
Pertanika J. Trop. Agric. Sci. 38 (4): 519 - 532 (2015)

ISSN: 1511-3701    © Universiti Putra Malaysia Press

TROPICAL AGRICULTURAL SCIENCE
Journal homepage: http://www.pertanika.upm.edu.my/

Article history:
Received: 4 February 2015
Accepted: 16 July 2015

ARTICLE INFO

E-mail addresses: 
abdullahmuhaimin1990@gmail.com (Muhaimin, A. M. D.), 
izfariza.hazmi@gmail.com (Hazmi, I. R.),  
salmah78@ukm.edu.my (Yaakop, S.)
* Corresponding author

Colonisation of Dung Beetles (Coleoptera: Scarabaeidae) 
of Smaller Body Size in the Bangi Forest Reserve, Selangor, 
Malaysia: A Model Sampling Site for a Secondary Forest Area

Muhaimin, A. M. D., Hazmi, I. R. and Yaakop, S.*
Centre for Insect Systematics, School of Environmental and Natural Resource Sciences, Faculty of Science 
and Technology, 43600 Bangi, Selangor, Malaysia

ABSTRACT

The diversity of dung beetles (Coleoptera: Scarabaeidae) was measured at the Bangi 
Forest Reserve in Selangor, Malaysia (Hutan Simpan Bangi, HSB), as a model sampling 
site for the secondary forest ecosystem. The diversity analysis gave a value of 2.17 for the 
Shannon diversity index (H’), 1.42 for the richness index (R’) and 0.87 for the evenness 
index (E). A total of 575 individuals belonging to 10 species of dung beetles were collected. 
They comprised of Catharsius renaudpauliani, Catharsius sp. 1, Microcopris aff. hidakai, 
Onthophagus “obscurior group”, Onthophagus crassicollis,  O. recticornutus, O. rutilans, 
O. trituber, Paragymnopleurus maurus and Sisyphus thoracicus. The small dung beetle 
Onthophagus crassicollis had the highest number of individuals (137/575, 23.83%) with 
a body size range of 4.5 ± 2.5 mm in length. A total of 9/10 species collected in HSB were 
classified as small-bodied species (8% large body, 92% small body) and the statistical 
analysis showed a significant body size difference compared with the large-bodied species, 
C. renaudpauliani. O. crassicollis showed the highest abundance in the secondary forest, a 
model site for studying forest disturbance. The abundance of dung beetles could potentially 
be used as a good bioindicator of habitat disruption in the tropical forest ecosystem. Our 
study also highlighted that the abundance of species based on body size was affected by 
the availability of the food sources also from different sizes of mammal dung.
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INTRODUCTION

Dung beetles (Coleoptera: Scarabaeidae) 
belong to one of the insect groups that are 
well-studied because they play multiple 
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roles in the ecosystem (Gardener et al., 
2008; Nichols et al., 2008). For example, 
they are involved in nutrient recycling 
(Yokoyama & Kai, 1993; Vitousek et 
al., 1997; Bang et al., 2005), secondary 
dispersal of seeds (Andresen & Feer 2005; 
D’hondt et al., 2008), biological control of 
pest fly species (Ridsdill-Smith & Hayles, 
1990; Byford et al., 1992; Bishop et al., 
2005) and indirectly helping plant growth 
by providing soil nutrients (Behling et al., 
2000; Bang et al., 2005). One of iconic 
behaviours of dung beetles is food relocating 
behaviour that belongs to the roller group 
that makes a ball-shaped sphere from its 
food and rolls it to other places (others are 
tunnellers and dwellers) of dung beetles.

Dung beetles are diverse, abundant and 
widely distributed in the natural ecosystems 
of tropical rainforests (Hanski & Camberfort, 
1991). Several studies have been conducted 
to measure the species’ composition, 
population structure, as well as dynamics 
of dung beetles in the humid tropical 
rainforests (Hanski & Camberfort, 1991; 
Andresen, 2002; 2003; 2008; Shahabuddin 
et al., 2005; 2010; Shahabuddin, 2013). In 
tropical and temperate forests, a 1.5 kg dung 
pat can attract up to 16,000 dung beetles 
(Hanski & Camberfort, 1991), which take 
only about two hours to finish consuming 
all the dung (Anderson & Coe, 1974). 
However, tropical rainforest dung beetles 
are very sensitive to forest changes that 
could significantly alter the habitat such as 
vegetation structure, microclimate, soil and 
food sources (Shahabuddin et al., 2005; 
Spector, 2006). Furthermore, the abundance 

of dung beetles could also be influenced 
by other factors such as temperature, solar 
radiation and rainfall (Fincher et al., 1970). 
Gardner et al. (2008) classified dung beetles 
as cost-effective to be used in measuring 
forest condition, which meet both efficiency 
and low cost sampling consumption.
Therefore, dung beetles are well-known 
as good bioindicators for measuring forest 
disturbance (Gardner et al., 2008).

