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ABSTRACT 

(The occurrence and diversity of ground beetles was studied in a peat swamp forest (PSF), lowland forest 

(LF) and kerangas forest (KF), Sarawak. Three methods used in this study were pitfall trap, Malaise trap 

and modified Pennsylvania light trap . The sampling period for the study was 10 days. A total number of 

302 carabids belonging to 47 species were collected. 300 individuals were collected by modified 

Pennsylvania light trap~ Pitfall traps and Malaise traps are obviously not a suitable method for catching 

carabids in such habitats. 84 ground beetles were collected from PSF (H'=3.992), 93 individuals from LF 

(H'=3.842) and 123 carabids from KF (H'=4.184) . Species compositions and the dominant species were 

different among the three forests: only II species were found at all forest types, while 5 species were 

unique to PSF, 7 species unique to LF and 12 species unique to KF. 32% of the species were singletons and 

the cumulative species curves for the three forests do not reach an asymptote. It is concluded that forest 

conditions and the level of disturbance affects the occurrence of the ground beetles. 

Key: Peat Swamp Forest, Lowland Forest, Kerangas Forest, Sarawak and Ground Beetles. 

ABSTRAK 

Penyelidikan kemunculan dan kepelbagaian kumbang tanah telah dikaji di hutan paya gam but (HPG), hutan 

tanah rendah (HTR) dan hutan kerangas (HK), Sarawak. Tiga jenis perangkap digunakan dalam kajian ini 

iaitu perangkap pitfall, perangkap Malaise dan perangkap lampu Pennsylvania yang diubahsuai. Kajian ini 

dijalankan selama lO-hm;,i. Sejumlah 302 individu daripada 47 spesis telah direkodkan . 300 ekor kumbang 

tanah diperangkapkan oleh perangkap lampu Pennsylvania' yang diubahsuai. Keputusan ini telah 

menunjukkan dua jenis perangkap ini tidak begitu ~esuai untuk menerangkap kumbang di hutan-hutan 

tersebut. 84 ekor kumbang tanah dapat daripada HPG (H'=3.992), 93 ekaor daripada HTR (H'=3.842) dan 

123 ekor daripada HK (H'=4.l84). Kandungan spesis dan dominasi species bagi hutan-hutan tersubut 

adalah bebeza : hanya II spesis didapati dalam tiga jenis hutan, 5 spesis unik di HPG, 7 spesis unik di HTR 

dan 12 spesis unik dalam HK. 32% daripada jumlah spesis yang direkod diwakili oleh satu individu dan 

bentuk jangkuang akumulatif bagi tiga hutan tersebut masih belum sampai asimptot. Kesimpulannya, 

kemunculan species kumbang akan dipengaruhi oleh keadaan dan status ganguan hutan . 

Kata Kunci: Hutan paya gambut, Hutan tanah rendah, Hutan kerangas, Sarawak, kumbang tanah. 



Introduction 

Peat swamp forest, lowland forest and kerangas forest are important ecosystems that are 

" rich in biodiversity (Jackson et ai., 2008; WWF, 2007; Anon, nd). But, the biodiversity 

and ecology of these ecosystems are still less studied and poorly understood. These tree 

different forest types have high value for flora and fauna conservation and scientific 

research such as heath forest supports distinctive flora and fauna which assemblages of 

international importance. (WWF, 2007; Ying et ai., 2005). Nowadays, there are more 

peat swamp forests, lowland forest and kerangas forest being destroyed by illegal and 

irresponsible human activities such as logging, agricultures, land development, fire and 

drainage (Haraguch~ 2007; WWF, 2007; Ying et ai., 2005). Hence, many researches on 

the biodiversity of these forests have been ongoing to preserve and conserve the 

ecosystem (Buckley et ai., 2006). The ground beetles from the family carabidae have 

been widely studied as ecological indicator in the woodland (Sroka and Finch, 2006), rain 

forest (Rainio and Niemela, 2005) and harawood forest (Latty et ai., 2005). However, 

carabids are still less studied in peat swamp forest, lowland forest and kerangas forest. 

