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Abstract. Muarrif S, Samadi S, Jauharlina J, Syaukani S. 2023. Description of the termite genus Prohamitermes (Termitinae) with new 
characters from the Leuser Ecosystem, Sumatra, Indonesia. Biodiversitas 24: 6119-6125. Prohamitermes is a termite genus that belongs 
to the subfamily Termitinae, alongside 61 other genera, within the family Termitidae. Termitidae, comprising 70% of all termite species, 
is the most prominent family in Isoptera. However, limited information about this Prohamitermes genus is available. Consequently, 

researchers and experts in the field have encountered challenges in acquiring comprehensive knowledge about the genus due to the need 
for more relevant literature. This paucity of information needs to improve our understanding of its characteristics, behavior, and 
ecological significance. Therefore, describing Prohamitermes is necessary to taxonomically identify termites from the subfamily 
Termitinae. This comprehensive study was meticulously conducted within the pristine Leuser Ecosystem (LE), employing a rigorously 
standardized transect protocol specifically developed to ensure accurate termite analysis. The genus is characterized by certain features 
present in its head capsule. Firstly, the shape of the front in a lateral view is a distinguishing characteristic, followed by the shape of the 
lateral sides (left and right) of the head capsule as observed from a dorsal view. While previous journals have described this termite 
genus based on the shape of its labrum and mandibles, this article focuses on the shape of its head capsule, specifically the front and 
lateral head capsule. Additionally, the article discusses the ecology of Prohamitermes. The morphological description presented in this 

study is expected to contribute to termite research, particularly in termite taxonomy and control. 
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INTRODUCTION 

Termites are a diverse group of social insects within the 

order Isoptera (Suganthy and Pretheepkumar 2019; Tolossa 
2022), comprising approximately 3,000 documented species 

(Krishna et al. 2013; Bourguignon et al. 2016; Constantino 

2021; Das and Choudhury 2023), and a significant component 

of ecosystems, account for approximately 10% of the 

animal biomass present (Lertlumnaphakul et al. 2022). 

Termites have been observed to display a remarkable 

sensitivity to variations in temperature and humidity within 

their immediate environment, as demonstrated in studies 

conducted by Patel et al. (2019). Additionally, these insects 

selectively choose and consume wood of higher density, 

showcasing their discerning dietary preferences (Paulyne et 

al. 2016; Oberst et al. 2018). Termites are classified into 
various groups based on their dietary preferences, such as 

wood-feeding, grass-harvesting, and fungus-growing 

(Bourguignon et al. 2015; Chiu et al. 2015; Subekti et al. 

2018; Sharaf et al. 2021; Bhanupriya and Gupta 2022). 

Another fascinating aspect of termites is their ability to 

impact the chemical properties of soil, including carbon 

and nitrogen levels, through the introduction of nest 

materials (Jouquet et al. 2015; Lind and Davies 2019; 

Hasan et al. 2021; Arinana et al. 2022; Zaman et al. 2022). 

Termitidae, specifically higher termites, exhibit a 
remarkable capacity to sustain a stable gut microorganism 

community, which consistently persists across various 

colonies of the same species within a given ecosystem (Su 

et al. 2016; Schyra et al. 2019). Termitidae is further 

divided into several subfamilies, including Macrotermitinae, 

Sphaerotermitinae, Foraminitermitinae, Apicotermitinae, 

Syntermitinae, Termitinae, and Nasutitermitinae (Krishna 

et al. 2013). Termitinae, a subfamily of Termitidae, is 

classified as a soil-feeding group because it feeds on soil-

rich organic matter (Kouakou et al. 2022). The taxonomy 

of the Termitinae subfamily poses challenges, leading to 

over 500 unidentified termite samples, as reported by 
Eggleton (Eggleton 2011). Likewise, the Nasutitermitinae 

subfamily within Termitidae also faces the same taxonomy 

difficulties, as Boulogne et al. (2017) highlighted. Each 

genus within the Termitinae subfamily employs distinct 

characteristics in its identification process, resulting in a 

wide range of morphological variations (Eggleton 2011). 

