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Abstract. 1. Cattle pastures dominated by introduced grasses are a characteristic
component of many tropical landscapes in Brazil, yet little information is available
concerning the insect communities that inhabit these novel ecosystems.

2. Dung beetles are a conspicuous element of pasture insect communities, and make a
significant contribution to dung decomposition, parasitic fly control, and soil bioturbation.

3. We sampled dung beetle assemblages in twelve introduced pastures near Vigosa,
Minas Gerais, Brazil. We used pitfall traps baited separately with cow and horse dung,
and collected a total of 456 dung beetles, comprising 23 species from 13 different genera.
We analysed patterns of alpha and beta diversity, community structure, and species

composition among pastures and bait types.

4. Cow dung harboured significantly more species, but a similar abundance of dung
beetles compared with horse dung. However, both dung types supported species exclusive
to that type, and hosted a distinct dung beetle community structure and composition.

5. Although livestock (cattle and horses) was introduced to Brazil less than 500 years
ago, our data suggest that novel and well-structured dung beetle communities are
actively exploiting these novel food resources in Brazilian pasturelands.
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Introduction

In the last two centuries, several African grass species have
been introduced and cultivated in Brazilian pasturelands to feed
livestock. These introduced pastures are one of more area-
demanding agro-ecosystems in the world, occupying around
99 652 000 ha in 2004 in Brazil alone (IBGE, 2007). Insects are
central elements in the functioning of introduced pastures, and
these ecosystems likely depend upon as well as play an important
role in conservation of native biodiversity.

Our knowledge of dung beetle communities and their ecological
function in Brazilian pastures is still embryonic (Mendes &
Linhares, 2006; Silva et al., 2006). An important step towards a
more comprehensive evaluation of the potential for native
Brazilian dung beetles to act as effective biological control is to
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improve our understanding of the distribution and functional
roles of native beetle communities in introduced pastures across
a range of distinct geographical regions. Such information is
fundamental for assessing the impact of new exotic dung beetle
introductions, the role of native dung beetles in the control of fly
populations, and the impact of introduced livestock on native
dung beetle species biodiversity.

Dung beetles (Coleoptera: Scarabaeinae) are detritus-feeding
insects, broadly distributed in the tropics (Hanski & Cambefort,
1991). They use mammal dung and other decaying materials to
provision both adults and larvae (Halffter & Edmonds, 1982;
Hanski, 1987). Dung beetles play a major role in a variety of
ecological services in tropical ecosystems (Nichols et al., 2008),
including secondary seed dispersal (Andresen, 2002; Andresen
& Feer, 2005), control of detritus-feeding flies and intestinal
parasites (Bryan, 1973; Ridsdill-Smith, 1981; Wallace & Holm,
1983), mixing of organic matter in the soil, soil aeration (Linquist,
1933; Brussaard & Slager, 1986), and nutrient cycling (Yokoyama
et al., 1989; Bang et al., 2005).

Dung beetle communities are affected by several local and
regional factors (Menédez & Gutierrez, 1996; Davis et al., 2000;
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Scheffler, 2005). Dung quality and type is an important local
factor which affects dung beetle larval survival (Owen et al.,
2006), and it is commonly accepted that dung attractiveness in
adult beetles varies across dung types (AlHouty & AlMusalam,
1997). There are significant physical and chemical differences
in dung quality between dung types (Gittings, 1998). In addition
to dung beetles, several other detritus-feeding insect species
use dung pads as food resources (Hanski, 1987; Pinero & Avila,
2004). In many pasture ecosystems, cattle dung are used by
blood-feeding flies as a substrate for larval growth. Several
economically important fly species generate economic losses
through reduced yields of meat and milk in stressed livestock
(Fincher, 1990). These include the horn fly (Haematobia irritans
irritans L.), the African buffalo fly (Haematobia exigua De
Meijere), the Australian buffalo fly (Haematobia thirouxi
potans Bezzi), the bush fly (Musca vetustissima Walker) and
the face fly (Musca autumnalis De Geer) (Markin & Yoshioka,
1998).