The ground beetles were chosen for this study because they are widely available and easy 

to obtain. These characteristics serve as one of the criteria that qualifying them as a 

potential bioindicator species. They can be found in wooded landscapes, grasslands, . ,; 

agriculture land and urban environment (Eyre et aI. , 2004). Besides, the ground beetles 

are sensitive (Latty et aI., 2005) and are able to adapt to any forms of environmental 

changes (Ulyshen et a/., 2004). Due to this characteristic, the ground beetles acted as a 

good bioindicator (Ulyshen et aI. , 2004). Ground beetles also play an important role in 

the natural control of agriculture pests. They prey on harmful pests such as caterpillars, 

crickets, termites, plant bug, leaf beetles and so on (Kendall, 2007). 
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Most of the young and adult beetles are carnivorous, feeding on other harmful insects 

" 
such as termites, snails and caterpillars while some of them are omnivorous, feeding on 

other insects and some vegetable matter (Kendall, 2007). Several ground beetles are 

nocturnal and are sensitive to light (Hahn, 2002). 

The objectives of this study are firstly to determine the diversity of ground beetles in peat 

swamp, lowland forests and kerangas forest and secondly to determine the vertical 

distribution of carabids in three types of forest. It is hoped that this study could answer 

the following questions: (I) Is the diversity of ground beetles different in three study sites? 

(2) Is the ground beetles occur at upperstorey also found at understorey? 
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Literature Review 

Taxonomy of Ground Beetle 

Ground beetles belong to the family Carabidae in the Order Coleoptera. This family has 

at least five subfamilies, which are Rhysodinae, Paussinae, Brachininae, Cicindelinae and 

Carabinae and within these subfamilies, there are numerous recognized tribes (Hill and 

Abang, 2005). Carabidae is one of the largest and most successful groups of beetles with 

around 25,000 species worldwide (Hill and Abang., 2005). 

The subfamily Carabinae is the most diverse group with approximately 22,000 species 

worldwide and more than 1000 species in Borneo (Hill and Abang, 2005). This group of 

beetles is also known as ground beetles (Hill and Abang, 2005). They have strong and 

crescent-like mandible, long and thread-like antennae and well developed wings (Weng, 

1983). Generally, they have a dull black or matt blue body (Weng, 1983). During the 

day time, they used to hide under thick logs, rock, shrubs or undergrowth (Weng, 1983). 

The Cicindelinae is the second diverse group which consists of 2,000 species worldwide 

(Hill and Abang, 2005). The common name ofthis group is tiger beetles (Hill and Abang, 

·2005). They are a-group of fierce insect predator in the forest (Hill and Abang, 2005). 

They possess sharply toothed mandibles, thread-like antennae, long narrow and strongly 

legs and a pair of large eyes which wider than their pronotum (Weng, 1983). Most of 

them have iridescent colors and are good runners (Weng, 1983). 

Brachininae consists of 500 species worldwide and they are commonly known as 

bombardier beetles. The adult bon:bardier beetles are black with some yellow spots. 
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They will eject caustic chemical vapors from their abdominal apex when they are 

threatened. The larvae can be found in the soil and they are carnivorous (Hill and Abang, ,. . 

2005). 

Adult specIes of Paussinae are myrmecophiles which are closely related to ant 

communities. Due to this special characteristic, Paussinae is also known as ants' guest 

beetles or ants ' nest beetles. They can be distinguished by a pair of broad and flattened 

antennae. This group is represented by 400 species worldwide (Cochrane, nd). 

Rhysodinae are the least diverse group with 340 species in 19 genera and five tribes. The 

adults are smaller, with short and stout legs, characteristically sculptured cuticle, 

sclerotized, elongated and with the presence of pronotum, elytra and grooves on the head 

(Moore et aI., 2002). 

Family Carabidae 

The adult ground beetles are about 12-35 mm long. A ground beetle has a narrow head, a 

pair of thread-like antennae with 11 segments, large eyes, strong sickle-like mandibles, 

hard wing covers meeting in a straight line at the center of the back, a pair of 

membranous wmgs .and 3 pairs of long legs. These beetles have flatted or elongated body. 

