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ABSTRACT

 A determination was conducted in eastern Thailand of the family composition of dung-utilizing 
insects in relation to various elephant dung pad stages: A (dung intact with odor and moisture), B (dung 
intact, no odor, no moisture), C1 (less than 50% degraded), C2 (50% or more degraded) and stage D 
(flat mass). A total of 4,857 individuals representing 30 families of insects utilized the sampled elephant 
dung; these included beetles from three prominent families: Ptiliidae, Staphylinidae and Scarabaeidae. 
Scarab beetles could be found throughout all stages of dung disintegration. The Shannon-Wiener index 
(H’) for all insects in all elephant dung piles was considered relatively high. In addition, H’ obtained by 
calculating the pooled data set of this study was 2.09, with high evenness (E = 0.615), and dominance 
by the Simpson index was high for all dung-utilizing insects (D = 0.723). Stage B showed the highest 
family diversity index (H’ = 2.274), whereas stage C1 had the lowest levels of diversity (H’ = 1.401). 
Significant differences in the family diversity indices of five Asian elephant dung stages were detected 
(P < 0.05) in all comparisons. The results show that such biodiversity parameters as the richness, 
diversity and composition of these insect communities differ during the various stages of elephant dung 
decay. The relevance of these findings to the interpretation of what constitutes a dung stage preference 
is discussed. 
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INTRODUCTION

 Insects are the earth’s most varied 
organisms (Daly et al., 1998). Almost three-
quarters of all described animal species are insects 
(Borror et al., 1989; Gullan and Cranstan, 1994; 
Daly et al., 1998). Their numbers far exceed all 
other terrestrial animal species, and are found 
in almost every terrestrial habitat on the Earth’s 
surface, having diversified to fill almost every 
environmental niche imaginable (Putman, 1983; 

Gullan and Cranstan, 1994), which makes them one 
of the most crucial components of most terrestrial 
ecosystems. Considered to be the dominant 
detrivores in terrestrial systems (Matherson, 1960), 
they play an important role in the recycling of 
nitrogen and other nutrients, herbivory, pollination 
and seed dispersal (Triplehorn and Johnson, 2005; 
Nichols et al., 2008). 
 Dung provides a temporary, changing 
habitat which can support a large community 
of organisms and an arthropod community  
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(Scholtz and Holm, 1985; Hanski and Cambefort, 
1991; Voss et al., 2008; Scholz et al., 2009). 
Dung-consuming insects play an important role 
in tropical ecosystems (Nichols et al., 2008; 
Louzada et al., 2009) by providing important 
functions including mechanically breaking down 
excrement into smaller-sized particles, mixing of 
organic matter in the soil, soil aeration (Brussaard 
and Slager, 1986) and nutrient cycling (Bang et 
al., 2005). They also serve to remove unhealthy 
materials from their surroundings (Borror et al., 
1989). Among the major hexapod groups (wingless 
arthropods and insects) involved in decomposition 
are springtails (Collembolla), beetles (especially 
Scarabaeidae, Geotrupidae, Silphidae), and fly 
larvae (especially Calliphoridae, Sarcophagidae, 
Muscidae, and Faniidae) (Capinera, 2010).
 Coprophilous (dung-loving) organisms 
include insects that use dung as their food source 
and breeding habitat (Hanski and Cambefort, 
1991). A succession of insect species can be 
found in dung, from those that have adapted to 
very fresh dung, which arrive within seconds 
of a new dropping, to those which are more 
adapted to drier dung and arrive several days later 
(Mohr, 1943). Although insects associated with 
dung have been widely studied, typical studies 
conducted have focused on a few species. The 
economically important pest fly (Muscidae) and 
the scarab (dung) beetle (Scarabaeidae) are the 
most extensively researched dung insect fauna 
(Floate, 2011).
 Little is known about the diversity of 
coprophagous insects in Thailand, the natural 
breakdown of animal dung or how insects 
contribute to this process. The present study 
investigated the diversity of dung-utilizing insects 
associated with the different stages of decaying 
elephant dung along an ecotone between the dry 
evergreen forest and agricultural areas in eastern 
Thailand. 