Forest disturbance and landscape 
modification generally reduce the diversity 
and abundance of most insect taxa (Lawton 
et al., 1998), except for several species such 
as solitary bees and wasps, which are able 
to react and adapt to the extreme conditions 
or disturbance of an area (Klein et al., 
2002). According to Camberfort (1991), a 
reduction in the number of large mammals 
occurred parallel to a reduction of dung 
beetles, influenced by the food source for 
these scarab species.

A study by Lee et al. (2009) indicated 
that environmental factors influence the 
abundance, diversity and body mass of 
the dung beetle, whereas more disturbed 
area would give less in every aspect. A 
high number of dung beetles successfully 
collected from a forest area, however, would 
not necessarily indicate that it had a greater 
abundance and diversity compared to other 
ecosystems; rather, this might be due to 
and depend generally on food availability. 
A study conducted by Shahabuddin et 
al. (2005) in Sulawesi confirmed that the 
abundance and diversity of dung beetles 
were affected by human-induced activities. 
Results of their study also showed that the 
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dung beetle populations in the study forest 
were significantly different from those in 
areas that lacked forest mammals. Dung 
beetles have been the subjects of much 
study due to their important functions and 
roles in the ecosystem as great manure 
decomposers, deterring nitrogen release 
into the atmosphere (Yokoyama et al., 1991; 
Yokoyama & Kai, 1993). The presence of 
scarabs ensures the recycling of carbon 
and minerals back into the soil to generate 
humus for plant growth.

Other than measuring the diversity 
of the dung beetles to evaluate forest 
disturbance, body size also reflects the 
same role as diversity. More disturbed forest 
seems to have smaller sized dung beetles 
due to less dung amounts produced from 
the mammals to sustain larger dung beetles 
(Halffter & Arellano, 2002). Meanwhile, 
competition among dung beetles also can be 
one of the factors contributing to small dung 
beetles because of the competition to get 
the limited sources. Thus, a disturbed forest 
may show high diversity but give smaller 
body size (Filgueiras et al., 2011). The main 
objectives of our study were to measure the 
diversity and body size of dung beetles in the 
Bangi Forest Reserve in Selangor, Malaysia, 
and generate fundamental specific data 
focusing on the dung beetle as a bioindicator 
in measuring ecosystem disturbance in the 
humid tropics by taking into account the 
body size of dung beetles species.

MATERIALS AND METHODS

Sampling Sites 

The study area was Hutan Simpan Bangi 
(HSB) that is located within the main 
campus of Universiti Kebangsaan Malaysia 
(UKM) in Bangi, Selangor, covering an area 
of approximately 100 ha, with a highest peak 
at 105 m above sea level (UKM, 2011). The 
historical significance of this reserved forest 
is that it is the site of the official launching 
of the UKM permanent campus developed 
in the early 1970s. HSB experienced a 
series of deforestations from 1945 to 1968 
(Noraini et al., 1990; Mat Salleh, 1999) due 
to further expansion of the UKM campus, 
as well as rapid development of the adjacent 
land mainly for settlement and industrial 
and urban centres. Thus, the original Bangi 
Forest Reserves became fragmented into 
two small forest patches, namely the Hutan 
Penyelidikan Alam (HPA) and the Bukit 
Rupa (UKM 2011), which are the two sites 
selected for this study. Their coordinates 
are 101° 47.216” E;02° 54.836” N for 
HPA and 101° 45.969” E; 02° 55.016” 
N for Bukit Rupa. Although this forest is 
just reaching its maturity after 30 years 
since the last major forest clearings, the 
HSB is still continuously being disturbed 
either for small-scale development or for 
research purposes. As a result, there are 
very few large emergent trees left standing 
in this forest, which affect forest litter and 
the associated forest floor and soil fauna 
composition.
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Collection of Dung Beetles

Dung beetles were sampled four times in 
October and November 2013 by means of 
six baited pitfall traps. A small plastic pail 
(20 cm diameter, 17 cm deep) was used as 
the pitfall trap, buried into the ground up 
to its upper rim. About 10–15 g of fresh 
cow dung (less than 6-hrs old) was put into 
a plastic cup, which was then placed into 
the pail. A mixture of water and detergent 
(1000:1 ml) was then poured into the pail to 
drown any beetles that fell into the trap. All 
traps were arranged at 4.0 –5.0m intervals 
in a straight line transect, and they were left 
for 24 hr before the beetles were collected. 
The beetles were preserved in 70% alcohol 
and taken to the laboratory for sorting and 
taxonomic identification.