The effects of dung beetles upon the survival and abundance
of livestock parasitic flies are well documented in the scientific
literature (e.g. Bergstrom, 1983; Fincher, 1990; Markin &
Yoshioka, 1998). Multiple parasitic fly-control programmes have
been developed globally, using African species of dung beetles
as larval food competitors (Doube, 1986; Fincher, 1990). In
Australia, the main justification for dung beetle introductions
was that native dung beetles were not capable of using the dung
of introduced large mammals (cow, horse, sheep).

In Brazil, using the same methodology as in Australia, the agri-
culture department (Empresa Brasileira de Pesquisa Agropecuadria)
introduced the African species Diginthontophagus gazella Fab-
ricius as an agent for biological control of dung in the introduced
pastures of Mato Grosso do Sul (Miranda et al., 1990). This
introduction was made before any in-depth knowledge of native
dung beetle communities and the potential impacts of D. gazella
was available.

To contribute to this knowledge gap here, we present patterns
in coprophagous beetle communities among 12 introduced
pastures in Minas Gerais, Brazil, and provide the first evaluation
of differences in attractiveness between cow and horse dung for
different species of dung beetle.

Material and methods
Study area

The study was carried out in Vigosa, Minas Gerais (20°45’S,
42°50"W), altitude between 600 and 800 m. The climate is sub-
tropical and moderately humid, with a drier season from May to
September (maximum temperature 21 °C) and wetter season from
December to May (14 °C) (Cwa in Koppen classification). The
region has approximately 1341 mm mean annual precipitation,
with a mean annual relative moisture of 80%, and a mean annual
temperature of 19 °C.

Cattle rearing in Vigosa is organised in a semi-intensive system,
where cattle are pastured for almost the entire year. Most of the
rural properties are less than 100 ha in size, and cattle farms and
coffee plantations comprise the principal economic activities.

Dung beetle sampling

We sampled 12 introduced cattle pastures (comprised of mixed
Melinis minutiflora Beauv. and Brachiaria spp.) for a 48-h
period, January 1994. The sampling unit was a baited pitfall trap
composed of a plastic container (diameter 19 cm, height 11 cm)
filled with 150 ml of a 5% detergent solution. We placed 200 g
of fresh cattle or horse dung bait on a plastic platform 13 cm
above the pitfall to attract adult dung beetles.

At each site we set four trap clusters, with each cluster composed
of two pitfalls spaced 3 m apart (one baited with cattle dung and
one with horse dung), arranged in a square, 30 m on each side.
We identified the dung beetles to genera and species, whenever
possible, with the help of identification keys and the personal
collection of Fernando Z. Vaz de Mello (FZVM). When species
identification was not possible, we sorted beetles according to
their external morphology. Voucher specimens are housed at the
Entomological Collection of the Department of Animal Biology of
the Universidade Federal de Vicosa and in the FZVM collection.

Data analysis

‘We compared patterns of species richness between bait types after
standardising for differences in abundance with individual-based
rarefaction analysis (Gotelli & Colwell, 2001). Comparisons
among bait types were made by visual assessment of overlapping
95% confidence intervals of the rarefaction curves. We assessed the
completeness of each sample by calculating the number of observed
species as a percentage of the total species richness, which was
estimated based on the average of three abundance-based non-
parametric estimators — Chao 1, Jack 1, and Boot (Colwell, 2004).

To describe patterns of beta diversity across the pastures, we
calculated the average number of species not present in each site
defined as B =y - o, where 7y is the number of species sampled
in all pastures (gamma diversity) and o is the average number of
species present at a given site (alpha diversity). This approach is
used as a measure of additive partitioning of diversity (Veech
et al., 2002) and allows for a direct comparison between alpha
and beta diversities in terms of the number of species.

We plotted species-abundance distributions (Whittaker plots)
to elucidate dominance patterns within local communities.
These curves are cumulative ranked-abundance plots, where the
cumulative ranked abundance of each species is plotted against
the species rank in order from most abundant to least abundant
species.

In order to test the relationship between mean local species
abundance and its regional distribution, we performed a simple
linear regression, where the mean local abundance of one
species was considered a function of the number of sites
occupied. A positive relationship is expected if widely distributed
species are also locally more abundant than geographically
restricted ones.