Most of the ground beetles are black in color. Only a few of them have iridescent, 

metallic blue, green, red, purple and other colors (Lyon and Purington, 1991). 

Ground beetles in temperate regions can be found in leaf litter, under stones, loose bark 

logs and so on. These ground beetles have been divided into three groups that are 

geophiles, hydrophiles and arboricol~s. Geophiles is the largest group and they can be 
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found in dry grounds, usually in desserts whereas, hydrophiles live in damp areas such as 

the edges of ponds. The arboricoles live on trees, usually branches and trunks (Hill and .. 
Abang, 2005). 

Ground beetles can also be categorized based on their habitat preferences which are forest 

specialist, open habitat specialist and generalist (species which prefer both habitats) 

(Latty et aI., 2005). The dispersal strategies of ground beetles can be classified into two 

modes and are based on their wing development (Latty et ai., 2005). The ground beetles 

with well developed wings will disperse by flying and are called monomorphic 

macropterous (Latty et al., 2005). Whereas, the species with less developed wings will 

disperse by walking and are known as monomorpic brachypterous species (Latty et ai. , 

2005). Most of the beetles found in the tropics are arboreal and good fliers (Hill and 

Abang., 2005). 

Diversity of Ground Beetles 

Stork (1986) has made a significant study on the Carabidae of Borneo. Out of an 

estimated 1200 species, he was able to record a number of 447 species of Carabidae. 

According to Stork, there are only about 40% of the species here have been recognized 

. (Hill and Abang, 2005). For the carabinae group, Stork (1986) had recorded 298 species 

including eight species of widespread South China Chlaenius sinensis, ten species of 
,, 

widespread South-east Asia Orthogonius alternan and an endemic species Mormolyce sp. 

(violin beetle). 15 species were of Cicindelinae, including six genera, the Cicindela. 

Heptodonta. Collyris. Neocollyris. Tricondyla and Therates. Stork also listed 14 species 

of Paussinae including few endemic species and some South-east Asia widespread 

SpeCies. Lastly, the Rhysodinae ~roup also represents 14 species and some unusual 
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carabids found in rotting wood. The widespread Rhyzodiates and local Omoglymmius are 

the two well-represented genera of Rhysodinae (Hill and Abang, 2005). 

Sroka Kerstin (2006) conducted a study about ground beetle diversity in ancient 

woodland remnants in north-western Germany and recorded 47 species with 10, 676 

individuals (Sroka and Finch, 2006). There are four abundant species recorded and this 

represented 62.9% of the total individuals. Among the 47 species recorded, 16 are forest 

specialist, 22 open habitat specialist, two wet habitat specialist and seven generalist 

species (Sroka and Finch, 2006). 

In a study of Rainio and Niemela (2005), carabid beetles captured from rain forest and 

human-modified sites in Madagascar were compared. The result shows that the species 

diversity at rain forest is higher than those from human-modified sites where 38 species 

were collected from rain forest and 28 from human-modified sites. Most of the species 

were found under moist and damp situation such as bushes, bunches of dead leaves and 

fallen trees (Rainio and Niemela, 2005). 

Ulyshen et al. (2006) had study the response of ground beetles to the creation of canopy 

• gaps 	of different. sizes (0.13, 0.26 and 0.50 ha) and age (1 and 7 years) in a South 

Carolina bottomland hardwood forest by using malaise and pitfall traps. They found that, 

species richness was higher at the centre of young gaps and the species richness of old 

gaps and the forest surrounding them are not statistical difference. Moreover, the 

abundance and species richness of ground beetles in old gaps and the surrounding forest 

are similar but the species composition between them is very different (Ulyshen et aI., 

2006). 
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Another study by Latty et al. (2005) was conducted on ground beetle communities in old-

growth forest and managed forest in hardwood-hemlock forest, US. Latty et at. (2005).. 
studied the response of ground beetle ass-emblages to logging history and found that the 

communities from both forests differ significantly. This study also reported that more 

forest specialist species were found in old-growth forest while generalists, open habitat 

specialist and omnivorous carabids are abundant in managed forest (Latty et at., 2005). 

