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ABSTRACT

Forest edge resulting from forest fragmentation has a different environmental
condition compared to the interior of the forest, and it has the potential to
influence the diversity and abundance of dung beetles. Dung beetles, also
known as Scarabs, belong to the Scarabaeidae family and are recognized for
their unique ecological role. They serve as significant indicators of ecosystem
health and disturbance in forest areas. This study aims to assess the dung
beetle community and their habitat preferences in the Ayer Hitam Forest
Reserve using passive sampling methods with horse dung bait pitfall traps.
The study design employed systematic sampling with random start points,
with distance of 250 meters for each point. Overall, a total of 129 dung beetle
species from five genera; Copris, Ochicanthon, Sisyphus, Onthophagus, and
Paragymnopleurus; were successfully captured from both the interior and
edge of the forest. The results indicate that higher species diversity and
abundance of dung beetles are found in the interior of the forest compared to
the forest edge, with Onthophagus vulpes and Sisyphus thoracicus
dominating. The study also suggests that the diversity and abundance of
dung beetles are influenced by different environmental conditions. Therefore,
dung beetle species can be highlighted as indicators for the forest ecosystem

under varying environmental conditions.



ABSTRAK

Kawasan pinggir hutan hasil daripada pecahan hutan mempunyai keadaan
persekitaran yang berbeza berbanding dengan bahagian dalamam hutan,
dan ia berpotensi mempengaruhi kepelbagaian dan kelimpahan kumbang
najis. Kumbang najis atau Scarabs, tergolong dalam keluarga Scarabaeidae,
dikenali kerana peranan ekologi unik mereka. Mereka berfungsi sebagai
petunjuk penting terhadap kesihatan ekosistem dan gangguan dalam
kawasan hutan. Kajian ini bertujuan untuk menilai komuniti kumbang najis
dan keutamaan habitat mereka di Hutan Simpan Ayer Hitam dengan kaedah
pensampelan pasif menggunakan perangkap umpan najis kuda. Reka
bentuk kajian adalah dengan menggunakan persampelan sistematik dengan
titik mula rawak, berjarak =50 meter setiap titik. Secara keseluruhan,
sejumlah 129 spesies kumbang najis dari lima genera; Copris, Ochicanthon,
Sisyphus, Onthophagus, dan Paragymnopleurus; dari kawasan dalam hutan
dan pinggiran hutan berjaya ditangkap. Keputusan menunjukkan
kepelbagaian dan kelimpahan spesies kumbang najis yang lebih tinggi
adalah di kawasan dalaman hutan berbanding kawasan pinggir hutan,
dengan Onthophagus vulpes dan Sisyphus thoracicus mendominasi. Kajian
ini juga menunjukkan bahawa kepelbagaian dan kelimpahan kumbang najis
dipengaruhi oleh keadaan persekitaran yang berbeza. Justeru, spesies
kumbang najis boleh diketengahkan sebagai penunjuk bagi ekosistem hutan

bagi keadaan persekitaran yang berbeza.
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CHAPTER 1

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Over the year, forest fragmentation has becoming a threat to biodiversity and
ecosystem (Haddad et al. 2015). Forest fragmentation can lead to the
formation of forest patches and edges. Forest edges are an area where
forests meet open habitats such as agricultural fields or urban areas. Due to
the presence of these neighboring habitats, forest edges can exhibit
dissimilar environmental conditions and resource availability compared to the
interior of the forest (Magura et al. 2016). The presence of neighboring
habitats at forest edges can result in changes in factors such as light
availability, temperature, humidity, and vegetation structure. These altered
conditions can have significant effects on dung beetles diversity and

abundance.