The subfamily Termitinae, one of Termitidae's traditionally 

acknowledged subfamilies, must be more defined 

(Hellemans et al. 2017). 
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 Prohamitermes is one of the 61 genera within the 

subfamily Termitinae (Krishna et al. 2013). This termite 

genus was initially described by Holmgren in 1912, 

primarily based on the characteristics of its labrum and 

mandibles (Thapa 1981). The soldier caste of 

Prohamitermes exhibits symmetrical mandibles and a 

labrum resembling a tongue, as described by Holmgren in 

1912 and cited in Thapa (1981). These termites can be 

found in various locations, including Sabah, Sarawak, 

Singapore, Eastern Sumatra (Chhotani 1987), and Thailand 
(Sornnuwat et al. 2004). The present study focuses on a 

specific genus of termites discovered in the Leuser 

Ecosystem (LE) in western Sumatra. 

Haviland (1898) played a crucial role in providing the 

initial description of Prohamitermes mirabilis, originally 

referred to as Termes mirabilis. Haviland's work was based 

on samples collected from Sarawak in Borneo and 

Singapore. This early description established the 

foundation for further research and exploration into the 

taxonomy and characteristics of Prohamitermes termites 

within the subfamily Termitinae, belonging to the family 
Termitidae. Thapa (1981) expanded upon Haviland's work 

by providing additional morphological characteristics of 

Prohamitermes mirabilis. Thapa's study significantly 

contributed to understanding and classifying this termite 

species. The detailed description of these termites remains 

highly relevant in termite taxonomy, particularly for 

Prohamitermes termites (Termitinae, Termitidae). 

The study investigates morphological traits of 

Prohamitermes termites across various habitats and 

altitudes in the Leuser Ecosystem (LE), collecting 148 

samples to identify new characteristics for accurate species 
identification. The study introduces novel genus-specific 

morphological traits that are the basic groundwork for 

taxonomy and ecology research, assisting species 

identification in the LE and similar regions. These traits 

deepen comprehension of evolutionary relationships and 

ecological roles of Prohamitermes, enhancing knowledge 

of these termites across varied LE habitats. 

MATERIALS AND METHODS 

Study area  

Prohamitermes mirabilis in this study was discovered 

in the Leuser Ecosystem (LE), northern Sumatra, Indonesia 

at three distinct locations, as indicated in Table 1, i.e.: 

Bukit Lawang (3° 33' 18.270" N, 98° 8' 50.130" E), 
Sikundur (3° 58' 5.000" N, 98° 4' 58.900" E), and 

Bengkung (2° 58' 27.360" N, 97° 55' 47.65" E) (Figure 1 

and Table 1). Bukit Lawang (3° 33' 18.27" N, 98° 8' 50.13" 

E) is situated in Bohorok, Langkat District, North Sumatra 

Province, with altitudes ranging from 150 to 350 meters 

above sea level (masl). Sikundur (3° 58' 5" N, 98° 4' 58.9" 

E) is located in Besitang, Langkat District, North Sumatra 

Province, approximately 40 masl. Bengkung (2° 51' 13.19" 

N, 97° 53' 56" E) is situated in Subulussalam City, Aceh 

Province, at an altitude of around 80 masl. All three 

research sites are encompassed within the Leuser 
Ecosystem (LE). The LE covers an area of 2.6 million 

hectares (approximately 600.000 hectares were collected 

for termite), with Aceh Province and North Sumatra 

Province serving as its administrative regions, of which 

2.25 million hectares fall within Aceh Province. This 

region serves as a sanctuary for various wildlife species, 

including mammals and a diverse array of birds. 

Additionally, Gunung Leuser National Park, located within 

the area, is designated as a World Heritage Site for 

conservation purposes. 

 

 
 
Figure 1. Sample collection site in the Leuser Ecosystem, northern Sumatra, Indonesia 
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Table 1. List of sample collection locations 

 

Sites Coordinates Altitude (m asl.) Forest-type 

Bengkung 02° 58' 27.36" N, 97° 55' 47.65" E 450 Primary tropical rainforest 
Bukit Lawang 03° 33' 18.27" N, 98° 08' 50.13" E 150-350 Primary low land dipterocarp 
Sikundur 03° 58' 05.00" N, 98° 04' 58.90" E 50 Secondary low land dipterocarp 

 
 
 

Procedures 

The research method employed was the observational 

method, in which the researchers conducted explorations in 

cardinal directions to search for termite colonies in 

locations where the existence of termite colonies was likely 
based on the microclimatic conditions of the environment. 

