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  ABSTRAK 

Informasi mengenai bagaimana gangguan antropogenik dapat meningkatkan hilangnya keanekaragaman serangga penting 

di sebuah pulau, seperti kumbang tinja (Coleoptera: Scarabaeidae) masih sedikit diketahui. Penelitian ini bertujuan untuk 
mempelajari respons kumbang tinja pada gradien gangguan habitat di hutan dataran rendah sekunder (Hutan Lambu-

sango, Sulawesi, Indonesia). Dari bulan Juni sampai Agustus 2013, kumbang tinja telah dikoleksi dari hutan dengan 

gangguan rendah, sedang, dan tinggi Tiap level gangguan terpasang tiga transek berjarak 500 m(n=9) Sepuluh  perangkap 

jebak per transek dengan umpan dari kotoran sapi terpasang sepanjang 100 m, selama 48 jam. Total 1710 individu dari 29 
spesies kumbang tinja terkoleksi. 79% dari spesimen yang terperangkap dan 55% dari kekayaan spesies ditemukan di 

gangguan sedang, dan berbeda nyata dengan gangguan rendah dan tinggi. Indeks Shannon-Wienner sangat berbeda nyata 

di gangguan rendah daripada di gangguan sedang maupun tinggi, sedangkan indeks dominansi spesies lebih tinggi dite-

mukan di gangguan sedang. Ordinasi dua dimensi berdasarkan indeks Bray-Curtis menunjukkan perbedaan komposisi 
spesies kumbang tinja antar level gangguan. Penelitian ini menemukan komunitas kumbang tinja di hutan dataran rendah 

sekunder menunjukkan respons yang besar terhadap level gangguan. 

 

Kata kunci: kumbang Scarab, keragaman, hutan sekunder, Sulawesi Tenggara 

 

ABSTRACT 

Little is known about how antropogenic disturbance triggered the biodiversity loss of functionally important insect 

groups in an island, including dung beetle (Coleoptera: Scarabaeidae). This study focused on the responses of dung beetle 

across gradient of disturbance in a secondary tropical lowland rainforest (Lambusango forest, Sulawesi, Indonesia). From 
June to August 2013, dung beetles were collected in the forest with low, intermediate, and high level of disturbances. 

Each disturbance level had three transects which were separated at least 500 m each other (n=9). Ten pitfall traps per 

transect baited with cattle dung were set, along 100 m transect for 48 hours. A total of 1.710 dung beetles, representing 

29 species, were collected. Total 79% trapped specimens and 55% of species richness was found in the intermediate dis-
turbance, which it was significantly differed compare to two other disturbances. Shannon-Wienner index was signifi-

cantly higher in low disturbance than in intermediate and high disturbance, while dominance speciesindex mostly occured 

in intermediate disturbance. A two-dimensional scalling plot based on Bray-Curtis index indicated the different species 

composition of the beetles between disturbance levels. We concluded that dung beetle assemblages of secondary lowland 
rainforests appeared a robust respond to the disturbance levels. 

 

Keywords: Scarab beetle, diversity, secondary forest, Southeast Sulawesi 
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INTRODUCTION  

Inevitably, the alteration of the tropical 

rainforest has affected the rate and pattern of 

biodiversity loss over decades (Mace 2005). In 

general, a dramatically forest conversion has 

retreated the mosaic of species, either species 

richness or abundance has decreased due to 

habitat modification (Schulze et al. 2004). 

Moreover, it was not merely influenced the lo-

cal diversity (α-diversity), but also triggered 

and accelerated the turn over of species per se 

(Kessler et al. 2009; Quintero et al. 2010). Nev-

ertheless, some species has evolved and ob-

tained benefit due to habitat pressures, includ-

ing the diversity of the Sulawesi endemic bird 

species (e.g. Waltert et al. 2005). Despite this 

well-known trend of biodiversity, insect diver-

sity in lowland forests on a remote island has 

been poorly understood (Abdulhadi et al. 

2014). 

Dung beetles (Coleoptera: Scarabaei-

dae) were an excellent provider of ecosystem 

service due to their function as megafauna de-

tritivore of dung and carrion (Begon et al. 