Dung beetles (Coleoptera: Scarabaeidae) recognized for their unique
ecological niche, serve as important indicators of ecosystem health and
disturbance in tropical forests (Nicholas et al., 2007; Spector, 2006; Halffter
and Arellano, 2002). Sensitivity to changes in habitat makes dung beetles
valuable indicators of habitat disturbance, with their primary ecological roles
being the decomposition and recycling of organic matter, particularly animal

dung (Davis et al., 2001). Dung beetles also provide essential ecosystem



services, such as nutrient cycling, soil aeration, and biological control of

pests (Nichols et al. 2008)

Dung beetle are often used as indicators of habitat quality and biodiversity
due to their sensitivity towards habitat composition and degradation
(Muhaimin et al. 2019). Habitat fragmentation have posed challenges for
dung beetles community. The fragmentation can lead to alterations in habitat
structure, resource availability and ecological interactions. Consequently,
dung beetles must adapt to the changing conditions, dispersal to alternative
habitats, or face the risk of local extinction within the forest (Shahabudin

2010).

Additionally, factors such as vegetation type, microclimate, and disturbance
levels also contribute to dung beetles diversity and abundance in different
area. Certain species may exhibit specific adaptations or preferences for
particular habitat types, leading to differences in their diversity and
abundance. Different locality and habitat conditions give rise to different type
of dung beetles community and composition (Noureen et al. 2019). By
studying these factors, it can provide valuable insights into the ecological

responses of dung beetles to different habitat conditions.



1.2 PROBLEM STATEMENT

Dung beetles play a crucial role in ecosystem functioning and are widely
recognized as indicator species due to their sensitivity to habitat changes.
The formation of forest edges resulting from habitat fragmentation can
significantly impact species community compositions. However, the specific
impacts of forest fragmentation for dung beetle communities in Ayer Hitam

Forest Reserve is still unclear.

Forest edges often differ in environmental conditions, resource availability,
and disturbance levels compared to the forest interior. Dung beetles may
respond differently to forest edges compared to the forest interior, leading to
variations in their diversity and abundance. Therefore, species interactions

involving dung beetles may be altered.

The dependency of dung beetles on suitable resources such as animal dung
for reproduction and feeding further emphasizes the importance of
understanding how forest edge can impact dung beetle populations.
Therefore, this study is important to gain insight on how forest fragmentation

impacts dung beetle community in Ayer Hitam Forest Reserve.



1.3 RESEARCH OBJECTIVES

This study aims to assess dung beetle communities and their habitat
preferences in the Ayer Hitam Forest Reserve. The specific objectives of this
study were; (i) to determine dung beetle diversity and abundance between
forest interior and forest edge and (ii) to identify the habitat characteristic that
influence dung beetle diversity and abundance between interior and forest

edge.

Hence, this research aims to provide answer to the following question; (i)
does the diversity and abundance of dung beetle differ between the interior
and forest edge in Ayer Hitam Forest Reserve? and (i) what are the potential
environmental factors that influence the diversity and abundance of dung

beetles community in forest interior and forest edge habitats?



1.4 SIGNIFICANCE OF STUDY

This study holds significance in providing comprehensive insights into dung
beetle diversity and abundance in the Ayer Hitam Forest Reserve. Notably,
there exists only one prior study related to dung beetle communities in
SISFEC. Moreover, habitat variation between forest interior and forest edge
is different and it can have significant impacts on dung beetles diversity. The
forest interior, which is more stable, provides favorable conditions for certain
dung beetle species. On the other hand, the forest edge area which have
more exposure to sunlight, wind and human activities, shows a different type
of ecological conditions that may favor different dung beetle species. Thus,
this study will help to understand how habitat variation between forest interior
and forest edge affect dung beetle community. Lastly, the finding from this
study also can provide insight on dung beetle suitability as an indicator for

forest health and disturbance.



CHAPTER 2

LITERATURE REVIEW

2.1 DUNG BEETLES

Dung beetles, commonly referred to as Scarabs, belong to the Scarabaeidae
family within the order Coleoptera. Classified under the subfamily
Scarabaeinae, these insects boast a global diversity of approximately 7000
species, with ongoing discoveries adding to this count annually (Hanski and
Cambefort, 1991. In Malaysia, an estimated 170 dung beetle species have
been identified (Goh & Hashim, 2019; J. Huijbregts, pers. comm., 2017).
Recent studies by Nurshuhaida (2023) reported that 17 species of dung
beetles were found in Ayer Hitam Forest Reserve with majority of the species

belonging to the genus Onthophagus.