We used non-metric multidimensional scaling to define the
overall differences in community structure within and among
bait types. Ordination was undertaken for abundance and
data using the Bray—Curtis index. We used analysis of similari-
ties (aNosIM; Clarke, 1993) to test for significant differences in

© 2008 The Authors

Journal compilation © 2008 The Royal Entomological Society, Insect Conservation and Diversity, 2, 45-52



Dung beetles in Brazilian pastures 47

Table 1. Capture success, species richness, and sample completeness for dung beetles sampled in introduced pastures in Vigosa, Minas Gerais, Brazil.

(a) Number of species observed as a percentage of the average estimated richness; (b) Number of species not found elsewhere as a percentage of

landscape total; (c) Number of species observed as a percentage of the landscape total.

Site No. of individuals No. of species Coverage® Exclusive species (percentage)” Completeness (percentage)®
P1 20 6 77.8 0.0 26.1
P2 27 9 71.0 0.0 39.1
P3 120 10 78.6 43 43.5
P4 17 8 66.7 0.0 34.8
P5 54 9 85.7 13.0 39.1
P6 13 5 66.1 0.0 21.7
P7 26 8 90.1 0.0 34.8
P8 87 4 90.5 0.0 17.4
P9 44 8 68.5 43 34.8
P10 21 7 72.8 43 30.4
P11 22 6 59.4 0.0 26.1
P12 5 4 49.4 43 17.4
multivariate community structure between bait types. This is a 80 -
non-parametric permutation procedure applied to rank similarity
matrices underlying sample ordinations (Clarke, 1993). The closer 12
the global R statistic is to one, the more distinct the differences 60 w 1
] 1

in communities structure between treatments (Clarke, 1993).

The relative differences between R-values from the ANOSIM
tests were used to determine patterns of similarity between dung
beetle communities attracted to the two bait types. We used
similarity percentage — SIMPER (Clarke, 1993) to determine the
contribution that individual species made towards distinguishing
differences in community structure among baits. The analysis
was performed with pasT (Hammer ef al., 2001).

Results
Species richness patterns

Across all sampled sites and baits, we collected a total of 456
individuals, comprising 23 species of Scarabaeine dung beetles.
On average, our sampling programme captured 73.1% of the
expected dung beetle richness at each site (Table 1). The beta-
diversity partition was 61% (average of 14 species not present in
any given site), implying a potential turnover of 100% in species
composition between local communities.

All dung beetle communities were strongly dominated by a
single, or at most two species (Fig. 1). Across different site
communities, Dichotomius bos, Ateuchus striatulus, Dichotomius
fimbriatus, Onthophagus buculus alternated as being the locally
dominant species (Fig. 1).

There was a positive relationship between local mean
abundance and species distribution in the landscape (Fig. 2,
F=17.02, P <0.0005, d.f. = 22).

Dung preferences

A significantly greater number of species were attracted to cattle
dung (S =19) compared to horse dung (S = 14) (Fig. 3). Nine
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Fig. 1. Rank abundance graphs (Whittaker plots) for dung beetle
communities in 12 introduced pastures from southern Brazil. 1)
Dichotomius bos, 2) Ateuchus striatulus, 3) D. fimbriatus, 4)
Onthophagus buculus.
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Fig. 2. Relationship between mean local abundance and the number of
sites occupied by dung beetle species.
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Table 2. Dung beetle average abundance in horse and cattle dung-baited pitfall traps from 12 pasture sites near Vigosa, Minas Gerais, Brazil. The

SIMPER analysis illustrates that the community structure of dung beetles in cow dung was distinct from that sampled in horse dung due to changes in
average abundance of common species and the presence of exclusive species in both dung types.