2006) and their behavior that supported the eco-

logical process, such as nutrient recycling, dis-

persal of seeds, and soil perturbation (Estrada & 

Coates-Estrada 1991; Hanski & Cambefort 

1991; Nichols et al. 2008, Scholtz et al. 2009). 

The taxon also has well understood in 

taxonomy (Hanski & Cambefort 1991). All 

traits have emplaced the dung beetle as an 

invertebrate main bioindicator for examining 

the relationship between biodiversity and forest 

conversion (Davis et al. 2001; Spector 2006). In 

tropical rainforest, many studies documented 

that dung beetle displayed rapid and graded 

responses to many kinds of natural and 

anthropogenic disturbance (e.g. Barragan et al. 

2011; Davis 2000; Hanski & Krikken 1991; 

Jankielsohn et al. 2001; Kahono & Ubaidillah 

2003; Nichols et al. 2008; Shahabuddin et al. 

2005). Hallfter & Arellano (2002) addressed 

that forest-restricted species reduced 

significantly due to deforestation and replaced 

by open-area species, further the habitat 

modification likely influenced the functional 

loss of dung beetle (Braga et al. 2013). In 

addition, due to their dependences on vertebrate 

dung, the beetle assemblages were used to 

predict the distribution and population of 

mammals (Estrada et al. 1993). 

In lowland rainforest, the diversity of 

dung beetle was enormous. Davis (2000) identi-

fied 97 species of dung beetle inhabit evergreen 

dipterocarp forest in Sabah, Malaysia in 1992. 

In contrast, recently, the asset of dung beetle 

diversity in there has declined sharply because 

of forest logging (Slade et al. 2011). All facts 

showed that indeed lowland forest likely facing 

similar trend of diversity due to habitat altera-

tion.  

 Here we provided the first recorded of 

dung beetle response to habitat disturbance in a 

secondary lowland rainforest on Sulawesi Is-

lands. The synthesis of dung beetle diversity in 

this secondary rainforest addressed the follow-

ing questions: 

1. Did the dung beetle community present a 

responds across gradient of habitat distur-

bances? 

2. Did the species community responds to 

disturbance in a specific composition? 
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RESEARCH METHODS 

Study Site 

The study area located in Lambusango 

Forest, Buton Island, Southeast Sulawesi (5°

24'S, 123°07'E) (Figure 1). The secondary 

lowland rainforest covered the 65.000 ha area. 

The diversity of dung beetle was studied in 

three locations with different levels of 

disturbances (low (undistubed forest, 5°27'S, 

122°95'E), intermediate (disturbed forest, 5°

18'S, 122°88'E) and high (cashew plantation, 5°

18'S, 122°89'E) (Table 1). For each location, 

three transects were selected for replication. 

Basically, the forest sites with low and 

intermediate level of disturbances have selected 

based on transect and grid that established by 

Operation Wallacea (Seymour 2004). The 

plantation sites with high level of distubarnces 

were selected irrespective of Operation 

Wallacea. 

Sampling  

 Dung beetles were collected at each site 

by using baited pitfall traps on June 

(intermediate disturbance) to July (low and high 

level of disturbance),  2013. The pitfall traps 

were made from a transparent plastic cups, with 

a diameter of 6.5 cm and a height of 9 cm. Each 

trap was baited with ca 20 g of fresh cattle dung 

(Bos taurus). We followed Shahabuddin et al. 

(2005) in setting the bait. Three transect with 

ten pitfall traps along a 100 m per transect were 

set up in each disturbance levels.. The interval 

between transects were 500 m. All traps were 

exposed for 48 hours without baited replace-

ment.   

 Specimens were stored in 96% alcohol 

and later identified using Balthasar (1963), 

Boucomont (1914), and the works on Scara-

Figure 1. Location of study sites in Lambusango Forest, Buton Island Tenggara. 
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baeidae by Krikken and Huigbregts (e.g. Krik-

ken & Huijbregts 2008). Identification was up 

to species level. If there were uncertainty 

about the species name, they were sorted to 

genus. Voucher collections were deposited at 

the Entomology Museum of Indonesian Insti-

tute of Science, Bogor. 