Most dung beetle are commonly dark in colour; black or brown, however
some dung beetle have a metallic surface colour. Their size can be vary from
0.5 cm to 3 cm and some can exceed more than that. Moreover, dung
beetles have a long flight wings folded beneath an elytra, the hardened outer
wing which allow them to fly (Bai et. al, 2012). In addition, they mainly feed
on mammals dung for reproduction and as a food source. Both adults and
larvae feed on mammal dung; adult dung beetle consumed the liquid nutrient

from the dung, while larvae feed on plant fibre within the dung.



Like other insect species, male and female dung beetle exhibit distinct
characteristis. Male dung beetles are slightly larger than female dung beetles.
Dung beetles are highly sensitive to environmental conditions as it is related
to their health and reproductive success. At the individual level, dung beetles'
reactions to disturbances, can be observed and measured, especially
concerning their body size and physiological health (Salomao et. al., 2018).
In addition, male dung beetles have prominent horns or pincers, which they
use for combat with rival males over access to dung resources and mating
opportunities; but female dung beetles used their horns for fighting off other

females over resources competition.



2.2 FUNCTIONAL TRAITS AND ECOLOGICAL FUNCTION

Dung beetles can be classified into three main groups based on their feeding
and nesting habits; endocoprid, paracoprid and telecoprid (Nicholas et. Al,
2008). Endocoprid, or dweller dung beetles, reside within dung masses,
laying their eggs directly in the dung, which subsequently serves as both
home and food for their larvae (Byk & Pietka, 2018).. Paracoprid, or tunneler
dung beetles, create tunnels beneath dung, varying in depth based on
species, and construct chambers within these tunnels for egg-laying and
dung burial (Hanski and Cambefort, 1991).Telecoprid, or roller dung beetles,
roll dung into balls away from the source, utilizing hind legs to sculpt the dung
into a ball shapeAfter rolling it away, the dung is buried in the soil for female
to lays their eggs. By moving dung balls away, rollers reduce the competition

with other beetle for food and space (Hanski and Cambefort, 2014).

All of the above functional groups contributed to the ecological functions
which provide valuable ecosystem services to our forest. They are not only
act as a dung removal but dung beetle also contributes to nutrient cycling,
seed dispersal and reduction of greenhouse gas emissions (Nichols et. Al.,
2008; Slade et. al., 2016). Through relocation and burrowing of the dung,

nutrient concentration in soil profile may increases (Maldonado et. al., 2019).



2.3 HABITAT PREFERENCES OF DUNG BEETLE

A study by Lee et al. (2009) indicated that environmental factors influence the
abundance, diversity, and body mass of the dung beetle. Factors that
influences dung beetle diversity and abundance are land use type, availability
of dung resources, season, soil moisture and habitat disturbances
(Shahabuddin et. al., 2014). In addition, canopy cover, connectivity between
fragments, forest cover, landscape heterogeneity, and edge effect also
influence dung beetle community structure (Escobar, 2004; Nichols et al.,
2007; Scholtz et al., 2009; Diaz et al., 2010). Based on Edwards et al. (2014)
observation, oil palm plantation with high soil temperature serve as an
environmental factor that diminishes the presence of large nocturnal dung
beetle foragers, increase the percentage of smaller species, and leads to the
loss of roller dung beetle. Dung beetle species composition at the forest edge
may differ from that in the interior due to the conditions of the edge
environment. Some dung beetle species may be adapted to the instability of
the edge and thrive there, while others may prefer the stability of the forest
interior. It is likely that the higher abundance and diversity of dung beetle at
forest interior is due to a more stable environment compared to the

fluctuating physical environment of forest edge habitats (Goh et al. 2019).