MATERIALS AND METHODS

Study area and collection of insects
 An analysis of the diversity of dung-
utilizing insects relating to different decaying 
elephant dung stages was carried out along an 
ecotone between dry evergreen forest (the main 
low-land forest occupied and used by the Asian 
elephant, Elephas maximus Linnaeus), and 
agricultural areas of cassava (Manihot esculenta 
Crantz) cultivation in Chachoengsao province, 
eastern Thailand from May to October 2009. One 
permanent transect line of 1 km was set out for 
dung surveys, following conventional methods 
described by Dawson and Dekker (1992). The 
richness of insect families was estimated from 
different elephant dung stages—namely, stages 
A, B, C1, C2 and D, with a total of 150 dung piles 
for all stages (30 dung piles per stage). Examples 
of each stage, suggested by Dawson and Dekker 
(1992), are given in Figure 1.
 All insect samples from elephant 
dung were extracted with a Berlese funnel 
(modified from Martin, 1977) for 2–3 d, using 
60 W incandescent lights. Specimens were then 
preserved in 70% ethyl alcohol for further sorting 
and identification. All specimens were classified 
to the family level using the identification key of 
Triplehorn and Johnson (2005) and Ross et al. 
(1944).

Data analysis
 The dung-utilizing insect assemblages 
were determined by separating the assemblage 
data (family diversity and family composition) 
from the elephant dung into five main stage groups 
(A, B, C1, C2 and D). All assemblage parameters 
in this study were calculated based on the average 
density of each insect family in each stage group. 
The Shannon-Wiener function (H’) (Ludwig and 
Reynolds, 1988; Margurran, 1988) and Simpson’s 
diversity index (1-D; Simpson, 1949) were used 
to determine the diversity among dung-utilizing 
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insects in each dung stage. To determine the family 
composition or relative abundance of different 
insects using elephant dung, the similarity in 
family composition among elephant dung stage 
groups was determined by a cluster analysis using 
Sorensen (Bray-Curtis) distance measurement 
(Sorensen, 1948; Bray and Curtis, 1957). 
 The percentage occurrence and the 
percentage frequency (McAney et al., 1991) 
were determined using Equations 1 and 2, 
respectively:  
 POA = (nA/N) × 100 (1)
where, POA is the percentage occurrence of insect 
family A, nA is the number of dung piles in which 
insect family A was found and N is the total dung 
piles examined.

 PF n IA A i
i

N
= ×∑

=
( ) 100

1
 (2)

where  PFA  is the percentage frequency of insect 
family A, nA is the number of dung piles in which 
insect family A was found and Ii is the total number 
of insects found. 

 Statistical tests were conducted using 
the Statistical Package for Social Sciences (SPSS) 
software program version 16.0 (Statistical Package 
for Social Sciences, 2007). Cluster analysis was 
carried out using the PC-ORD 5.10 software 
(McCune and Mefford, 2006). A rarefaction model 
was also used to compare the insect diversity 
among the stages of decay in the elephant dung. 
The rarefaction value and its 95% confidence 
intervals were computed by the EcoSim version 
7.72 software (Gotelli and Entsminger, 2004). 
Afterwards, the values of every stage group 
were plotted as a function of the sampling effort. 
With this plot, a significant difference in family 
diversity is indicated by an absence of overlap 
in the confidence interval of rarefaction curves 
among the five different decaying dung stages 
at the maximum sampling effort (Colwell et al., 
2004).

RESULTS

 In total, 4,857 individual insects from 

Figure 1 Stages of decaying elephant dung: A (dung is intact with odor and moisture), B (dung is intact, 
no odor, no moisture), C1 (less than 50% degraded), C2 (50% or more degraded) and D (flat 
mass).
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30 families were extracted from 150 elephant 
dung piles. The total number of insect families 
in each elephant dung stage, from the highest to 
the lowest, was: Stage B (29 families); Stage C1 
(20 families); Stage A (17 families); Stage C2 (13 
families) and Stage D (10 families), respectively, 
as shown in Table 1. The five most common insect 
groups found in the elephant dung were: Ptiliidae 
(31.17%), Staphylinidae (26.85%), Scarabaeidae 

(10.50%), Termitidae (8.85%) and Carabidae 
(7.08%).
 The insect (alpha) diversity related to 
the elephant dung stage is shown in Table 2. The 
Shannon-Wiener index (H’) for all insects in all 
elephant dung piles was considered relatively high, 
with a range from 1.401 to 2.274. The H’ value 
obtained by calculating the pooled data set of this 
study was 2.09, with high evenness (E = 0.615), 

Table 1 Family composition, total number recovered, percentage occurrence (POA) and percentage 
frequency (PFA) of insect group presented in each stage of decay in elephant dung (A, B, C1, 
C2 and D).