Paquin (2007) in his study of carabid beetle diversity in the black spruce succession of 

eastern Canada concluded that the ground beetles diversity varied along the age of the 

forest. The age of the forest can be grouped into four categories, which are 'burned' 

group (0-2 years), regeneration (21-58 years), mature (70-170 years) and old -growth 

(177-340 years) (Paquin, 2007). 

Life Cycle of Ground Beetles 

Like other beetles, ground beetles also undergo a complete metamorphosis. There are 

rour stages in their life cycle: eggs, larvae, pupae and adults. The duration of each stage 

varies according to the species and climate (Weng, 1983). A study of ground beetle life 

cycle in Southern Tundra found that the duration of egg development to imago at low 

• temperature region was longer than those at temperate region (Filippov, 2007). 

During mating season, the female ground beetles will release pheromone or scent to 

attract the male ground beetles (Weng, 1983). Then, the fertilized female carabid usually 

lay eggs at places near to the food sources and suitable for development such as soil and 

dead wood. Later, the larvae will hatch from the eggs (Weng, 1983). The larvae have 

well-developed parts such as legs, antennae and mandibles, in other words, they are 

campodeiform (Hill and Abang, 2005). Most of the larvae are aphytophagous and they 
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feed on other insect larvae, vegetable debris or animal materials while others feed on 

foliage of plants and are called phytophagous (Weng, 1983). There are three larval 

instars and few moults before the pupa stage (Hill and Abang, 2005). 

The larvae will be fully developed in the pupae stage. They are not fed or moving around 

during this stage. After a week to several years (vary according to the species), the fully 

developed adult will emerge from the pupae (Weng, 1983). 
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Material and Methods 

Study Sites 

The study was carried out at three sites which are low land forest and peat swamp forest 

in UNIMAS, Kota Samarahan and kerangas forest in Samajaya Natural Reserve, Kuching. 

UNTMAS is located at 25 km south east of Kuching City and is bounded by Jalan Muara 

Tuang on the south. Within the UNIMAS campus, lowland forest and peat swamp forest 

are located along the road leading to the East Campus. Both of the study sites are very 

near to each others. The Lowland forest is opposite the FRST External Laboratory. The 

GPS reading is N 1°27.973', E 110°27.230. This is lowland and secondary forest, an 

extensive variety of woody plants is cultivated for scientific and educational purposes. 

Bamboos, rubber tree, palm tree and some fruit tree can also be found in the lowland 

forest. The peat swamp forest is near to the Depot Bus, UNlMAS and the GPS reading is 

N )°27.863', E 110°27.230'. It is a secondary degraded peat swamp forest. The soil of 

the forest is very damp and soft whenever it rains. 

Figure I: Location oflowland forest and peat swamp forest in UNIMAS, Kota Samarahan (Modified from 

UNIMAS map obtained from Development '!<- Asset Management, UNIMAS). 
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Samajaya Nature Reserve is located within the suburban of Tabuan Jaya with about 15 

minutes' drive from Kuching city centre. The GPS reading is N 1°31 ' 18.44, E 

110°23'20.77. It covers an area of about 37.916 ha and is the first multi-purpose urban 

forest park in Sarawak. This is a kerangas forest and primary forest. Most of the trees 

found are thin, small and short. 

Figure 2: Location ofkerangas forest at Tabuan Jaya, Kuching . .£Modified from Goog\e Earth) 

. ' 
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Sampling Methods 

Pitfall trapping is the most suitable method for this study because most of the ground 
~ 

beetles are moving on the ground. A total number of 60 pitfall traps were used in this 

study. There were four groups of traps with a distance of 100 m in each study site. 

Within the groups, there were five individual traps and each was place at least 5 ill apart. 

Overall, a total of 20 individual traps were placed at each site (Figure 2). This sampling 

method modified from the studied ofElek and Lovei (2007). The pitfall traps consist of a 

480 ml plastic cup buried under ground level, a small funnel with 8.4 cm diameter placed 

into the cup to directly capture the beetles into the cup (Ulyshen et at., 2004). Some bait 

such as salted fish and anchovies were also added in the cup to attract the ground beetles. 