2.4 FOREST FRAGMENTATION

Forest fragmentation poses a particular threat to dung beetles, known for
their sensitivity to habitat changes and proposed as indicators of habitat
disturbance (Davis et al., 2001). Moreover, dung beetles population can be
affected by forest size due to resource availability (Muhaimin et al. 2015).
Larger forests area tends to provide more diverse and abundance dung
resources for dung beetles. With the declining of mammal population, dung
production from mammal would decrease and effecting dung beetle
communities. In addition, comparison of the dung beetle diversity between
natural forest and oil palm plantation indicates that disturbed area had
significantly less dung beetle species and abundance (Nurshuhaida, 2023).
This shows that disturbed area are likely to have lesser dung beetle

communities compared to undisturbed forest area.
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2.5 FOREST EDGE

Forest edges are areas where the forest meets open habitats, such as
agricultural fields or urban area. Magura (2016) stated that forest edges can
exhibit dissimilar environmental conditions and resource availability
compared to the interior of the forest because of the neighbouring habitats.
According to Bitencourt et. al. (2019), there is an increased trend for dung
beetle species richness and abundance from forest edge area to forest
interior. A research conducted in Recife, Brazil, revealed that urban forest
fragments exhibited a lower diversity of dung beetle species compared to
fragments located outside the city (Filgueiras et al., 2009, Costa et al., 2013).
However, there are some species that can adapted to the condition of forest
edge. These species that are adapted to the forest edge may utilize the
resources and ecological niches that emerge in response to the transitional
conditions of this environment. Understanding the dynamics of forest edges
contributes to a holistic comprehension of dung beetle ecology and

responses to varying habitat conditions.
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CHAPTER 3

MATERIALS AND METHODS

3.1 STUDY SITE

The study was conducted at Hutan Simpan Ayer Hitam Forest Reserve which
also known as Sultan Idris Shah Forestry Education Center (SISFEC) (Figure
3.1). Classified as a secondary and regenerating forest, it has been
designated a permanent forest reserve since 1951 (Paiman & Amat, 2007).
The forest is gazetted as educational and research forest after Selangor state
government awarded the forest to Universiti Putra Malaysia in 1996 (Ahmad

Ainuddin et al., 2007).

The forest reserve area located at 3°0'53"N and 101°38'51"E in Puchong,
Selangor and it is surrounded by settlement area and an area of economic
development. The Ayer Hitam Forest Reserve confronts forest fragmentation
issue, marked by a substantial decrease in size from 4270.70 ha in 1995 to
1182.07 ha due to rapid development and human activities (Provide
reference for statement). It comprises of 6 compartments, called
compartment 1, 2, 12, 13, 14 and 15 (Figure 3.2). For this study,
Compartment 15, Compartment 1 and Compartment 12 is chosen to

represent the forest interior and forest edge area.

12



Figure 3.1 : Image showing the location of Hutan Simpan Ayer Hitam Forest

Reserve, Puchong, Selangor (Source : Google Earth)

Figure 3.2 : Image showing the 6 Compartment in Ayer Hitam Forest
Reserve (Saad et. al., 2018)

13



3.2 SAMPLING DESIGN

This study was established using systematic sampling with random start
point. This technique involves selecting a random starting point within the
study area and measuring each subsequent point at equal distances
(Bellhouse, 2005). As recommended by Larsen and Forsyth (2005), the
distance between each sampling point was spaced at least 50 m apart to
minimize interference. A total of 30 sampling point was allocated at Hutan
Simpan Ayer Hitam with 15 each at forest interior and forest edge areas

(Figure 3.3 & 3.4)

Sultan Idris Shah

Google Earth‘

Figure 3.3 : Image showing 15 sampling points of forest interior at

Compartment 15
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Figure 3.4 : Image showing 15 sampling points along forest edge at

Compartment 1, 12 and 15

15



3.3 DUNG BEETLE SAMPLING AND COLLECTION

Passive sampling using pitfall traps was employed to collect dung beetle
samples.. A total of 90 pitfall traps were deployed with 3 pitfall traps at each
sampling point. The distance for each trap was at least 10m apart. Pitfall trap
was baited with fresh horse dung from horses fed on a standard diet,
collected from UPM Equestrian Centre. The baits were hung above the cup
in a piece of nylon tulle tied to a skewer and cover with plastic plate to protect

it from rainwater (Figure 3.5).