 

Data Analysis 

The R-Statistic (R Development Core 

Team 2011) was used to calculate both para-

metric and non-parametric analysis. Species 

richness and abundance of the beetles were 

compared between levels of disturbances with 

using ANOVA test, while the confirmation of 

the significant difference by Tukey’s HSD 

Test (Gotelli & Ellison 2013). Shanon-Wiener 

Index (H’=-Σ pi ln pi) was used to assess the 

local diversity, Simpson Index to measure spe-

cies dominance (D=Σ [ni(ni-1)/N(N-1)], and 

Shannon-Wiener Eveness to measure species 

eveness [J’=H'/ln(S)] (Magurran 2004). Sig-

nificancy of species richness was analyzed 

used t test (t=[H1’- H2’]/[var H1’+ var H2’]
1/2 

with variance (Var H’=[(Σpi(lnpi)
2-(Σpilnpi)

2)/

N]-[(S-1)/2N2)] and degrees of freedom (df=

(Var H’1+ Var H’2)
2/{[(Var H’1)

2/N1]+ [(Var 

H’2)
2/N2]} (Maguran 1988). Estimator Chao1 

was used to estimate species richness through 

singletons species (f1) and doubletons species 

(f1) at each sites with equation: Sest=Sobs+[f1
2/

(2f2)], if  f2>0, and Sest=Sobs+ [f1(f1–1)/ 2( f2 + 

1)] if f2 =0 (Chao et al. 2009). Species 

composition of each site was ordinated by Non

-Metric Multidimensional Scaling (NMDS) 

(Clarke 1993) using Bray-Curtis Index as 

distance measure. Analyse of Similarity 

(ANOSIM) was used to test significances test 

of similarities.  

 

RESULTS AND DISCUSSION 

Abundance and species richness 

Tabel 1. Habitat characteristic for sampling sites of dung beetle in Lambusango forest. 

Level of disturbance Habitat type Habitat description* 

Low Undisturbed 

forest 

Secondary forest with an area of 1,200 hectare (total area 

35,000 ha), elevation 345-431 m asl, trunk diameter of breast 

height (DBH) up to 30 cm and tree height up to 20 m, rattan 

covering forest floor, low accestability (5.14 km from the near-

est village and 3-4 hours by walking to reach from the village) 

Intermediate Disturbed for-

est 

Secondary forest with an area of 100 hectare (total area 810 

ha), located in 172-259 m asl. DBH up to 10 cm and tree 

height up to 20 m, logging and rattan harvest countinously, 

<1.0 km from nearest village, <100 m from the mainroad 

road, 45 minutes by walking to reach from the village 

High Cashew plan-

tation 

Unmanageable garden with an area of 2 hectare, located at 86-

172 m asl. dominated by cashew plantation and grasses, 1.0 km 

from village, close to main road, cattle grazing 

*Seymour (2004) 
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A total of 1.710 dung beetle belong-

ings to 29 species, 3 genera (Copris, Ontho-

phagus, and Paragymnopleurus) was collected 

in the present study (Table 2). The mean from 

total of trapped individual dung beetles (N) 

did not differ in the two level of disturbance 

(low and high), but was significantly higher at 

intermediate level of disturbance compared to 

all other sampled habitat (Figure 2 (a)). The 

mean from total number of individual dung 

beetle specimens (N) at intermediate level of 

disturbance (33.17 ± 2.82) was ca. two times 

higher than in the low level of disturbance 

(12.70 ± 1.60). The lowest abundance (11.13 ± 

2.54) was in the high level of disturbance.  

Similarly, the mean of number of spe-

cies (S) did not differ in the two level of dis-

turbance (low and high), but was significantly 

higher at intermediate level of disturbance 

compared to all other sampled habitat (Figure 

2 (b)). The mean number of species (S) in the 

three level of disturbance respectively was 

5.30 ± 0.75 (low), 7.67 ± 0.44 (intermediate), 

3.9 ± 0.52 (high). Only 41% of the total of 

species richness occurred in all disturbance 

levels. Additionally, based on study literature, 

we discovered 23 endemic species, 12 species 

categorized as forest species, and eight of 29 

species have functions as detritivore of anoa 

dung. The distribution of those species was 

fluctuated among all sites.  

