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ABSTRAK

Peran Kumbang Koprofagus pada Dekomposisi Kotoran Hewan dan Kesuburan Tanah:
Pengaruh Ukuran Tubuh, Keragaman Species dan Biomasa. Penelitian ini bertujuan untuk
menganalisis pengaruh keragaman species, ukuran dan biomassa kumbang koprofagus dalam
merombak kotoran hewan dan meningkatkan kesuburan tanah. Percobaan dilakukan
menggunakan Rancangan Acak Lengkap dengan perlakuan jumlah dan panjang tubuh spesies
kumbang koprofagus. Peubah tergantung yang diamati adalah persentase kotoran yang
terdekomposisi dan kadar bahan organik serta N,P,K total tanah sebagai indikator kesuburan
tanah. Hasil penelitian menunjukkan bahwa persentase kotoran hewan yang terdekomposisi
lebih dipengaruhi oleh ukuran dan biomassa kumbang yang terlibat dibandingkan dengan
jumlah spesies. Persentase kotoran yang terdekomposisi berkorelasi positif dengan ukuran
kumbang koprofagus. Kadar N,PK total tanah meningkat mengikuti jumlah kotoran hewan
yang terdekomposisi yang mengindikasikan bahwa aktifitas perombakan kotoran hewan oleh
kumbang koprofagus berpengaruh positif terhadap kesuburan tanah.

Kata kunci: Kumbang koprofagus, komposisi spesies, dekomposisi, kesuburan tanah

INTRODUCTION

Coprophagous beetles (Coleoptera:
Scarabaeidae) have important ecological
roles related to nutrient cycling. Remo-
ving and burying dung, either for adult
feeding or for oviposition and subsequent
feeding of the larvae (Hanski & Cam-
befort 1991) have important ecological
consequences in terms of ecosystem
functions such as soil fertilization and

aeration (Mittal 1993), increased rates
and efficiency of nutrient cycling as well
as plant nutrient uptake and yield
(Miranda etal. 1998;2001), control of pest
flies and enteric parasites of vertebrates
(Thomas 2001), and secondary seed
dispersal of seeds defecated by frugi-
vorous vertebrates (Andresen 2002;
2003).

Recently, Losey & Vaughan (2006)
estimated that the annual value of
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ecological services provided by native
insects in the United States to be more than
$ 57 billion including $ 0.38 billion through
dung burial activity by coprophagous
beetles.

Decomposition of dead organic
matter, such as carcasses, leaf litter or
dung, is a dynamic process that involves
a complex array of physical, chemical and
biological interactions that complete the
biogeochemical nutrient cycles. This
process is largely performed by microbes,
but the soil fauna has an important
stimulatory role. Insects participate in
the decomposition processes, breaking
apart or consuming organic matter, and
enhancing decomposition rates (San-
chez et al. 2004).

The diversity of coprophagous
beetles is high (i.e. nearly 5000 species
only from subfamily Scarabeinae). They
show a pronounced variation in body size
and strategies for utilizing dung (Doube
et al. 1988; Hanski & Krikken 1991;
Davis & Scholtz 2001). Both may influ-
ence the effectivity of dung processing.
Dung burial is the initial step to most of
the beneficial functions of tropical
coprophagous beetles and has related to
the body mass of species in laboratory
studies (Doube et al. 1988; Doube 1990).
Both the amount of dung consumed and
the dung burial rate positively corre-
lated with coprophagous beetle size
(Lee & Peng 1981; Doube 1990). How-
ever, our knowledge on the roles of
tropical coprophagous beetles on dung
removal as well as the effect on soil fer-
tility is very limited.

This study aimed to analyze the role
of some coprophagous beetles species
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collected from Lore Lindu National Park
on dung decomposition and soil fertility.
Specifically, the following questions were
addressed: (1) How does dung burial
activity differ between tropical copro-
phagous beetle species?, (2) Which traits
of coprophagous beetles explain best
their importance for dung processing;
species richness, size, or biomass (3)
How does dung burial activity effect on
soil fertility.