After being set up, the traps were left for 24 hours before sample collection
on the next day. To maintain the effectiveness and attractiveness of the baits,
horse dung is replaced every 24 hours. Captured dung beetle were
transferred into glass bottle with 70% of ethanol solution and labeled for
species identification. Each dung beetles captured were taken to laboratory

for prior identification.

Figure 3.5 : Set up of the pitfall trap

16



3.4 HABITAT QUALITY ASSESSMENT

Assessment of habitat quality is crucial in determining habitat characteristics
that influence dung beetle diversity and abundance in both forest interior and
forest edge. Data on habitat quality assessment in this study consists of
vegetation structure and microclimate. The assessment of vegetation
structure included measurements of canopy cover tree density, and plant
composition. Data for canopy cover were collected using Canopy Capture
mobile application. This mobile application helps estimate canopy cover by
taking photos of tree canopies and further analyse to determine percent

coverage.

For microclimate, data for relative humidity and air temperature were taken
using a digital Thermohygrometer. Both relative humidity and temperature
data were taken during solar noon time (1200 - 1400) at each sampling point.
The habitat quality was measured three times, then averaged for each

sampling point.

17



3.5 DATA ANALYSIS

For data analysis, a Welch Two Sample T-test was used to compare dung
beetle diversity and abundance between forest interior and forest edge.
General Linear Model (GLM) was also used to assess the relationship
between habitat variable measured with dung beetle diversity and abundance.
The General Linear Model was used when there was a significant difference
in dung beetle diversity and abundance between forest interior and forest

edge. Statistical analyses were performed using R 4.1.0 (R Core Team, 2021)

18



CHAPTER 4
RESULTS AND DISCUSSIONS

4.1 GENERAL FINDING

A total of 129 dung beetles were collected throughout the study with 109
individuals captured from forest interior and 20 individuals from forest edge
area. From ninety baited pitfall traps, a total of 10 species were captured
representingfive genera belonging to Copris, Paragymnopleurus, Sisyphus,
Ochicanthon and Onthophagus. Notably, forest interior exhibited higher

species diversity and abundance compared to forest edge area (Table 4.1).

The most abundant species for both sites was Onthophagus vulpes with 84
individuals in total, followed by Sisyphus thoracicus with 13 individuals.
Onthophagus sp. 4 and Ochicanthon sp. Were the least abundant with 1
individuals respectively. In terms of dung beetle functional traits, the
dominant guild structure comprised seven species of tunneler dung beetles

and three species of roller dung beetles (see Table 4.2).

Table 4.1: Total of dung beetle species abundance and richness.

. Species Mean + SE Species Mean + SE
Study sites
abundance Abundance richness Richness
Forest interior 109 7.26 +2.82 10 1.93+0.76

Forest edge 20 1.33+£0.99 3 0.4 £0.21
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Table 4.2: Number of dung beetle individuls in forest interior and forest edge.

Genus Species Functional Interior  Exterior
group

Copris Copris ramosiceps Tunneler 3 0

Paragymnopleurus Paragymnopleurus maurus Roller 8 0

Sisyphus Sisyphus thoracicus Roller 11 2

Onthophagus Onthophagus vulpes Tunneler 67 17
Onthophagus rutilans Tunneler 2 0
Onthophagus pacificus Tunneler 3 0
Onthophagus aphodiodies Tunneler 9 0
Onthophagus rorarius Tunneler 4 1
Onthophagus leusermontis Tunneler 1 0

Ochicanthon Ochicanthon sp. Roller 1 0

Table 4.3: Mean data for dung beetles species collected at interior and forest

edge.
Study sites Forest interior Forest edge
Mean + SE Min Max Mean = SE Min Max
Abundance 7.26+£282 0 37 1.33+£0.99 0 15