 

Species index and estimation 

Sites with low level of disturbance 

owned the most diverse in the Shannon-

Wiener Index (H’) and the Index of Evenness 

(J’). There was a significant different in H’ 

between intermediate disturbance and both 

low and high disturbance. The Index of domi-

nance species (D) in the intermediate level of 

disturbance was the lowest (Table 3). The spe-

cies estimator (Chao1) displayed that based on 

the total number of rare dung beetle species 

(singletons and doubletons), all habitat types 

owned a possibility to obtain more species 

(Table 4). In total, approximately 2 to 25 new 

Figure 2. Mean number of individuals (a) and species richness (b) of dung beetle across gradi-

ent of three disturbance levels. Bars on each histograms indicate SE and the result of 

ANOVA are given. Different letters on top of the bars indicate significant differences 

between habitats. 
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Table 2. Diversity of dung beetle across gradient of habitat disturbance. 

Sub 

family 
Tribe Species 

Level of habitat distur-

bance 
Description 

Low Interme-

diate 

High 

Coprinae Coprini Copris celebensis 11 3 0 Endemic in Sulawesi 

(ES) ^ 

 

 Copris erratus masayu-

kii 

38 40 32 ES 

 

Ontho-

phagini 

Onthophagus ambang 

morowali 

0 3 0 ES; Forest Species (FS) 

** 

 

 Onthophagus ambang 

ambang 

0 0 1 ES; FS** 

  Onthophagus aper 3 1 0 ES 

 

 Onthophagus aureopilo-

sus 

18 14 1 ES; FS**,AD 

  Onthophagus chandrai 0 1 0  

 

 Onthophagus curvicari-

natus 

24 42 10  

  Onthophagus discedens 1 0 0  

  Onthophagus fulvus 21 5 11 ES 

 

 Onthophagus fuscos-

triatus 

0 6 0 ES; FS-open area**, AD 

 

 Onthophagus griseoae-

neus 

54 12 82 ES; FS lowland-open 

area** 

 

 Onthophagus holos-

ericeus 

2 39 2 ES, AD 

  Onthophagus limbatus 0 0 1 ES; open area* AD, 

  Onthophagus matanyo 0 2 0 ES; FS lowland* 

  Onthophagus mekara 0 0 1 ES; FS lowland* 

  Onthophagus ribbei 94 78 15 ES, AD 

 

 Onthophagus rosen-

bergi divergens 

1 50 89 ES; FS** 

 

 Onthophagus rosen-

bergi rosenbergi 

20 22 1 ES; FS** 

 

 Onthophagus sarasi-

norum 

0 0 3 ES; FS** 

  Onthophagus sembeli 0 0 1 ES; FS** 

  Onthophagus schwaneri 0 1 0 ES 

  Onthophagus scrutator 3 51 16 ES, AD 

  Onthophagus sugihartoi 2 1 0  

  Onthophagus toraut 0 5 3 ES: FS** 

 

 Onthophagus vander-

blomi 

0 3 1 ES; FS lowland* 

  Onthophagus wallacei 12 34 32 ES, AD 

  Onthophagus sp 1. 0 2 0  

Scara-

baeinae 

Gymno-

pleurini 

Paragymnopleurus 

planus 

77 580 32 AD 

      381 995 334   

Source: ^( Balthasar 1963; Boucomont 1914; Krikken dan Huijbregts 2008,2009, 2011 ), * (Krikken dan Huijbregts 

2009), ** (Krikken dan Huijbregts 2011),AD anoa dung (Shahabuddin et a. 2010) 
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species expected across gradient of distur-

bance. The number of expected species at high 

level of disturbance (25 species) was ca. 6 

times higher than in the intermediate level of 

disturbance (4 species). The lowest of ex-

pected species (2 species) was in the low level 

of disturbance. The estimator of Chao1 also 

forecasted that to fulfill the target, it needed an 

additional number of individual, i.e. for high 

level of disturbance, to reach out the asymp-

tote of 100 % of total new species (g=1) 

needed 6631 individual, and around 2021 indi-

vidual was needed to complete 90% of estima-

tion target (g=0.90).  