Samples of termite soldiers and workers were collected 

through manual sorting and placed in sample bottles 

containing 70% alcohol. The termite sampling was 

conducted in accordance with Jones and Eggleton (2000) 

using a standardized transect protocol. Each transect, 

measuring 100 meters in length and 2 meters in width, is 

subdivided into 20 adjacent segments, each of which spans 

5 meters by 2 meters. Two individuals are tasked with 

sampling each segment for a period of 30 minutes, 

amounting to a total of 1 hour of sample collection for each 
segment. Within each segment, the following 

microenvironments are investigated: approximately 12 

samples of surface soil, each measuring 12 cm x 12 cm 

with a depth of 10 cm; the accumulation of leaf litter and 

humus at the base of trees and among supporting roots; the 

interior of deceased tree trunks, tree stumps, branches, and 

twigs; soil and humus within and underneath significantly 

decayed tree logs; all subterranean nests, mounds, 

cardboard mounds, and pathways above vegetation, as well 

as arboreal nests up to 2 meters above ground level. All 

termite castes are collected if present, with particular 

emphasis on locating soldiers and workers, as they are the 
most readily identifiable. Termites are carefully placed in 

bottles containing 70% alcohol and are labeled with the 

corresponding section number. The samples were 

appropriately labeled and stored in the laboratory for 

subsequent morphological characterization. 

Identification of material 

This study used samples from the Zoology Laboratory 

of Faculty Mathematics and Natural Sciences (FMNS) 

Syiah Kuala University collected in 1999 and 2001. A total 

of 148 colonies were examined in the Zoology Lab using a 

10X ocular dilated LEYBOLD (TM) stereo microscope. 
The samples were observed under a LEYBOLD (TM) 

microscope in a container filled with silica powder and 

alcohol. The features examined for identification included 

the antennae, mandibles, pronotum, labrum, postmentum, 

and head capsule. The identification was based on relevant 

literature, specifically Haviland (1898) and Thapa (1981). 

Data analysis 

Morphological characteristics that are considered 

include the lateral and dorsal views of the head capsule, as 

well as the dorsal view of the pronotum. In the lateral view 

of the head capsule, the front capsule can be observed to 
determine whether it is elevated or flat. In the dorsal view, 

the left and right sides of the lateral aspect can be examined 

to determine whether they are convex or slightly convex, as 

depicted in Figure 2. Another crucial characteristic is the 

presence or absence of an indentation on the anterior of the 

pronotum. These characteristics align with Chiu et al. 

(2016) approach, where he distinguishes termite samples 

by examining the front and lateral parts of the head capsule. 
 
 
 
 

 

 

 

Head vertex shape (lateral view) 

flat raised 

Convexity of two lateral sides (dorsal view) 

more convex less convex 

Median notch on anterior margin of pronotum (dorsal view) 

absence presence 

 
 
Figure 2. Definition of three soldier diagnostic characters 
according to Chiu et al. (2016) 
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RESULTS AND DISCUSSION 

Systematics 

Family Termitidae Latreille, 1802 

Genus Prohamitermes Holmgren, 1912 

Prohamitermes mirabilis Haviland, 1898 (Haviland 1898; 

Thapa 1981) 

Descriptions 

Soldier 

The head capsule is reddish yellow, the anteclypeus is 

whitish, and the labrum is yellow. The antennae are yellow, 
with distal segments exhibiting a reddish tinge. The 

pronotum is yellow with a tawny tinge, while the 

mandibles are reddish brown and paler at the base. The 

tergite abdomen and legs are pale yellow. The head has a 

few scattered hairs; the labrum has a row of hairs on the 

sides and a pair of long hairs at the tip. The postmentum 

has a few hairs along the anterior and anterolateral edges. 

The pronotum has long and short hairs along the edges, and 

the tergite abdomen has a posterior row of long hairs. 

The head capsule is oval, slightly longer than wide, with 

the broadest side in the posterior third and slightly narrowing 
towards the anterior. The fontanelle is short, indistinct, 

located in the anterior third, and has a short tube directed 

forward. The mandibles are long and sword-shaped, with 

the tip strongly curved inwards. The left mandible has two 

marginal teeth below the middle, a wide indentation before 

the first marginal tooth and after the second marginal tooth. 