Mean abundance Mean abundance Cumulative

Taxon in cow dung in horse dung Contribution percentage
Ateuchus striatulus Laporte, 1840 3.08 10.2 21 26.55
Dichotomius bos (Mannerhein, 1829) 7.83 2.33 18.67 50.15
Onthophagus buculus (Mannerhein, 1829) 4.25 0.25 11.37 64.53
Dichotomius fimbriatus (Harold, 1869) 0.333 1.75 7.228 73.67
Dichotomius nisus (Olivier, 1789) 1.58 0 3.157 77.66
Trichillum externepunctatum (Borre, 1880) 0.25 0.917 2.79 81.18
Agamopus unguicularis (Harold, 1883) 0.167 0.667 2.706 84.61
Dichotomius carbonarius (Mannerhein, 1829) 0 0.667 2.475 87.73
Dichotomius mormon (Ljungh, 1799) 0.333 0.333 2.078 90.36
Chalcocopris hesperus (Olivier, 1789) 0.5 0 1.045 91.68
Canthidium aterrimum (Harold, 1868) 0.583 0 0.9796 92.92
Anomiopus sp. 0.0833 0.0833 0.7495 93.87
Deltochilum sp. 0.167 0 0.7444 94.81
Ontherus appendiculatus (Mannerhein, 1829) 0.0833 0.25 0.7205 95.72
Sulcophanaeus menelas (Laporte, 1840) 0.25 0.167 0.6792 96.58
Canthon lituratum (Germar, 1824) 0.0833 0 0.6318 97.38
Eurysternus jessopi (Martinez, 1989) 0 0.167 0.4587 97.96
Onthophagus rubrescens Blanchard, 1843 0 0.25 0.45 98.53
Dichotomius assifer (Eschschz., 1822) 0 0.0833 0.3883 99.02
Canthon sp. 0.0833 0 0.3454 99.45
Eurysternus hirtellus (Dalman, 1824) 0.0833 0 0.1903 99.7
Canthon septemmaculatum (Laporte, 1840) 0.0833 0 0.1399 99.87
Trichillum hirsutum (Boucomont, 1928) 0.0833 0 0.1013 100

22 4 dung, while the remaining 239 were attracted to cattle dung. Only

20 | —e— Cowdung five species (A. striatulus, D. bos, O. buculus, D. fimbriatus and

—0— Horse dung
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Fig. 3. Individual-based rarefaction curves for dung beetle
assemblages within introduced pastures in Vicosa, Minas Gerais, Brazil.
Data are pooled from multiple sampling sites. The bars are 95%
confidence intervals.

species were captured exclusively in cattle dung baited pitfall
traps, while only four species were attracted exclusively to horse
dung. Both cow dung (mean = 4.98; SD = 6.39) and horse dung
(mean =4.52; SD =4.98) attracted similar numbers of dung
beetle (r=0.37; P =0.71; d.f. = 11). Of the 456 individuals col-
lected in the sampling programme, 217 were captured in horse

Dichotomius nisus) contributed 83.1% of the total sampled indi-
viduals considering all sites and baits. Ateuchus striatulus was
dominant in horse dung, comprising more than half the number
of individuals, and D. bos (39.2%) followed by O. buculus
(21.3%) in cattle dung.

The dung beetle communities sampled in horse and cow dung
exhibited differences in community structure (Fig. 4a; ANOSIM
R =0.29; P <0.0001). Six species (A. striatulus, D. bos, O. buculus,
D. fimbriatus, D. nisus, and T. externepunctatum) contributed
to more than 80% of the observed differences in community
structure (Table 2).

Discussion
Dung beetle diversity in the pastureland

We observed relatively few dung beetle species in pastures in
Vigosa, in contrast to introduced pasture systems elsewhere in
Brazil (Table 3), and no evidence of D. gazella was found in any
of the pasture systems sampled. However, at the regional scale,
observed species richness is equivalent to other Brazilian pastures,
indicating a large effect of species turnover on regional diversity
in our study sites.

Most of the dung beetle communities sampled in individual
sites were dominated numerically by few species, with other
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Table 3. Studies examining the diversity of dung beetle communities (Scarabaeinae, Aphodiinae, or both) in introduced and native pastures across Brazil.

