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Abstract | Dung beetles play significant role in the ecosystems by nutrient recycling and
waste removal. The study was conducted to explore the distributional patterns of dung beetle
assemblages on local scales. The sampling was accomplished by surveying grassy fields,
croplands, old dung piles and fresh dung pats from selected locales of Sialkot during 2016.
Specimens were collected by hand picking and cattle dung baited pitfall traps. Sixteen species
representing three guilds i.e. Paracoprid (10 species), Endocoprid (4 species) and Telecoprid (02
species) were recorded. Onitis excavatus (27.68 %) and Onitis crassus (9.59 %) showed maximum
relative abundance whereas Helocopris bucephalus (0.15 %) and Onthophagus bonasus (0.15 %)
were the least abundant species. 4. contaminatus, A. fossor and C. indicus were recorded only
in August and September whereas C. pithecius and C. platypus were noted in September only.
O. gazella were recorded in July, August and September, however, O. castaneous and O. bonasus
were not recorded in the month of May, June and August. Maximum abundance was recorded
in Mundeke whereas the least abundant site was Malkhanwala. O. excavatus and O. crassus
were dominated in the dung pats whereas G. dicallosus was most abundant in cropland areas.
Shannon-Wiener diversity index values calculated from different sites indicated variations in
species richness (H= 1.72-2.14) and evenness (e?= 0.65-0.85). Similar trend in the values of
other diversity indices were observed that indicated better richness and evenness of species.
'The diversity reported from the Sialkot emphasizes on detailed surveys with respect to feeding
guilds, availability of vegetation types and dung preferences need to be explored.

Novelty Statement | The research reported the spatio-temporal diversity of dung beetle as-
semblages from Sialkot and highlighted the significance of dung beetles in agricultural land-
scapes as indicator of habitat change.
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Introduction

nsects (Arthropoda: Insecta) are the largest and most
diverse group within the animal kingdom. Pollinators,
predators, parasitoids, herbivores, and decomposers are
the most commonly studied functional groups, while
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Hymenoptera, Coleoptera, and Diptera are the most
studied taxa (Noriega e al., 2018). Coleoptera contrib-
utes significantly in the ecosystem services i.e. pollinators,
predators and decomposers. Dung beetles (Coleoptera:
Scarabaeidae) are involved in decomposition of dung pats
(Nadeau ez a/.,2015). The dung beetle fauna has been stud-
ied for ecosystem functioning, as indicators of anthropo-
genic disturbances and global change (Nichols ez a/., 2008;
Nichols ez al., 2009). Families of beetles associated with
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dung decomposition include Hydrophilidae, Histeridae,
Staphylinidae, and Scarabaeidae and Geotrupidae. Hy-
bosoridae and Trogidae have also been found more gen-
erally associated with the decomposition of carrion and
cadavers to occur at dung (Nadeau ez a/., 2015). Nutrient
recycling, soil turnover and seed dispersal are important
ecological functions for ecosystem regulation (Hanski and
Cambefort, 2014; Farias and Hernindez, 2017). Dung
beetles with over 7000 species have worldwide distribution
(Silva, 2011; Vaz-de-Mello ez al.,2001). Habitat loss, scar-
city of food, cropping patterns, and agricultural practices
are major causes of declining trend in dung beetle fauna
(Gonzilez-Maya and Mata-Lorenzen, 2008; Farias and
Hernédndez, 2017). Environmental degradation has result-
ed in the changes in the spatio-temporal assemblages of
species and may lead to possible local extinctions (Arellano
et al., 2008; Gardner ef al., 2008; Herndndez and Vaz-de-
Mello, 2009; Barlow ez al., 2010; Farias and Hernindez,
2017). Diversity and distribution of Dung beetle fauna
reported from different parts of Pakistan include eleven
species of the genus Onthophagus from Pakistan, fourteen
species from Pothohar plateau during 2010-11 (Ali ez 4/,
2015), fifty species from Azad Kashmir and Sindh prov-
ince (Siddiqui ez al., 2014), eighteen species from Gujrat,
Bhimber, Mirpur and Kotli (Noureen ez a/, 2015) and
twenty five species from different locales of district Sialkot
during 2014-15 (Nasir e7 a/.,2016) and fifteen species dur-
ing 2015-2016 were recorded from Jhelum (Ghazanfar ez
al., 2017).