MATERIAL AND METHODS

Collection of beetles used in labo-
ratory experiments

Coprophagous beetles were
collected alive from natural forest,
agroforestry systems and open area from
February to March 2006 in the vicinity
of Toro at the western margin of Lore
Lindu National Park in Central Sulawesi.
Dung beetles were collected using pitfall
trap baited by cattle dung modified from
Larsen & Forsyth (2005). Cattle dung
was one of the most effective bait for
colleting dung beetles, besides human
dung (Jankielsohn et al. 2001, Shahabud-
din et al. 2005a, Shahabuddin et al.
2005b).

Laboratory decomposition study
The experimental studies to quantify
the effects of coprophagous beetles on
dung decomposition and soil fertility were
conducted in the green house (t=29°C,
RH= 67%) of the Agricultural Faculty,
Tadulako University, Palu from March
to May 2006. Coprophagous beetles
were placed in a bucket (height = 30 cm,
diameter = 20 cm) filled with silty loam



soil (sand = 36.5%, silt = 53.4%, clay =
10.1%) on which fresh cow dung (fresh
weight: ca.170 + 2.2 g, dry weight: 34.8
+ 2.8 g) was placed. All buckets were
covered by gauze to avoid beetles from
escaping and to prevent others beetles
colonizing the dung.

Effect of body size of coprophagous
beetles on dung decomposition

To analyze the effect of body size
on dung decomposition, eight copro-
phagous beetle species of various sizes
were selected. In all experiments the
dung in the buckets was exposed to two
individuals of the same species. Per
species four replicate experiments were
conducted. All beetles were removed
from dung and soil after 9 days of dung
exposure. Furthermore, body size of
specimens was measured with calipers
accurate to 0.1 mm. After exposing them
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to 80°C for 48 hours, dry weight was
measured using a digital scale (Sartorius
MC 410 S) accurate to 0.0001 g
(Jankielsohn et al. 2001).

To estimate the amount of decom-
posed dung, the remaining dung piles
were weighted after drying them at
100°C for five days (Sanchez et al. 2004).
The amount of dung removed or
consumed by beetles was estimated by
the difference between the mean dry
weight of 170 g fresh cow dung not
exposed to coprophagous beetles (n=S8)
and the dry weight of the dung exposed
to coprophagous beetles.

Effect of species richness on dung
removal and soil fertility

To quantify the effect of copro-
phagous beetle species richness on dung
decomposition, the number of beetles
used for artificially colonizing the dung

Table 1. Experimental design to test the effects of species richness and size of coprophagous
beetles on dung removal (each treatment: n=4).

Treatment
Mean body 1 1
length + small large 2 4 8

Species' S.D. (mm) (s) 0 species  species  species

species species  (Ist11) (2s+2]) (4s+4])

Aphodius sp. 5.2 (+0.95) 2 ind 1 ind.
Copris saundersi HAROLD 18.5 (£0.64) 1 ind.
C. macacus LANSBERGE 12.7 (£1.47) 1 ind.
C. punctulatus WIEDEMANN 12.8 (£1.49) 2 ind. 1 ind.
Onthophagus limbatus (HERBST) 6.2 (+0.96) 8 ind. 4 ind. 2 ind. 1 ind.
O. ribbei BOUCOMONT 10.5 (£0.52) 1 ind.
O. scrutator 6.5 (£0.55) 1 ind.
O. wallacei 13.6 (£0.61) 8ind. 4ind. 2 ind. 1 ind.

Total biomass (g)

0.072  0.779  0.426 0.524 0.904

!'species with body length > 10 mm represent large beetles (1), d” 10 mm small beetles (s)
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was standardized to eight individuals
while the number of species varied
between one and eight following the
experimental design presented in Table
1. Four replicates were conducted for
each treatment resulting in a total of 24
treatments.