The first marginal tooth is triangular and approximately 

equal in size to the second. The posterior margin of the first 

marginal tooth and the anterior margin of the second marginal 

tooth form a concave cutting edge. The right mandible has 

two marginal teeth of equal size and shape to the left 
mandible. The antenna consists of 14 elongated segments, 

with the third segment slightly longer than the second and 

the fourth segment shorter than the second. Segments 5 to 

14 gradually increased in length. The anteclypeus is 

trapezoid in shape, and the postclypeus is slightly swollen 

and bilobed. The triangular labrum has straight lateral 

edges and fused anterolateral edges, forming a pointed tip. 

The postmentum is enormously swollen and dilated in the 

anterior four-fifths, appearing oblong in ventral view and 

narrow in the posterior one-fifth. The pronotum is saddle-

shaped, with the anterior lobe as long as the posterior lobe, 

lacking an indentation in the center of the anterior margin 
and having narrowly rounded lateral lobes and a relatively 

straight posterior margin. The legs are long. 

Worker 

The head appears round from the dorsal perspective and 

is adorned with numerous fine hairs. The right mandible 

exhibits an apical tooth, a first marginal tooth longer than 

the apical tooth, a second marginal tooth shorter than the 

apical tooth, and a molar plate. Similarly, the left mandible 

possesses an apical tooth, a first marginal tooth longer than 

the apical, a second marginal tooth shorter than the apical, 

and a prominent molar. The antenna consists of 14 
segments, with the third segment longer than the second, 

the fourth segment shorter than the second, and the fifth to 

thirteenth segments gradually elongated. The final segment 

is oval. The head, antennae, and legs are yellow, while the 

abdomen displays a slightly transparent yellow hue. The 

mandibles are of a yellowish-brown coloration. 

Discussion 

The external structure of termites has long been 

emphasized in studies related to their systematics and 

classification (Akoth et al. 2022). Thapa (1981) identifies 

Prohamitermes mirabilis based on the shape of the labrum, 

which can be either tongue-shaped or convex, resembling a 
semicircle. Sornnuwat et al. (2004) distinguish this termite 

from others by its long and highly curved mandibles. The 

genus Prohamitermes exhibits distinctive morphological 

characteristics primarily observed in its head capsule, both 

from lateral and dorsal views. In contrast to previous 

studies, this research focuses on describing P. mirabilis 

based on the morphology of its head capsule, as depicted in 

Figure 3. The dorsal view of the head capsule allows for 

observation of its left and right sides, revealing whether it 

possesses a strongly convex or slightly convex shape. The 

lateral view of the head capsule, specifically the front, 
examines whether this area is elevated (bulge) or flat, as 

illustrated in Figure 5. 

As many as 148 colonies were examined, and we found 

new morphological characters helpful in identifying the 

genus in addition to the previous characteristics, such as the 

labrum and mandible. These new characters include the front 

of the head capsule and the edge of the head capsule in a 

dorsal view. These characteristics reveal distinct differences in 

the shape of the head capsule compared to P. mirabilis, as 

depicted in Figure 3. The head capsule exhibits variations 

in which the anterolateral part is relatively longer or shorter 
than that of P. mirabilis, and the edge appears relatively flatter 

than that of P. mirabilis, as shown in Figure 4. Furthermore, 

Figure 5 illustrates the front of the head capsule, 

showcasing whether it exhibits an elevation or a flat shape. 

Based on the image in Figure 3, notable variations were 

observed among sketches A, B, C, and D. Sketch D 

represents P. mirabilis. In contrast, the remaining three 

sketches depict Prohamitermes termites, which differ from 

P. mirabilis in the shape of their head capsules. The critical 

distinctions between Sketch A and Sketch D (P. mirabilis) 

are the more extended anterolateral feature in Sketch A and 

the less pronounced convexity of the lateral capsule in the 
head. Sketch B demonstrates a variation from Sketch D, 

specifically in the shorter length of the anterolateral 

section. Sketch C exhibits a distinct dissimilarity compared 

to sketch D, as it possesses a lateral aspect that is relatively 

even or not curved outward, and its lateral capsule is not 

aligned in parallel. 