 

Community composition 

Two-dimensional scaling based on 

Bray-Curtis similarity index displayed a clear 

separation of community of dung beetle 

among all type of disturbance (Figure 3). The 

similarity value in each type of disturbance 

successively 65.7% in low disturbance, 80.1% 

in intermediate disturbance, and 66.5% in high 

disturbance. The highest similarity occurred 

between site with low and intermediate distur-

bance (64.9%), while the lowest degree of 

similarity appeared between site with the in-

termediate and high level disturbance (59.0%). 

There was a significant difference among 

similarity of species composition along gradi-

ent of disturbance levels (R = 0.8272, P = 

0.005).  

Discussion 

In lowland rainforest of Buton, both 

species richness and abundance of dung beetle 

assemblages increased in intermediate level of 

disturbance and decreased in high level of dis-

turbance. The emergence response of dung 

beetle assemblages due to habitat modification 

displayed a different pattern with previous 

research in Sulawesi (Shahabuddin et al. 

2005) and in others rainforest disturbance that 

located outside of Sulawesi (Davis et al. 2001; 

Filgueras et al. 2015; Halffter & Arrelano 

2002; Nichols et al. 2007).  

Although, no difference in species 

richness and abundance of dung beetles be 

found between low disturbance and high dis-

turbance, the structure of dung beetle commu-

nities changed between low disturbance and 

high disturbance. In the intermediate level of 

disturbance, the site was not merely divers of 

species but also their structure more rich than 

two other sites. Statistically, only 41% of the 

total species occurred in each site, thereby 

indicating that each level of disturbances 

shaped and enriched more than 50% of dung 

beetles diversity. The variation of species was 

Table 3. Alpha diversity index of dung beetle in three level of habitat disturbance. 
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expected due to different characteristics of 

each habitat. The intermediate disturbance 

located in disturbed forest that fragmented by 

permanent road and plantation, while the high 

level of disturbance covered by different vege-

tation (cashew plant) and also fragmented by 

permanent road. In contrast, the low level of 

disturbance located in intact forest. 

Those facts similar with previous 

studies which explained that the characteristic 

of habitat supported the environmental carry-

ing capacity and edge effect for species diver-

sity. According to Connell (1978), the inter-

mediate disturbance supported the highest of 

diversity due to more tolerant resources that 

benefit for refugee species. Previous work on 

species diversity in different forest structure 

and distance from road has revealed different 

results. Carpio et al. (2009) reported several 

rare species respond to road construction 

within an incredible rapid timeframe. While 

Shahabuddin et al. (2005) found that both 

species richness and abundance diminished 

along change of rainforest towards 

agroforestry systems and annual culture. 

Forest fragment and human made habitat 

provided horizontal and vertical diversity of 

the vegetation that influence significantly on 

the distribution of non-flying mammals, a 

producer of dung (Estrada et al. 1998).  

The probability of species expansion 

in lowland forest still higher due to a massive 

environmental carrying capacity (Davis et al. 

2001; Hanski 1983;), e.g. types of dung 

(Estrada & Coates-Estrada 1991; Estrada et al 

1993; Tshikae et al. 2008) and the numbers of 

mammals (Nichols et al. 2009). In other hand, 

Shahabuddin et al. (2010) stressed on the body 

Figure 3. Two dimensional scaling of fauna similarity based on Bray-Curtis index for dung beetle 

communities in the three types of disturbance (stress=0.05). Line connect site belong-

ing to the same type of disturbance.  
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size boosted the mobility and dispersal of 

species which large-bodied species supported 

the mobility of dung beetle for food hunting at 

different scale of distance, but it more 

sensitive to habitat disturbance and the ratio of 

large to small-sized dung beetles declined with 

land-use intensity. Nonetheless, some large 

species showed their dominance in natural 

open area than disturbed habitat (Jankielsohn 

et al. 2001). Recently, Viegas et al. (2014) 

presented that dung beetle diversity correlated 

positively with both coverage and density of 

leaf litter and canopy cover. 