To analyze the effects of dung burial
activity on soil fertility, the nutrient
content of soil below the dung artificially
colonized by coprophagous beetles was
analyzed. Soil samples were taken four
weeks after coprophagous beetles were
placed on the bucket. The two control
treatments were (1) soil without dung
and coprophagous beetles (control 1) and
soil with dung but no coprophagous
beetles (control 2).

N total, P total, K total, C/N ratio
and total organic content (%) were used
as indicator for soil fertility. Soil analyses
were conducted by the Laboratory
Analytic of Agricultural Faculty Tadulako
University and the STORMA laboratory
unit in Palu. The total N of soil was
measured following Kjeldahl methods,
total organic phosphor (P) and potassium
(K) were quantified by extraction using
concentrated hydrogen chloride (HCL

25%). Furthers P and K concentrations
were determined by Spektrofotometer
UV-VIS and. Atomic Absorption Spec-
trometer, respectively. Total C organic in
soil was quantify using method develoved
by Walkley & Black. Later on, organic
matter of soil was estimated through
multiplying the organic C value by Van
Bemmelen factor 1.724 (Sparks et al.
1996).

Kruskal-Wallis (KW) nonparametric
analyses followed by pairwaise compa-
risons of means were used to test the
effects of body size, species richness and
biomass on dung decomposition quan-
tified as the percentage of removed dung
(Zar 1999). Additionally, relation between
number of decomposed dung and soil
fertility were analysed using Spearman’s
or Pearson’s Correlation depend on the
data distribution (Zar 1999).

RESULTS

Effect of beetle sizes on dung re-
moval

The size and dry weight of eight
species selected for the experiments as
well as amount of dung removed are given

Table 2. Mean body length (£S.D.) and dry weight (£S.D.) of coprophagous beetles species as
well as amount of dung removed (£S.D.) after 9 days

Species Body length (mm)  Dry weight (9)  Decomposed dung (%)
Copris saundersi 18.48(1.92) 0.47(0.18) 55.09 (5.43)
Onthophagus wallacei 14.01(3.04) 0.10(0.02) 35.42 (4.86)
C. macacus 12.74(0.79) 0.11¢0.11) 35.26 (5.00)
C. punctulatus 12.49(0.77) 0.15(0.15) 32.35(7.65)
O. ribbei 10.49(0.54) 0.06(0.06) 25.59 (9.35)
O. scrutator 6.48(0.55) 0.01(0.01) 18.23 (4.22)
O. limbatus 6.78(0.84) 0.01(0.00) 14.34 (4.31)
Aphodius sp. 5.23(0.81) 0.002(0.00) 13.28 (3.09)
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in Table 2. Percentages of removed dung
significantly related to the size of
coprophagous beetles involved (KW-
H,, =24.71, p < 0.01). The largest
percentage of decomposed dung was
recorded for the largest beetle species
(C .saundersi) while the smallest
amount of dung was decomposed by the
two smallest species (O. limbatus and
Aphodius sp.) (Figure 1).

The size of beetles positively
correlated to the percentage of removed
dung (Spearman’s r=0.88, p<0.001).

Effect of species richness and bio-
mass on dung removal

The amount of dung removed
differed significantly between copro-
phagous beetle species assemblages
(KW: H,,,=14.28, p < 0.01). However
the percentage of dung removed did not
relate to the number of species involved.
The largest amount of dung was remo-
ved when the dung was exposed to only
one, but the largest species. The lowest
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amount of dung was removed when the
dung was exposed to the smallest spe-
cies. Species assemblages, which consis-
ted of 2, 4, and 8 species, decomposed
intermediate amounts of dung. In general,
the percentage of dung removed did not
relate to the number of species involved
(Figure 2).

In contrast, the percentage of
removed dung positively correlated
with the total biomass of coprophagous
beetles (Spearman r = 0.55, p < 0.05).
These results indicate coprophagous
beetle biomass as a better predictor for
dung removal than species richness of
coprophagous beetles.