Species Identification and Body Size

The beet les  were identif ied to the 
subfamily level in the laboratory based 
on morphological characteristics using 
available keys (Triplehorn & Johnson, 
2005; Ek-Amnuay, 2008). They were then 
further identified into the species (Ochi et 
al., 1996) and morphospecies levels for 
diversity analysis. For each species, the 
length (from tip of clypeus to apex of elytra) 
of 10 individuals was measured with a pair 
of Vernier calipers (accuracy 0.05 mm) for 
body size analysis. Photographic records of 
each species were taken with a Canon EOS 
6D camera mounted on a stereo microscope 
(model Zeiss Stemi SV11).

Data Analysis	

In order to evaluate the sampling efforts 
for each sampling activity, sample-based 
rarefaction curves were constructed by using 
the EcoSim version 7.0 computer software. 
The Shannon diversity index (H’) and the 
evenness index (E) were determined for 
the dung beetle community (Hanski, 1983; 
Klein, 1989) in this study area. The richness 
index (R’) was also calculated to determine 
the expected number of species that could 
be found if the sampling efforts were to be 
increased. However, it is also related to the 
sample-based rarefaction curve analysis. 
All of the indices (H’, R’, and E) were 
calculated by using the PAST software 
(Hammer et al., 2001).

RESULTS

Species Composition, Diversity and  
Body Size

Of the total 575 beetles collected at 
Hutan SimpanBangi (HSB), they were 
classified into ten species in five genera, and 
comprised of Catharsius renaudpauliani, 
Catharsius sp.  1,  Microcopris  aff . 
hidakai, Onthophagus “obscurior group”, 
Onthophagus crassicollis, O. recticornutus, 
O. rutilans, O. trituber, Paragymnopleurus 
maurus and Sisyphus thoracicus. The genus 
Onthophagus was the most abundant at 
63% (362 individuals), followed by O. 
crassicollis about 24% (137 individuals) 
(Fig.2 – Fig.11). The least frequently 
collected species was O. recticornutus, 
comprising only 25 individuals (4.3%) 
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(Table 1). The diversity analyses showed 
that the Shannon diversity (H’), evenness 
(E), and richness (R’) indices were 2.17, 
0.87 and 1.42, respectively (Table 1). The 
rarefaction curve (sampling effort) showed 
that the number of individuals from each 
collection was sufficient to conduct the 
analysis for diversity estimation of dung 
beetles in the HSB.

TABLE 1 
List of species and number of individuals collected 
from Bangi Forest Reserve (HSB)

Species HSB

Catharsius renaudpauliani 46

Catharsius sp. 1 34

Microcopris aff. hidakai 46

Onthophagus “obscurior group” 96

Onthophagus crassicollis 137

Onthophagus recticornutus 25

Onthophagus rutilans 52

Onthophagus trituber 52

Paragymnopleurus maurus 47

Sisyphus thoracicus 40

Total 575

(t= 5.535, df= 122.58, p=1.7798, P > 0.05)

Shannon (H’) 2.17

Richness (R’) 1.42

Evenness (E) 0.87

The richness (R’) and evenness (E) indices 
calculated for HSB were 1.42 and 0.87, 
respectively (Table 1). The size of the dung 
beetles that were sampled in the HSB was 
classified into large-sized and small-sized 
(Fig.1). Out of the 10 species collected from 
HSB, only C. renaudpauliani is considered 
a large-sized with an average body length 

of 27.5 mm (Table 2). Catharsius sp., M. 
aff. hidakai and P. maurus, with an average 
length of 10.5 mm (i.e., almost half the size 
of C. renaudpauliani) is considered as a 
group that is close to C. renaudpauliani 
in term of their body-size. The smallest 
dung beetle from HSB was O. crassicollis 
(average size of 5.5 mm). The average 
body length of C. renaudpauliani does not 
overlap with other species found in HSB, 
showing obvious differences between the 
large and small groups of dung beetles in 
HSB (Fig.1). With a total of 46 individuals, 
C. renaudpauliani represented 8% of the 
dung beetles collected in HSB.