 Total number Total (POA, PFA)
  recovered Stage A Stage B Stage C1 Stage C2 Stage D

O. Coleoptera
     F. Anobiidae 5 0 (0, 0) 4 (13.33, 0.26) 0 (0, 0) 1 (3.33, 0.30) 0 (0, 0)
     F. Anthicidae 7 3 (6.67, 0.13) 3 (10, 0.20) 1 (3.33, 0.19) 0 (0, 0) 0 (0, 0)
     F. Bostrichidae 27 2 (3.33, 0.09) 14 (43.33, 0.92) 3 (10, 0.56) 7 (16.67, 2.12) 1 (3.33, 0.68)
     F. Carabidae 344 131 (93.33*, 5.59) 49 (90*, 3.23) 134(63.33, 25.09) 13(13.33, 3.94) 17 (10, 11.64)
     F. Coccinellidae 74 37 (46.67, 1.58) 19 (50, 1.25) 18 (20, 3.37) 0 (0, 0) 0 (0, 0)
     F. Cucujidae 11 0 (0, 0) 8 (26.64, 0.53) 2 (6.67, 0.37) 0 (0, 0) 1 (3.33, 0.68)
     F. Curculionidae 3 0 (0, 0) 3 (10, 0.20) 0 (0, 0) 0 (0, 0) 0 (0, 0)
     F. Dytiscidae 9 0 (0, 0) 7 (23.33, 0.46) 2 (6.67, 0.37) 0 (0, 0) 0 (0, 0)
     F. Elateridae 2 0 (0, 0) 0 (0, 0) 0 (0, 0) 2 (6.67, 0.61) 0 (0, 0)
     F. Endomychidae 43 8 (26.67, 0.34) 21 (56.67, 1.39) 3 (10, 0.56) 11 (20, 3.33) 0 (0, 0)
     F. Histeridae 76 31 (43.33, 1.32) 42 (50, 2.77) 2 (6.67, 0.37) 0 (0, 0) 1 (3.33, 0.68)
     F. Hydrophilidae 3 0 (0, 0) 2 (6.67, 0.13) 0 (0, 0) 1 (3.33, 0.30) 0 (0, 0)
     F. Lymexylidae 29 0 (0, 0) 21 (46.67, 1.39) 8 (26.67, 1.50) 0 (0, 0) 0 (0, 0)
     F. Mordellidae 90 28 (40, 1.20) 46 (50, 3.04) 12 (33.33, 2.25) 4 (13.33, 1.21) 0 (0, 0)
     F. Nitidulidae 83 48 (93.33*, 2.05) 32 (70, 2.11) 3 (10, 0.56) 0 (0, 0) 0 (0, 0)
     F. Phalacridae 30 19 (40, 0.81) 11 (26.67, 0.73) 0 (0, 0) 0 (0, 0) 0 (0, 0)
     F. Platypodidae 5 0 (0, 0) 4 (13.33, 0.26) 1 (3.33, 0.19) 0 (0, 0) 0 (0, 0)
     F. Ptiliidae 1,514 1,038 (100*, 44.32†) 457 (100*, 30.17†) 19 (10, 3.56) 0 (0, 0) 0 (0, 0)
     F. Scarabaeidae 510 158 (100*, 6.67) 136 (100*, 8.98) 129 (100*, 24.16) 39 (100*, 11.82) 48 (100*, 32.88)
     F. Silvanidae 11 0 (0, 0) 10 (33.33, 0.66) 0 (0, 0) 0 (0, 0) 1 (3.33, 0.68)
     F. Staphylinidae 1,304 749 (100*, 31.98) 383 (96.67*, 25.28) 141 (90*, 26.40†) 18 (20, 5.45) 13 (16.67, 8.90)
     F. Tenebrionidae 84 26 (50, 1.11) 37 (50, 2.44) 2 (6.67, 0.37) 12 (13.33, 3.64) 7 (6.67, 4.79)
     F. Trogidae 5 0 (0, 0) 3 (10, 0.20) 0 (0, 0) 1 (3.33, 0.30) 1 (3.33, 0.68)
O. Collembola           
     F. Entomobryidae 30 0 (0, 0) 18 (50, 1.19) 0 (0, 0) 12 (16.67, 3.64) 0 (0, 0)
O. Diptera      
     F. Muscidae 36 25 (26.67, 1.49) 11 (6.67, 0.73) 0 (0, 0) 0 (0, 0) 0 (0, 0)
     F. Sarcophagidae 10 8 (10, 0.34) 2 (3.33, 0.13) 0 (0, 0) 0 (0, 0) 0 (0, 0)
O. Hemiptera      
     F. Cydnidae 29 17 (16.67, 0.73) 10 (16.67, 0.66) 2 (3.33, 0.37) 0 (0, 0) 0 (0, 0)
     F. Lygaeidae 24 4 (10, 0.17) 12 (20, 0.79) 8 (16.67, 1.50) 0 (0, 0) 0 (0, 0)
O. Hymenoptera      
     F. Formicidae 29 0 (0, 0) 27 (50, 1.78) 2 (6.67, 0.37) 0 (0, 0) 0 (0, 0)
O. Isoptera      
     F.Termitidae 430 0 (0, 0) 123 (6.67, 8.12) 42(16.67, 7.87) 209 (10, 63.33†) 56 (10, 38.36†)