Dung decomposition and soil fertility

There was a significant effect for all
treatments on the total content of Nitrogen
(one-way ANOVA: F, , = 5.36,
p<0.01), phosphor (one-way ANOVA:
Fs.5 = 79.0, p<0.001) and potassium
(one-way ANOVA: F, . = 2443,
p<<0.001) of soil. While other indicators of

Table 3. Mean soil nutrient content of Nitrogen (N), Phosphor (P) and Kalium (K) as well as
the C/N ratio and organic content after 4 weeks (n=4).

Soil nutrient content

P,0s

K,0

Treatment Niotal (%) (mg/l00g  (mg/100 fﬁ) Tc‘:)tstle(r’lrtg(?,zl)c
soil) g soil)

Control 1 (no dung

and beetles) 0.160° 12.280°  12.268°  9.205 2.531
Control 2 (no beetles)  0.164° 13.793%  14.270°  9.188 2.589
1L 0.179* 20.830*  27.505°  8.859 2.735
2 (L+S) 0.169® 18.242°  24.100°  9.086 2.645
4 (L+S) 0.167" 16.175°  20.565°  9.149 2.635
8 (L+S) 0.166° 14.178¢  15.682¢  9.173 2.626

Differents letter in the same column indicate significant differences between means Tukey HSD Test
(a=0.05). For treatment abbreviations see Table. 1.
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Figure 1. Percentage of dung decomposed by several coprophagous beetles species after 9 days.
Ranking of species is based on their body size from small (left side of x-axis) to large size

(right side of x-axis). Different letters indicate significant differences using Kruskal-Wallis
All-Pairwise Comparisons Test (¢=0.05).
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Figure 2. Percentage of dung decomposed by different coprophagous beetle number after 9
days. Different letters indicate significant differences using Kruskal-Wallis all-
pairwise comparisons test (4=0.05). For treatment abbreviations see Tab. 1.
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soil quality, the C/N ratio and the total
organic content, different not significantly
between treatments

The highest content of N, P and K
was recorded for soil on which surface
dung was exposed to only one large copro-
phagous beetles species (treatment 1L),
followed by treatments with 2, 4, and 8
species beetles, respectively. In all these
treatments N, P and K contents of the soils
were higher than in the control without dung
and with dung but no beetles (Tab. 3).

Soil nutrient content and dung
removal

As expected, dung burial activity
has a significant effect on soil nutrient
contents. The total content of N P and
K in the soil was positively correlated
with the percentage of dung removed (N:
Spearman’s r =0.56, p < 0.05, n=16; P:
Spearman’s r =0.60, p <0.05, n=16; K:
Pearson’s r=0.71, p<0.01, n=16) indi-
cating the significant contribution of dung
burial activity for maintaining soil fertility.

DISCUSSION

The present study showed a sig-
nificant contribution of coprophagous
beetles to dung decomposition. Body size
and biomass were the best predictors for
the amount of removed dung, while the
number of species involved was just of
minor importance. The larger the size of
coprophagous beetle species, the higher
the amount of dung they are able to
remove. This result corresponded to
previous studies, which reported that the
amount of dung consumed and the burial
rate positively correlated with copro-
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phagous beetle size (Lee & Peng 1981;
Doube 1990; Mittal 1993; Larsen et al.
2005). Furthermore, Horgan (2005)
emphasized that dung decomposition in
the field is best predicted by the biomass
and not by the species richness of copro-
phagous beetles. However, in the present
study the highest amount of dung was
not removed by beetles representing the
highest biomass.

The body size of beetles involved
in dung decomposition showed the
strongest relationship with dung remo-
val while biomass and species richness
were less important. It is known that
there is a high interspecific competition
between coprophagous beetles for dung
resources although their way in utilizing
dung varies to avoid competition potential
(Hanski & Cambefort 1991). However,
competition between species may
reduce the importance of species
richness and biomass. To quantify such
kind of effects, additional experiments
should be conducted using varied number
of specimens per species across a wider
range.