Richness 1.93+0.76 O 9 0.4+0.21 0 3

20



4.2 DUNG BEETLE ABUNDANCE BETWEEN FOREST INTERIOR AND

FOREST EDGE

The result shows notable differences in abundance of dung beetle species
between the forest interior and edge areas. In the forest interior, a higher
abundance of dung beetle species was observed, totalling 109 individuals
with a mean of 7.26 £ 2.82. In contrast, the forest edge exhibited a lower
count of 20 individuals, with a mean of 1.33 + 0.99. Despite the differences,
the statistical analysis, Welch Two Sample T-test, did not show a statistically
significant difference in abundance between the forest interior and edge (t = -

1.9787, p-value = 0.06387).
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Figure 4.1 Box plot showing dung beetle species abundance for forest

interior and forest edge
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4.2.1 Dung beetle species abundance and habitat quality in forest

interior and forest edge

4.2.1.1 Relationship between dung beetle species abundance and

canopy cover

Figure 4.2 shows a positive relationship between dung beetle species
abundance with canopy cover (coefficient = 0.489, p= 0.132). The linear
regression indicates that the higher the canopy cover, the higher dung beetle

species abundance.
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Figure 4.2 Regression line showing a positive relationship between dung

beetle species abundance and canopy cover
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4.2.1.2 Relationship between dung beetle species abundance and plant

composition

Figure 4.3 shows a positive relationship between dung beetle species
abundance with plant composition (coefficient = -0.056, p= 0.968). The linear
regression indicates that the change in plant composition is associated with

the increase in dung beetle species abundance.
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Figure 4.3 Regression line showing a positive relationship between dung

beetle species abundance and plant composition
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4.2.1.3 Relationship between dung beetle species abundance and tree

density

Figure 4.4 shows a positive relationship between dung beetle species
abundance with tree density (coefficient = 0.188, p= 0.451). The linear
regression shows that the abundance of dung beetle increases with tree

density.
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Figure 4.4 Regression line showing a positive relationship between dung

beetle species abundance and tree density
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4.2.1.4 Relationship between dung beetle species abundance and

relative humidity

Figure 4.5 shows a negative relationship between dung beetle species
abundance with relative humidity (%) (coefficient = 0.333, p= 0.438). The
relationship shows that the dung beetle species abundance decreases with

the increase of relative humidity (%).
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Figure 4.5 Regression line showing a negative relationship between dung

beetle species abundance and relative humidity (%)
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4.2.1.5 Relationship between dung beetle species abundance and air

temperature

Figure 4.6 shows a positive relationship between dung beetle species
abundance with air temperature (°C) (coefficient = 1.722, p= 0.350). The
linear regression shows that the abundance of dung beetle increases with air

temperature.
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Figure 4.6 Regression line showing a positive relationship between dung

beetle species abundance and air temperature (°C)
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4.3 DUNG BEETLE RICHNESS BETWEEN FOREST INTERIOR AND
FOREST EDGE

The result reveals notable differences in dung beetle species richness
between the forest interior and forest edge areas. The forest interior
represent higher diversity of dung beetle species richness, capturing a total
of 10 species (mean =1.93 = 0.76). In contrast, the forest edge exhibited a
lower count of species diversity with only 3 species (mean = 0.4 = 0.21).
Despite the differences, Welch Two Sample T-test, did not show a
statistically significant difference in species richness between the forest

interior and edge (t =-1.9301, p-value = 0.0713) (Figure 4.7).
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4.3.1 Dung beetle species richness and habitat quality in forest interior

and forest edge

4.3.1.1 Relationship between dung beetle species richness and canopy

cover

Figure 4.8 shows a positive relationship between dung beetle species
richness with canopy cover (coefficient = 0.144, p= 0.0903). The linear
regression indicates that dung beetle species richness increases with canopy

cover.
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Figure 4.8 Regression line showing a positive relationship between dung

beetle species richness and canopy cover
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4.3.1.2 Relationship between dung beetle species richness and plant

composition

Figure 4.9 shows a positive relationship between dung beetle species
richness with plant composition (coefficient = 0.18, p= 0.6296). The linear
regression indicates that the change in plant composition is associated with

the increase in dung beetle species richness.
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Figure 4.9 Regression line showing a positive relationship between dung

beetle species richness and plant composition
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4.3.1.3 Relationship between dung beetle species richness and tree

density

Figure 4.10 shows a positive relationship between dung beetle species
richness with tree density (coefficient = 0.05, p= 0.4416). The linear
regression shows that dung beetle species richness increase with tree

density.
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Figure 4.10 Regression line showing a positive relationship between dung

beetle species richness and tree density
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4.3.1.4 Relationship between dung beetle species richness and relative
humidity