The sketch presented in Figure 3 was created based on 

microscope photographs, as illustrated in Figure 4. Sketch 

A was derived from the photograph displayed in Figure 4A, 

sketch B from Figure 4B, and Sketch C from Figure 4C. 

Additionally, Figure 5 portrays the lateral view of the 
sample captured in Figure 4. This image highlights subtle 

variations in the shape of the front of the head capsule. 

Figure 5A showcases a relatively flat front, Figure 5B 

exhibits a slight protrusion, while Figure 5C displays a 

more noticeable protrusion. 
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Figure 3. Front-capsule comparison. A. Relatively longer than 

Prohamitermes. mirabilis, B. Relatively shorter than P. mirabilis, 
C. Relatively flat edge shape compared to others, D. P. mirabilis -
1 mm scale 
 
 

 
 
Figure 4. Edge/capsule shape of the head. A. Relatively longer 
than Prohamitermes mirabilis, B. Relatively shorter than P. mirabilis, 
C. Relatively flat edge shape compared to others. 1 mm scale 
 
 

 
 
Figure 5. The shape of the head capsule frons. A. Flat, B. Slightly 
protruding, C. Prominent. Scale 1 mm 
 
 

Termites, in general, are known to consume plants or 

cellulose and its derivatives as their primary food source. 

However, they exhibit specific dietary preferences, 

including wood, humus, grass, or soil (Inward et al. 2007). 

P. mirabilis, belonging to the Termitinae subfamily, is 

classified as a humus-feeding termite species. According to 

Jones and Brendell (1998), P. mirabilis prefers humus or 

wood as its food source. The research indicates that 

Prohamitermes termites are predominantly found in soil, as 

illustrated in Figure 6. This observation aligns with the 

findings presented by Jones and Prasetyo (2002), which 

suggest that these termites construct subterranean nests 

within the soil. Therefore, it is a logical expectation that 

this termite genus has a higher occurrence in soil habitats. 
 

The study uses samples from the Zoology Laboratory of 

FMNS Syiah Kuala University, collected from three 

locations at various elevations, as indicated in Table 1. 

Generally, termites are commonly found at lower altitudes 

and rarely observed at higher altitudes, seldom above 1,000 

masl. Indrayani (2022) emphasized the significant impact 

of altitude on termite abundance. Eggleton (2000) states 
termites are most abundant in lowland tropical forests. 

Figure 7 illustrates that termites are predominantly found at 

altitudes ranging from 150 to 350 masl, which aligns with 

the altitude range of Bukit Lawang, a lowland tropical 

forest. This study's second most common termite altitude 

range is between 50 and 150 masl. On the other hand, 

termites were least frequently observed at the highest 

altitude recorded in this study, which was 450 masl. This 

observation is consistent with the statement made by 

Gathorne-Hardy (Gathorne-Hardy et al. 2001), who stated 

that as altitude increases, the abundance of termites 
decreases. 

Contrary to Gathorne-Hardy's findings (Gathorne-

Hardy et al. 2001), who stated that the altitude range from 

50 to 150 masl would have the highest abundance of 

termites compared to other altitudes, the sample collection 

site in Sikundur, located within this altitude range, has 

experienced extensive logging activities. Marsh et al. 

research (2022) confirms that logging has caused significant 

damage to the Sikundur ecosystem. Consequently, the 

termites' abundance in Sikundur is expected to be lower, at 

32% lower than Bukit Lawang, at 59%. 
 

 
 
Figure 6. Termite sample finding substrate 
 

 
 
Figure 7. Several samples from each altitude 

A B C D 

A B C 

A B C 
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Figure 8. Geography record of Prohamitermes mirabilis ⬤ (Chhotani 1987; Sornnuwat et al. 2004); ▲ this study 

 
 
 

The existence of this species in Southeast Asia has been 

documented in previous research (Chhotani 1987; 

Sornnuwat et al. 2004; Arumugam et al. 2020). Chhotani 

(1987) provided an account of the distribution of these 

species in Singapore, Malaysia (namely Sabah and 

Sarawak), and Indonesia (specifically East Sumatra). 

Arumugam (2020) also recollected this species in Sabah, 

while Sornnuwat et al. (2004) reported the distribution of 
this species inside Thailand's geographical region. The 

present study identified P. mirabilis termites in Western 

Sumatra (LE) in contrast to Chhotani's findings in East 

Sumatra. Figure 8 illustrates the current distribution of P. 

mirabilis termites in South East Asian. 