The robust response of new species 

indicated that the anthropogenic habitat trans-

formation in the high level of disturbance pro-

vided benefit for the diversity of dung beetle, 

with the following assumption, e.g. 1) the 

availability of dung resource was sufficient, 

due to the habitat also used for cattle grazing, 

therefore the dung reservoir was adequate for 

resource partitioning, 2) the distance of 

cashew plantation was closed to the forest, 

then the site was suitable for buffer area for 

dung beetle, especially for the large-body spe-

cies. In contrast, both in the low and interme-

diate le-vel of disturbance, the number of ex-

pected species diminished due to the commu-

nity in both site has succeeded achieved their 

population stability. Hanski (1991) mentioned 

that both type and size of dung was the micro 

habitat of dung beetle that supported the diver-

sity of dung beetle. Additionally, Estrada et.al 

(1993) stated that in rainforest, both herbivore 

and omnivore mammals were the important 

resource producer in providing dung to the 

beetle assemblage. Similarly, in cool-

temperate forests, most of 14 species collected 

possessed the ecological characteristic of se-

lecting specific mammalian feces (Japanese 

macaques, Asiatic black bears, Japanese se-

rows, and cattle) (Enari et al. 2013). 

The similarity in species composition 

may supported by different type of niche and 

guild of dung beetle. In Lambusango rainfor-

est, species composition of Scarab beetle sepa-

rate into three niches (generalist, forest spe-

cialist, and synanthropogenic species) and two 

guilds (roller and tunneller). Variation of spa-

tial process, resource partitioning, and flight 

activity played the important rules in shaping 

niche and guild (Hanski & Cambefort 1991). 

Table 4. Asymptotic estimator for individual-based sampling of dung beetle. 

Level of 

disturbance 
n Sobs Chao1 f1 f2 q0 n*(g=1) n*(g=0.95) n*(g=0.90) 

Low 381 16 18 2 1 0.005 1026 304 40 
Intermedi-

ate 
995 23 27 4 2 0.004 3589 1081 391 

High 334 19 44 7 1 0.021 6637 2831 2021 

Notes: n=no.individuals collected; Sobs=observed species richness; Sest=estimated asymptotic species richness based on 

the Chao1 index; f1=the no.species represented by exactly one ind. (singletons); f2=the no.species represented by exactly 

two ind. (doubletons); q0= the probability of next ind. sampled represents a previously undetected species, calculated as 
(f1/n); n*=estimated no additional ind. needed to be sampled to reach 100% of Chao1(g=1), 95% of Chao1 (g=0.95), and 

90% of Chao1 (g=0.90).  
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From northern temperate to tropical, dung bee-

tles are classified into grassland species and 

forest species, and in the tropics, grassland and 

forest own the different diversities of dung 

beetles distinctly each other and there is no 

overlap in species composition between them 

(Hanski and Cambefort 1991). However, some 

forest dung beetles are synanthropogenic spe-

cies that have strong adaptation with human 

modified landscape and such species make the 

differences (Horgan 2007). The different com-

position of dung beetle assemblage from natu-

ral forest to man-made habitat also found in 

Shahabuddin et al. (2005).     

 

CONCLUSION 

In conclusion, dung beetle assembla-

ges of the lowland rainforest of Buton Island 

presented a rapid response across gradient of 

habitat disturbances. The pattern of response 

was unique which it sharply increased in the 

intermediate level of disturbance and dimin-

ished in high level of disturbance. There was a 

distinct dissimilarity of species composition 

among all type of disturbance. Furthermore, 

upcoming studies may focus on (1) the diver-

sity of dung beetle in omnivore dung, (2) the 

relationship between body size and habitat 

gradient, and (3) how the relationship between 

dung beetle diversity and its ecological roles 

in lowland rainforest.   
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