To create opportunities for the conservation of dung
beetles, we need to improve our understanding of patterns
of species diversity under different land-use practices and
environmental pressures. This would provide opportunity
to use these species assemblages as ecological indicators.
'The abundance of such species serve as a gauge to measure
and interpret environmental change (Simmons and Rids-
dill-Smith, 2011). Thus, extensive work on the diversity
and distribution of dung beetles from different habitats of
Pakistan need to be conducted. This study was undertaken
to explore the diversity, distribution, community structure

and relative abundance of dung beetles from selected lo-
cales of Sialkot.

Materials and Methods

The spatio-temporal diversity and distribution of
dung beetle fauna was assessed during 2015-2016 from
selected locales of Sialkot, Punjab, Pakistan (Figure 1).

Study area

Sialkot (32°29'33" N, 74°31'52" E), a district of the
Punjab province situated at its north-east with hot and hu-
mid summer and cold winter (Nasir e# 4/.,2016). Sampling
of dung beetles was carried out from the selected locales
i.e. Malianwala, Kanbanwala, Ugoki, Dhidwali, Bamban-
wala, Phangat, Bhola Musa, Malkhanwala, Amrik-Pura,

Faizan-Colony, Sherwani-Colony, and Mundeke.

Figure 1: Sampling sites selected in the District Sialkot,
Punjab Pakistan.

Sampling methods

Sampling was accomplished by collecting dung pats
and dung heaps randomly at an interval of two weeks.
Fresh cattle dung was collected in a bucket with lid. We
also used pitfall traps baited with cattle dung to collect
dung beetles. Pitfall traps were placed at interval of 150
m (Larsen and Forsyth, 2005) in a 500 m transect (De
Andrade ez al., 2011). At each site, four traps were placed
at an equal distance of 50 m from the center of the square
whereas fifth one was placed in the center (Larsen and
Forsyth, 2005) and traps were left out for 72 hrs (Davis ez
al.,2001). Collection of beetles was carried out by homog-
enized method: dung pats and traps were drained into the
bucket containing water and stirred with the stick. Dung
beetles floated on the surface of homogenized mixture

(Houston ez al., 1982).

Killing and preservation of specimens

After collection specimens were preserved in 4%
formalin and stored in small vials with proper labelling
(Banerjee, 2014). Identification of specimens upto species
level was accomplished by using identification keys (Ar-
row, 1931; Creedy and Mann, 2011; Tissiani ez a/., 2017,
Balthasar, 1963).

Data analysis

Relative abundance of species was calculated to com-
pare the abundance of beetle fauna. Shannon- Wiener,
Berger—Parker, and alpha diversity indices were calculat-
ed by analyzing the data collected from pitfall traps (Ma-
gurran, 1988). Shannon-Wiener index (H') measures the
species diversity within the community of an ecosystem
(Sagar and Sharma, 2012). The lowest value is zero (if only
one species) and maximum when all species of the sample
in consideration have even abundances (Sagar and Singh,

1999).
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Results and Discussion

Spatial distribution

Maximum abundance was recorded in Mundeke
whereas the least abundant site was Malkhanwala (Figure
2). O. excavatus and O. crassus were dominant in the pas-
tures whereas G. bicallosus was most abundant in cropland
areas. O. singhalensis and O. cinctus were the most com-
mon in roadside old dung piles. O. gazella and O. subopacus
showed the higher abundance in grassy fields. O. excavatus
was recorded from all sites and was the most abundant
species (Figure 3).

Figure 2: Number of specimens recorded from different
sites of Sialkot during 2016.

Figure 3: Relative abundance (%) of the most abundant
species (O. excavatus) during different months from the
study sites sampled during 2016.

Species diversity

Data recorded from the study area indicated the
presence of 16 species belonging to eight genera, six tribes
and two subfamilies (Scarabaeinae and Aphodinae) of the
family Scarabaeidae.

Results indicated variations in the relative abundance of
species in different tribes i.e. Onitini (59.97 %), Aphodiini
(12.89 %), Gymnopleurini (11.24 %) Oniticellini (7.80 %)
and Coprini (0.75 %). Onitis (56.22 %) represented by five
species was the most abundant genus followed by Aphodius
(12.89 %) and Onthophagus (7.35 %) showed significantly
higher abundance as compared to other genera. The relative
abundance of species showed that O. excavatus (27.29 %),
G. bicallosus (11.24 %) and O. crassus (9.60 %) were the most
abundant species whereas O. bonasus (0.15 %) and H. buceph-
alus (0.15 %) were the least abundant species (Table 1).