Previously, the shape of the mandibles and labrum of 

the soldier caste were used as morphological characters to 

identify Prohamitermes termites. However, the study has 

demonstrated that head capsule characteristics, including 

the lateral shape, anterolateral distance, and shape of 

protrusions on the front, are useful to differentiate between 
P. mirabilis and other Prohamitermes samples. These new 

characteristics can be used to help identify termite species 

of the genus Prohamitermes. Furthermore, environmental 

factors, such as altitude, influence the abundance of 

termites. Moreover, environmental damage, such as 

encroachment and land clearing, also affects termite 

populations, as termites are sensitive to environmental 

changes. Utilizing these characteristics in future studies 

could potentially discover new species within the 

Prohamitermes genus and enhance taxonomic confirmation 

for the species for which the availability of references is 

rare. 

ACKNOWLEDGEMENTS 

This research was partly funded by the PMDSU 

Doctoral Program, the Ministry of Research, Technology 

and Higher Education, Indonesia (MRTHE) (Leader 

Syaukani: FY2016-18), Fundamental Grant, MRTHEI 

(Leader Syaukani FY2018-19), Professor Grant USK 

(Leader Syaukani: FY2021), and WCP Grant, the Ministry 

of National Education and Culture (Leader Syaukani: 
FY2021). 

REFERENCES 

Akoth P, Makonde HM, Budambula NLM, Boga HI. 2022. Morphological 

and molecular characterisation of termite species in Taita Taveta 

County, Kenya. Afr J Microbiol Res 16 (4): 147-159. DOI: 

10.5897/AJMR2021.9593. 

Arinana A, Rahman MM, Silaban REG, Himmi SK, Nandika D. 2022. 

Preference of subterranean termites among community timber species 

in Bogor, Indonesia. J Korean Wood Sci Technol 50 (6): 458-474. 

DOI: 10.5658/WOOD.2022.50.6.458.  

Arumugam N, Appalasamy S, Mohamed Hassim AD, Rahman H. 2020. 

Termite fauna of Sungai Kangkawat, Imbak Canyon Conservation 

Area (ICCA), Sabah. J Trop Biol Conserv 17: 19-26. DOI: 

10.51200/jtbc.v17i.2646. 

Bhanupriya NK, Gupta SK. 2022. Diversified feeding in termites 

(Isoptera : Insecta) in Southern Haryana. Asian J Biol Life Sci 11 (3): 

853-858. DOI: 10.5530/ajbls.2022.11.114. 

Boulogne I, Constantino R, Amusant N, Falkowski M, Rodrigues AMS, 

Houël E. 2017. Ecology of termites from the genus Nasutitermes 

(Termitidae: Nasutitermitinae) and potential for science-based 

development of sustainable pest management programs. J Pest Sci 90 

(1): 19-37. DOI: 10.1007/s10340-016-0796-x. 



MUARRIF et al. – Description of termite genus Prohamitermes 

 

6125 

Bourguignon T, Drouet T, Šobotník J, Hanus R, Roisin Y. 2015. Influence 

of soil properties on soldierless termite distribution. PLoS One 10 (8): 

e0135341. DOI: 10.1371/journal.pone.0135341. 

Bourguignon T, Lo N, Šobotník J, Sillam-Dussès D, Roisin Y, Evans TA. 

2016. Oceanic dispersal, vicariance and human introduction shaped 

the modern distribution of the termites Reticulitermes, Heterotermes 

and Coptotermes. Proc R Soc B Biol Sci 283 (1827): 20160179. DOI: 

10.1098/rspb.2016.0179. 

Chhotani OB. 1987. Distribution and zoogeography of oriental Termitidae 

(Isoptera). Beitr Ent 37 (2): 407-420. DOI: 

10.21248/contrib.entomol.37.2.407-420. 

Chiu C-I, Yang M-M, Li H-F. 2016. Redescription of the Soil-Feeding 

Termite Sinocapritermes mushae (Isoptera: Termitidae: Termitinae): 

The first step of genus revision. Ann Entomol Soc Am 109 (1): 158-

167. DOI: 10.1093/aesa/sav106. 

Chiu C-I, Yang M-M, Li H-F. 2015. Structure and function of subterranean 

gallery systems of soil-feeding termites Pericapritermes nitobei and 

Sinocapritermes mushae. Insect Soc 62 (4): 393-400. DOI: 

10.1007/s00040-015-0416-4. 