TABLE 2 
Body size range of each species collected from the 
Bangi Reserve Forest (HSB)

HSB Size (mm)

Catharsius renaudpauliani 27.5 ± 6.0

Catharsius sp. 1 10.5 ± 4.0

Microcopris aff. hidakai 5.5 ± 2.0

Onthophagus “obscurior group” 7.5 ± 3.5

Onthophagus crassicollis 4.5 ± 2.5

Onthophagus recticornutus 5.5 ± 2.0

Onthophagus rutilans 9.0 ± 3.0

Onthophagus trituber 6.0 ± 2.5

Paragymnopleurus maurus 10.5 ± 3.5

Sisyphus thoracicus 6.5 ± 3.0

DISCUSSION

Scheffler (2005) and Gardner et al. (2008) 
reported that the dried body mass and 
length of dung beetles increase or decrease 
gradually and are consistent. In this regards, 
the body length of dung beetles collected 
in HSB was measured to investigate and 
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classify the body size. The body size of 
dung beetles species inhabiting the two 
different ecosystems has shown significant 
difference, i.e., logged [body length (mm) 
6.9 ± 2.4] and unlogged forests [body length 
(mm) 8.5 ± 3.5] with p-value = 0.001, < 
0.05, whilst the richness and abundance 
of species at the two ecosystems showed 
no difference at all (Nichols et al., 2008; 
Hosaka et al., 2014). Our result from HSB 
supported that the high number of the small-
sized dung beetle inhabiting a forest area of 
the secondary forest ecosystem. The body 
size in dung beetles also showed positive 
correlation and was sensitive to the effect 
of forest modification (Gardner et al., 2008) 
and fragmentation. Besides measuring 
the forest disturbance of forest, body size 
(large or small) is one of the key factors 
affecting the magnitude of dung burial and 
seed dispersal (Slade et al., 2011; Nichols 
et al., 2013).

In our study, only one species, that is 
C. renaudpauliani, is considered as a large-
sized dung beetle collected in HSB. This 
might be due to the limitation of the large-

sized species to find sufficient food sources 
to accommodate their needs (Bartholomew 
& Heinrich, 1978). A similar situation 
was also reported in Singapore, where a 
large-sized roller dung beetle species, P. 
maurus, which was sampled at the small 
area of Lower Pierce. The same finding 
was also obtained from the small island of 
Tasik Kenyir, Terengganu, which can be 
classified as a secondary forest (Lee et al., 
2009). The presence of a small number large 
dung beetle species directly reflects on the 
prevailing status of the disturbed forests, 
whereby the degraded habitat would not be 
able to support a high population density 
of large-sized dung beetles. This is partly 
because forest disruption dispels the larger 
animals to other areas, or many would 
perish because they were unable to adapt 
and survive in the disturbed area (Horgan, 
2005; 2008).

According to Nichols et al. (2009), dung 
beetles species have shown indirect effects 
with the mammalian faecal resources or 
for the dung beetles’ food sources.  Due to 
that reason, lack of animal wastes would 

Fig.1: Significant sizes of dung beetles species collected from Bangi Reserve Forest
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in turn affect the diversity and population 
abundance of the dung beetles that depend 
on them as a food source. Apart from species 
diversity and population abundance, the 
body sizes of dung beetles are also useful 

indicators in evaluating the status of a 
forest area (Hosaka et al., 2014) because 
these data are indicative of the population 
structure and diversity of the mammals in 
the study area (Camberfort, 1991). Unlike 

Fig.2 - Fig.11: 2: Catharsius renaudpauliani, 3: Catharsius sp. 1, 4: Microcopris aff. hidakai, 5: 
Onthophagus “obscurior group”, 6: Onthophagus crassicollis, 7: Onthophagus recticornutus, 8: 
Onthophagus rutilans, 9: Onthophagus trituber, 10: Paragymnopleurus maurus, 11: Sisyphus thoracicus
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the natural forest ecosystems, secondary 
forests have less capacity to support larger 
mammals and wildlife species, as reflected 
by the population profile of the dung beetle 
species. As in Bangi Reserve Forest (HSB), 
no large mammal has been reported, where 
it is believed to accommodate only small 
mammals in the area. Habitat disturbance is 
one of the factors that reduces the abundance 
of mid-large-sized mammals (Laidlaw, 
2000) that provide food sources for the 
beetle species (Estrada et al., 1993) and 
it has shown decrement with increasing 
fragmentation and disturbance of forests 
such as in the Neartic regions.