Total  4,857 2,332 1,515 534 330 146

O. = Order; F. = Family; A, B, C1, C2 and D refer to each stage of decay in the elephant dung.
* = POA ≥ 90%, † = the highest % PFA of the insect group in each stage of decay in the elephant dung.

Family composition
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and dominance by the Simpson index was high for 
all dung-utilizing insects (D = 0.723). The highest 
H’ value was in stage B (H’ = 2.274), followed 
by stage C1 (H’ = 1.922), stage A (H’ = 1.576), 
stage D (H’ = 1.515) and stage C2 (H’ = 1.401), 
respectively. Sets of individual t-tests of index 
values among the five different stages of decay in 
the elephant dung were compared (Table 3). The 
results of the comparison in each set of family 
diversity indices were significantly different and 
the data were: stage A : B (t = -9.04; df = 1869; P 
< 0.05); stage A : C1 (t = -6.44; df = 836; P < 0.05); 
stage A : C2 (t = 2.24; df = 405; P < 0.05); stage B : 
C1 (t = 3.95; df = 2027; P < 0.05); stage B : C2 (t = 
8.35;  df =  1045; P < 0.05); stage B : D (t = 7.05; 
df = 468; P < 0.05); stage C1 : C2 (t = 5.90;  df = 
599; P < 0.05); stage C1 : D (t = 4.44; df = 267; 
P < 0.05). On the other hand, the results of stage 
A : D (t = -0.74; df = 176; P > 0.05) and stage C2 
: D (t = -1.06; df = 388; P > 0.05) indicated that 
there were no statistically significant differences 
in these set comparisons.

 On the basis of the coefficient of 
community indices (beta diversity) calculated for 
all possible combinations of the five elephant dung 
decay stages, no stage had an index value higher 
than 0.5 (Table 4). Among the combinations of pair 
comparisons, the index between stages B and C1 
was the highest (0.45), whereas stage A had the 
lowest value (0.29) when compared with stage C2. 
Based upon the dendrogram obtained by the cluster 
analysis, it is clear that the communities of insect 
families that utilize the various stages of decaying 
elephant dung are significantly different (Figure 
2). The two stages A and B formed a sister group 
in which the communities of families at these 
stages were more similar to each other than those 
found in the various other habitats. In addition, the 
rarefaction curves in the various stages of decay in 
the elephant dung (A, B, C1, C2 and D) as shown 
in Figure 3 indicate a divergence between the 95% 
confidence intervals of these curves, indicating that 
the dung-utilizing insect diversity was significantly 
different among these different dung stages.