Figure 4.2 shows a positive relationship between dung beetle species
richness with relative humidity (coefficient = 0.12, p= 0.2871). The linear
regression indicates that the change in relative humidity is associated with

the increase in dung beetle species richness.
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Figure 4.11 Regression line showing a positive relationship between dung

beetle species richness and relative humidity(%)
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4.3.1.5 Relationship between dung beetle species richness and air

temperature

Figure 4.2 shows a positive relationship between dung beetle species
richness with air temperature (coefficient = 0.363, p= 0.4475). The linear
regression shows that dung beetle species richness increases with air

temperature (°C).
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Figure 4.12 Regression line showing a positive relationship between dung

beetle species richness and air temperature(°C)
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4.4 DIVERSITY AND ABUNDANCE OF DUNG BEETLE SPECIES
BETWEEN FOREST INTERIOR AND FOREST EDGE IN AYER HITAM

FOREST RESERVE

This study focused on comparing the dung beetle community in two distinct
sites within the Ayer Hitam Forest Reserve, representing the forest interior
and forest edge areas. The result signifies that forest interior have higher
dung beetle species richness and abundance compared to forest edge. A
study by Andersen (2005) noted that dung beetle tend to favor forest area
with more stable conditions rather that disturbed environment. Notably,
Onthophagus vulpes was the most abundant species with 84 individuals.
Previously, Onthophagus vulpes was found to be common in primary lowland
dipterocarp forest, with reduced occurrence in logged forests (Edwards et. Al,
2011). The majority of Onthophagus vulpes captured in this study were in
forest interior with 67 individuals, compared to forest edge with on 17
individuals. This indicate that species abundance response greatly to

undisturbed forest areas (Shahabuddin et al. 2005).

The differences observed between forest interior and edge may be attributed
to several factors. It is possible that due to the disturbance, mammal
population in forest edge are lesser compared to forest interior (Barragan et
al. 2011). In forest interiors, the consistent and stable environmental
conditions create a favorable habitat for both mammals and dung beetles.
Mammals contribute to the availability of dung resources, and the diverse
mammalian community provides a varied diet for dung beetles. However, in
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the disturbed forest edge, the altered vegetation structure and reduced
mammal populations may limit the availability of suitable dung for dung
beetles (Muhaimin, 2019). As dung beetle species rely on mammals dung,

this could affect their abundance and diversity in forest area.
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4.5 DUNG BEETLE RESPONSE TO ENVIRONMENTAL FACTORS

Dung beetles are known to interact closely with vegetation in their search for
suitable dung resources and breeding sites (Andresen and Feer, 2005).
Variations in dung beetle abundance and diversity across different habitats
can reflect the response of their habitat to changes in environmental
conditions, vegetation structure, or microclimatic factors. Among the five
environmental variables analysed, four variables were positively associated
with dung beetle abundance and richness, excluding relative humidity which

showed negative relationship with dung beetle species abundance.

The findings indicate that dung beetle abundance and richness between
forest interior and forest edge were influenced by environmental factors.
From overall result, dung beetle abundance and richness was higher in area
that have higher canopy cover, tree density, plant composition and air
temperature. The canopy cover was one of the crucial factors influencing
dung beetle communities (Gomez-Cifuentes et al., 2020). The shading effect
and altered humidity levels beneath the canopy create microclimatic
conditions that attract specific dung beetle species. Additionally, tree density,
another environmental factor, shapes dung beetle habitats. Increased tree
density provides a mosaic of microhabitats and potential breeding sites,
influencing the diversity and abundance of dung beetle species. This finding
is supported with previous study which mentioned dung beetle prefer a dense

forest floor and shaded area (Andresen, 2005).
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Plant composition result shows how vegetation structure and dung beetles
are linked (Figure 4.3 and Figure 4.9). Higher plant diversity provide more
resources for dung beetles in terms of food and breeding sites, which lead to
more abundant and diverse of dung beetle species. According to Feer (2012),
dung beetle communities found in tropical forest habitats mainly consist of
species that are more sensitive to changes in temperature and humidity,

influenced by the specific physical structure of the forest.