With respect to the diversity-
ecosystem function hypothesis, these
results did not support the rivet hypo-
thesis, which stated that the provided
ecological service a group of species is
increasing with species number. Howe-
ver this study should not be taken as
evidence of functional redundancy since
the present study excluded natural
variability by standardizing dung pads
where the type and volume of dung as
well as the dung exposure time did not
vary. In the field, species might respond
functionally to natural variability in
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resource patches (i.e. Rosenfeld 2002).
The keystone species hypotheses (Mills
etal. 1993) may better explain the results
of the present study. The large species
(particularly large tunnellers) had the most
significant effect on dung decomposition.
Therefore, the rate of dung removal
highly depending on the existence of this
group. Recent field studies also reported
that the contribution of the large tunnellers
in dung removal was significantly higher
compared to the other groups of
coprophagous beetles, large beetle
species are functionally more efficient
than smaller ones. The loss of these
species may cause a significant decrease
in function (Larsen et al. 2005).
Consequently, in natural ecosystems the
amount of dung decomposed by beetle
communities consisting of many larger
species is most likely to be higher than
those removed by communities consisting
of mostly small species. Even when
smaller species has a similar biomass,
large beetles are more effective since
they remove dung faster than smaller
ones.

The surface layer of most cultivated
soils contains between 0.06 and 0.5 %
N. The total of P concentration in soils
is generally between 2000 and 5000 mg
P kg ! with an average 600 mg P kg,
while the total K content of soils ranges
from 3000 to 100.000 mg K kg ha! in the
upper 0.2 m of the soil profile (Sparks et
al. 1996). A higher amount of removed
dung corresponded to a higher concen-
tration of soil nutrients represented by N,
P, and K. The total N obtained from all
treatment was in low level category
(Anonim 1980). Nonetheless, the
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treatment without dung and copro-
phagous beetles was significantly lower
than the soil with dung and large beetles.
While the existence of coprophagous
beetles could increase the level of P total
from low to intermediate as well as the
K total from intermediate to high level
(Anonim 1980).

This result clearly demonstrated the
importance of dung burial activity by
coprophagous beetles in increasing soil
fertility. Omaliko (1984) also reported
that dung decomposition increased
concentrations of nitrogen, photassium,
phosphor, magnesium and calcium of soil
up to 42-56 days after dung exposure.
Furthers, dung burial activity altered
environmental conditions, reduced pH of
dung, sped it incorporation into the soil
and greatly reduced loss of Nitrogen as
ammonia gas (NH,) (Yokohama et al.
1991).

Dung burial activity proved to be not
only important for maintaining or
increasing soil fertility (see Wilson 1998,
Miranda et al. 1998), but also has several
other advantages such as enhancing total
nitrogen and phosphorus of plants as well
as its yield (Miranda et al. 2001), impro-
ving plant regeneration through dungseed
dispersal activity by coprophagous beet-
les (Andresen 2002; 2003), reducing
parasite populations on dung (Tyndale-
Biscoe & Vogt 1996; Thomas ML 2001)
and increasing plant palatability by
reducing plants fouled with dung (Fincher
1981; Gittings et al. 1994). Therefore, in
natural ecosystems the reduction of
coprophagous beetle populations most
likely has cascading and longterm effects



throughout the ecosystem (Klein 1989;
Larsen et al. 2005).

CONCLUSION

This study indicated that copropha-
gous beetles had a significant contribution
to dung removal activity. Additionally,
they showed that size of coprophagous
beetles has a stronger effect than bio-
mass and species number on dung re-
moval. Larger species removed more
dung than the smaller ones indicating the
functional importance of large species for
dung decomposition. Furthermore, the
soil nutrient contents (N, P, K) positively
correlated with the percentage of re-
moved dung indicating the high impor-
tance of dung burial by coprophagous
beetles for soil fertility. In conclusion
dung burial activities differ between tro-
pical coprophagous beetles and it was
mainly depend on the size and biomass
of dung beetles involved on dung decom-
position.
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