Constantino R. 2021. Termite taxonomy from 2001-2021: The 

contribution of Zootaxa. Zootaxa 4979 (1): 222223. DOI: 

10.11646/zootaxa.4979.1.22. 

Das KS, Choudhury S. 2023. A new termite species of the genus 

Bulbitermes (Blattodea: Isoptera: Termitidae) from Meghalaya, India. 

J Threat Taxa 15 (3): 22850-22858. DOI: 

10.11609/jott.7827.15.3.22850-22858. 

Eggleton P. 2000. Global patterns of termite diversity. In: Abe T, Bignell 

DE, Higashi M (eds). Termites: Evolution, Sociality, Symbiosis, 

Ecology. Kluwer Academic Publishers, Dodrecht. 

Eggleton P. 2011. An Introduction to Termites: Biology, Taxonomy and 

Functional Morphology. In: Bignell DE, Lo N, Roisin Y (eds). 

Biology of Termites: A Modern Synthesis. Springer 

Science+Business Media BV, Dodretch. 

Gathorne-Hardy F, Syaukani S, Eggleton P. 2001. The effects of altitude 

and rainfall on the composition of the termites (Isoptera) of the 

Leuser Ecosystem (Sumatra, Indonesia). J Trop Ecol 17 (3): 379-393. 

DOI: 10.1017/S0266467401001262. 

Hasan F, Jones DT, Syaukani S, Eggleton P. 2021. Termite transects from 

Buton Island, Sulawesi, have a low diversity compared with 

Sundaland sites. J Trop Ecol 37 (4): 161-164. DOI: 

10.1017/S0266467421000146. 

Haviland GD. 1898. Observations on Termites; with descriptions of new 

species. Zool J Linn Soc 26 (169): 358-442. DOI: 10.1111/j.1096-

3642.1898.tb00405.x. 

Hellemans S, Bourguignon T, Kyjaková P, Hanus R, Roisin Y. 2017. 

Mitochondrial and chemical profiles reveal a new genus and species 

of Neotropical termite with snapping soldiers, Palmitermes impostor 

(Termitidae: Termitinae). Invertebr Syst 31: 394-405. DOI: 

10.1071/IS16089. 

Indrayani Y, Setyawati D, Mariani Y, Takematsu Y, Yoshimura T. 2022. 

Diversity of termite species at various altitudes in the secondary 

forest, West Kalimantan, Indonesia. IOP Conf Ser Earth Environ Sci 

959 (1): 012014. DOI:10.1088/1755-1315/959/1/012014. 

Inward DJG, Vogler AP, Eggleton P. 2007. A comprehensive phylogenetic 

analysis of termites (Isoptera) illuminates key aspects of their 

evolutionary biology. Mol Phylogenet Evol 44 (3): 953-967. DOI: 

10.1016/j.ympev.2007.05.014. 

Jones DT, Brendell MJD. 1998. The termite (Insecta: Isoptera) fauna of 

Pasoh Forest Reserve, Malaysia. Raffles Bull Zool 46 (1): 79-91. 

Jones DT, Eggleton P. 2000. Sampling termite assemblages in tropical 

forests: Testing a rapid biodiversity assessment protocol. J Appl Ecol 

37 (1): 191-203. DOI: 10.1046/j.1365-2664.2000.00464.x. 

Jones DT, Prasetyo AH. 2002. A survey of the termites (Insecta: Isoptera) 

of Tabalong District, South Kalimantan, Indonesia. Raffles Bull Zool 

50 (1): 117-128. 

Jouquet P, Guilleux N, Shanbhag RR, Subramanian S. 2015. Influence of 

soil type on the properties of termite mound nests in Southern India. 

Appl Soil Ecol 96: 282-287. DOI: 10.1016/j.apsoil.2015.08.010. 

Kouakou AE, Dosso K, Roisin Y, Konate S, Kouassi KP. 2022. Soil-

feeding termite diversity and abundance in a natural tropical humid 

forest (Tai National Park, Côte d’Ivoire). J Entomol Zool Stud 10 (1): 

246-252. DOI: 10.22271/j.ento.2022.v10.i1c.8942. 

