermes malaccensis termites: (a) Shorea multiflora dead and fallen after being attacked by termites; (b-d) various view of M. 
mallaccensis. 

 
complex plant biomass. This symbiosis is considered one 
of the most advanced decomposition systems among 
insects, enabling a near-complete breakdown of organic 
substrates [87, 88]. 

Recent research in Southeast Asian Dipterocarp forests 
shows that Macrotermes species contribute significantly 
to soil heterogeneity, nutrient availability, and vegetation 

patterns, particularly through mound-building and 
organic matter processing [9, 89]. The preference of M. 
malaccensis for dead rather than living Dipterocarpaceae 
reflects an energy-optimization strategy, in which 
termites exploit substrates that are already partially 
decomposed and energetically favorable. This behavior is 
consistent with broader ecological models of termite  
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Figure 7. Pericapritermes samarangi termites: (a) Shorea multiflora dead and fallen after being attacked by termites; (b-e) 
various views of P. samarangi. 

 
foraging, in which resource accessibility determines 
substrate selection [23, 90]. 

3.3.5. Soil-Interface Decomposers: Pericapritermes 
samarangi 

Pericapritermes samarangi functioned as a specialized 
soil-interface decomposer at SRS, occurring exclusively in 
stumps and highly decomposed wood of Shorea 
multiflora (Figure 7). This species belongs to a group of 
termites that feed on organic-rich soil and humified 
material rather than fresh wood. Such termites are 
critical to the final stage of decomposition, in which 
organic matter is mineralized and reintegrated into the 
soil. Their activity contributes to nutrient recycling, soil 
aggregation, and improved soil structure [91].  

Recent studies have highlighted that soil-feeding termites 
significantly influence belowground biodiversity and soil 
ecosystem processes, acting as key drivers of 
pedogenesis and nutrient redistribution in tropical 
forests. Moreover, the presence of Pericapritermes is 
often associated with low disturbance and high soil 
quality, making it a useful bioindicator of ecosystem 
recovery. Its occurrence in SRS suggests that the forest 
has reached a relatively advanced stage of ecological 
succession, with well-developed soil organic layers [4, 92]. 

3.4. Synthesis and Ecological Implications 

Taken together, the results from sections 3.1-3.3. reveal 
that termite communities in SRS are structured along a 
substrate-driven functional gradient, rather than simple 
taxonomic associations with Dipterocarpaceae hosts. 
Although Dipterocarpaceae dominate the forest 
vegetation, termite interactions with these trees remain 
highly selective, with most species preferentially 

exploiting dead, decaying, or soil-associated substrates.  

This pattern reflects a fundamental ecological 
mechanism in tropical forests, where termite activity is 
governed primarily by resource quality, decomposition 
stage, and accessibility, rather than host identity. The 
species-specific interactions further demonstrate a clear 
functional differentiation, ranging from neutral arboreal 
associations (Hospitalitermes) to facultative herbivory 
(Nasutitermes) and progressive decomposition processes 
(Coptotermes, Macrotermes, and Pericapritermes). 

Importantly, these findings suggest that 
Dipterocarpaceae possess effective structural and 
chemical defenses that limit termite colonization in living 
tissues, thereby reducing herbivory pressure. At the 
same time, termite communities play a critical role in 
processing necromass, facilitating nutrient cycling, and 
contributing to soil development during forest recovery.  

From an ecosystem perspective, termites function as key 
decomposers and ecosystem engineers, supporting the 
resilience of secondary forest by maintaining 
biogeochemical cycles. The coexistence of multiple 
functional groups ensures that organic matter is 
processed across successive stages of decomposition, 
reinforcing ecosystem stability.  

Overall, this study highlights that termite-
Dipterocarpaceae interaction in SRS are best understood 
with a functional ecological framework, where the 
balance between resistance (host traits) and utilization 
(termite feeding strategies) shapes community dynamics 
in regenerating tropical forests. 
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4. Conclusions 

This study provides critical empirical insight into the 
functional dynamics of termites in the secondary forests 
of the Leuser Ecosystem, particularly at the Soraya 
Research Station (SRS). A total of 48 termite species were 
recorded, reflecting substantial ecological recovery after 
three decades of succession, with communities 
dominated by the family Termitidae and exhibiting strong 
habitat selectivity for coarse woody debris, such as fallen 
logs and stumps, which serve as essential nesting and 
foraging substrates. Ecological associations with 
Dipterocarpaceae were minimal and highly selective, as 
92.1% of observed structures remained uncolonized, 
likely due to inherent resistance mechanisms such as 
high wood density and defensive secondary metabolites.  

The study further identified a gradient of interaction 
types, ranging from neutral associations that enhance 
habitat complexity to opportunistic species with 
transitional roles to specialized decomposers that break 
down lignocellulosic material and soil-interface 
decomposers that act as indicators of advanced 
succession and high soil quality. Overall, termites 
function as essential ecosystem engineers driven by 
substrate availability, preferentially utilizing necromass 
over living tissues, thereby supporting nutrient cycling 
and long-term forest stability.  

Based on these findings, future research should 
emphasize long-term monitoring, integration of 
molecular and functional approaches, expanded spatial 
comparisons across forest types, and closer linkage with 
soil and carbon dynamics. At the same time, conservation 
strategies should recognize termite diversity as a key 
component of sustainable forest management and 
support the use of Dipterocarpaceae in restoration 
efforts. 
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