Moreover, microclimatic factors, including relative humidity and air
temperature, play a vital role in dung beetle diversity and abundance.
However, based on figure 4.5, dung beetle species abundance decreases in
area with high humidity. The negative association of dung beetle abundance
and relative humidity show that dung beetle to be more adapted to warmer
temperature compared to colder temperature conditions (Davis & Schollts,
2003). Previous research (Noriega et al., 2021) also has demonstrated that
alterations in environmental conditions can affect the composition of dung
beetle communities, leading to consequential effects on the rates of dung
decomposition. It also might be associated with weather condition. According
to Sun et al (2023) rainfall significantly influenced the species richness of
dung beetles, thus indicate that rain played an important role in determining

whether beetles visited a fresh dung pat successfully.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Generally, this study found that dung beetle abundance and diversity differ
between interior and forest edge in Ayer Hitam Forest Reserve. Forest
interior highlighted greater species abundance and diversity compared to
forest edge. Moreover, increasing dung beetle species abundance and
richness along the gradient would indicates that habitat characteristic
influences their presence. Environmental factors that influence diversity and
abundance of dung beetles community included canopy cover, tree density,

plant composition, relative humidity and air temperature.

High canopy cover and tree density attracts higher dung beetle species
abundance and diversity due to dung beetle preference on a more stable and
dense conditions. Additionally, this study also found that microclimate
variables like relative humidity negatively correlated with dung beetle
abundance, which indicate that dung beetle might prefer a warmer conditions.
Thus, additional research is needed to investigate dung beetle relationship
with relative humidity due to several studies contrasting with this study.
Moreover, the data collection need longer sampling duration to strengthen

the observation of dung beetle abundance and diversity.
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5.2 DUNG BEETLE AS AN INDICATOR FOR FOREST HEALTH AND
HABITAT DISTURBANCE

Dung beetles serve as crucial indicators for both forest health and habitat
disturbance. They are known for their sensitivity to habitat changes and has
been highlight as indicators of habitat disturbance (Davis et al., 2001). Based
on the data, the number of dung beetle species abundance is higher with 109
individuals compared to forest edge with 20 individuals (Table 4.1). This
indicate that disturbed area had less dung beetle species compared to

undisturbed area.

Recent studies by Piccini et. Al (2018) found that dung beetle reliance on
dung for nutrition and reproduction makes them sensitive to shifts in habitat
quality, vegetation structure, and microclimatic conditions. The abundance
and diversity of dung beetle species reflect the overall vitality and resilience
of the ecosystem. Besides, habitat disturbance, often driven by human
activities, can significantly impact dung beetle populations. Dung beetles
which sensitive to these alterations, experience declines in abundance and
diversity. Therefore, dung beetles serve as reliable indicators of both forest
health and habitat disturbance. Their ecological sensitivity makes them

invaluable tools for assessing the overall well-being of ecosystems.
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APPENDICES

APPENDIX A : IMAGE OF DUNG BEETLE SPECIES IDENTIFIED
1

il

Copris ramosiceps Paragymnopleurus
maurus

F

Ochicanthon sp. Onthophagus vulpes Onthophagus rutilans

N

Onthophagus rorarius Onthophagus Onthophagus
aphodiodies leusermontis

Onthophagus pacificus
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APPENDIX B : EQUIPMENT AND MOBILE APPLICATION USED FOR
HABITAT VARIABLES DATA COLLECTION

Skywatch termohygrometer Canopy Capture mobile application

APPENDIX C : DATA COLLECTION

Horse dung baits used for pitfall traps

Baited pitfall trap set up Captured dung beetles in sample
bottle with 70% ethanol
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