Table 3 Comparison in each set of individual t-tests of family diversity index (H’) among the various 
elephant dung pad stages (A, B, C1, C2 and D).

 H’A H’B H’C1 H’C2 H’D
H’A --- -0.69* -0.35* 0.17* 0.06ns

H’B -0.69* --- 0.34* 0.86* 0.75*
H’C1 -0.35* 0.34* --- 0.52* 0.41*
H’C2 0.17* 0.86* 0.52* --- -0.11ns

H’D 0.06ns 0.75* 0.41* -0.11ns ---
* = Significantly different (P < 0.05), ns = Non-significant (P > 0.05).

Table 2 Insect diversity in different stages of decay in elephant dung (A, B, C1, C2 and D).
  Number of Number of
  individuals  families   
 A 2332 17 2.83 1.58 0.556 0.6921
 B 1515 29 3.37 2.27 0.675 0.8252
 C1 534 20 3.00 1.92 0.642 0.7992
 C2 330 13 2.56 1.40 0.546 0.5760
 D 146 10 2.30 1.52 0.658 0.7208
Hmax  = Maximum value of Shannon Wiener index of diversity, H’ = Shannon Wiener index of diversity; E = Evenness (H’/
Hmax); 1-D = Simpson’s diversity index.

 Stage   Hmax H’ E 1-D
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(Figure 2). This similarity can be explained by 
the presence of dipterous flies, especially house 
flies (Muscidae) and flesh flies (Sarcophagidae) 
in both decomposition stages. Floate (2011) 
reported that the earliest colonists are mainly adult 
flies. These flies begin to arrive within minutes 
of dung deposition to oviposit, thereafter adult 
fly colonization usually declines. This decline 
coincides with the formation of a crust on the pat 
surface that slows the release of volatile chemicals 
used by the flies and other insects to locate the pat 
(Floate, 2011).  
 Of all the dung-utilizing insects found, 
approximately 80% (24 out of 30 families) were 
Coleoptera;  consisting of bostrichid, carabaid, 
scarabaeid, staphylinid and tenebrionid beetles. 
Each of these beetle types was represented at every 
stage in the decaying dung. According to Payne 
(1965), coleopterans are considered to be one of 
the most diverse components of dung and carrion 
communities. Some coprophagous insect groups 
(such as anthicid, nitidulid, phalacrid, platypodid 
and ptiliid beetles) are attracted to fresh dung by 
its odor, which is absent when the dung crusts 
over (Finn and Giller, 2002; Lee, 2004; Floate, 
2011). The numerically dominant coleopterans, 
mainly Ptiliidae (31.17% of individuals), were 
found to feed on elephant dung piles in the present 
study. These beetles also appear to primarily 
exploit fungi and rotting wood litter (Borror et 
al., 1989) as well as carrion (Kelly et al., 2008; 
Francis Dupont et al., 2011). Other frequently 
encountered adult insects included Staphylinidae 

DISCUSSION 

 The diversity and family richness of 
dung-utilizing insects were considerably different 
at the different stages of deterioration in elephant 
dung, with moderate coefficients of community 
index and relatively high evenness. Some diversity 
values (H’) were relatively different, especially 
between stages B and C2 (Table 2 and Figure 3). 
The colonization of dung depends on a series of 
sequential dung stages (Laurence, 1954; Floate, 
2011). The present study showed that the first 
stage (stage A) in dung piles contains large 
numbers of insects. Interestingly, dung stage B 
seemed to be more attractive to coprophilous 
insects than the dung of other stages among 
the 29 insect families (96.67% of total). These 
results suggest that these two stages appear the 
most attractive for insects utilizing fresh dung. 
Lee (2004) reported that adults of most species 
are attracted to very fresh pats during the first 
few days following deposition, where they feed 
on dung fluids before ovipositing. Lee and Wall, 
(2006) also showed that dung remains attractive 
to adults of Aphodius (Coleoptera: Scarabaeidae) 
for 3–4 d after deposition. The dendrogram 
produced from the cluster analysis appears to 
indicate that the communities of insect families 
from the five different deterioration stages of 
elephant dung were somewhat different. However, 
the insect family communities between stages A 
and B were more similar to each other than to 
the other stages of elephant dung decomposition 

Table 4 Pair-wise combinations of the assemblage of insects recorded in each elephant dung stage (A, 
B, C1, C2 and D). Values shown are the coefficient of community indices (upper right) and the 
number of insect families shared in common (lower left).