E 
a 
a ..

5m.-- 
5~. 

100 m 

• 

• 

Figure 3: Layout of the sampling plot and position of pitfall traps (dots) in peat swamp forest, lowland 

forest and kerangas forest in Sarawak. 

For the fly ing ground beetles, the most common trap used was the Malaise trap (Upton, 

1991). A total of three traps were set in the three study sites. Malaise trap is made up of 

a barrier of fine black terylene mesh with 183 cm in length and 112 cm in height at one 

end and 181 cm at the other (Upton, 1.991). End panels of similar material 112 cm high 
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and 122 cm wide provide return walls of61 cm to prevent insect flying around the barrier 

(Upton. 1991). A white terylene mesh made the triangular gable at the edge and a sloping .. 
pitched roof have completed the body of Malaise trap (Upton, 1991). The trap is 

suspended by a light rope and is tied at the eight outer comers to keep the whole trap fully 

expanded (Upton, 1991). A collecting bottle with 80% ethyl alcohol is attached at the top 

ofthe gable (Upton, 1991). 

Four modified Pennsylvanian light traps illuminated by mercury vapor lamp of 160 watts 

each were operated at the each study site and powered by four portable generators. The 

operation period of light traps was from 1800 to 0600 hours (Laman et ai. , 2006). The 

modified Pennsylvanian light trap was aimed at the nocturnal carabid. There were four 

modified Pennsylvanian light traps set at each study site. Two traps were set as a plot 

where one trap was set at the lowerstorey (1 m from the ground) while another was set at 

the upperstorey of the forest (around 20 m). The distance between the two plots was 100 

m. The light trap should not be operated on plenilune night because the light from moon 

may compete with the light of modified Pennsylvanian light trap and may affect the result 

ofthe sampling. 

Figure 4: Diagram of modified Pennsylvanian light traps setting in peat swamp forest. lowland forest and 

kerangas forest in Sarawak. 
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Samplings were carried out for ten days. The traps were set one day in advance and 

were left at the sampling site for the next five days. Trapped carabids were collected 

" 
once daily in the morning. 

All the captured beetles were brougbt to the lab for pinning or pointing or staging, 

labeling, drying at room temperature. The specimens were identified to genus or species 

level by using key by Choate (2001) and also through comparison with specimens in the 

Museum ofZoology, UNlMAS, Sarawak Museum, and Sarawak Forestry Museum. 

Data Analysis 

After collecting the data, species diversity was tested by the Zar-t-Test and Shannon-

Weiner diversity index (Zar, 1999; Krebs, 1989). The EstimateS Win 8.00 was used to 

compare the similarity of composition of ground beetles at upperstorey and lowerstorey 

for three study sites and also among the three study sites. Besides, the Multi-Variate 

Statistical Package 3.1 (MVST) will be used for cluster analysis to fmd out whether the 

species selected are overlapping in three different types of forest and the upperstorey and 

lowerstorey in three forest types. 
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Result and Discussion 

OveraU Diversity 

A total of 302 ground beetles representing 47 species, 25 genera and 3 subfamilies were 

collected (Table 1). 44 species were from the subfamily Carabinae, two species from 

Cicindelinae and one species from Brachininae. The majority of the catch was comprised 

of four dominant species, Panagaeus sp.1 (12.9%), Brachinus explodens (10%), 

Bembidion sp.1 (9%) and Bembidion inoptatum (8 .6%). 

Over half of the sampled species are represented by very low number of individuals 

included 32% ( 15 species) are singletons which mean that species are represented by one 

individual only (Figure 5). The classification of this group is still considered an 

introductory stage. Therefore, the classification should be improved as additional samples 

are available. As relatively high number of singletons has been recorded in many 

arthropod groups in the tropics such as Lepidoptera (Abang and Karim, 2005). There was 

a gap between the most abundant species (39 individuals) and species with moderate 

number of individuals. 

16 

14 

12 

t': 
'&
i 6 

4 

2 

o 
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 

No. of individual 

5: Relative abundance of ground beetles sampled in peat swamp forest, lowland forest and kerangas 

Sarawak. 
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