Guild wise abundance

The specimens studied were divided into three
functional associations. Out of sixteen species, 10 species
were tunnelers (Paracoprid), 4 species were dwellers
(Endocoprid) and 02 species were rollers (Telecoprid).
Tunnelers were the leading group representing 62.5 % of
the species composition on the basis of functional guild.
Dwellers shared about 25 % of the recorded guilds whereas
rollers were represented by only 12.5 % of the species
recorded from all guilds (Figure 4).

Figure 4: Number of species based on nesting guild and
relative abundance (%) of tunnelers, dwellers and rollers
recorded from different sites.

Temporal distribution of dung beetles

A. contaminatus, A. fossor and C. indicus were recorded
only in August and September whereas C. pithecius and
C. platypus were noted in September only. O. gazella
were recorded in July, August and September, however,
O. castaneous and O. bonasus were not recorded in the
month of May, June and August. O. excavatus, O. cinctus,
G. bicallosus, O. singhalensis and O. crassus were recorded

during May and June 2016 (Table 3).

Species richness and abundance

We calculated the diversity indices for difterent sites
which showed variations in taxa and values of various
indices at different sites. Data recorded from different sites
showed moderate to high species dominance (Simpson’s
indexes between 0.77-0.86). Similarly, variations in the
species richness (H: 1.712-2.14), evenness (e: 0.65-0.85),
dominance (1-D: 0.77-0.89), Menhinick (0.97-1.76) and
Margalef index (1.51-2.73) were recorded from different
sites (Table 2).

Discussion

There is dire need to protect and conserve species
in the changing land type use, human interventions and
the climate change. Biodiversity conservation practices in
the changing world demands conserving native biota of a
given region (Chazdon e# al., 2009). Our study attempts

to understand variations in the population structure of
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Table 1: Dung beetles (Scarabaeidae; Scarabaeinae) recorded from Sialkot, Punjab, Pakistan during 2016.

Family Subfamily Tribe Genus Species Relative Abun-  Relative Abun-
dance (No.) dance (%)
Scarabaeidae  Aphodiinae Aphodiini Aphodius A. fossor 46 06.90
A. contaminatus 40 06.00
Scarabaeinae  Coprini Catharsius C. platypus 02 00.30
C. pithecius 02 00.30
Helocopris H. bucephalus 01 00.15
Gymnopleurini ~ Gymnopleurus G. bicallosus 75 11.24
Oniticellini Oniticellus O. cinctus 52 07.80
Onitini Onitis O. excavatus 182 27.29
O. crassus 64 09.60
O. singhalensis 52 07.80
O. subopacus 40 06.00
O. castaneous 37 05.55
O. bonasus 01 00.14
Cheironitis C. indicus 25 03.75
Onthophagini Onthophagus O. gazella 39 05.85
O. catta 09 01.35
Total 667 100

Table 2: Species diversity dominance, evenness recorded from different sites during 2016.

Munde- Mali- Kan-  Ugoki Dhid- Bam- Phang- Bhola Malkhan- Amrik Faizan Sherwani

ke anwala banwala owali banwala at musa wala Pura Colony Colony
Taxa_S 10 10 9 10 10 10 10 9 9 9 11 7
Individuals 67 54 58 53 55 43 56 45 32 38 39 52
Dominance_D  0.133 0.1502 0.1314 0.2011 0.2139 0.1682 0.1716 0.2 0.1523  0.2133 0.1308 0.2293
Simpson_1-D  0.867 0.8498 0.8686 0.7989 0.7861 0.8318 0.8284 0.8 0.8477  0.7867 0.8692 0.7707
Shannon_H 2.146 2.07 2088 192 1.874 2.014 2.000 1.895 2.038 1.857 2186 1.712
Evenness_eAH/S 0.8553  0.7926 0.897  0.6822 0.6517 0.7495 0.7391 0.7391 0.8528  0.7115 0.8087 0.7914
Brillouin 1.922 1.816 1.861 1.674 1.64 1.722 1.759 1.636 1.697 1.57 1841 1.521
Menhinick 1.222 1.361 1.182 1.374 1.348 1.525 1.336 1.342 1.591 1.46 1.761 0.9707
Margalef 2.14 2256 1.97 2267 2246 2393 2236 2.102 2.308 2.199 2.73 1.519
Equitability ] 0.9321  0.8991 0.9505 0.8339 0.8141 0.8748 0.8687 0.8624 0.9275  0.8451 0.9114 0.8798
Fisher_alpha 3.255 3.61 2982 3.645 3.577 4.094 3.544 3.383 4.163 3.725 5.099 2.178
Berger-Parker ~ 0.2239  0.2593 0.1897 0.3774 0.4 0.3023 0.3214 0.3778 0.2813  0.3947 0.2051 0.4038

dung beetles in sub-agricultural landscapes. Our study has
great significance considering that the dung beetles were
included on the Red List of Threatened Species and in-
formation on the status and tendency of populations of 80
percent of the species in this list is unknown (Barretto ez
al.,2018).