 Stage A Stage B Stage C1 Stage C2 Stage D
Stage A --- 0.43 0.41 0.29 0.31
Stage B 17 --- 0.45 0.36 0.34
Stage C1 13 20 --- 0.33 0.35
Stage C2 6 12 8 --- 0.38
Stage D 6 10 8 7 ---
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(26.85%) and Scarabaeidae (10.50%), which 
corresponded to the report of Caballero and Leon-
Cortes (2012). Most rove beetle (Staphylinidae) 
species appear to be predaceous, playing an 
important role in the soil ecosystem (Hanski, 1987; 
Newton and Chandler, 1989). They are probably 
most often seen in decaying material, especially 
dung and carcasses (Triplehorn and Johnson, 

2005; Capinera, 2010). Moreover, scarabaeid 
beetles, particularly Heliocopris dominus, the 
predominantly coprophagous species of elephant 
dung, was the largest dung beetle that during 
the bi-annual rainy seasons comprises the most 
important agency of elephant dung removal 
(Hanboonsong and Masumoto, 2000). Giant dung 
beetles also acted as dung feeders and secondary 

Figure 2 Dendrogram of the communities of insects in the various stages of deterioration of elephant 
dung, obtained by cluster analysis (Bray-Curtis index).

Figure 3 Comparison of family richness in the different stages of deterioration in elephant dung by 
rare-faction curve with ±95% confidence intervals shown as dotted lines.
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seed dispersers, thus protecting against seed 
predation (Shepherd and Chapman, 1988; Floate, 
1998; Boonrotpong et al., 2004; Capinera, 2010). 
Even during the last stage of decay, elephant dung 
piles still retain sufficient moisture to be used by 
insects for breeding, feeding and completing their 
offspring’s life cycle from within a week (flies) to 
as long as a year (beetles) (Bailey and Ridsdill-
Smith, 1993). 
 Many insect fauna occurring in elephant 
dung were not typically regarded to be members 
of the dung- insect community. According 
to Floate (2011), some insect fauna are best 
considered accidental visitors or wanderers from 
adjacent habitats looking for prey or hosts, or 
species related to carrion and the like. In his 
report, which corresponded with the findings of 
this survey, he speculated that incidental insect 
groups found in cattle dung, include Collembola 
(springtails: Entomobryidae), Coleoptera (ground 
beetle: Carabidae and click beetles: Elateridae), 
Hymenoptera (ants: Formicidae) and Heteroptera 
(seed bugs: Lygaeidae) as shown in Table 1. 
Furthermore, other common insects found in 
elephant dung that are beneficial include hister 
beetles (Histeridae) and water scavenger beetles 
(Hydrophilidae); the former act as predators 
and dung feeders (Macqueen and Beirne, 1974; 
Bousquet and Laplante, 2006), and the latter are 
considered predators feeding on pestiferous fly 
eggs (Macqueen and Beirne, 1974; Smetana, 1978; 
Floate 1998, 2011). 

CONCLUSION

 Prior to the present study, there was no 
publication specifically regarding the diversity 
of dung-utilizing insects in the different stages 
of elephant dung decomposition other than the 
work of Wanghongsa et al. (2004). The present 
research demonstrates the potential richness 
of insect fauna using elephant dung in eastern 
Thailand. The results seem to indicate that such 

biodiversity parameters as the richness, diversity 
and composition of these insect communities 
differ during various elephant dung decay stages 
because of the conditions during each stage. 
Therefore, it appears they may be affected by 
the physiographical nature of this patchy and 
ephemeral resource. It would be interesting to 
expand this study to include the insect fauna in the 
dung of other animals in both natural and human-
altered (livestock farming) habitats, thereby 
applying this research to aspects such as dung 
beetles as bio-indicators for environmental risk 
assessment. In addition, monitoring of dung beetle 
insect habitat change, determining their suitability 
as a biological pest control agent and determining 
their chemical and physical impacts on the soil are 
potential areas for future research.
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