Krishna K, Grimaldi DA, Krishna V, Engel MS. 2013. Treatise on The 

Isoptera of The World Volume 1 Introduction. Bull Am Museum Natl 

Hist 377: 1-200. DOI: 10.1206/377.1. 

Lertlumnaphakul W, Ngoen-Klan R, Vongkaluang C, Chareonviriyaphap 

T. 2022. A review of termite species and their distribution in 

Thailand. Insects 13 (2): 186. DOI: 10.3390/insects13020186. 

Lind BM, Davies AB. 2019. A checklist of the termites of Kruger 

National Park, South Africa. Koedoe 61 (1): a1531. DOI: 

10.4102/koedoe.v61i1.1531.  

Marsh CD, Hill RA, Nowak MG, Hankinson E, Abdullah A, Gillingham 

P, Korstjens AH. 2022. Measuring and modelling microclimatic air 

temperature in a historically degraded tropical forest. Intl J 

Biometeorol 66 (6): 1283-1295. DOI: 10.1007/s00484-022-02276-4. 

Oberst S, Lai JCS, Evans TA. 2018. Key physical wood properties in 

termite foraging decisions. J R Soc Interface 15: 20180505. DOI: 

10.1098/rsif.2018.0505. 

Patel JS, Chouvenc T, Su N-Y. 2019. Temperature preference of two 

invasive subterranean termite species and their hybrids (Blattodea: 

Rhinotermitidae: Coptotermes). J Econ Entomol 112 (6): 2888-2893. 

DOI: 10.1093/jee/toz210. 

Paulyne AA, Mary CI, Timothy OM, Richard KR. 2016. Impact of 

African traditional termite control methods on conservation of 

biodiversity: A review. J Biol Agric Healthc 6 (4): 112-119. 

www.iiste.org. 

Schyra J, Gbenyedji JNBK, Korb J. 2019. A comparison of termite 

assemblages from West African savannah and forest ecosystems 

using morphological and molecular markers. PLoS One 14 (6): 

e0216986. DOI: 10.1371/journal.pone.0216986.  

Sharaf MR, Husain M, Rasool KG, Tufail M, Aldawood AS. 2021. 

Taxonomy and distribution of termite fauna (Isoptera) in Riyadh 

Province, the Kingdom of Saudi Arabia, with an updated list of 

termite species on the Arabian Peninsula. Saudi J Biol Sci 28 (12): 

6795-6802. DOI: 10.1016/j.sjbs.2021.07.055. 

Sornnuwat Y, Vongkaluang C, Takematsu Y. 2004. A systematic key to 

termites of Thailand. Kasetsart J Nat Sci 38 (3): 349-368. 

Su L, Yang L, Huang S, Su X, Li Y, Wang F, Wang E, Kang N, Xu J, 

Song A. 2016. Comparative gut microbiomes of four species 

representing the higher and the lower termites. J Insect Sci 16 (1): 97. 

DOI: 10.1093/jisesa/iew081. 

Subekti N, Nurvaizah I, Nunaki JH, Wambrau HL, Mar’ah R. 2018. 

Biodiversity and distribution of termite nests in West Papua, 

Indonesia. Biodiversitas 19 (4): 1659-1664. DOI: 

10.13057/biodiv/d190409. 

Suganthy M, Pretheepkumar P. 2019. Identification of termite species 

infesting live trees. J Entomol Zool Stud 7 (6): 79-82. 

Thapa RS. 1981. Termites of Sabah. Sabah Forest Records No. 12. Sabah 

Forestry Department, Sandakan, Sabah, Malaysia. 

Tolossa M. 2022. Termite, a hidden enemy of crops: A review. Am J 

Biosci 10 (5): 172-179. DOI: 10.11648/j.ajbio.20221005.13. 

Zaman M, Khan IA, Usman A, Saljoqi A-U-R. 2022. Species diversity 

and damage incidence of termites (Isoptera) in different agro-

ecological zones of Khyber Pakhtunkhwa, Pakistan. Sarhad J Agric 

38 (2): 518-524. DOI: 10.17582/journal.sja/2022/38.2.518.524. 

 