A strong relationship can be observed 
between food source and body mass of 
beetles because a high demand for food 
supply is required to maintain the large-
sized dung beetles in substantial numbers 
(Nichols et al., 2007). In Malaysia, it is 
recorded that the largest dung beetle species 
is Heliocopris sp.; in HSB, however, only 
C. renaudpauliani of the average body 
length (27.5 mm) was collected. Ong et al. 
(2013) carried out a survey in Singapore 
and observed the presence of Catharsius 
molossus. This species is of a similar size 
with  C. renaudpauliani, and is ecologically 
preferred herbivorous dung as its food 
source. Therefore, it was assumed that 
C. renaudpauliani also has similar food 
preference from larger mammals, although 
large mammals viz. elephants, Samba deers 
and rhinos have never been reported in the 
HSB. A study by Md. Zain et al. (2010) 
noted that omnivorous species such as 
primate, Macaca fascicularis and wild boars 

are abundant in HSB, as well as Malayan 
Colugo or flying lemurs and Banded 
Leaf monkeys (Galeopterus variegates) 
(Yaakop & Aman, 2013). Therefore, it is 
presumed that somehow, these large-sized 
beetles could still survive by consuming the 
excrement of other types of animals, which 
are usually from the small mammals such as 
rodents and primates. This is an interesting 
prospect that merits further investigation. 
Besides that, Nichols et al. (2013) also cited 
that large tunnellers like Catharsisus could 
persist or continue to exist in the forested 
agriculture lands, but not in more disturbed 
areas (non-forested agriculture lands).

Another reason for the obvious lack 
of large-sized dung beetles may be that 
these insects are more vulnerable to forest 
fragmentation (Klein, 1989; Ong et al., 
2013). Referring to Ong et al. (2013), the 
largest species (>10mm), C. molussus 
(Catharsius molussus) collected from 
Singapore, is commonly found in old-growth 
continuous forest or undisturbed forest with 
elephants, rhinoceros and clouded leopards 
inhabit the type of forest (Marsh & Greer, 
1992). Again, there could be a strong 
correlation with the abundance of animals 
that provide dung as a food source. Larger 
mammals tend to avoid forest fragments 
because of insufficient food, home range and 
cover. On the other hand, small-sized dung 
beetles can survive better in forest fragments 
because smaller vertebrates can still furnish 
them with sufficient food supply. In our 
study area, the small-sized dung beetles 
of O. crassicollis were the most abundant 
of all species, confirming other reports by 
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Andresen (2003) and Horgan (2005) and 
indicating that forest reduction has adverse 
impacts on the population abundance, 
species diversity, and distribution of dung 
beetles.

The results of our study on the diversity 
of dung beetles are congruent with the 
findings of other studies, in that dung beetles 
could serve as useful and representative 
bioindicator organisms of forest disruption 
(Andresen, 2002, 2003; Davis et al., 2001; 
Horgan, 2001, 2005, 2008). Several studies 
(Klein et al., 2002; Davis & Philips, 2005; 
Kanda et al., 2005; Shahabuddin, 2013) 
have concluded that disturbed forests have 
low to moderate diversity indices (H’ ≤ 2.3) 
for dung beetles, which are very sensitive to 
the open forest and forest disturbance, while 
for more disturbed areas (e.g., plantation 
and crop areas), the diversity of dung 
beetles is expected to be even lower when 
compared to the primary or deep forests. 
As our study forest had experienced long-
term disturbance, it was not expected that 
there would be a high diversity of species, 
as reflected by the Shannon diversity index.

On the other hand, continuous and 
high-intensity forest disturbance could 
also produce high diversity because many 
microsites or microclimatic conditions 
could be created, providing diverse niches 
for the scarab beetles to exploit, depending 
on the species (Enari et al., 2011). However, 
the diversity of dung beetles is also highly 
related to the population of vertebrates 
due to their dependency on animal wastes 
as their primary food source. Among the 
genera of dung beetles collected in our study 

area, Onthophagus was the most successful 
genus in terms of survival in a disturbed 
area, and this genus is also reported to be 
prevalent in many other types of disturbed 
habitats (Davis et al., 2001; Prize, 2004; 
Davis & Philips, 2005; Shahabuddin et al., 
2005, 2010; Agoglitta et al., 2012).

CONCLUSION

This study gives an overview of the diversity 
of the dung beetles of secondary forests. 
Moderate diversity indexes indicate the 
environmental conditions of Bangi Forest 
Reserve (HSB). Apart from that, body 
size is another factor that serves as the key 
indicator of forest disturbance. Small-bodied 
dung beetles survive more successfully in 
secondary forests compared to larger dung 
beetles. Small dung beetles are more likely 
to survive in the forest because the dung of 
small animals is sufficient for their survival 
and existence.
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