Species
Mean annual Mean annual ~ Dung beetle Sample

Vegetation type Location Altitude  temperature precipitation  sampling method period N Scarabaeid Aphodiid Reference
Northern Brazilian Mamanguape, Pernambuco NS 26 °C 1700 mm Baited pitfall traps with 1 year 2235 25 NS Endres et al. (2007)
‘Tabuleiro’ —open habitat ~ Pernambuco (06°44’S, human dung and
growing on sandy 35°08'W) decomposing liver bait
oligothrophic soil
Pasture close to forest Caruaru, Pernambuco 660 m 24 °C 609 mm Baited pitfall traps with 10 months 1540 28 NS Silva et al. (2007)

Pernambuco (08°42’S, human dung and bovine

35°15'W) decomposing meat bait
Introduced pasture of 20°27’S, 54°37'W NS NS NS Baited pitfall traps with 3 years 56255 40 15 Koller et al. (2007)
Brachiaria decubens cow dung bait
Introduced pasture of Itumbiara, Goids (20°22'S, NS 244 °C NS Cow dung pads dissection 1 year 4885 4 7 Marchiori (2000)
Brachiaria brizantha 51°22'W)
Introduced pasture of Coronel Pacheco, Minas Gerais NS 19.5°C NS Baited pitfall traps with 1 year 1124 8 6 Monteiro et al. (2006)
Cynodon sp. (21°35S, 43°15'W) cow dung bait
Introduced pasture of Campo Grande, Mato Grosso NS NS NS Cow dung pads and soil 2 years 18844 23 14 Koller et al. (1999)
Brachiaria decubens do Sul dissection
Cattle pasture, probably Pard state (7°50’S, 50°16'W) NS NS 1855 mm Baited pitfall traps with 1 month 3732 14 1 Scheffler (2005)
Brachiaria sp. human dung bait
Introduced pasture of Aquidauana, Mato Grosso NS NS NS Baited pitfall traps with 48 weeks 3229 19 4 Aidar et al. (2000)
Brachiaria decubens do Sul cow dung bait
Wild grasslands Bajé, Rio Grande do Sul NS NS NS Baited pitfall traps with 5months NS 16 NS Silva et al. (2006)

human dung bait

Introduced pasture of Itumbiara, Goids NS 244 °C NS Cow dung pads dissection 1 year 488 4 11 Marchiori ef al. (2001)
Brachiaria brizantha
Introduced pasture Sdo Carlos, Sdo Paulo (21°01’S, 856 m NS NS Baited pitfall traps with 3 months 4124 7 4 Oliveria et al. (1996)

47°03'W) cow dung bait
Introduced pasture of Sdo Carlos, Sao Paulo (21°01’S, 856 m NS NS Cow dung pads and soil 1 year 13460 17 5 Mendes & Linhares (2006)
Brachiaria decubens and ~ 47°03'W) dissection
Andropogon gayanus
Introduced pasture of Piracicaba, Sao Paulo NS NS NS Baited pitfall traps with 10 months 934 5 6 Rodrigues & Marchini (1998)
Coast-cross grass cow dung bait
Introduced pasture of Ilha Solteira, Sdo Paulo 335m 25°C 1330 mm Cow dung pads dissection 3 month NS 9 6 Flechtmann et al. (1995a)
Panicum maximum (20°22'S, 51°22'W)
Introduced pasture of Sédo Lufs, Maranhdo NS NS NS Baited pitfall traps with 3 months 1717 8 1 Pereira et al. (2003)
Brachiaria decubens cow dung bait
Introduced pasture Ttumbiara, Goids (20°22’S, NS NS NS Cow dung pads and soil 9 months 3229 7 7 Marchiori (2003)

51°22'W) dissection
Introduced pasture Selviria, Maranhdo NS NS NS Light trap and cow dung 1 year NS 16 11 Flechtmann et al. (1995b)

pad dissection

Introduced pasture of Jaragud do Sul, Santa Catarina 30 m 22°C 2200 mm Cow dung pad dissection 5 days NS 4 4 Flechtmann & Rodrigues (1995)

Axonopus affinis or
Paspalum notatum

(26°29'S, 49°04'W)

saunisod uvi1zpag ui §21322q Sung

6%
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Fig. 4. Non-metric multidimensional scaling (MDS) ordination of the
dung beetle community in each pasture as sampled by cow dung and horse
baited pitfall traps. Non-metric multidimensional scaling is based on a
distance matrix computed with Bray—Curtis similarity index. (a) community
structure (quantitative data) and (b) Composition (qualitative data).

species being rare. This pattern is relatively common in open and
climatically instable habitats (Magurran, 1988), and illustrates
the frequently unpredictable nature of introduced pastures in
relation to original forest habitats in the region. For example,
Louzada & Lopez (1997) found a much more even species-
abundance curve for a dung beetle community from a large
Atlantic forest fragment in the same region.