The species reported in our study belonged to sub-
families Scarabaeinae and Aphodiinae. Genus Aphodi-
us has been reported from the croplands with relatively
higher abundance at different sites. Earlier studies not-
ed that Scarabaeinae was dominant subfamily recorded
from all habitats with Aphodius as most abundant spe-

cies (Noureen ez al., 2015). We collected majority of the
beetles during the warmer months (May-September). In
an earlier study conducted during (May-September), the
variations in the dung beetle distribution has been asso-
ciated with the temperature (Price, 2004). Results indi-
cated that dung beetle assemblages in the selected locales
of Sialkot during May-September, 2016 have shown the
association of diversity (species richness, dominance and
evenness) mainly with the grazing opportunities for the
cattle and availability of cattle dung. Similar observations
were recorded in an earlier study concluding that the bi-
odiversity mainly depends upon richness of vegetation
(Aslam, 2009). Similar results were reported previously
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which documented dung beetle faunal status and factors
responsible for variations in the population dynamics include
vegetation and cattle dung (Siddiqui ez a/., 2014; Zubair
and Ratcliffe, 2015; Noureen e a/., 2015). We recorded
overall trend of decrease in species dominance, richness
and abundance at sites where anthropogenic activities were
more pronounced than others ie. Malkhanwala, Amrik
Pura and Faizan Colony. At these sites, more anthropogenic
interventions were observed as compared to other sites.
Dung beetle communities are closely associated with
habitats characteristics and variations in the environmental
conditions alters species structure. It was observed that
animals were restricted in yards and movement of cattle was
not frequent at these sites. Type of soil with variable moisture
may have also influenced in the activity of beetles. Similarly,
effect of other abiotic factors in addition to abundance of
mammals may explain the variations in species structure and

abundance (Nichols ez a/., 2009).

The different indices applied on the data suggested
that variations in dung beetle assemblages at different sites
existed. These values of diversity indices reflected that local
variations in the vegetation cover and associated cattle
resulted in the pattern of distribution of communities.
Shannon-Wiener diversity index considers both the
richness and evenness of species. Whereas evenness is a
measure of the relative abundance of different species
making up the richness of an area and expresses evenly
distribution of the individuals among different species
(Leinster and Cobbold, 2012). Referring to Magurran
(1988), different diversity indices have advantages
and disadvantages i.e. Margalef index also had a good
discriminant ability but weighted towards species richness
whereas Shannon-Wiener index was influenced more by
richness and less by evenness than Simpson index which
heavily weighted towards the most abundant species in
the sample (Yeom and Kim, 2011). The Berger—Parker
index showed the almost same character of advantages and
disadvantages (Magurran, 1988, 2004). The Barger-Parker
and Simpson’s dominance indices and Margalef’s diversity
index showed little variations in the species diversity of the
dung beetle fauna which may be attributed to the similarity
in the vegetation type and quality of environment. In
other guild structure studies, demonstrated that tunnelers
dominated over dwellers and rollers in selected habitat
(Vinod and Sabu, 2007; Sabu e# a/., 2006). The abundance
of tunnelers in the area may be associated with the
availability fresh dung pats of grazing animals. Herbivore
dung and clay loam soil type (Hanski and Cambefort,
2014). Conservation through protected areas deems
significantly important strategy but not grossly adequate
(Rodrigues ez al., 2004). The conservation strategies to be
developed and implemented successfully, scientists need
to know how different the impact anthropogenic activities
on native biota and associated ecological and evolutionary
processes (Gardner ez a/., 2008; Chazdon ez al., 2009).

Conclusion

The study was undertaken to explore the diversity
of dung beetles in the agriculture dominated rural
landscapes. Sixteen species belonging to different feeding
guilds were recorded. Paracoprid were dominant species
with variations in the abundance. Onitis, Aphodius and
Onthophagus were the most dominant genera whereas
O. excavatus and O. crassus were the dominant species.
Spatiotemporal distribution indicated that dung beetle
assemblages varies greatly during different months within
the season. Pastures with frequent cattle movement and
low anthropogenic activities inhabit greater diversity
and abundance as compared to farmlands with intensive
agriculture. The results emphasize on the detailed surveys
and studies on the introduction of dung beetle species in
agricultural landscapes with respect to functional guilds
and climatic variations.
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