A relatively small number of dung beetle species occurred in
Brazilian-introduced pastures compared to forest and savanna-
like ecosystems (Howden & Nealis, 1975; Louzada & Lopez,
1997; Milhomem et al., 2003; Scheffler, 2005; Gardner et al.,
2008). Here we observed a positive relationship between species
regional distribution and local abundance, illustrating the link
between colonisation ability and the capacity for local population
growth (Holt et al., 2002). In our data, only five species were both
locally abundant and distributed across introduced pasture sites.
Species that are both broadly distributed in the landscape and
exhibit high local abundances in a given site are probably most
adapted to open habitats, and horse and bovine dung as a food
resource. Those species potentially represent the best options for
future use on dung flies biological control programmes focused
exclusively on Brazilian native dung beetle species. Because we
did not find evidence of D. gazella establishment, and there are no
reports of horn fly attacks to livestock in the pasture sites we
sampled, it appears that native dung beetle communities are
effective both in removing the dung produced by the livestock,
as well as controlling fly populations.

Dung beetle diversity between dung types

Baited pitfall traps are usually employed for sampling dung
beetles in tropical ecosystems. However, this sampling approach
has been criticised because of the difficulty in interpreting
results and the limited information it yields on dung community
processes (Giller & Doube, 1989). Here we use dung-baited

pitfall traps to infer dung beetle food preferences, assuming that
the differential attractiveness of individuals and species to dung
baits are equivalent across communities sampled in different
sites. We made no inference about the subsequent residence time
in the dung pile by any of the species, but this approach is
appropriate for assessing the potential use of cow and horse dung
by native dung beetles.

One of the primary aims of this study was to enhance our
knowledge of native Brazilian dung beetles concerning the
pattern of bovine and equine dung use. Since cattle and horses
were introduced to Brazil within the last 500 years, we did not
expect to encounter a large number of species using cattle and/
or horse dung as food. However, contrary to the situation
observed in Australia where native dung beetles were unable to
utilise cow dung, the Brazilian dung beetle communities in our
study region are able to exploit both introduced dung types. In
fact, there is a diverse array of dung beetle communities active
in introduced pastures from several Brazilian regions (Table 3).

Our data show a pattern of differential use of cow and horse
dung by Scarabeine dung beetles active in introduced Brazilian
pastures. Several species utilise both cow and horse dung, but the
differences in the identity of the more abundant species between the
two dung types clearly distinguishes different beetle communities
(Fig. 4). It is possible that different dung kinds have different
effects on individual fitness due to inherent differences in quality.
If this occurs, we would expect that the proportion of individuals
that use this resource increases, but also that the populations do
not lose their ability to exploit sub-optimal resources in the form
of other dung types if intra-specific competition plays an import
regulatory role. The physical properties of horse dung (low
water and high fibre content) would reduce the duration of the
attractive period to dung beetles, which could explain our lower
species capture rate of beetles in this bait type.

There are relatively few records of the species composition of
the dung beetle assemblages in Brazilian pastures. An outstanding
question is the relative contribution of forest, grasslands and
savanna habitats to the total (native) species pool found in
anthropogenic pastures. We observed exclusive species captured
in both cow and horse dung, thus it is possible to speculate that a
maintenance of more than one species of livestock in pasture-
lands can potentially enhance the dung beetle biodiversity and
associated ecological services, while acting as a conservation tool
for introduced pastures. This kind of artificial manipulation of
alimentary resource heterogeneity is worthy of further evaluation
through direct manipulation of resource supply in different
pasture sites, including abandoned pastures.
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